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ENGINEERING. 


THE LIMITING EFFICIENCY OF THE 
REACTION STEAM TURBINE. 


On several occasions it has been pointed out 
that the limiting efficiency of the compound re- 
action turbine is practically equal to the “ nozzle 
efficiency” of the blading. It may, therefore, be 
very high, and in fact, if Prof. Stodola’s tests on 
Brown-Boveri blading be corrected to “no tip 
leakage” conditions, the “hydraulic efficiency ” 
attained comes out as 96 per cent. This figure was, 
however, obtained with a single group having 28 
rows of moving blades and with low steam speeds. 
The increase in blade speed during recent years has 
tended to reduce the number of rows per group, 
and it is easy to see that such a change must tend 
to diminish the efficiency realised. 

An ordinary hydraulic reaction turbine, for 
example, comprises one row of fixed guide blades 
and one row of moving blades. If both rows be 
geometrically similar and the relative velocity of 
efflux the same for both, the maximum possible 
“* diagram ”’ efficiency is equal to 
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where a denotes the angle of discharge. 

Thus the maximum possible “ diagram efficiency ”’ 
for a two-row turbine would be 0: 9463. 

Now, the angle of discharge from standard 
Parson’s blading is about 184 deg. Hence, if the 
relatively high value of 0-92 be assumed for the 
“nozzle efficiency ’’ of the blades, the maximum 
possible efficiency of a couple of rows of standard 
Parson’s blading would be only 0-8712. This figure, 
moreover, makes no allowance for losses by tip 
leakage, which in normal cases would reduce the 
figure given by some 5 per cent. or 6 per cent. 

It follows, therefore, that were it permissible to 
consider a Parson’s turbine as built up of a number 
of separate turbines in series, each comprising only 
two rows of blades, the maximum hydraulic effi- 
ciency could not exceed some 82 per cent. or 
83 per cent. 

The inadequacy of this method of regarding the 
compound reaction turbine could not be better 
demonstrated. This was pointed out in ENGINEER- 
ING as far back as 1906.* where it was shown that 
the common practice of taking a pair of rows as 
constituting a stage of a reaction turbine was irra- 
tional, and misleading. The true elementary unit 
or stage is the single row of blading, whether this 
be fixed or moving. 

The graphic method of determining diagrammatic 
efficiencies as commonly applied in the design of 
impulse turbines is, it would seem, but ill fitted 
for discussing the efficiency of a group of reaction 
blading. 

With a turbine consisting of two rows only, the 
kinetic energy of the fluid carried away from the 





* ENGINEERING, October 26, 1906, page 545. 

















moving row of blades is, at maximum efficiency, 
about 10 per cent. of the “ available heat ” expended 
in this row if the angle of discharge be 18} deg. 
If, however, we have a group of blades in place of 
merely a pair, this loss by “‘ carry over” occurs at 
the last row only, so that if there are, say, in all, 
some 10 rows in the group, the loss by “ carry over” 
is, say, only about 1 per cent. of the available heat 
expended in the group. 

Calculations, based upon the experiments of 
Dr. -Maguerre, described in the Z.V.D.I., in 
1908, show that the kinetic energy carried over 
from one row of blades to the next is very effi- 
ciently utilised, even although in the turbine experi- 
mented on, the older school of turbine engineers 
would have anticipated large losses by shock. 
A very elaborate and complete analysis of 
Dr. Maguerre’s results, carried out by means of 
the method of least squares, showed, in short, that 
about 87 per cent. of the kinetic energy carried into 
a row is effective in increasing the velocity of the 
steam discharged from this row. This high effi- 
ciency is in part due to the “stream line’’ form of 
the blades, but mainly to the fact that in a reaction 
turbine, the steam is prevented from acquiring 
radial velocity. In the past, some makers of impulse 
water turbines pursued a diametrically opposite 
policy. By flaring out and ventilating their buckets, 
they allowed the water to spread laterally, and 
guarded against the possibility of any pressure 
head being developed inside the bucket, but so far 
as we are aware, they never explained clearly why 
such a development of pressure would be detri- 
mental. Experience with impulse steam turbines 
has, in fact, very definitely shown that a slight 
pressure in the moving buckets is advantageous so 
long as the risk of “ spilling ” is avoided. 

As shown above, a turbine consisting of a mere 
couple of rows of Parsons blading, and with tip 
leakage suppressed, could not have an efficiency of 
more than about 87 per cent. Actually the group of 
Brown-Boveri blading so thoroughly tested by Dr. 
Stodola* showed an actual hydraulic efficiency of 90 
per cent.—a figure which, as stated above, would be 
raised to about 96 per cent. if corrected for tip 
leakage. These blades had apparently a discharge 
angle of 16 deg., so that the maximum diagrammatic 
efficiency of a mere isolated couple of rows would be 
about 0-96, and the overall efficiency (leakage 
apart) would be at best, say, some 88 per cent. 

A comparison of this figure with the actual 
experimental record shows very clearly the import- 
ance of using effectively the “carry over” from 
one row of blades to the next. 

This appears to be getting more and more clearly 
recognised by designers, who now frequently use 
conical casings in which the blades vary in height 
continuously from row to row in place of being 
split up into a series of groups of blades with abrupt 
changes in the blade height from group to group. 


* See ENGINEERING, December 18, 1925, page 776. 








The importance of avoiding these abrupt changes 
in blade heights is, as already indicated, enhanced by 
the present trend towards higher and higher rates 
of revolution. With the standard arrangement of 
groups this implies fewer and fewer rows per group, 
and the loss by “ carry over ”’ at the last row of the 
group is thus spread over a smaller total of stages, 
which must involve a diminution of the efficiency. 
Conical groups of blades seem to be specially 
desirable in the low-pressure turbine, where we 
have nowadays a combination of large diameters 
with high rates of revolution. The group, there- 
fore, often consists of a couple of rows only. 
Although the steps in blade height are then gener- 
ally not large relatively speaking, each of these 
sudden increases in the size of the steam way must 
tend to diminish the efficiency with which the 
“carry over,” is utilised. If all of it were wasted 
the “indicated” hydraulic efficiency of such two 
row groups could not, as shown above, exceed some 
87 per cent., even if tip leakage could be entirely 
prevented. As this is impossible the actual figure 
would be materially less. Experience seems to 
show that a fair efficiency is attained even with 
this two row arrangement. This would seem to 
imply that a considerable fraction of the “ carry- 
over” is effectively utilised in the succeeding 
group. It would appear, nevertheless, that better 
results should be attained by restricting this 
division into groups, the necessary increase in the 
steam way being provided for by varying the blade 
height continuously from row to row. Prof. 
Stodola’s tests were made with such a group, which 
contained in all no less than 56 rows of blades. 








CONTINUOUS VERTICAL GAS 
RETORTS. 


WHEN solid coal passes through a retort and is 
broken up into liquid and gaseous products with or 
without a solid residue, the changes it may undergo 
are vastly more numerous than the variables in the 
design and method of operation of the retorts. 
Accordingly, the composition of the final products of 
a given coal is by no means determined by the 
general design of the retorts or the setting. Changes 
in variables such as temperatures, dimensions, rates 
of charging and times of exposure, may produce 
unexpected changes in the result, and more informa- 
tion about the effects of such variations will be 
required before the change in composition of the 
resulting products to be expected from a given 
variation can be stated in advance. The results of 
laboratory experiment may be altogether misleading 
if applied on a technical scale, while the desired 
information cannot be procured rapidly, and does 
not come to hand readily in the course of industrial 
operations. 

Considerations such as these lend particular 
importance to such experimental work as is done 
for scientific purposes on units of technical size. 
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Important work of this type in the fuel industries is 
carried on at the Fuel Research Station at Green- 
wich, and a report just published* gives an excellent 
example of the kind of observations that are being 
accumulated in that establishment. The paper is 
one of a number describing how the yields from a 
series of typical gas coals under standard conditions 
are affected by the introduction of steam at the 
base of vertical retorts.t The investigation was 


Fig.1. 


PART SECTIONAL FRONT ELEVATION. 


Damper: 





(96i.A) 
Fig.3 SECTIONAL PLAN A. A. 
Inspection Holes. 









Combustion 
Chamber: 


Waste Gas 


Darmper. 


Fuel Gus. 


“ENGINEERING 


Waste Gas. 


6611.8) 


undertaken, however, primarily at the request of 
the South Metropolitan Gas Company to determine 





* Fuel Research: Technical Paper No, 15, Carbonisa- 
tion of Coal in Continuous Vertical Retorts. ‘* Holm- 
s e* (Durham) Coal, with exneriments on the Produc- 
ti»: of Coal-Gas of High Calorifi: Value, H.M. Stationery 
Othe, 


whether it was possible to produce from ‘‘ Holmside” 
coal by carbonisation in continuous vertical retorts 
gas and coke of the same nature as the company was 
obtaining in their horizontal (inclined type) inter- 
mittent retorts. 





| something under 520 B.Th.U. per cubic foot, but the 





t See ENGINEERING vol. cx, pp. 134 and 761, 
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gas was made by dropping this temperature about 
50 deg. C. or rather more, establishingfa steady 
temperature gradient of from 1,150 deg. C.’at the 
top to 1,210 deg. C. at the bottom of the setting. 
Tar was circulated in the collecting main, and just 
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The Gas Company specified a calorific value of | enough steam was admitted to the coke chambers 


| 560 B.Th.U. per cubic foot of gas and a coke contain- 
|ing not more than 3 per cent. of volatiles. 
*‘ Holmside ” coal was similar in character to a/| 


The 


“Consett” coal examined at the Station in an 
earlier investigation, each being a trade mixture of 
several Durham seams. At the temperatures of 
carbonisation adopted in the earlier experiments the 
Consett coal had given a gas with a calorific value of 


percentage of volatiles left in the coke was about 
1 per cent. or even much less. Pending the arrival 
of the Holmside cargo some preliminary experiments 
were therefore instituted on another Durham coal, 
of which a supply happened to be available, in 
order to determine the conditions under which the 
required calorific value could be reached. 

The course of these experiments will be followed 
most conveniently by reference to Figs. 1 to 3 on 
this page, which show the lay-out of the standard 
plant. This plant consists of a setting of four vertical 
retorts on the Glover- West system, each designed for 
a throughput of 2} tons per day. Details of the 
construction and operation of these retorts were 
given in our previous account of the plant.* 

In the standard tests the average temperature of the 
combustion chambers is of the order of 1,260 deg. C. 
The first attempt to raise the calorific value of the 








* See ENGINEERING, vol, cxv, p. 486. 


at the base of the retorts to keep the bottom castings 
cool and exclude air. The resulting gas had a 
calorific value of only 503 B.Th.U. per cubic foot—a 
result suggesting that the amount of steam was too 
great. It was decided accordingly to drop the 
steam inlets from their normal position 2 in. below 
the top of the coke chamber casting to the position 
marked “ secondary steam inlet” on Figs. 1 and 2, 
which is 3 in. above the door casting. In this way 
about half the steam, which amounted to about 
4} per cent. by weight of the coal charged, was 
condensed on the coke, or lost by leakage from the 
coke chamber, instead of passing up into the retorts, 
and when all four retorts were so worked the calorific 
value of the gas rose to 570 B.Th.U. per cubic foot. 
The volatiles in the coke, however, were somewhat 
higher than specification, a discrepancy that was 
remedied partly by adjusting the combustion- 
chamber temperatures, and partly by attention to 
“ scurfing,’ which with a given temperature 
distribution would reduce the volatiles in the coke 
from 3 per cent. before the operation to 2 per cent. 
after. 

Working conditions appeared thus to have been 
established under which the requirements of the 
specification could be fulfilled, but on making some 
preliminary five-day tests with all products measured 
or weighed and examined, it turned out that the 
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desired results could not in fact be guaranteed in 
the regular working of the plant. Before therefore 
passing to perform the tests on Holmside coal two 
working variations were introduced, and the tests 
were carried out with each of these variations as 
well as under the previous conditions. 

The first variation took advantage of the fact that 
the gas on leaving the retort by the off-take pipe 
is exposed to a surface of red-hot brickwork. 
The extent of this surface is determined by a baftle 
plate between the coal inlet and the gas off-take, 
behind which the coal is charged, and the angle 
of repose along which the coal lies below the 
baffle plate. It was expected that if its area was 
increased, this red-hot surface would crack more 
of the tar vapour leaving the coal, thus raising the 
calorific value of the gas; and it was hoped that 
the rise would be sufficiently greater than was 
required in order to give the specified calorific 
value to allow of somewhat higher temperatures 
being used in the combustion chambers, so reducing 
the volatiles in the coke and increasing the yield of 
gas. It should be observed that, as with the Consett 
coal, the Holmside coal had a high percentage of 
fines, more than half passing a }-inch sieve, and the 
total amount remaining on a 1-inch sieve varying 





ranging between 1,090 deg. C. at the top to 1,240 deg. 
C. as before at the bottom. The same conditions 
were used in test No. 3, except that the tar circula- 
tion was suppressed and the average temperature 
of the combustion chambers raised to 1,200 deg. C., 
the temperature distribution being somewhat modi- 
fied, and ranging from 1,170 deg. C. at the top to 
1,235 deg. C. at the bottom. In all these tests the 
lower steam inlet was used. Except as here stated 
the standard conditions of operation were observed. 
Each test was for five days, during which 50 tons of 
coal were carbonised. About 4-2 per cent. of steam 
was admitted, but only a little over half of it seems 
to have passed up the retort, the remainder 
apparently being lost by leakage from the coke 
chambers below the retorts or condensed (to the 
extent of about 8 per cent.) on the coke. 

For the details of the results reference must be 
made to the paper itself, but the leading results 
may be stated. In test No. 1, which was started 
two days after scurfing, the volatiles in the coke 
(less moisture) were only 2-14 per cent., as against 
2°50 per cent. and 1-88 per cent. in the other 
two tests, which were made respectively ten and 
seven days after scurfing. These figures may be 
consistent with the suggestion that some part of 
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from 20 per cent. downwards. The 10-in. baffle- 
plate supplied with the plant caused the lowest point 
of the coal surface immediately below the gas 
off-take to lie at an average 3 ft. 6 in. below the top 
of the poke-hole ball in front of the off-take pipe ; 
and for this baffle-plate was substituted one 3 ft. 
4 in. deep, with which the lowest point of the coal 
surface lay at an average level of 7 ft. from the 
top of the poke-hole ball, and increased the length 
of red-hot brickwork to which the gas was exposed 
on leaving the retort from about 2 ft. to 5 ft. 6 in. 
Fig. 4 is a diagram showing the arrangement with 
either baffle plate. 

The second variation consisted in omitting the 
circulation of tar through the collecting main, which 
had been known to have a stripping effect on the 
gas, but with the 10 in. baffle plate could not always 
be omitted, owing to excessive deposition of pitch 
in the mains. With the long baffle plate, however, 
no such tendency was shown; and as the calorific 
value of the gas was found to have increased immedi- 
ately the long baffle plate had been fitted and the 
collecting main worked dry, the temperatures in 
the combustion chambers could be increased still 
further, so reducing the volatiles in the coke and 
increasing the yield of gas. 

Three special tests were therefore made on Holmside 
coal to define whether and how the required specifica- 
tion could be complied with. In No. 1 the 10-in. 
baffle plate was used, and tar was circulated through 
the collecting main as usual, but the temperatures 
in the combustion chambers were reduced below 
the standard to an average of 1,170 deg. C., ranging 
from 1,010 deg. C. at the top to 1,240 deg. C. at the 
bottom. The tar circulation was continued also in 
test No. 2, but the 3 ft. 4 in. baffle plate was used, 
and the temperatures in the combustion chambers 
were somewhat raised to an average of 1,187 deg. C., 
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the excess of volatiles noted in the coke in previous 
tests arose from an accumulation of scurf, which 
presumably mitigated through its insulating effect 
the distilling influence of the high temperatures. 
It is pointed out that these determinations were 
made by heating in a current of dry nitrogen, the 
usual crucible method yielding results that through 
oxidation are too high by 1 per cent. of the weight 
of coke or more. In spite of the volatiles in the 
coke falling in test No. 1 within the desired limit, 
the gross calorific value of the gas was only 
554 B.Th.U. per cubic foot; but in tests Nos. 
2 and 3 it rose to 563 B.Th.U. and 568 B.Th.U. 
respectively. In test No. 2 the gas yield fell off 
about 4 per cent. from that of test No. 1, and in 
test No. 3 about 1 per cent., while the yield of 
coke per ton of coal carbonised gained something 
under | per cent. with each test. 

Continuous runs without steam being destructive 
of the plant, an arrangement was used whereby 
a two-hours run without steam was followed by 
a similar run with 3} per cent. of steam. The 
results tend to show the Holmside coal carbonised 
under these conditions are considerably more 
susceptible to steaming than the Consett, as 
indicated by the increase in volume and therms. 
A similar result was obtained in a set of three 
tests run under standard conditions, which enable 
the behaviour of this coal under steaming with 
different percentages to be compared witha that 
of other coals examined previously in the station. 

The report is particularly interesting as exhibiting 
the sensitiveness of the process to variations such 
as those described. With the specific request of 
the gas company before it, and doubtless a sufficiency 
of work in hand on existing programmes, it is 
intelligible that the station should have confined 
itself to answering the short point put to them 





by the company, and adding the data for Holmside 
coal under standard conditions to the record of 
comparable results that is being accumulated. At 
the same time the run of the changes produced in 
the results by small variations of detail suggests 
the hope that at some stage of its investigations 
the station will be able to undertake experiments 
in which only one factor will be varied at a time. 
Such experiments would not necessarily provide 
material for expressing the effect of individual 
factors in the design and working of retorts in more 
general terms than can be used at present. The 
problem is notoriously complex, and may be 
insuperably indeterminate. But its solution would 
be of so much value to designers and to operators 
that it seems to be among the inquiries which the 
station must ultimately face. 





THE NATIONAL PHYSICAL 
LABORATORY. 


(Continued from page 764 of previous volume.) 


In referring to the general inspection of the 
Laboratory, at the commencement of our article 
last week, we should have said that Sir Richard 
Glazebrook, who has succeeded Sir Arthur Schuster 
as Chairman of the Executive Committee of the 
Laboratory, would naturally have joined Sir Ernest 
Rutherford and Sir Joseph Petavel in welcoming 
the guests, but was unfortunately prevented by 
indisposition. This week we continue our account 
of the activities of the Engineering Department. 

Inbrication—The continued researches on the 
pressure distributions on hot cylindrical journals 
indicate that the temperature of minimum friction 
increases with the speed, while the coefficient of 
friction, the pressure at the temperature of mini- 
mum friction, and the general shape of the pressure 
distribution curve and the arc of contact are nearly 
independent of speed. Higher speed ranges, 
surface speeds of 66 ft. per second at 2,000 r.p.m., 
are being studied on a journal of 74 ft. diameter, 
84 in. long. The general effect of running in is to 
indent the loaded surface to the shape of the 
journal and to increase the maximum and mean 
pressures on the mid-section. The temperatures 
at which the sliding frictions of metal-metal, metal- 
graphite, and graphite-graphite surfaces attain their 
maximum being nearly the same, i.e., about 
360 deg. C., for all these combinations, Mr. C. Jake- 
man made further attempts to work in vacua in 
order to determine whether the effect was really a 
property of the air-film between the surfaces. The 
seizing temperature gradually increased as the air 
pressure was reduced to 0-2 atmosphere ; gases less 
chemically active than air did not give different 
seizing temperatures. When the gas pressure was 
reduced to 1-5 mm. (0-002 atmosphere), the seizing 
temperature was in all cases lower than at 0-2 
atmosphere; the pressure was actually lowered 
to 0-5 mm., but the difficulties of avoiding the 
occlusion of gases, especially by graphite, made any 
further evacuation futile. 

The effect of lubricants on rolling friction was 
studied with Dr. Stanton’s pendulum apparatus, 
the effect of air friction being eliminated or corrected 
for, by attaching two horizontal dummy pendulums 
of identical dimensions but negligible mass to the 
original pendulum. With a tool-steel roller of 0-05 
in. radius resting on a plane brass surface, the rate of 
damping was found to be the same whether the 
surfaces were dry or lubricated. When the radius 
of the roller was made 10 times larger, a small 
increase in friction due to the lubricant was observed, 
but the coefficient of friction, 0-0078, was hardly 
affected, showing that the moment of friction was 
independent of the size of the roller. With a 6-in. 
dia. roller the lubricant had a marked effect ; that, 
however, was due to the viscous drag of the oil 
through the restricted channel between the roller 
and flat surface. As the coefficient of friction was 
independent of load and speed, it was concluded 
that the sliding friction of rolling surfaces of this 
type was of the boundary type, though a compari- 
son with ordinary sliding motion could not be made 
because the contact surface over which slipping 
occurs is very small and the pressure over that 
portion comparatively light. Mr. Hyde is experi- 
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menting with a new machine of the Deeley type for 
static friction tests at high loads and temperatures. 

High-Temperature Tests——The high-temperature 
tests of Armco iron and of a 0-17 per cent. carbon 
steel, as well as some fatigue and creep tests of 
0-24 per cent. carbon steel, 0-51 per cent. carbon 
steel (rolled) and 0-53 per cent. carbon steel (cast), 
have all given similar curves. With increasing 
carbon content the tensile strength rises, and 
elongation and reduction of area diminish ; for the 
normalised materials the maximum tensile strength 
lies near 230 deg. C. (300 deg. for cast steel). A 
rapid decrease in the modulus of elasticity and the 
lack of definite yield effects above 200 to 250 deg. C. 
are. further common features ; torsion and impact 
and hardness tests also give similar results. The 
safe, or limiting creep, stresses of Armco iron and 
of the 0-17 per cent. carbon steel have been 
thoroughly investigated. We summarise some of Mr. 
H. J. Tapsell’s results in the following table, in 
which both the limiting creep stresses A, and the 
ordinary ultimate stress B, are expressed in tons 
per square inch :— 





0-17 per cent 








Temperature. Armeo Iron. Carbon Steel. 
Deg. C. 

A. | B. A. B. 
200 28-0 29°3 oss oon 
250 21-5 28-9 34°0 37°3 
300 16°5 27-9 26-0 34-3 
350 12-2 25-3 20-0 82-7 
400 8-5 20-0 14-5 27°8 
450 5-0 16°5 9°5 25-5 





As regards alloys, ternary nickel-chromium with 
molybdenum as third metal promise well for high- 
temperature use. Creep tests have been made on 
three commercial alloys of nickel, chromium, and 
iron in different proportions ; the cast metals seem 
to have higher limiting stresses than the rolled 
materials. Of non-ferrous alloys nickel-chromium 
(80: 20 approximately) and nickel-copper (70 : 30) 
have been tested in the rolled condition up to 800 
deg. The former alloy seems to be equal to any 
other material as regards limiting creep stress, but 
a further improvement by the addition of certain 
other metals is possible. 

The acceptance tests of thin steel strip for air- 
craft mentioned last year were limited to free 
widths of 0-5 and 1-5 in. Mr. H. Gough has since 
tested strips of intermediate widths, and further 
of 0-14 in. and 3in. The curve relating the crippling 
strength with free width undergoes an abrupt 
change when elastic buckling gives place to per- 
manent crippling, and the change appears to be 
connected with the elastic limit of the material in 
tension. 

General Fatigue Phenomena. Single Crystals of 
Aluminium.—The mechanism of deformation of the 
aluminium lattice in single crystals has been studied, 
in the Engineering and Metallurgy Departments, 
by Messrs. H. J. Gough, D. Hanson and S. J. Wright, 
under reversed direct, reversed torsional and impact 
tensile stresses, by mechanical, microscopical and 
X-ray examination. The conclusions drawn differ 
partly from those of other investigators. Defor- 
mation, it is suggested, occurs by shearing along 
the planes of maximum density of atomic packing 
which, in the case of aluminium, are the four sets 
of octahedral planes; on these planes there exist 
three principal lines of atoms, mutually inclined at 
60 deg. The slip is in the direction of that principal 
line of atoms which is subjected to maximum shear 
stress, although the value of this stress is generally 
inferior to that along some other line in the slip 
plane. Slip bands, it has now been established, 
really represent the traces of crystallographic 
planes upon the surface of the specimen. © Under 
slow repetition of tensile stress, single crystals 
do not possess any primitive elasticity ; the hystere- 
sis effects are in all respects similar to those observed 
in crystalline aggregates. Under reversed direct 
stresses or tensile impact the deformation of the 
specimen as a whole may be considerable. The 
first movement is generally confined to one particular 
set of planes, those nearest the plane of maximum 
shear stress: this leads to relative displacement 
between the crystallographic axes and the axis of 
the specimen. As the deformation proceeds, two 
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sets of plane may become equally inclined to the 
axis of pull, and alternate slipping will take place 
on these planes. 

The phenomena are different under torsional 
straining. In a crystalline aggregate some crystals 
will always be oriented so that their most favourable 
directions of slip are subjected to maximum shear 
stress as ordinarily calculated. In a single crystal 
of continuous crystalline structure the stress on a 
particular crystallographic plane at points of the 
circumference will vary according to the inclination 
of that plane to the axis and to the direction of the 
principal lines of atoms on that plane. Hence 
distortion cannot occur by a process of simple 
shear on any one set of planes. Various sets of 
slip bands become apparent on polishing the strained 
specimen, and the abrupt—not gradual—changes 
in direction of these slip bands agree with those 
points on the circumference of the specimen where 
the maximum shear stress changes over from one 
set of octahedral planes to another set. Similar 
considerations may explain why Mr. Taylor’s lines 
in his flattened-out aluminium discs (mentioned 
in our comments on the Royal Society Conversazione 
on June 25 last) remain straight. Hardening is 
ascribed to the local distortion or rumpling of slip 
planes, leaving a system of internal stresses and 
strains which may ultimately cause rupture, parti- 
cularly under alternating stresses. 

Wrought Iron Chains.—The effect of plastic 
straining and periodical heat treatment upon the 
mechanical properties of crane chains was studied 
in collaboration with the Metallurgy Department. 
In practice chains are periodically annealed. In 
the Laboratory new and old chains were tested 
(a) as received; (b) annealed between 650 and 
750 deg. C.; (c) normalised (above critical tempera- 
ture), near 1,000 deg. C.; (d) after overstraining 
once, twice and three times, followed each time 
by annealing or normalising. With static tensile 
over-straining, the total energy to fracture was 
much greater after intermediate heat treatment 
than without it, (c) being as satisfactory as (d). 
The combined treatment somewhat reduced the 
tensile impact strength, but not below the (a) 
value, and shortness was not disclosed by a static 
tensile test ; notched bar impact values of specimens 
cast from links were greatly reduced by (c). Tensile 
impact overstraining caused a progressive deteriora- 
tion of the welded portions of the links, which heat 
treatment would not improve; in the fey cises, 
however, where failure did not occur at the weld, 
the test did not indicate that the (c) treatment 
had produced brittleness as a whole. In mild steel 
annealing would cause recrystallization and balling- 
up of the pearlite; chains are mostly made of 
wrought iron, in which these effects are not likely. 
In general, it would appear that the effects of the 
combined treatments were obscured by the presence 
of defective welds. 

The further experiments by Mr. Gough and 
Mr. A. J. Murphy on a variety of chains of 
long service, annealed periodically in ordinary 
practice or not annealed since the last test 
some years ago, and also on new chains, com- 
prising bending, bumping, dropping and ham- 
mering tests, have led to important conclusions. 
Overstraining followed by heat treatment did not 
produce the true brittleness likely to cause chain 
fracture which would seem to be due to the 
spreading of surface cracks. Some of the chains, 
discarded after long use as unfit, were not found 
brittle, others found brittle were rendered ductile 
again byannealing. But the burnt pilings, produced 
in the iron works, and the burnt links due to the 
chain maker, were not curable by annealing and 
prone to crack. Light hammering left a skin of 
brittle material on the link, curable by heat treat- 
ment or by burning the skin off; with heavy 
hammering the effects penetrated deeper and the 
cure was more difficult. A sound core covered 
by a hard skin would behave as if the material wee 
brittle; a crack formed in the skin would spread 
into the sound core, and the fracture would have 
the coarsely-crystalline appearance of a brittle 
failure throughout. 

Gas Cylinders.—In connection with Mr. A. Bailey’s 
confidential work on the properties of liquefiable gases 
various gas cylinder materials have been tested and a 





reasonably safe alloy has been found. Hammering 
of cylinders of carbon steel with 0-25 and 0-4 per 
cent of carbon and spring steels with 0-5 and 0-6 
per cent. of carbon did not produce any brittleness. 

Rust Prevention.—In continuing his experiments 
on rust prevention by means of a coating of 
lanoline or grease, which he described in our issues 
of July 31 and August 28, 1925 (pages 125 and 260), 
Mr. C. Jakeman was able to stow wooden boxes with 
perforated walls, packed with coated and uncoated 
steel cylinders, under the engine room floor plates, 
a place of excessive liability to rust, and in the hot 
and moist engine room store of the Union Castle 
liner Cawdor Castle, which sailed to and from 
South Africa last autumn and winter. The returned 
specimens were shown on the inspection day. The 
coating had practically given a complete protection, 
although dirty water had access to the cylinders 
under the floor ; on the coated cylinders there were 
only a very few specks of rust, sometimes arranged 
in a line, on which the cylinder had probably rested, 
whilst the uncoated cylinders were very badly 
rusted. In the hot store room one box had 
further been lined with brown paper; that had 
kept the dust out, and it would appear that specks 
of dust, iron oxide and other impurities adhering 
to the steel start the corrosion. by absorbing 
moisture, etc. Steel plates, coated or uncoated 
have also been exposed on the roof of the laboratory 
for 150 days; here again the lanoline coating, 
applied once only, with a benzene base had given 
satisfaction. Benzene appears to be the best solvent 
for these greases; some commercial benzene 
preparations, Westrosol, e.g., are also good. Xylene 
is nearly as good as benzene, and more harmless ; 
ethane tetrachloride and ethylene trichloride 
yield toxic vapours, heavier than air ; drying agents 
like linseed oil and turpentine are unsatisfactory, 
though some give good mixture with lanoline, 

Carburettor Jets—The British Engineering 
Standards Association now requires carburettor 
jets to be marked for discharge in cub. cm. 
per minute, and some fifty jets were marked at 
the Laboratory last year for discharges ranging 
from 100 to 2,000 cub. cm. per minute. The 
liquid used is benzole of density 0-885 under a 
head of 50 cm. The form of the standard jets 
has been determined by the Air Ministry. Small 
specks of dirt or a few air bubbles may make differ- 
ences of 2 or 3 per cent., and some small or invisible 
faults in the finish of the bore of the jet may render 
exact measurements impossible. 

Wind Pressure.—Full-scale roof experiments are 
being made on a shed of the Metropolitan-Vickers 
Electrical Company at Trafford Park by the aid of 


multiple differential two-fluid manometers con-: 


taining benzyl alcohol and calcium chloride solu- 
tion (densities 1-043 and 1-20) which give six times 
the meniscus movement of ordinary water gauges. 
A Dines velocity head is used and the heights of 
the columns are photographed by flashing. For 
bridge experiments Mr. Jakeman has been con- 
verting a double Robinson cup anemometer into a 
double electric machine in order to deduce wind 
speeds from the volts generated, as we mentioned 
last year; there have been, however, some 
mechanical difficulties. 
Concrete. Asbestos Sheet.—In determining th 

value of m, the ratio of the elastic modulus of 
steel to the elastic modulus of concrete, which 
is the factor generally employed in calculations 
on reinforced concrete, and the variations of m 
with age with the amount of tamping during casting, 
and with the proportion of cement, Mr. J. H. 
Hyde found that the humidity of the air in the 
building during both casting and stirring had some 
influence on the strength. The American standard 
test cylinders, 8 in. diameter, 16 in. long, proved 
preferable for the tests to the cubical test pieces, 
and with them the stress was proportional to the 
strain for axial loads ranging from 4 to 20 tons ; 
above that load the indicators began to creep. 
The load was applied by means of plattens consist- 
ing of two plates with a 2}-in. Hoffmann ball 
between; with cubical specimens and Martens 
extensometers the proportionality mentioned was 
not observed. The impact strength of corrugated 
asbestos sheets was investigated by means of impact 
bending, and other tests. 
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20-TON ELECTRIC COALING TRANSPORTER AT BOWEN, QUEENSLAND. 


CONSTRUCTED BY MESSRS. STOTHERT AND PITT, LIMITED, ENGINEERS, BATH. 
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Explosions in Closed Vessels.—We summarise the 
results of Mr. R. W. Fenning’s much-quoted recent 
experiments on explosions in a gas cylinder of mild 
steel, 7 in. diameter, 8 in. long, with surface-corroded 
walls, electrically heated, and in other vessels. The 
charges were exploded by electric sparks in the 
middle of the cylinder ; a steel diaphragm, covered 
with mica, was inserted in the top of the cylinder, 
and the pressures were observed by the aid of an 
optical indicator. The experiment on mixtures of 
air-hydrogen, air-petrol, and air-benzene included 
air-methane with 7-3 per cent. to 12-1 per cent. of 
methane, at initial pressures of 95 lb. per square inch 
absolute and 100 deg. C. No sign of knock was 
observed, not even when the pressures were varied 
between 30 lb. and 171 lb. and theinitial temperature 
was raised to 400 deg. C. The mixtures were dry, 
but absolute drying was not attempted, and water 
vapour or exhaust gases were introduced in some 
cases. In the experiments with carbon monoxide- 
air, to which hydrogen and water were added, the 
following mixtures were used, at an initial tempera- 
ture of 50 deg. C. and a pressure of 76-8 lb. per 
square inch: (a) 2(mH,+ nCO) + O, + 3-8N,, 
where m + = 1 (mixture dry); (b) 2CO + O, + 
3°8N,, with water additions of from 0-3 to 2:4 
volumes per 100 volumes of CO-air; (c) same as 
(5), but 1-2 volume of water. In case (a) a small 
addition (2 per cent.) of H,-air reduced the explosion 
time (i.e., the interval between spark and maximum 
pressure) from 0-26 to 0-1 second, and all such 
hydrogen mixtures gave nearly the same maximum 
explosion pressures, whereas the CO air mixture gave 
maximum pressures by 4 per cent. lower. In case 
(6) the addition of water reduced the explosion time 
considerably, 1-2 per cent. of water having the same 
effect as 2-2 per cent. of H,-air; the maximum 
explosion pressure for nearly dry CO-air was raised 
by 2 or 3 per cent. by the addition of water vapour. 
In case (c) addition of water vapour reduced the 
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explosion time of mixtures containing less than 8 per 
cent. of H,-air, but slightly increased it for mixtures 
containing more hydrogen. The maximum explo- 
sion pressures of all these wet mixtures, ranging from 
100 per cent. H,-air to 100 per cent. of CO-air, were 
practically the same, differing only by 1 per cent. 
The variation of the specific heat was masked by 
other factors ; the explosion time was increased by 
increasing the charge density, by decreasing the 
initial temperature, and by adding diluents such as 
water vapour or combustion products. Mr. Fenning 
is now working with adiabatic compression in a 
Ricardo engine fitted with toggle gear. 


(To be continued.) 





THE PREVENTION OF PETROL EvAPoRATION LOssEs.— 
The use of large balloons to hold petrol vapours from 
storage tanks is considered by some of the leading 
petroleum technologists to be one of the most important 
developments made in the oil-refining industry during 
the past ten years. A number of giant gas bags, having a 
capacity of 18,000 cub. ft., have been made by Messrs. The 
Goodyear Tyre and Rubber Company for Messrs. The 
Standard Oil Company. Each of these will prevent the 
occurrence of vaporised petrol loss from two or more 
storage tanks. It has been stated that they make 
possible a monthly saving of approximately 3107. on a 
standard-sized tank. The purpose of the balloon is to 
catch, through the agency of vent pipes, the vapours 
expelled from the storage tanks during that part of the 
day in which the temperature of the atmosphere is rising, 
and to hold them until the temperature begins to fall, 
allowing the tanks to draw the same vapours back again. 
In this way the tank is prevented from drawing in fresh 
air every night, which air would be forced out by expan- 
sion during the daylight hours, saturated with petrol. 
This constituted a loss which, until the breathing bag 
was perfected, could not be avoided. Experiments have 
shown that, during the average summer weather, the 
balloon equipment has made possible the saving of 
approximately 6,900 gallons of petrol a month, in the 
case of a storage tank measuring 120 ft. by 40 ft., and 
Raviltg a capacity of about 3,300,000 gallons. The 
breathing bags resemble dirigible airships in shape and 
are housed in hangar-like buildings adjacent to the 
storage units. 








20-TON ELECTRIC COALING 
TRANSPORTER. 


Tue transporter illustrated on this page and on 
page 6 was designed and built by Messrs. Stothert 
and Pitt, Limited, of Bath, to the order of the 
Queensland Government, and to the requirements of 
Mr. E. A. Cullen, the chief engineer of the Harbours 
and Rivers Department. The structural steelwork 
was supplied by Messrs. Sir William Arrol (Swansea), 
Ltd. to Messrs. Stothert and Pitt’s design. Bowen, 
where the transporter is erected, is in a natural 
harbour of Port Denison in North Queensland, about 
715 miles from Brisbane, and coal which is there dealt 
with for coastwise and bunker shipments, is raised 
in the State mine at Collinsville. The provision of 
modern coal-handling plant will doubtless result in 
the development of the port as well as the coalfield. 
Shipments of coal can be effected by the new trans- 
porter at the rate of 350 tons per hour, and to ensure 
a storage being immediately available for bunker 
deliveries, bins with a capacity of 4,000 tons are 
being built on shore close to the pier. 

The duty of this bridge transporter is the rapid 
loading of coal into vessels from a pier 500 ft. long 
and 844 ft. wide (Fig. 1). On this pier the coal is 
brought by the use of four sets of rails, in hopper 
trucks and may be delivered by the operation of the 
transporter into the holds of ships on either side of 
the pier, at the same time if necessary. There are 
two electric capstans, each of the two-speed type, 
which are placed centrally at the end of the jetty, 
while guide bollards lead the haulage ropes to each 
line of rails for the manipulation of the coal trucks, 
full or empty, beneath the transporter. As effective 
night lighting is assured, by the use of many 
flood lights at each end of the jetty, work may be 
carried on at any time, while a plentiful supply of 
local lighting is available at the transporter itself. 

The method of coaling the vessels consists in 
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during storms is completely avoided. In the 
design of the entire structure a wind load of 50 lb. 
per square foot was allowed for, as the transporter 
has to work in a cyclonic region, while a wind of 
5 Ib. per square foot was considered for working 
conditions. 

In the cab above the transporter, Fig. 4, there 
is a 15 h.p. boom derricking motor. In each trolley 
Fig. 5, there is an electric motor of 100 h.p. for 
use in hoisting and a cross traversing motor of 
30 h.p. All the electricity supply is three-phase 
alternating current at 415 volts and 50 cycles per 
second. Current is supplied to the transporter 
through a cab-tyre sheathed three-core trailing 
cable 65 ft. in length. This has an armoured plug 
at its free end and terminates in a truck connection 
box, fitted to the crane sill. There are five plug 
boxes in the length of the pier, which are about 
100 ft. apart, and these are used to provide the 
connection from the power supply system. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 766 of previous volume.) 

Tue afternoon of Tuesday, the 22nd June, was 
occupied with the laying of a wreath on the tomb of 
the Unknown Soldier at the Colonne du Congrés in 
the Rue Royale, and a reception by His Majesty the 
King of the Belgians at the Royal Palace of Laeken. 
After the reception, the Duke of Northumberland 
presented the Diploma of Honorary Membership to 
His Majesty. On the evening of the same day 
the members were received at the Hétel de Ville on 
the invitation of Burgomaster Max and the Civic 
Authorities. 

The morning of Wednesday, the 23rd June, was 
spent by the members on a visit to the Field of 
Waterloo. In the afternoon a visit was paid to the 
Colonial Museum at Tervueren, and after inspecting 
the exhibits, the party was entertained to tea by the 
Société des Ingénieurs et Industriels. In the even- 
ing members attended a performance of the Opera 
Werther in the ThéAtre de la Monnaie. 

On Thursday, June 24, the party left Brussels by 
car, stopping at Louvain forlunch. An opportunity 
was thus afforded for members to see something of the 
work of reconstruction in that city. Practically the 
whole of the area destroyed by fire has been rebuilt, 
and only an occasional shattered building serves as 
a reminder of the destruction of fifteen hundred 
houses by the Germans. A second stop was made at 
Malines, where the party visited the cathedral, and 
afterwards listened to a special concert given on the 
carillon by M. Denyn. On arrival at Antwerp in 
the evening, members attended a banquet given 
by the City of Antwerp. The chair was occupied 
by Burgomaster F. van Cauwelaert who, in wel- 
coming the visitors, spoke of the close association 
between Great Britain and Belgium in seafaring 
matters. His Grace the Duke of Northumberland 
replied on behalf of the Institution. 


Tue Port or ANTWERP. 


The second meeting for the reading of papers was 
held at the Ecole Normale, Antwerp, on Friday, 
June 25. The Duke of Northumberland presided, 
and having declared the meeting open, read a list 
of the new members in the various grades of the 
Institution. He then read a telegram despatched to 
His Majesty the King on behalf of the President, 
Council, and Members of the Institution, thanking 
him for the magnificent welcome afforded to them on 
their arrival on Belgian soil. 

The Chairman then called upon Monsieur K. 
Bollengier to read his paper upon ‘‘ The Port of 
Antwerp.” We reproduce this paper in abstract on 
page 24 of this issue. Monsieur Bollengier, speaking 
in the French language, gave a very clear résumé of 
the contents of his paper with the aid of a large 
scale map of the port of Antwerp. 

The discussion was opened by Sir Alexander 
Gibb, who, after congratulating the author upon his 
very interesting and instructive paper, said that he 
also thought it was a matter for congratulation that 
a paper on-a civil engineering subject should be 
brought to the notice of the members. Considering 
the paper broadly, he thought that the most striking 


point brought out was the extraordinary success of: 





the port of Antwerp, and he raised the question as 
to what was the cause of this. Whatever the reason, 
it was a fact that before any important scheme was 
decided upon in another port, it was considered 
advisable to send over representatives to see how the 
equivalent problem had been dealt with in Antwerp. 
As there appeared to be no particular geographical 
reason to account for the present importance of the 
port, it would almost appear that the foresight of the 
authorities in Antwerp was uncanny. He thought 
that the explanation of the success achieved lay 
partly in the initiative of the people, and partly in the 
fact that the Government of the country provided 
the money on easy terms for building important 
works. 

He did not propose to enter into details 
of the civil engineering problems involved in the 
construction of the docks, but might point out that 
the works were by no means easy of accomplishment, 
as the foundations were decidedly difficult, and 
great engineering skill and perseverance were there- 
fore required to bring them to a successful conclusion. 
The docks were particularly noticeable for the large 
amount of room available, and this was possibly 
due to the part taken by the City Authorities in 
their construction, and particularly to their not 
allowing building on key points. He concluded by 
stating that British dock authorities had a great 
deal to learn from Antwerp, and that the people 
of the latter city had every reason to be proud of 
their undertaking. 

Mr. H. M. Rogers, who continued the discussion, 
said that the figures given in the paper for the ton- 
nage entering the port were really astonishing. 
The point which struck him most, however, was 
the utter inadequacy of the dry dock accommodation, 
the actual figures given in the paper being nine docks 
with 10,000 vessels utilising the port per annum. 
These figures are the more striking in view of the 
statement made in the paper that Antwerp is to be 
an export as well as an import city. An examina- 
tion of the dry docks themselves would show that 
several of them were practically obsolete and too 
small to accommodate the major part of the vessels 
using the port. It appeared to him that at least 
twenty dry docks were required, and he suggested 
that these might with advantage be of the floating 
type. 

In this respect Antwerp could learn some- 
thing from South Shields. Another important 
point to which he would like to draw attention 
was what appeared to him the pernicious practice 
of giving local ships preference over others in dry 
docking facilities. He was opposed to the owner- 
ship of docks by public authorities, and said that 
in the case of a public dry dock, the dues would 
have to be added to the cost of every repair. 

The Chairman then called upon the author to reply 
to the discussion. Speaking in French, Monsieur 
Bollengier said that he was in full agreement with 
Mr. Rogers as to the present inadequacy of the 
dry dock accommodation, but that additional docks 
of this nature formed part of the extension scheme 
which was now being carried out, and these docks 
would be put in hand as soon as financial and other 
considerations rendered it possible to do so. As 
regards the alternatives of floating and dry docks, 
the former were not particularly suitable for the 
conditions prevailing in the port. The question 
had been considered however, and in deciding in 
favour of the normal type of dock they had been 
influenced by the fact that the local conditions were 
very favourable to their construction, and also by 
the consideration that this type of dock, in contra- 
distinction to floating docks, involved only small 
upkeep costs when once they were completed. 
Reference had been made to Amsterdam, but 
at that port the local conditions were unfavourable 
to dry dock construction. Great difficulties were 
encountered in that port owing to the presence of 
water in the sub-soil, but in spite of this the Amster- 
dam authorities had decided to construct their latest 
dock as an ordinary dry dock. 

In proposing a vote of thanks to Monsieur Bol- 
lengier, the Duke of Nothumberland said that there 
would be general agreement with the remarks of 
Sir Alexander Gibb, and that the satisfactory 
position of the port of Antwerp was due in no small 
measure, to the knowledge and skill of the author. 


Om SEPARATORS. 


The next paper taken was that by Dr. H. S. Hele- 
Shaw and Mr. A. Beale on “Oil Separators for 
Bilge and Ballast Water.” We reproduce this 
paper in abstract on page 28 of the present issue. 
In view of the limited time available, the Chairman 
suggested that the paper should be summarised 
by the authors, and this was accordingly done, Dr. 
Hele-Shaw dealing with the general subject matter 
first, and Mr. Beale afterwards summarising the 
portion dealing with eddy motion. The Chairman 
then called upon Sir Eustace Tennyson d’Eyncourt 
to open the discussion. 

Sir Eustace said that the subject of the paper was a 
very special one dealing with an important and 
intricate matter. As stated in the paper, the rules 
laid down to deal with oil pollution were wholly 
inadequate to meet the requirements. He thought 
it was particularly apt that the paper should be 
read at Antwerp in view of its enclosed harbour. 
A point of particular interest to the Institution was 
that the whole idea on which the paper was based 
was the outcome of the stream line theory dealt with 
in the paper by which Dr. Hele-Shaw secured the 
gold medal of the Institution a few years ago. 
The results of the authors’ work served to show how 
the investigation of a scientific principle of apparently 
minor importance might lead to very important 
results. 

Mr. Willet Bruce, who followed, said that his 
remarks would be made from a shipowner’s, rather 
than from an engineer’s, point of view. In the last 
five years revisions of the shipping laws had caused 
great expense to shipowners, and this had occurred 
at a most undesirable time. He instanced the regu- 
lations regarding fire-fighting appliances, and the 
extension of the Factory Acts to ship equipment. 
The latter was particularly objectionable, in that 
the regulations overlapped those of the Board of 
Trade, and thus gave rise to three-cornered con- 
troversies, With reference to the Washington Con- 
ference on oil-pollution, he thought that unless the 
results were subject to international legislation, 
they would be entirely futile. He thought that in 
fairness to shipowners the word “ entirely ” should 
be put before eliminate in the statement made in 
the paper that in seven years of peace shipowners 
had still failed to eliminate oil pollution. He main- 
tained that shipowners had done very much to reduce 
pollution, and this was supported by the Board of 
Trade reports on oil discharge from ships. He would, 
in fact, say that shipowners had done their best, 
and that the results on the whole were highly satis- 
factory. It would be iniquitous to add further to 
their burdens at the present time. He thought that 
naval vessels, which were outside the ordinary regu- 
lations, played the most important part in oil pollu- 
tion, and that passenger liners were quite free from 
blame in this respect. In such vessels a special 
tank was installed for the polluted water, and this 
was pumped out 150 miles from the coast. In addi- 
tion, an endeavour was made to confine oil storage 
to deep tanks only. He did not, therefore, think 
that these vessels should be required to carry sepa- 
rators. In the case of costal services, it was the 
practice to accumulate the bilge water, and to 
discharge it at a convenient time into a special 
barge. Under these circumstances, a special sepa- 
rator on each vessel was certainly unnecessary. He 
would like to refer to the case of one vessel which was 
converted three years ago from coal to oil. The ship 
was called upon to make long voyages, and it was 
decided to carry sufficient oil in deep tanks to save 
buying in foreign ports. Occasional transfers were 
thus necessary from deep to surface tanks, and a 
separator was fitted. This worked perfectly satis- 
factorily on the trial trip, but it was most note- 
worthy that it had only been necessary to use the 
separator on two occasions since. With reference to 
the statement made in the paper that the value of the 
oil recovered would soon pay for the cost of the 
plant, he agreed that this might be the case if the 
tanks were used alternately for oil and water, but 
not otherwise. As a final point, Mr. Bruce said 
that the stream line filter described in the paper 
occupied a considerable amount of space, and in addi- 
tion, there were a number of small tubes used in its 
construction which were comparable, in their liability 





to give trouble, to the tubes in a condenser. He 
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thought also that a filtering medium, such as sand 
or coke, would be preferable to that employed in 
the stream line filter, as such materials did not require 
cleaning, and could be scrapped and replaced at a 
trifling cost when necessary. 

The Chairman then called upon the authors to 
reply to the discussion. Dr. Hele-Shaw said that, in 
connection with Sir Eustace d’Eyncourt’s remarks, 
while it was true that his investigations into stream- 
line motion had led to the inception of the filter, 
yet Mr. Beale had made independent experiments, 
and had played an invaluable part in the work of 
developing the apparatus. In reply to Mr. Willet 
Bruce’s remarks, he would say that the authors had 
in no way overlooked the difficulties of shipowners, 
but that after three years’ work on filtration they 
were now in a position to recover the whole of the 
oil with the aid of a small filter, and by the simplest 
méthods, The oil recovered was as good as new, 
and the position could, therefore, not be compared 
even with that of twelve months ago. He would 
ask Mr. Beale to reply to the other points raised in 
the discussion. 

Mr. Beale said that with regard to Mr. Bruce’s 
comparison between the tubes in the filter and 
those in a condenser, the conditions were totally 
different, as in the filter the tubes were neither tight 
nor had they to carry pressure. In reply to 
Mr. Bruce’s other points, the installation was neither 
large nor expensive, and as the filtering medium 
could be cleaned by a jet of steam, this appeared 
preferable to the use of material that had to be 
renewed at intervals. 


Sure STRAIN OBSERVATIONS. 


After expressing the thanks of the meeting to 
Dr. Hele-Shaw and Mr. Beale for their paper, the 
Chairman called upon Mr. J. Lockwood Taylor to 
summarise his paper on ‘‘ Some Ship Strain Obser- 
vations with a Simple Instrument.” 

In. this paper the author described the experi- 
ments which formed part of his work as holder of 
the 1851 Post-Graduate Research Scholarship for 
1924. The essential part of the strain-meter em- 
ployed for the experiments is a flat spring 4 in. long. 
The spring is carried in a tubular casing, and butts 
at one end upon a micrometer of a standard pattern, 
while at the other it is in contact with the end of a 
rod sliding through the casing. Both the sliding 
rod and the micrometer terminate at their outer 
énds in cone centres, and these are placed in contact 
with suitable abutments, which may be from 24 in. 
to 36 in. apart. The abutments may be studs 
screwed into tapped holes, pieces of packing 
clamped to the material of the structure, or, more 
generally, members riveted to the longitudinal 
structural parts of the ship, such as flanges of 
beams or frames. Movement is measured by 
deflection of the spring, the deflection being magni- 
fied by light arms attached to the spring ends. 
One of the arms carries a scale, and the other a 
pointer. The mean magnification adopted is about 
100; but a greater enlargement may be used for 
strains smaller than. the maximum available range, 
as the scale is more openly divided at one end, and 
this fact can be taken advantage of in measuring 
very small movements. A turn-buckle with lock 
nuts is provided for making the preliminary adjust- 
ment to suit the frame spacing of the vessel, and 
rotation of the instrument is guarded against by 
setting the centres in centre-punch depressions, and 
thus obtaining ring contact. 

The author discussed a number of observations 
obtained with the instrument on ships both in dock 
and at sea. In the case of a single-deck cargo vessel 
390 ft. by 52 ft. by 34} ft., stre: ses in the sheerstrake, 
stringer and bilge are given under the conditions of 
hogging due to part discharge, sagging due to part 
discharge, and sagging due to coaling. It was shown 
that the observed stress in the sheerstrake varies 
from 10 per cent. above to 15 per cent. below the 
calculated value, while that in the stringer is from 
15 per cent. to 20 per cent. above the calculated 
figure. Apart from the influence of deck openings 
on the deck stress, in the final condition of loading a 
perceptible degree of buckling was observed in the 
thin deck plating of the strake adjacent to the 
stringer. This buckling, which amounted to } in. 
in 36 in., would have the effect of throwing additional 


stress on to the stringer plate. Many other interest- 
ing observations were given, but as the paper was of 
considerable length, limitations of space will only 
permit of a summary of some of the results. Among 
these we may quote observations made on four 
vessels, which together roughly represent the range 
covered by modern cargo ships in one important 
respect, that is, the proportion of intact deck area 
available to resist longitudinal straining. The 
author summarised the results on these four ships as 
follows:—In the first case which dealt with a 
self-trimming collier with minimum deck area, 
the value of inertia of section as calculated will 
depend very greatly upon whether the deep and 
relatively thick hatch coaming, which is not fully 
continuous, is taken into account. The results 
showed that there is justification for including 
some two-thirds of the area of coaming and stiffener 
in making the inertia calculation. In the case of a 
cargo vessel with “normal” hatch width (45 per 
cent. beam), strain readings, taken though several 
frame-spaces clear of the hatch, were not less than 
those calculated for a section through the hatch, 
omitting in this instance the relatively unimportant 
coaming, for the maintenance of the continuity of 
which, between hatches, no special measures are 
taken. The third case considered was that of a 
transversely framed oil-tank ship with small tank 
hatches only. In this instance the full calculated 
value of section modulus failed to be realised to 
the extent of some 10 per cent. owing, apparently, to 
the fact that the plating at centre of deck was not 
restrained from buckling. The fourth type investi- 
gated was a longitudinally framed oil-tank vessel, 
hatches similar to the previous vessel. There was 
no reason to suspect buckling in this vessel, so that 
the 10 per cent. loss due to this cause in the case of 
the previous vessel may be regarded as gained, and 
also a further increase of resistance to bending, 
which corresponded very approximately to that due 
to 50 per cent. of the sectional area of the longitudinal 
framing, which is cut at 20-ft. intervals. Greater 
efficiency of the longitudinals when in compression 
than when in tension was suggested. 

The discussion was opened by Professor Dalby, 
who, after congratulating the author upon his 
work, said that the paper dealt with a subject 
which formed a very wide field for research, in 
which much was being done at the present time. 
The observations were based on work carried out 
one hundred years ago, in which it was shown 
that the stress in any member of a structure 
could always be ascertained by measuring the 
distortion. In most cases, however, the latter 
was small, and the measurements must therefore 
be accurate. The paper interested him chiefly 
from the point of view of the instrument used. 
For the last three or four years he had been a 
member of a committee engaged on the measure- 
ment of bridge stresses by distortion methods, 
and they had found that the chief difficulties 
lay in the design of the instruments. At first 
these were found to require a good deal of experi- 
mental calibration, but latterly considerable improve- 
ment had been effected in this respect. He felt 
doubtful of the accuracy of the author’s results 
in view of the methods employed for attaching 
the instrument to the structure. He would like 
to ask the author whether he was able to state 
the limits of error within which he was working. 
He thought the errors of attachment in some of 
the cases quoted in the paper must be very high, 
and considered it essential to mount the instrument 
on the plate itself. He would suggest to the author 
that he should carry out an experiment on a 
separate plate, with angle irons riveted on to 
form the butts for the instrument, and in this 
way to determine the errors introduced by the 
method of attachment. Referring to the work on 
vibration quoted in the paper, he would like to 
ask the author whether he felt that any appreciable 
degree of accuracy could be anticipated by this 
method. He had himself found such methods very 
inaccurate when applied to bridge work, although 
the instruments employed had much less inertia 
than that used by the author. 

Mr. Ayre said that in reference to the investi- 





gation of deck stresses, the only criterion was 
the tensile stress during hogging on the crest of 


waves. He was particularly interested in the figures 
given in Table I of the paper, as there was con- 
siderable controversy in the case of vessels with 
large hatchways as to whether the coamings 
should be included in the calculations. 

Mr. Foster King, referring to Professor Dalby’s 
remarks regarding the accuracy of the instrument 
employed, said that after many years’ endeavour 
to obtain accurate results from strain-meters, he 
had been led to employ a very simple strain-meter 
on some work on one of Messrs. Alfred Holt’s 
ships. In this case he had employed two pieces 
of flat steel, of about 2} in. by % in. section by 
5 ft. long. Each piece was pinned down at one 
end, leaving 10 ft. between the points of attachment, 
and the deflections were measured by a micrometer 
at the inner ends of the two bars. These meters 
were of the simplest nature, and they had actually 
employed about 20 on the vessel, afterwards 
regretting that they had not used more. As the 
conditions were varying continually at sea, instru- 
ments of this type, but with a self-recording device, 
would be most valuable. A further refinement 
which would add greatly to the usefulness of the 
results would be a self-recording thermometer 
mounted beside each meter, as there were very 
wide temperature variations on board ship. 

Sir Archibald Denny asked the author whether 
he had received any assistance from the officers 
of the ship in carrying out his experiments. Mr. 
Taylor replied that he had received some assistance 
in this direction. Continuing, Sir Archibald Denny 
said that the author’s results might settle the 
controversy as to whether, when a vessel was of 
fine or full form, the same scantlings should be 
used. He recalled the work of the Load Line 
Committee, of which he was a member, on the 
point, and said that he had differed strongly from 
the opinion of the other members that the same 
scantlings should be used, and he would not sign 
the report. A compromise was finally reached 
by recording that the question could not be fully 
settled without further information. 

Replying to the discussion, the author said that 
in answer to Professor Dalby’s question regarding 
the accuracy of the apparatus, he thought that 
the results could be relied upon to at least the 
first place of decimals, the least stress measured 
being about ;'; ton per square inch. As regards cali- 
bration, this was performed with a standard 
micrometer. On the question of vibrations, he 
thought that those of a bridge were hardly com- 
parable with ship vibrations, as the highest period 
in the latter case was only about one second. He 
laid stress on the simplicity of the instrument, 
and mentioned that, so far as he was aware, no 
other type of strain meter could have been used in 
certain of the positions selected. In answer to 
Mr. Ayre he agreed that the results relating to 
hatch coamings were interesting, and had con- 
siderable practical importance from the point of 
view of buckling. In answer to Mr. Foster King, 
he would say that temperatures were always 
noted, though not with a self-recording instrument. 

On the motion of the Chairman, a hearty vote 
of thanks was accorded to the author for his paper, 
and the meeting then closed. We shall deal with 
the conclusion of the meeting next week. 


(To be continued.) 





TRIALS OF THE §.S. ‘‘ Crry or Batu.’’—The single-screw 
steamer City of Bath, built by Messrs. William Gray 
and Co., Limited, West Hartlepool, to the order of the 
Ellerman Lines, Limited, Liverpool, recently ran her 
official sea trials. The vessel has an overall length of 
408 ft. 6 in., breadth of 52 ft. 2} in., and a depth, moulded 
to the upper deck, of 30 ft. 8 in. The propelling 
machinery, which was supplied by the Central Marine 
Engine Works of the builders, consists of quadruple- 
expansion engines having cylinders 21} in., 30} in., 
45 in. and 66 in. in diameter, and a piston stroke of 
48 in. Steam is supplied by three multi-tubular boilers 
working at a pressure of 265 Ib. per square inch. 
Howden’s forced draught is employed, together with 
a ‘““CMEW ” super air heater, by which the temperature 
of the air to the furnaces is raised to about 300 deg. F. 
A number of auxiliaries, also made at the Central Marine 
Engine Works, have been fitted ; these include centrifugal, 
general service, harbour feed, and ballast pumps, an 
evaporator, a gravitation filter, a feed-water drain and 
scum tank, an oil separator, and a thermo-couple in- 
stallation for recording the temperature of the combus- 





tion gases, &c. 
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THE WALTON FILTERS AND PUMPING 
STATION OF THE METROPOLITAN 
WATER BOARD. 


THE description of the Littleton Reservoir which 
we gave in our issues of May 15 and 22, and June 5, 
1925, by no means exhausted the account of the 
recent activities of the Metropolitan Water Board 
in their efforts to provide London with pure water. 
Then, we dealt with what is the largest reservoir of 
its kind ; our present subject is that of the Board’s 
most modern filtering and pump‘ng plant. These are 
situated at Walton-upon-Thames, the intake being 
some seven miles lower down the river than that of 
the Littleton Reservoir. The new filter beds and 
pumping plant are to be formally inaugurated on 
July 19, by the Right Honorable J. Neville Cham- 
berlain, P.C., the Minister of Health. 

For convenience of description we propose to 
deal with the subject in two divisions, the first 





The filtration of river water on anything approach- 
ing a practical scale was first developed by the old 
Chelsea Company in 1829. The effective slow sand 
filter then introduced has been widely used in this 
country and elsewhere. It is generally known as the 
‘“‘ English ” filter especially in the United States 
of America, where conditions have given rise, since 
about 1900, to a type known as the rapid sand or 
** American”? filter. A rapid rate filter somewhat 
different from the American pattern was adopted 
by the Metropolitan Water Board at their Barn 
Elms Works in 1923, both by way of a test and also 
to increase the rate of filtration on the existing slow 
sand beds there. The results of this experiment have 
been so satisfactory that Mr. Stilgoe has laid out the 
present works for a similar combined system, the 
rapid sand filters being termed primary, and the slow 
sand, secondary filters. In this system the water is 
subject to two distinct filterings, and it is expected 
that the rate normal to slow sand filters when used 
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comprising the filter beds and accessories, while the 
second, dealing with the new pumping machinery, 
will appear in our next issue. We have to acknow- 
ledge, in connection with our account, the courtesy 
of the Chief Engineer of the Board, Mr. Henry E. 
Stilgoe, M.Inst.C.E., who has afforded us facilities 
for reproducing drawings and photographs and has 
provided us with every assistance in the prepar- 
ation of the article. 

The main object in view in working out the new 
scheme, was to improve, and, at the same time to 
supplement, the water supply on the south side of 
the River Thames. The filtration of the water 
from the Walton Reservoirs for the Southern dis- 
trict of the Board had previously been entirely 
effected in the filter beds at Hampton on the north 
side of the river, the position of which, as well as 
that of the new filters is shown in Fig. 1, the 
water from the reservoirs being brought under the 
river in a tunnel to the filters at Hampton. With 
the new arrangement, part of the water from these 
reservoirs, after filtration at Walton, is pumped into 
a cast iron main, 48 in. in diameter. and augments 
the supplies to several trunk mains of the Southern 
district and also supplies the Board’s service 
reservoir; at Brixton and Honor Oak. The treat- 
ment of the water, as will be evident from Fig. 1, 
is now confined to a comparatively compact area 
from intake to discharge. 
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alone, can, at Walton be increased three or four 
times in the secondary beds by their combination 
with the primary set. The filtration installation 
at Walton is provided with a further safeguard 
in the shape of apparatus for sterilising the water 
with chlorine, should need arise. 

The equipment, it will be thus seen, is very 
complete. Its general lay-out can be gathered 
from Fig. 2, page 10. Here the old pumping station 
is indicated, with the extension to it, denoted by 
cross-hatching. To the west of this pumping 
station lie the new secondary filters, of which 
there are six, each of an area of about five-sixths 
of an acre, with a chlorinating and recorder house 
to each group of three. To the south of the 
secondary filters is the primary filter plant, with 
its open rapid-rate gravity filters in the arms of the 
cross formed by the four wings of a covered 
house. There are 18 of these filters, each having 
a capacity of between one million and two million 
gallons per 24 hours, at rates of between 100 gallons 
and 200 gallons per square foot per hour. At 
the north-west corner of the secondary beds are 
four sedimentation tanks to receive the water 
used in washing the sand from both primary and 
secondary filters, three being set apart for the 
former and one for the latter. The remaining 
feature of note in Fig. 2 is a covered suction tank 
to the north of the pumping station. 





To follow the course of the water through the 
works is perhaps the most coherent method of 
describing them. The position of the intake from 
the river is shown in Fig. 1. The raw water, 
after passing through screens, flows along an 
open channel to the pumping station. This channel 
is shown in cross section to the left of Fig. 7, 
Plate 1. The raw water is then delivered by the 
existing low-lift pumps to the Knight and Bess- 
borough Reservoirs with capacities of 48) and 718 
million gallons, respe*tively, on the other side of the 
public road (see Fig. 1). These two large reservoirs 
are used for storage and will normally supply the 
primary filters through two mains, each 48 in. in 
diameter. Provision has been made, however, by 
cross connections, to supply the filters with raw 
water direct from the low-lift pumps, should the 
level in the reservoirs fall so low as to render 
impossible a gravitation supply. These connections 
are shown in Fig. 2. Each of the 48-inch mains 
is divided at the primary filter house into two 
branches 36 in. in diameter. These are clearly shown 
in Fig. 3, Plate I, the four pipes running to inlet 
chambers, which are fitted with automatic valves 
controlled by floats, and from which the raw water 
is distributed by channels to the individual filters. 
The whole of these filters and the house are 
constructed of reinforced concrete. Fig. 11, 
Plate II, shows the filters in process of con- 
struction, while in Fig. 10, on that Plate, the house 
and filters are shown practically completed. The 
roof of the central part of the house is formed by 
the bottom of a reinforced concrete tank holding 
28,500 gallons of water, which is used for washing 
the sand of the primary filters. These filters 
are of two different designs, the four on each 
side of the east wing having apparatus supplied 
by Messrs. The Paterson Engineering Company, 
Limited, Kingsway, W.C.2, and the five on each 
side of the west wing being equipped by Messrs. 
The Candy Filter Company, Hanwell, W.7. 
Fig. 13, Plate III, is a view of the interior of 
the east wing taken from the centre of the building, 
and showing the Paterson apparatus. Fig. 14 
shows the Candy apparatus, and is a view taken 
looking towards the centre of the building. The 
mechanism visible in these illustrations includes 
hand-operated control valves for admitting the 
raw water to each filter, an automatic device 
for regulating the discharge at any rate between 
the figures mentioned above, and apparatus for 
ascertaining the filtration head and for checking 
the rate of discharge. There are also appliances 
for showing the condition of the wash water by 
its colour, and devices for bringing the beds into 
service after washing, by gradually increasing the 
rate of discharge. 

The water is admitted to the filter beds, and is 
maintained in them, at a maximum head of 10 ft. 
It then passes through the 30 in. of sand and the 
18 in. of graded gravel which form the filtering 
medium. The head may be reduced to 6 ft. when 
necessary. A system of collecting pipes with 
screened nozzles underneath the gravel draws off 
the filtered water to a covered clear water channel. 
This channel, in each wing, leads to an open well 
in the centre of the building from which the water 
flows by gravity to the secondary filter beds. The 
well is lined with white glazed brick and is finished 
at the top with a glazed parapet and coping 
visible in Figs. 15 and 16, Plate III. In the latter 
view, the three machines in the foreground 
are the compressors which supply the compressed 
air for breaking up the sand in the filters before the 
wash water is passed through it. The washing 
process of the primary filters differs radically from 
that of the secondary filters inasmuch as the sand 
is washed in situ, and is not cleaned by the removal 
of successive layers from the top. Both the wash 
water and compressed air systems are connected 
to the filtered water collecting pipes, and the first 
stage of the cleansing process is to drain the filter 
to be treated. Air is then blown through the sand 
at a pressure of about 7 lb. per square inch, which 
effectually loosens it. The two compressors shown 
to the right in Fig. 16 are the main machines, 
each having a capacity of 1,000 cub. ft. of free air 
per minute. The one at the left-hand side is an 
auxiliary machine with a capacity of 500 cub. ft. 
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of free air per minute. All are electrically driven, 
reciprocating, double-acting, and single stage, 
efficiently water jacketed. They were supplied 
by Messrs. Peter Brotherhood, Limited, of Peter- 
borough. A vertical air receiver of 60 cub. ft. 
capacity is placed on the mains to ensure steadiness 
of supply, and automatic control is provided for 
unloading and restarting. A meter made by 
Messrs. George Kent, Limited, Luton, is fitted on 
each of the mains supplying the east and west wings, 
to record the air supplied. After loosening, the sand 
is washed by passing filtered water through it, of 
course in the reverse direction to the normal filter- 
ing flow. The wash water is stored in the tank 
overhead previously referred to, the bottom of 
which is 25 ft. above the top of the sand. After 
passing through the sand it flows through covered 
concrete channels at the sides of the filters to the 
open channel visible at the extreme right of Fig. 3, 
Plate I. There are some minor differences in the 
filters themselves, the Paterson filters having an 
arrangement of concrete wash water draw-off troughs, 
which are indicated in the bottom portion of the 
figure. The wash water channel is carried along the 
west side of the secondary filters to three of the 
sedimentation tanks, of which vertical sections are 
given in Figs.4,5and6. Theseshow that both floor 
and walls are of concrete deposited in place. The 
division walls are topped with cast concrete copirgs 
and the external walls are finished with bull-nosed 
blue brick. The wash water channel is seen at the 
extreme left-hand side of Figs. 4 and 5, and the 
water in it from the primary filters is admitted 
to each tank by four openings in the division wall, 
the flow being controlled by hand-operated pen- 
stocks. A lip on the floor of the tanks at the 
inlet end deflects the incoming currents and pre- 
vents them from unduly disturbing the sludge 
settling on the sloping floor. The water is drawn 
off from the upper portion of the tanks by the 
floating collectors at the other end to the inlet 
shown in Figs. 4 and 6. These collectors are con- 
nected by pipes 9 in. in diameter to a main 12 
in. in diameter, from which the water can be 
drained, according to its condition, cither into the 
intake channel leading to the pumping station, or 
to a stoneware drain 15 in. in diameter discharging 
into the river at a point below the intake entrance. 
The outlets are fitted with screw-down sluice valves. 
The sludge finds its way to a channel at the bottom 
of each tank, (see Fig. 6), to a covered chamber, one 
such being provided to a pair of tanks. A small 
centrifugal pump driven by a Pelton wheel, lifts 
the sludge from the chambers and deposits it on the 
mud bays, which slope away on the other side of 
an intervening roadway. These pumps and Pelton 
wheels were supplied by the Pulsometer Engineering 
Company. As will be seen from Fig. 2, there 
are four mud bays. They are formed by turf- 
covered earth banks. In order to assist drainage 
from the sludge the bottom surface of the bays is 
covered with about 9 in. of large gravel tailings, 
obtained from the concrete aggregate during 
construction. They have two concrete wheel tracks 
to support the carts used in the removal of the 
sludge. 

The secondary filters will now be considered. 
Fig. 12, Plate III, shows them in course of 
construction, while in Figs. 17 to 23, Plate IV, some 
details are shown. ‘The floor is of concrete deposi- 
ted in two layers, and waterproofing is effected by a 
layer of asphalt } in. in thickness between them. 
In Figs. 18, 19, 20 and 22 this layer may be noted. It 
is joined to bituminous sheeting which runs into 
the clay puddle backing of the walls. This backing 
is 2 ft. in thickness. The walls themselves are of 
mass concrete. The facing consists of Staffordshire 
brindle bricks and the walls are finished with a bull- 
nosed blue brick coping. On top of the concrete floor 
are two layers of Fletton bricks. In the lower layer 
the bricks are laid in rows with spaces equal to their 
width between the rows. The top layer is formed 
of bricks placed with their length at right angles 
to that of the bottom layer, and close together, 
though the sides are grooved so as to it a free 


passage of water through the joints. These bricks 
form the under drain. On top of them is a layer 
of gravel 9 in. in thickness, and above that is 
filtering sand to a depth of 2 ft. 2 in., which will 





probably be reduced to 2 ft. when the beds are in 
operation. The gravel was screened to pass through 
a sieve of 2-in. square mesh, and to be retained on 
one having a clear mesh of }-in. square. The 
grading of the sand will be best understood from an 
examination of Fig. 34, page 12. The water from 
the primary filters is brought from the clear water 
well in the central house by a cast-iron main 
60 in. in diameter, laid down the centre roadway 
between each group of three secondary beds. This 
main is clearly visible in Figs. 17 and 18, together 
with the branches, 27 in. in diameter, which 
lead from it to the inlet bays. The ends of these 
pipes are open, but the discharge is baffled by walls 
in front of them built up above the sand level. The 
side walls of the bays, on the contrary, are flush 
with sand level, and are furnished with a simple 
but ingenious device to keep the level of the overflow 
sill flush with the sand as this becomes lowered 
after being scraped for cleansing. This device is 
shown in Figs. 17 and 18. A gapin each side wall 


at the east and west sides, respectively, of the whole 
group as indicated in Fig. 2, the inlet chambers 
being in the centre. They are built of brick with 
roofs of reinforced concrete and are of the dimensions 
given in Figs. 20 and 21. From these figures also, 
it will be noticed that the chambers are provided 
with four brick baffles, the opening from the filter 
being in one of the end spaces, and the outlet from 
the chamber in the other. The object of thus 
providing a tortuous passage for the outgoing water 
is to ensure a thorough mixing of the chlorine, 
which can be introduced here, should circumstances 
make it necessary to sterilise the water further after 
filtration. Like the inlet bays, the outlet chambers 
are provided with a sump, from which is led a cast- 
iron pipe 9 in. in diameter. These branches run 
into a bottom waste drain, of the same diameter, 
under the eastern and western roads, and opening 
into the intake channel. The bottom waste pipes 
are used for recharging a bed after cleaning by 
passing filtered water from adjacent beds back 
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3 ft. wide by 9 in. is filled by cast-iron bars piled 
one on the other. The bars are 1 in. square in 
section, and their ends engage in grooves in the 
sides of the gap. They are removed one by one 
as the sand level is lowered. 

At the inlet are also three other pipes. Of these 
the one in the sump at the bottom of the chamber, 
Fig. 19, is of cast-iron, 12 in., in diameter, and 
connects with a top waste drain of the same 
diameter which runs under the centre road to the 
drain pipe from the sedimentation tanks to the 
intake channel already referred. to. The _ bell- 
mouthed pipe is the overflow outlet, which is con- 
nected by a down-pipe to the top waste drain. Imme- 
diately below it is shown a pipe for charging a filter 
with raw water which has not passed through the 
primary beds, as such feeding may be necessary in 
order to produce an efficient film on the surface of 
new sand. This pipe discharges just above the sand 
level. The two inclined standpipes prominent in 
Fig. 19 are air vents from the channel drains, and 
come into use when filling the bed. 

The main drainage channel runs across the floor 
of the filter:from the inlet to the outlet, and its 
end can be seen in Figs. 20 and 21, where a vertical 
cast-iron pipe, 18 in. in diameter, carried through 
the sand, forms a well from which samples of the 
filtered water may be drawn. 

The outlet chamber is situated on the side of each 
filter opposite to the inlet bay, that is, they lie 


through the under drains until it rises just above 
top sand level. In Figs. 22 and 23{one of 
the gauging and chlorinating houses fis 'shown. 
There are two of these, one at each side of the 
group of secondary filters, as will be seen in Fig. 2, 
They are built of red brick with Portland stone 
dressing, and each has three rooms. That nearest 
the filters contains three sets of recording apparatus 
manufactured by Messrs. George Kent. The water, 
as it leaves each filter by a pipe 21 in. in diameter, 
passes through the Venturi meter shown in Figs 
22 and 23, which is connected with the record- 
ing apparatus. This not only records the amount 
of water flowing from the filter bed but also traces 
the loss ‘of filtration head, as the filters become 
choked, upon the same diagram. The float pipes 
are contained in an underground chamber of mass 
concrete of which a section is given in Fig. 22. The 
chlorinating apparatus is contained in the second 
room. It was supplied by Messrs. The Paterson 
Engineering Company. The chlorine passes through 
rubber tubes sheathed in a protective pipe, to the 
corners of the outlet chambers. The third room is 
a lavatory. 

In the corners of each filter are constructed over- 
flows from which the scum is drawn off into cast-iron 
drains 12 in. in diameter, under the eastern, central, 
and western roads. These join up to a similar 
pipe under the northern road, which is ultimately 
increased to 15 in. in diameter, and runs into the 











JULY 2, 1926.] 7 | _ENGINEERING. 


II 








WALTON FILTRATION PLANT OF THE METROPOLITAN WATER BOARD. 


MR. H. E. STILGOE, M.INST.C.E, CHIEF ENGINEER. 
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Fie. 33. Sanp Esector Hopper AND CHAMBER IN SECONDARY FILTER. 


northern sedimentation tank. western roads are necessary. These vary from 
As the outlet chambers are situated on the outer | 36 in. to 48 in. in diameter, and are seen in Figs. 20 





sides of the filters, mains under the eastern and|to 23. Under the road on the north side is carried 
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a main 54 in. in diameter, to which the mains on 
both the eastern and western sides are joined by 
means of large manholes. From the eastern man- 
hole the main is increased to 60 in., and is carried 
forward to the suction tank. All the mains are of 
cast iron and, to prevent distortion of those 60 in. in 
diameter, are provided with stiffening ribs. 

The suction tank is shown in Figs. 7 and 8, Plate I. 
It is entirely constructed of mass concrete except 
the roof, which is of reinforced concrete. The side 
walls are backed by clay puddle and waterproofing 
of the floor is effected by an asphalt layer and 
bituminous sheeting in a manner similar to that for 
the secondary filters. The capacity is approximately 
250,000 gallons. A branch pipe 48 in. in diameter 
from the 60-in. filtered water main forms the 
inlet and is controlled by a valve with headstock. 
gearing. From the point of junction, the main pipe 
is reduced in diameter to 36 in., to form a bye-pass 
round the tank to its outlet side, to isolate the 
tank when access is required to it for inspection or 
cleaning. The outlet branch and valve are also 
48 in. in diameter, and are similar in design to the 
inlet fittings. The outlet branch joins a suction main 
60 in. in diameter. This is of cast iron as far as the 
wall of the engine house, inside which it is of steel, 
and to it the suctions of the new pumps are directly 
connected. These pumps deliver the filtered water 
through two mains, each 28 in. in diameter, which 
cross the intake channel above ground and join the 
main pipe alluded to at the commencement. There 
is a large air vessel at the station end of this 
main and a Venturi meter for measuring the 
delivery. 

Another system of pipes will have been noticed in 
several of the illustrations and referred to therein as 
the high pressure mains. This system is for providing 
water at a high pressure for various purposes, and 
primarily consists of a cast iron main 12 in. in 
diameter, connected to the delivery main of the new 


| pumps and reducing to 9 in. and 6 in. in diameter. 


When the pumps are ultimately working at their 
full load the pressure head will be as much as 250 ft. 
which is suitable for the purposes required by 
this system, but in the meantime this pressure 
is provided by two booster pumps situated in the 
central house of the primary filtration plant. These 
pumps are shown in Fig. 15, Plate III. They are 
electrically driven centrifugal pumps made by 
Messrs. W. H. Allen, Sons and Co., Limited, Bedford. 
Each is capable of pumping 520 gallons per minute, 
with a delivery pressure equal to a head of 250 ft., 
the pressure on the suction being equal to a head of 
100 ft. The high-pressure water is used in the 
process of washing the sand of the secondary filters, 
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as described below, and for driving the Pelton wheels 
of the sedimentation tank pumps. Provision is made 
- for measuring the water used for these purposes. 
As stated above, the sand of the secondary filters 
is, unlike that of the primary filters, removed for 
washing. This removal is effected partly by manual 
labour and partly hydraulically. In each filter bed 
there are two brick chambers, near the inlet and 
outlet respectively, built upon the floor of the bed 
and extending to just below the top of the sand. 
We reproduce, in Fig. 33, a photograph of one of 
these chambers, while Fig. 32 shows it in section. 
The }-in. tiled drains embedded in the concrete at 
the base allow the filtered water to pass under the 
structure to the main drain. In e ch of the brick 
chambers is placed a cast-iron hopper and the 
pipes connected with it. In the base of this 
hopper is arranged an ejector nozzle, in line with 
a short inclined cast-iron pipe, 3 in. in diameter. 
This projects above the sand level and is pro- 
vided with a detachable bell mouth at its lower 
end. A detail of the nozzle is given in Fig. 30. 
A branch of the high-pressure main, consisting of 
galvanised wrought iron, 3 in. in diameter, is led 
into each filter and[{divides inside the chamber into 
a pipe 1} in. in diameter serving the nozzles, and 
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one 1 in. in diameter led over the top of the hopper 
and downwards to its base, its lower end being 
perforated. When the filters are working the branch 
to the pressure main is closed, and the end of the 
inclined pipe is covered by a blank flange with a 
hose connection and cap. When a filter requires 
cleaning, which is determined by observation of the 
gauge recording loss of filtration head, the water is 
drained off, exposing the discoloured surface of the 
sand. This is scraped off by hand and is conveyed 
by barrows to the hopper. ‘n the meantime the cap 
of the inclined pipe is removed and it is connected by 
portable piping, 3 in. in diameter, to washing hoppers 
on the roads at the side of the filters. This arrange- 
ment is shown in Fig. 24. As the dirty sand is 
tipped into the hopper it is met by a jet of high- 
pressure water from the nozzles and discharged up 
the pipe to the washing hoppers. The 1-in. diameter 
perforated pipe, referred to above, is used to break 
up the mass of sand when, owing to arching or 
other cause, it begins to jamb in the hopper. A 
cross-section of a washing hopper is shown in 
Fig. 31. The base of this is very similar to the 
ejecting hopper, but the upper part differs in 
having a concentric lip or channel round the top 
edge, while three of them are provided with 
an inverted cup-shaped hood deflector to deflect 
the sand received from its neighbour. The first 
washing hopper, however, has not this hood, but 
is provided with a special cover, having a cast-iron 
grid screen inside, to take the pipe from the ejector 
nopper. The washing hoppers are arranged in 
trains of four, each on a small bogie. These run on 
rails embedded in the concrete of the eastern, 


central, and western roads for nearly the whole 
length of the group of beds. The rails, and an open 
drain channel between them, are to be seen in Fig. 26, 
which shows the first or receiving hopper. <A pipe 
for connection to the high-pressure main runs along 
the top of the bogies. This supplies water to the 
nozzles for propulsion from one hopper to the other, 
and also to wash the sand. This operation is partly 
carried out by the ejection process <nd partly by 
means of jets of water, froma pipe | in. in diameter, 
through a perforated ring at the base of the hopper. 
When the sand is deposited at the top of the hopper it 
naturally descends, and in so doing meets a current 
of ascending water from the perforated ring. The 
washed sand is caught at the bottom of the hopper 
by the jet from the nozzle, whilst the dirty water 
flows over the top edge of the hopper into the sur- 
rounding ring, whence it flows through the two 
pipes, visible in Fig. 26, to the open channel. There 
are thus four successive washings of the sand with 
filtered water, it being remembered that the high- 
pressure supply is filtered water taken from the 
discharge of the main pumps and boosted up when the 
head on these is too low. At Walton the sand will 
be discharged again onto the bed and respread on a 
portion of the area to a workable thickness, as it is 
obviously impossible to respread in a layer as thin 
as that removed. About 3 in. in depth of the 
undisturbed sand over this area is removed as the 
resanding is carried forward, and is placed on the 
top of the washed sand. At the next cleaning, 
the area on which the former cleaned sand is 
replaced is skimmed, but no washed sand replaced 
upon it, the clean sand being placed on a further 
area of the bed. This process is carried on until 
the top of the sand over the whole bed is again all 
at one level. A train of washing hoppers is shown 
in Fig. 25. The channel between the rails leads 
into the drain which runs from the overflows to 
the northern sedimentation tank. 

The contract for the work described above, 
together with the additional building work on the 
pumping station extension, was awarded to Messrs. 
Christiani and Nielsen, 72-74, Victoria-street, 
Westminster, the amount of the tender being 
116,115/. The air compressors and centrifugal pumps 
in the primary pump house, together with the new 
main pumping and generating plant, were the sub- 
jects of separate contracts, and will be dealt with 
in our next issue. 

(To be continued.) 





PrRsoNnAL.—Messrs. Steel Band Conveyor and Engineer- 
ing Co., Limited, Barker-street Works, Parade, Bir- 
mingham, have acquired the assets and goodwill of the 
business carried on up to the present as Steel Belts, 
Limited, of Vesta-street, Mill-street, Ancoats, Man- 
chester. Mr. H. Blackburn, who has hitherto been 
managing director of Steel Belts, Limited, is joining 
the parent company and will remain at Manchester to 
attend to customers in Lancashire and Yorkshire. 


TENDERS FOR LocoMoTIvVE BOILERS AND AXLES.— 
Eight locomotive boilers for Class 11 engines are required 
for the South African Railways and Harbours. The 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1, announces that drawings relating to 
this tender are available for inspection at that address, 
by firms offering British material. There is also a call for 
locomotive, carriage and wagon axles from the same 
organisation, and drawings may be seen and particulars 
obtained of these requirements at the office of the 
Department until July 6. 


Launcw oF 8.8, ‘‘ Aumepa,"—The first of three 
turbine passenger steamers on order: from Messrs. Cam- 
mell Laird and Co., Limited, for the Blue Star Line was 
successfully launched at Birkenltead on June 29. This 
vessel, the Almeda, is 510 ft. long between perpendiculars 
and has a moulded breadth of 68 ft. and a moulded depth 
of 37 ft. 3in. She has a cruiser stern, a straight stem, 
has two funnels, and is rigged with two pole masts, 
The propelling machinery consists. of steam turbines, 
driving twin. screws through single-reduction gearing. 
Passenger accommodation is provided on the upper four 
decks, while, all *tween decks below the upper deck, as 
well as the holds, are insulated for meat cargoes. Only 
first-class passengers, to the number of 180, will be carried 
and there are a number of en suite staterooms with private 
bathrooms; the provision of single-berth staterooms 
is very generous. The propelling machinery was con- 
structed by the builders of the vessel and is of the 
Parsons’ combined impulse and reaction type. Each set 
consists of one high-pressure and one low-pressure 
turbine, the astern turbiné being accommodated within 
the low-pressure turbine casing. The entire construction 


has been carried out to the highest requirements of 
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LETTERS TO THE EDITOR. 
THE IGNITION POINT OF GASES. 


To THE EpiItToR OF ENGINEERING. 


Sir,—May I point out a small error in the account 
you give of a communication on the “ Ignition Point 
of Gases,” made at the recent Faraday Society 
Conference ? 

You state that Messrs. Tizard and Pye showed that 
the compressed gases might do work on the piston 
during the pre-flame period “ unless the piston were 
arrested and not merely held in place”? when the 
ignition-compression was reached. This is, of course, 
a slip, for “‘ unless the piston were held in place, and 
not merely arrested.” This holding in place was 
effected in our later experiments in two ways—(1) by 
means of spring clamps sliding over the weight ‘at its 
lowest point, and (2) by means of a toggle-joint as in 
Ricardo’s experimental engine. 

Your obedient servant, 
H. B. Dixon. 

The Victoria University of Manchester, 

June 28, 1926. 





APPLICATIONS OF ENGINEERING 
TO AGRICULTURE. 


To THE EpiTor oF ENGINEERING. 

Sir,—In the report of the discussion on Mr. Ayton’s 
paper on this subject in ENGINEERING of the 18th 
inst., p. 732, there are remarks in the report of my part 
in the discussion to which I would wish to refer. I 
had mentioned that paradox in mechanical engineering 
of the time, the self-moving anchor, invented by William 
Worby, and his part in the invention of the first steam 
plough and its construction for John Fowler. Some 
confusion has arisen as a consequence of my front 
names being his. I was not ‘ associated” with the 
experiments with the 7 h.p. ploughing engine tackle, 
but as a child with the opportunity of seeing anything 
at Ransome’s Works and the field work outside, I 
witnessed the early incidents to which I referred, and 
many others. 

The Jury Reports to which I referred with reference 
to the mole plough, are those of the six volume official 
records of the 1851 Exhibition (immense crown-folio 
volumes of which I have a set), not the Bristol show of 
1851. 

The first portable steam thrashing machine to which 
I referred was exhibited at’ the Royal Show of 1842, 
and a silver medal awarded. It was made by William 
Worby long before I was born, and I only know of it 
from the records of the R.A.S.E. and from others at 
Ipswich when a boy. 

The vibromotor referred to in Lieut.-Colonel Turner’s 
paper and illustrated by Figs. 17 and 19 is one of 
many forms made in accordance with my patents of 
1892 and 1893, now used all over the world, one of the 
latest applications being that illustrated by Fig. 16, 
p. 721, of ENGINEERING of the 18th inst. 

Yours truly, 
W. W. Beaumont. 

20, Essex Street, Strand, W.C.2., June 22, 1926. 





THE RIMS OF ROTATING DISCS. 
To THE EpiTorR oF ENGINEERING. 


Str,—In an article on p. 649 of your issue for June 4, 
the effect of restraint on the deformation of a rotating 
cylindrical shell is discussed, and the fundamental equa- 
tion deduced by means of the theorem of least work. 

The same equation can also be obtained directly in 
quite a simple manner. 

The hoop tension in a cylindrical shell of thickness ¢, 
under an internal pressure p, is pr if the shell can 
expand freely. Let the resulting radial strain be e. 

Supposing the expansion is restrained (Fig. 3 of the 
aiticle referred to) the actual hoop tension at 2, where 
€¢=- @ 

€ 
s— & j 


P 
€ 





the strain is less than ¢ by w, is pr, which corre- 





sponds to a pressure 


The remainder’ of the pressure =? 
taken up by the flexure of the shell. Substituting in 
the differential equation for bending and modifying 
the value of E as‘there can be no lateral strain, | 


must therefore be 
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which becomes, in the special case of a shell of uniform 
thickness, 





d4+w _—_ 
dzt Rrf 
Yours faithfully, 
A. H. D. M. 





Manchester, June 16, 1926. 
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THE AMERICAN IRON AND STEEL 
INSTITUTE. 


THE twenty-ninth general meeting of the American 
Iron and Steel Institute took place in New York on 
May 21 last, when six papers were read and discussed. 
Of these, a contribution by Mr. A. E. Lindau, on 
reinforced concrete, and another by Messrs. C. W. E. 
Clarke and D. L. Galusha, entitled ‘“‘ Modern Steam 
Power Stations,” we intend to reprint, in abridged 
form, in subsequent issues. We propose now to deal 
with the remaining four contributions, all of which 
were papers of a practical character relating to the 
metallurgy of iron and steel and to the fuel used in its 
manufacture. 


Bastc OpEN-HEARTH PRACTICE. 


The primary objects of the investigation described 
in the paper by Mr. A. N. Diehl, entitled ‘‘ Data 
Relating to Basic Open-Hearth Steel Practice,’ were 
stated to be the furthering of economic production 
and the development of more accurate methods of 
manufacture and better qualities of product. The 
research was carried out at the Duquesne Works of 
the Carnegie Steel Company, Pittsburgh, on furnaces 
of rated capacities varying from 50 tons to 75 tons. 
The customary method of charging and operating was 
followed. After the preceding heat, the bottom and 
banks were made up with calcined dolomite and the 
raw materials were charged in the following order : 
limestone, ore, scrap and cold pig iron. In the heats 
in which molten pig iron was used, this was poured 
into the furnace after the scrap had begun to melt. 
Towards the end of the heat some fluorspar was added 
to render the slag more fluid. The refining process 
was continued until the steel had an approximate 
carbon content of 0-09 per cent. A complete history 
was kept of each heat; conditions within the furnace 
were noted, and the time at which any changes became 
noticeable were recorded. The time, weight, and place 
of all additions were registered. A record was kept of 
the amount of coal charged into the gas producers, the 
steam pressure on the blower, and the analysis of the 
gas. Temperatures of the brickwork at the exit port 
and of the slag at the same end, were taken every 
15 minutes by means of an optical pyrometer. The 
temperature of the stream of molten steel was taken 
during teeming. 

In order to eliminate any differences in the analysis 
of various parts of the bath, four samples of slag and 
four samples of steel were taken simultaneously, one 
in front of each of the three charging doors, and one 
in front of the slag run-off opening, at the back of the 
furnace. Two samples of molten pig iron were taken 
from each ladle of hot metal added to the furnace. 
The amount of sulphur eftering the furnace with the 
producer gas and leaving with the exit port gases, 
was determined by bubbling a measured sample of the 
gas through a solution of potassium bromide contain- 
ing free bromine. The sulphur suspended in the gas 
in a solid state was separated by means of a plug of 
glass wool contained in the silica sampling tube. 

With reference to the removal of the various im- 
purities from the metal bath, it was found, during 
the investigations of the heats in which molten pig 
iron only, and no scrap, was used, that 98 per cent. 
of the silicon content of the pig was eliminated within 
an hour after the molten metal was poured into the 
furnace. The manganese present was oxidised almost 
as rapidly as the silicon; later in the heat, however, 
there was a marked reversion of the manganese from 
the slag to the metal. The rate of oxidation of the 
phosphorus was not quite as great as that of man- 
ganese and silicon; it nevertheless occurred in the 
first stages of the heat. It was found that if the 
proportion of pig to scrap in the charge was such 
that a good amount of run-off slag was obtained, 70 
per cent., or more, of the total phosphorus entering 
the furnace, would be removed at that time. The oxida- 
tion of the carbon was gradual, and, for this reason, 
the time required for making a heat of open-hearth 
steel was usually the time required for oxidising the 
carbon to, the point required. The study of the 
removal of the sulphur was of such vital importance 
that this subject was reserved for a subsequent paper. 

When a finished steel of a relatively low carbon 
content was desired, carbon, in the form of dried 
anthracite slack, was added to the metal as it ran into 
the ladle. When steel having a carbon content of 
over 0-25 per cent. was to be made, the most effective 
method of recarburising was to add molten pig-iron. 
Silicon was added to the metal in the ladle in the form 
of the ferro-alloy. For steels having a low manganese 
content, ferro-manganese was added in the ladle; 
when higher percentages of manganese were required, 
the ferro-alloy was added in the furnace. Ferro- 
chromium, on account of its high melting-point, must 
be added to the bath, while ferro-vanadium, which 
melts at a lower temperature and was used in smaller 
quantities, was usually added to the steel as it flowed 


into the ladle. Nickel was added to steel as nickel 
scrap or pig nickel. A large part was placed in the 
furnace with the original charge, but the final addition 
was made after the heat was nearly ready to tap and 
after a preliminary analysis had shown the amount to 
be added. 


Opren-HEARTH FURNACES OF VARIOUS SIZES. 


A second paper dealing with open-hearth furnaces 
was read by Mr. S. J. Cort, and was entitled ‘‘ Compari- 
son of Open-Hearth Furnaces of Various Sizes.” 
Mr. Cort said that the capacity of an open-hearth 
furnace of any given size was so dependent on the 
nature of the materials charged, the kind of fuel used 
for melting, and the quality of the finished product 
desired, that any comparison between two furnaces 
was worthless, unless all these items were given proper 
consideration. it was also necessary to standardise 
the methods of keeping open-hearth furnace production 
records, and to introduce a uniform system of showing 
the correct distribution of costs, in order that a com- 
parison of the operations of different plants should not 
be misleading. There was no inherent reason why a 
large furnace should not produce as good a steel as 
that made in a small furnace. The saving in man 
power in the operation of a large furnace was an impor- 
tant item; more tons were produced per man, and 
labour costs were consequently lower. From the 
standpoint of capital invested, the 100-ton stationary 
furnace was the most economical to build, and gave the 
most satisfactory results when the operation called for 
the use of from 40 per cent. to 65 per cent. of hot metal. 
The large tilting furnace was best suited for a large 
steel plant which was equipped with a soaking-pit 
capacity sufficient to accommodate from 250 tons to 
300 tons of ingots at a time; on the other hand, 
a small steel plant could be the more efficient if 
the ingots could only be dealt with in small batches. 
While the large furnace was capable of producing 
finished steel at a lower cost, it would not be able to 
displace entirely the 60-ton to 70-ton furnace in works 
in which special steels were turned out. Installations 
producing a wide range of alloy steels for the merchant 
trade only required comparatively small tonnages of 
each particular grade of metal. 


THE TESTING OF COKE. 


In presenting his paper “‘ Notes on Coke Testing,” 
Mr. W. A. Haven stated that his purpose was to describe 
the procedure of coke testing adopted at the Haselton 
blast furnaces of the Republic Iron and Steel Company. 
He said that the driving rate of a blast furnace was 
strongly affected by some property, or combination of 
properties, of the coke establishing its combusti- 
bility. The development of a suitable combustion test 
seemed to promise profitable results, and a laboratory 
apparatus for carrying out this test was devised. After 
careful sampling and sizing, 1 gramme of coke was 
placed in a platinum boat and introduced into a tube 
furnace maintained at a constant temperature of 
1,800 deg. F. The sample was burned for one minute 
in an excess of oxygen, and was then removed and 
weighed to determine the loss in weight. The opera- 
tion was repeated until the combustible matter was 
nearly all consumed. The average of these results, 
expressed in centigrammes per minute, was taken as 
the burning speed. A comparison of the burning 
speed with the chemical analys‘s of various kinds of 
coke confirmed the expectation that high ash was a 
detriment to rapid combustion. Cellular constitution 
also played an important part, and this could be shown 
by microscopic examination. The factors which were 
chiefly responsible in controlling the combustibility 
of a coke seemed to lie in the original coal from which 
it was made, and it appeared unlikely that anything 
which was done in the ordinary process of coking 
would make the material burn much faster or much 
more slowly than the rate predetermined by the quality 
of the coal. A study of the size and shape of the 
coke pieces, in all probability, would lead to a better 
understanding of the relation which existed between 
the properties of the coke and the driving rate of the 
blast-furnace. 

The use of the rumbler or tumbling barrel was 
developed in connection with the combustion test, as 
it was thought that the portion of the coke sample 
which would withstand disintegration in the tumbling 
barrel would most truly represent the fuel which 
reached the furnace tuyeres. It was also desired to 
study the relationship between coke hardness and 
combustibility. The apparatus used in the tumbling 
test consisted of a steel drum, having an inside diameter 
of 36 in. and a depth of 18 in. Two, 2 in. by 2 in. by 
} in. angles having their backs to the direction of 
rotation were fastened to the inside of the drum, 
which was driven by a motor through a set of gears. 
The sample for the tumbler was carefully sized through 
a 3-inch square mesh screen on to a 2-inch screen, and 
a 10 kg. portion was placed in the drum, which was 





rotated for one hour at the rate of 23°6 r.p.m, This 


subjected the mass to a series of moderately severe 
impacts and to a very large amount of abrasion. After 
the coke was taken from the drum, the effect of the 
tumbling upon it was measured by passing the sample 
over a series of standard square screens having meshes 
ranging from 1 in to } in. in width, and expressing the 
amount remaining upon each screen as percentages of 
the original 10 kg. sample. The tumbling test had 
been found particularly helpful in justifying the use of 
coal containing a low proportion of volatile matter 
in the making of coke for blast furnaces. The tumbling 
tests had also been useful in pointing out the effect upon 
the coke structure of certain phases of oven practice, 
such as coking time and the extent of pulverisation. 
This would have been difficult to measure accurately 
in actual furnace practice. Frequent sizing tests, 
moisture tests and chemical analyses, conducted 
on coke intended for use in the blast furnace, were all 
matters the importance of which was recognised by 
furnace operators. 


PxHosPHORUS IN Wrovuaat IRon. 


A paper presented by Messrs. H. 8. Rawdon and 8. Ep- 
stein dealt with the influence of phosphorus in wrought 
iron made by different puddling processes. The authors 
stated, in their introduction, that their endeavour 
had been to summarise the results obtained in the 
testing of several batches of wrought iron, made by a 
manufacturer who regularly utilised both the hand- 
puddling and a mechanical puddling method for the 
production of wrought iron for pipe making. A 
portion of the iron tested was made specially for the 
present investigation. The raw material was taken from 
the same cast of pig iron, separate portions of which 
were refined by hand puddling and by mechanical 
puddling. This particular batch proved rather un- 
usual in its properties, it being of higher phosphorus 
content than the manufacturer’s regular bar-iron pro- 
duct. In addition to tensile tests, torsion, impact and 
bending tests were carried out. The results obtained 
indicated fairly clearly that there was no reason why 
the properties of mechanically-puddled iron should 
not be as good as those of the hand-puddled product. 
It seemed also that the phosphorus content of the 
raw material could be reduced to a lower value more 
readily by the mechanical-puddling process, carried 
out on a relatively large scale, than by the ordinary 
hand-puddling process. The results obtained on the 
metal of higher phosphorus content, served to empha- 
sise the rather pronounced variation in the properties 
of iron of this kind, variations which were to be attri- 
buted largely to the non-uniformity of the distribution 
of the phosphorus. Most of the tests made on the 
mechanically-puddled bar of this second batch seemed 
to suggest that an average phosphorus content of from 
018 to 0-20 per cent. was perhaps not too high for 
bariron. The difference found in the tensile properties 
of the two ends of this bar showed, however, that, 
in order to obviate the apparently unavoidable varia. 
tion in phosphorus content and in properties, the average 
phosphorus content should be considerably lower than 
the value maintained. 








THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of this Society held on Friday, 
June 11, at the Imperial College of Science, with 
Professor O. W. Richardson, president, in the chair, 
a paper on “The Latent Heat of Fusion of Some 
Metals,” by J. H. Awbery and Dr. Ezer Griffiths, was 
presented. The paper stated that the latent heats of a 
number of the commoner metals had been measured 
by determining the total heat of liquid and solid from a 
series of initial high temperatures. The calorimetry 
was by the method of mixtures, introducing several 
refinements, of which the chief were the use of fairly 
large charges of metal (of the order of 2 kilograms), and a 
device by which the hot charge was not allowed to come 
into contact with the water of the calorimeter until the 
latter was completely closed. This eliminated error 
due to production and escape of steam, with a con- 
sequent loss of heat. The device referred to consisted 
in the provision of a sheet-metal vessel suspended by 
threads from the main lid of the calorimeter. The 
aperture through which the charge was introduced 
was closed by a rotating lid in the main lid, and the 
crucible being introduced, was submerged after the 
closing of this smaller lid by means of a wire passing 
through an eyelet in the base of the calorimeter and 
out at the top. 

The second paper was on “The Piezo-Electric 
Quartz Resonator and its Equivalent Electrical 
Circuit,” and was read by Mr. D. W. Dye. In the 
paper the quartz piezo-electric resonator was examined 
experimentally and theoretically, with special regard to 
an equivalent electrical system which could represent it. 
It was shown, as theoretically predicted by Butterworth, 
that such a resonator can be represented by an 
inductance, a resistance and a capacity all in series. 
These were represented asin parallel with another small 
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condenser and the whole in series with a third con- 
denser, the additional condensers representing air-gaps. 
The equations for the current in an oscillatory circuit, 
to which the resonator is attached, were developed, and 
it was found that almost perfect agreement existed 
between the forms of current curve obtained theoreti- 
cally and experimentally. This agreement was found 
to hold for longitudinal resonators of as low a frequency 
as 44,000 and for transverse resonators of as high a 
frequency as 15,000,000 periods per second. It was 
next shown how the logarithmio decrement of the 
resonator may be obtained from a rectified line plotted 
from observations on the current in the oscillatory 
circuit as a function of frequency width across the 
crevasse which pierces the summit of the resonance 
curve. The methods of analysis of the equivalent 
mesh into its components were next developed, and it 
was shown that this analysis can be effected by carrying 
out a series of observations of the current at resonance 
when the air-gaps are varied by known amounts, or 
when the effective resistance of the oscillatory electrical 
circuit is given different known values. 

The theoretical and experimental results were found 
to be consistent. The value of the shunting condenser 
was somewhat smaller than that measured at a neigh- 
bouring frequency outside the region of resonance. 
The effects on frequency of response of variation of 
air-gap were studied and the difference between predic- 
tion and observation was discussed. This difference 
was only a few parts in a hundred thousand. In the 
case of transverse resonators, remarkable effects occurred 
when the air-gap was varied through the regions where 
its length is an integral member of half-wavelengths of 
the supersonic air waves produced by the vibration of 


the quartz. The temperature coefficient of frequency | g 


of a considerable variety of resonators was examined 
over a range of temperatures up to 40 deg. C. It was 
found that very diverse results were obtained. The 
effects of displacement of the resonator from the position 
of centrality were also examined. These were shown to 
be small, but not quite negligible. The current taken 
by the quartz mesh was then examined in some detail 
theoretically, and one or two experimental curves were 
given, together with a graphical method of deducing 
the curve of current from the constants of the quartz. 
A selection of theoretical curves for the conditions 
under which the experiments of Cady were made, have 
been calculated. The curves are, in all respects, of the 
shape and form experimentally found by him. 

In the discussion, Dr. Ezer Griffiths said he was 
interested in the practical applications of the piezo- 
electric crystal oscillator, as it had great possibilities. 
When he saw the paper by Pierce on the precision 
measurement of the velocity of sound in air and CO, at 
high frequencies, it occurred to him that a gas analysis 
instrument could be based on this principle. Such an 
instrument would have the advantage of not disturbing 
the chemical composition of the atmosphere under test. 
He had made a rough trial of the method for the 
determination of the percentage of CO, in a mixture of 
air and CO,, and for this purpose Mr. Dye kindly 
supplied him with the quartz oscillator shown, which 
gave out longitudinal waves of frequency about 40,000 
per second. The instrument had given promising 
results. Many other applications could be found for 
this useful tool, especially in thermal measurements. 
It was curious to note that piezo-electricity had been 
known for about 45 years, and that it was only within 
the last few years that the effect had been turned to 
practical account. 

Dr. D. Owen said that the paper, like the author’s 
previous contribution dealing with the cathode-ray 
oscillograph, was quite an exceptionally beautiful 
application of physics. The observations relating to 
the temperature coefficient of nstural frequency showed 
that in one case the author could control the frequency 
to 1 part in 100 million, while the temperature co- 
efficient itself in no case exceeded 1 part in 10,000 per 
degree. The question as to the cause of the differences 
in the temperature coefficients, which the author 
discussed towards the end of his paper, offered an 
attractive field for inquiry. 

Mr. R. S. Whipple said that, apart from the great 
beauty of the scientific work described in the paper, 
physicists were much indebted tc the author for 
establishing the extraordinary constancy of Pierce's 
circuit for maintaining oscillations, which was of the 
greatest industrial importance. 

Dr. E. H. Rayner said that the author had shown 
him a crystal, sent to the National Physical Labora- 
tory for testing, which had the peculiarity that. it 
exhibited some scores of different natural frequencies, 
a very striking property in a crystal the size of a six- 
pence. He also mentioned that the Radio Research 
Board, at whose instance the work had been under- 
taken, had adopted the unusual course of releasing 
the paper for publication by the society before they had 
themselves considered it, on account of its exceptional 
importance. 

The next paper, entitled “The Current-Voltage 
Characteristics of Electrostatic Machines when Supply- 





ing Current to Non-Inductive Loads and to a Coolidge 
X-Ray Tube,” was read by Mr. Evan J. Evans. This 
concerned experiments in which a large electrostatic 
machine was used as a source of potential for the 
discharge through (a) a Coolidge X-ray tube, and 
(5) a non-inductive resistance. The results were 
represented in the form of characteristic curves. In 
the former case, it was shown that, above a certain 
critical voltage, the discharge was intermittent, while, 
in the latter case, the discharge was continuous for all 
voltages. The cause of the intermittence of the 
current through the Coolidge tube was assigned to the 
operation of the Pearson-Anson effect, and this implied 
the conclusion that the effect of the residual gas in 
such tubes was not completely negligible above a 
certain voltage. 

In the discussion, Major C. E. S. Phillips said that all 
who were interested in medical X-ray work would 
welcome this investigation, because practitioners now 
aimed at constant conditions of voltage, and the sub- 
ject was therefore of considerable practical import- 
ance. A modern outfit for supplying the high voltages 
employed was expensive, bulky and very elaborate. A 
source giving an E.M.F. in the neighbourhood of 
300,000 volts, was greatly needed, and perhaps the 
paper would lead some inventor to produce a satis- 
factory modification of existing electrostatic machines. 
It seemed very surprising that a Coolidge tube, the 
resistance of which was constant to 1 per cent. with a 
transformer, should give rise to intermittent current 
with a machine. Had the author experimented with 
different types of tube, such as a large-volume deep- 
therapy tube and a radiator tube? It might even be 
worth while to study the effect of admitting a little 


as. 

The author said that both the tubes used by him 
were of the radiator type. The filament current 
during the experiments was about 75 per cent. of that 
for which the tubes were rated. 

The President said that he would be sorry to think 
that all Coolidge tubes were subject to residual gas 
effects, but he had often suspected them in tubes of 
the radiator type used by the author. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The situation in the Cleve- 
land pig-iron branch has become such as almost to 
prohibit business. The total quantity available for 
disposal is very small, and No, 3—the quality mostly 
needed—is all but unobtainable. What small stocks 
makers have at their yards are oversold, and mercharts’ 
holdings have shrunk nearly to vanishing point. Under 
such conditions prices are difficult to fix, and, indeed, 
there are no longer recognised market quotations, the 
trifling business passing being effected by individual 
bargaining. No. 1 is in the neighbourhood of 86s. 6d. ; 
No. 3 g.m.b., 84s.; No. 4 foundry, 83s.; and No. 4 
forge, 82s. 6d. 


Hematite.—East Coast hematite iron continues fairly 
plentiful, and, while a rather firmer feeling is noticeable, 
Nos. 1, 2 and 3 are still on sale at 79s. No. 1 is put at 
6d. above mixed numbers. 


Foreign Ore.—WDealers in foreign ore, recognising the 
futility of endeavouring to put through business under 
existing conditions, are off the market. Prices are 
nominally upheld. 


Blast-Furnace Coke.—Quotations for blast-furnace coke 
are high, but there is very little buying for local use. 


Manufactured Iron and Steel.—Little news of moment is 
ascertainable concerning manufactured iron and steel. 
A supply of home fuel has enabled the Cargo Fleet Iron 
Company partially to resume operations at their Ormesby 
steel mills, but the event means only a small output. 
Prices are not quotably altered, but firms able to offer 
early delivery obtain above market quotations. Common 
iron bars are 111. 5s.; iron rivets, 127, 15s.; packing 
(parallel), 82.; packing (tapered), 11/.; steel billets 
(soft), 77. 5s.; steel billets (medium), 7/. 10s.; steel 
billets (hard), 87. 2s. 6d.; steel ship, bridge and tank 
plates, 7/. 17s. 6d.; steel angles, 7/. 10s.; steel joists, 
7l. 10s.; heavy sections of steel rails, 8/.; fish plates, 
127.; black sheets, 11l.; and galvanised corrugated 
sheets, 167. 10s. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Export business in the Welsh coal 
trade remains impossible because of the continued refusal 
of the authorities to release supplies in view of the strike. 
Limited parcels of coal are, however, being granted to 
ships leaving the district on voyages of national import- 
ance. Patent fuel is also still available for bunkering, 
industrial and domestic purposes, though the amount of 
coal suitable for manufacturing fuel is gradually being 
reduced. During the week, reports have been circulated 
that the Welsh coal owners intended making what was 
described as a new offer to the men, namely, the April, 
rates of pay for three months and then the 1921 minimum 
or a percentage on the economic position of the industry, 
whichever was the higher, for an eight-hour day. This 
offer was, however, made to the men through the Prime 
Minister some time back and rejected. A few more 
cargoes of Welsh coal loaded into ships, which have been 
detained in port in consequence of the strike, has been 
re-sold and discharged. The cargo of 7,000 tons on the 
steamer Baron Jedburgh has been unloaded at Cardiff 
and 1,200 tons and 700 tons, respectively, from the 
steamers Emilie Dunsford and Kingstown at! Newport, 
while the Clevedon left Barry for Avonmouth with 2,000 
tons. The Shipping Federation, on behalf of the ship- 
owners, has made an application for a reduction of 
16% per cent. in the national coal-trimming tariff, which 
at present stands at 33} per cent. below the 1920 rates, 
so that, if the proposal of the shipowners is accepted, the 
rates will be 50 per cent. below the 1920 tariff. The 
men have, however, decided to resist the proposed 
reduction, 





CoNsSULTING ENGINEERS AND REINFORCED-CONCRETE 
Worxk.—-The report for the twelve months ending 
April 30, recently issued by the Association of Consulting 
Engineers (Inc.), summarises, as follows, the interviews 
and discussions which have taken place with the Chief 
Engineer of the Ministry of Health, in regard to fees 
in connection with reinforced-concrete work for which 
sanction by the Ministry is sought. (1) The object of 
the Ministry is to ensure that all fees for design and 
superintendence shall be kept entirely distinct from 
constructional costs, and be paid direct by the authority 
and not through a contractor, either as fees or hidden 
in the price of steel or other materials, and that the 
scheme as submitted to the Ministry should be put 
out to open tender. (2) Where a consulting engineer is 
called in to advise on a scheme submitted by a reinforced 
concrete firm or others, any sum or fees the authority 
may have paid or agreed to pay to such firm and/or to 
the consulting engineer for design or superintendence 
which will be sanctioned by the Ministry to be paid out 
of the loan, shall not exceed the fees which a consulting 
engineer would have been entitled to charge if he had 
designed and superintended the work by himself. 
(3) If the consulting engineer employs a reinforced- 
concrete firm or specialist to prepare a design for him, 
such firm or specialist should be paid by the consulting 
engineer, as under these conditions they are in effect 
part of the consulting engineer’s staff. Further, the 
Committee of the Association is of opinion that the 
minimum rate of commission for such work should be 
7} per cent. on the cost of works amounting to 10,0001. 
or over, and on smaller works a graduated increasing 
rate as the cost of the works decreases until on very 
small and intricate works it be at least 12 per_cent. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel-—The situation is getting gradually 
worse without showing any sign of a general collapse in 
manufacturing activity. The total suspension of 
production at 90 open-hearth furnaces operating in and 
around Sheffield is a vital factor which must soon 
exercise a cramping influence on the constructional trades. 
For many of these Continental steel has not been con- 
sidered suitable, and the gross tonnage of that material 
entering South Yorkshire, owing to the stoppage at 
many of the mills devoted to re-rolling for the export 
trade, is less than in normal times. How soon it will be 
necessary to place orders with Germany and elsewhere on 
the Continent for semi-finished supplies, in order to 
discharge contract commitments for Enished products, is 
a matter which is now under consideration. The latest 
official returns relating to the production of castings and 
forgings in Sheffield and district shows that in April the 
gross output of 84,200 tons was nearly 20,000 tons less 
than in the preceding month. Since the beginning of May, 
production has been largely suspended, causing a loss in 
output estimated, on the basis of the average in previous 
months, at 175,000 tons. But for the fuel and steel 
shortage there is little doubt that the engineering trades 
would be able to report genuine progress. Home and 
foreign inquiries for railway, tramway, and constructional 
steel have improved concurrently with the rise in foreign 
prices. Demands from electrical and automobile engineers 
are substantial, and even shipbuilding steel was hopeeneng 
to show signs of revival. The call for colliery gear an 
appliances for inland use has inevitably slumped owing 
to the coal stoppage, but is by no means moribund. At 
several pits in this district, opportunity is being taken 
of the chance afforded by the suspension of coal-getting 
to carry out improvements from the engineering stand- 
point. Most of the tool-making works are employing the 
greater proportion of their staffs part time. The gross 
output of files, saws, shovels, picks, hammers, magnets 
for the telephone service and automobile engineers, 
stainless steel and iron for cutlery, machinery and 
chemical trades, compares favourably with that recorded 
during previous crises. More than half of the 42,000 
operatives receiving unemployment benefit are working 
some part of each week. 


South Yorkshire Coal Trade.—First-hand inquiries 
show that stocks at district collieries are nearing exhaus- 
tion, and that, except in the case of a few big engineering 
works possessing facilities for storage, manufacturing 
operations will shortly be dependent wholly upon gas and 
electric power and outcrop fuel, supplemented by imports 
of foreign coal. Some of the leading works have made 
arrangements for direct deliveries of German coal. This 
is regarded as an expensive emergency measure that is 
unlikely to produce satisfactory results, and is only 
warranted by the desire of manufacturers to keep pace 
with contract commitments, even though the means 
taken may, and in many instances definitely will, involve 
a financial loss. Outcrop coal selling round about 40s. a 
ton for manufacturing and domestic consumption, is 
mostly of an inferior quality, and would not be saleable 
under more normal conditions, 








NAVIGATION BY WrrRELEss.—A Lighthouse Service 
Bulletin, recently issued by the United States Depart- 
ment of Commerce, calls attention to the value of wireless 
bearings in navigation. It recalls that the rescue of 
the crew of the Antinoe was made possible by the fact 
that the President Roosevelt carried a wireless direction- 
finder, and quotes the chief officer of the new Swedish 
transatlantic motorship Gripsholm. The latter states 
that on this ship is installed a wireless compass made in 
England. During the time the instrument has been in 
use it has proved to be a very great aid to navigation. 
The various beacons operated by the Department, adds 
the officer, constitute the greatest help to ships fitted with 
direction finders, not only in foggy weather, but also, 
as frequently happens, when ships have to run for days 
without any observations. For example, when nearing 
Nantucket they start taking bearings as far as 150 miles 
out, and, so far, these bearings have proved as correct 
as any sight bearing. 





Tue Unrrep AtKatI Company’s Power STATION, 
Wipnes.—A new 10,000-kw. turbo-alternator and 
condensing plant, supplied by the Metropolitan Vickers 
Electrical Company, Limited, has now been put into 
commission at the West Bank Power Station belonging 
tothe United AlkaliCompany. The newset has increased 
the total capacity of the station to 20,000 kw., aud 
although the plant is primarily for the generation of 
current for the company’s works, the station is inter- 
linked with the Mersey Power Company’s undertaking. 
The West Bank Station operates normally at a load 
factor of over 90 per cent. The new set is of 10,000 kw. 
capacity at 0-8 power factor when delivering three- 
phase energy at 6,600 volts., 50 periods, and running 
at 3,000 r.p.m. ‘The turbine is a two-cylinder machine. 
The condenser is of the central-flow, divided-surface type, 
capable of maintaining a vacuum of 28-5 in. of mercury 
when condensing the exhaust steam from the turbine 
giving an output of 12,500 kw., with cooling water 
at 65 deg. F. The station has an ample supply of 
condensing water from the Mersey and the capacity of 
the pumping plant has been increased by a Mather and 
Platt vertical ‘‘ Lonovane ” pump having a capacity of 
13,500 gallons per minute, direct driven by a 260 b.h.p. 
motor, at 588r.p.m. The Metropolitan Vickers Electrical 
Company, Limited, have also supplied the additional 
switchgear, and further feeders have been laid by 
British Inzulated Cables, Limited. The alternator 
represents the latest modern practice, and is equipped 
with air cooling on the closed-circuit system. 


NOTES FROM THE NORTH. . 
Gtascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade are again without change this week, and no matter 
what happens in the coal industry, with regard to a 
settlement, none of the large steel works will begin 
operations until about the beginning of August, when the 
annual holidays will be over. In the meantime, business 
is of a very restricted nature and the only steel works 
operating may close down any day now. Prices are 
firm and the current quotations are as follow: Boiler 
plates, 117. per ton; ship plates, 7/. 17s. 6d. per ton ; 
sections, 71, 7s. 6d. per ton; and sheets, under ts in, to 
4 in., 91. 12s. 6d. per ton, all delivered at Glasgow stations. 
In the black-sheet trade, most of the works are still 
running, but supplies of fuel are gradually getting less, 
and that is preventing producers from entering into 
further engagements. Order books are well filled and 
inquiries are good. The trade in galvanised sorts is 
fairly satisfactory and to-day’s price is round 16J. to 171. 
per ton, f.o.b. Glasgow, for 24 gauge corrugated sheets. 


Malleable Iron Trade.—In the West of Scotland 
malleable-iron trade, business is hampered by the coal 
shortage, and the works in operation are finding some 
difficulty in carrying on. Firm conditions rule in the 
re-rolled steel departments and forward business is being 
booked for delivery whenever possible. The price of 
Crown bars is lll. 5s. per ton, delivered at Glasgow 
stations, 


Scottish Pig-Iron Trade.—The production of Scottish 
pig-iron having ceased, all demands are being met by 
stocks in makers’ yards. These are getting less and less 
and certain brandsare now almost unobtainable. Prices 
have advanced for foundry grades and the current prices 
are as follow: Hematite, 77s. 6d. per ton, delivered at the 
steel works ; foundry iron No. 1, 85s. to 87s. 6d. per ton ; 
and No. 3, 80s. to 82s. per ton, ex makers’ yards. 


Scottish Pig-Iron Shipments——The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, June 26, amounted to 426 tons. 
Of that total 291 tons were for foreign destinations and 
135 tons coastwise. For the corresponding week of last 
year the figures were 355 tons overseas and 115 tons 
coastwise, making a total shipment of 470 tons. 


Scottish Shipbuilding.—The past month, ending to-day, 
must be written down as one of the most unsatisfactory 
from all points of view in recent times. Not only has the 
trouble in the coal trade dislocated trade in general, but 
it has put a full stop to all enterprise, and buyers cannot 
anticipate the future. Shipowners are not placing orders 
for new cargo-carrying tonnage because of the bad state 
of shipping anc the poor freights obtainable, which are 
not commensurate with the high costs of production. 
New orders being placed are almost solely confined to 
special vessels or others required for particular purposes. 
During the month of June, the only new contracts 
reported were four ships for the Canadian Pacific Railway 
Company, to be built on the Clyde; one for Messrs. 
Hendry Brothers, London, to be built by the Caledon 
Shipbuilding and Engineering Company, Dundee; and 
one for the Straits Steamship Company, Singapore, to be 
built by Messrs. Hall, Russell and Co., Aberdeen. Of 
the above four for the C.P.R. Company, Messrs. John 
Brown and Co., Limited, Clydebank, received the order 
for one vessel of 18,000 tons gross; Messrs. William 
Beardmore and Co., Limited, Dalmuir, received the order 
for another; and Messrs. Barclay, Curle and Co., 
Limited, Whiteinch, and Messrs. illiiam Denny and 
Brothers, Dumbarton, each received an order for a cargo 
vessel of 10,000 tons d.w. ‘These vessels will help con- 
siderably to improve the outlook on the upper reaches 
of the Clyde. The output for the past month totalled 
21 vessels making 19,182 tons, and the following are the 
details as well as the figures for the half-year :— 


June, 1926. Six Months,1926. 








Vessels. ‘Tons. Vessels. ‘Tons. 

The Clyde 12 18,521 80 158,552 

The Forth 3 371 17 4,726 

The Tay aes wu «=D 200 7 8,850 
The Dee and Moray 

Firth aes pet 90 10 1,763 

' Totals 21. —«:19,182 114 _—«:173,891 








The Clyde total is the second lowest for the year, and 
only brings the output for the six months up to 80 vessels 
of 158,552 tons, as compared with 119 vessels of 302,957 
tons for the same period of last year. Very unusual 
conditions are now prevailing and business is likely to 
get worse rather than better for a period, at any rate. 





Trrats oF §.8. ‘ Firpy.”—Recently built by Messrs. 
William Gray and Co., Limited, to the order of The 
Ropner Shipping Company, Limited, of West Hartlepool, 
the §.S. Firby successfully ran her official trials on 
Thursday, June 24. She is a vessel of 402 ft. length and 
55 ft. breadth, with a moulded depth, to the upper deck, 
of 28 ft. 9 in., and has a long bridge, poop and forecastle. 
The hull is built with deep channel frames, cellular 
double bottom and large after and fore peak ballast tanks. 
Electric light and a wireless installation are fitted, as well 
as appliances for the speedy handling of cargo and all the 
requirements of a first-class cargo steamer. | The pro- 
pelling machinery, supplied by the Central Marine Engine 
Works of the builders, consists of triple-expansion engines, 
having cylinders 26 in., 43 in.,,zand 71 in. in diameter 
while the stroke of the pistons is 48 in. Steam is supplied 
from three boilers at 180 Ib. per square inch. The 
owners were represented at the trials by Mr. J. B. Nicol, 





their superintendent engineer. 


NOTICE OF MEETING. 





Tue Royat Instrrution.—Monday, July 5, at 5 p.m. 
at Albemarle-street, W.1. General Meeting. 








CATALOGUES. 


Grinding Mills.—A new catalogue explaining the Hard- 
inge conical mill with ball grinders is to hand from Messrs. 
International Combustion, Limited, 11, Southampton- 
row, London, W.C.1. Automatic feeders of various 
kinds are made for these mills, and it is stated in the cata- 
logue that two men are capable of looking after 64 mills 
with barrels 8 ft. in diameter, 


Copper Tubes.—A circular recommending the use of 
copper tubes for cold and hot-water supply in private 
houses, schools, hospitals, &c., is to hand from the 
Yorkshire Copper Works, Limited, Leeds. The advant- 
ages of these pipes over lead pipes in working, cleanli- 
ness, cheapness of installation, &c., are worth con- 
sideration. 

Marine Diesel Engines.—A full account of the per- 
formance of the tank ship Zoroaster on her maiden 
voyage has been published by the engine builders, the 
Svenska Aktiebolaget Nobel-Diesel Company, of Sweden. 
These engines are of the two-stroke cycle type develop- 
ing 2,000 i.h.p. in four cylinders. We have also received 
an interesting catalogue of engines made by this firm 
from 100 h.p. upwards, 

Economisers and Superheaters.—Economisers for the 

recovery of waste heat from boiler-flue gases, and super- 
heaters for water-tube and fire-tube land boilers are the 
subjects of special catalogues received from the Power 
Specialty Company, of New York, who have offices at 
dwych House, Aldwych, London, W.C.2, and works at 
Egham, Surrey. The catalogues are fully illustrated with 
ample descriptive matter and technical data. 
Blasting Operations.—The drilling of blasting holes 
for quarrying, open pit mining, rock excavation, &c., 
is the subject of a special catalogue, of over 100 quarto 
pages, issued by the Sanderson Cyclone Drill Company, 
of Orrville, Ohio, U.S.A., from whom we have received 
a copy. The catalogue is of quite exceptional interest 
from the descriptions of methods of working given and 
the large variety of gear, machinery and special lifting 
and carrying appliances illustrated. 

Boiler-House Instruments.—We have received four 
catalogues from the C. J. Tagliabue Manufacturing 
Company, of 18, Third-street, Brooklyn, New York, 
U.S.A., dealing with instruments for indicating and 
recording pressures and temperatures, gas analysis, &c., 
in steam raising plant, and in some cases for automatic 
control. A good deal of technical matter is embodied in 
the catalogues. 

Lathes.—A catalogue of 8-in., 10-in., and 13-in 
centre lathes with plain or gap beds, and stepped-pulley 
or all-gear heads, has come to hand from the Butler 
Machine Tool Company, Limited, Halifax. The speci- 
fication shows that these tools are fully equipped for all 
general work, including screw cutting. Special attach- 
ments are supplied, if required, for taper turning and 
relieving. There are separate illustrations of the head 
stocks, apron gears and slide rests, 

Aerial Map Making.—A paper by Mr. Norman H 
Brock describing the process of making maps from photo- 
sraphs taken from a camera carried by an aeroplane 
has been published amongst their catalogue matter by 
Messrs. Brock and Weymouth, engineers, 1607, Walnut- 
street, Philadelphia, U.S.A., who have sent us a copy. 
The paper originally appeared in “‘The United States 
Military Engineer.” The photograph, it is explained, 
can be made to serve as a basis for a true-scale topo- 
graphic map. 

Flour-Milling Plant.—Messrs. Henry Simon, Limited, 
20, Mount-street, Manchester, have issued another of 
their interesting “occasional letters’? in which they 
correct those who hold the view that the British engineer- 
ing industry is unable to hold its own in world market 
competition. Messrs. Simon have secured contracts in 
markets formerly inaccessible to British firms, not only 
by quoting lower prices but by convincing clients that 
British technical methods are superior. The firm con- 
tracts for complete mills, including buildings, machinery, 
conveyors, &c,, and as an example of their recent work we 
may mention a mill for Canada with a capacity of 2,000 
barrels of flour per 24 hours, equal to 58 sacks of 280 lb. 
per hour. In South America, India, China, Japan, and 
Australia, similar contracts have been carried out, while 





ground has been gained in the home market. Seven of 
these mills are illustrated in the letter. 
Tue INstTITUTE OF BRITISH FOUNDRYMEN: LANOA- 


SHIRE Brancu.—The Council of the Lancashire Branch 
of the Institute of British Foundrymen has informed us 
that, owing to the dislocation caused by the coal stoppage, 
it has been necessary to alter the arrangements made in 
connection with visits to various works. The visit to 
the Derby Works of the L.M. & S. Railway Company, 
which was to have taken place on June 26 last, has been 

ostponed to a later date. The visit to the works of 
ati Hartley and Sugden, Limited, Halifax, which 
was postponed from May 15, will, it is hoped, be made ' 
on July 17 next, and the Salford Iron Works of Messrs. 
Mather and Platt, Limited, will be visited on September 13 
next. The results of the ‘‘ John Wilkinson ”’ Memorial 
Medal Examination, held on May 1 last, are now avail- 
able. The winner of the Medal is Mr. J. Yates, of Bury. 
Second place was secured by Mr. A. Burgess of Stockport, 





and third place by Mr. R, Yeoman, also of Stockport, 
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NOTES ON NEW BOOKS. 


A MEMOIR entitled “‘ The Geology of Berwick-on-Twezd, 
Norham and Scremerston,”’ by A. Fowler, M.A., B.Sc., 
has recently been issued by the Geological Survey 
(H.M. Stationery. Office, London ; price ls. 6d. net), 
in connection with the New Series one inch, coloured 
printed map—sheets 1 and 2. The area described 
is the extreme northern part of Northumberland 
including a narrow strip along the coast north of 
Berwick-upon-Tweed up to the border between England 
and Scotland. Apart from the ‘superficial deposits 
the rock formation of this area is mostly of sedimentary 
origin belonging to the Lower Carboniferous system 
comprising Bernician and Tuedian. The Bernicion is 
composed of the Limestone Groups and the Scremerston 
Coal Groups, whilst the Tuedian consists of Fell Sand- 
stone and the Cementstone Group. The lowest of 
these rocks are found in the Tweed valley, the strata 
dipping generally S.E., so that passing thence towards 
the coast in a S.E. direction the overlaying strata are 
successivly encountered until the topmost are reached 
on the coast near Goswick. Economically, interest 
lies chiefly with the coal deposits, which have been 
worked in this district from early times. An old 
drainage level in the Scremerston Main Coal workings is 
known to have existed as far back as 1764, and is, in 
fact, still in use. A number of records of bore holes 
and pit sections provided by Colliery companies are 
included in the appendix of the Memoir 





The Mineral Resources Committee of the Imperial 
Institute, South Kensington, London, 8.W.7, has 
issued, from time to time, monographs on the mineral 
resources of the --orld. These works are prepared, 
either by members of the scienti‘ic and technical staff 
of the Institute, or by external contributors, and are 
intended to give a general accourt of the occurrences 
and commercial pessibilities of the more important 
minerals ; particular reference is made to the British 
Empire. The most recent addition to the series is 
the monograph entitled ‘‘ Bauxite and Aluminium,” 
by Mr. W. G. Rumbold, of the Scientific and Technical 
Department of the Imperial Institute. The work 
contains some 110 pages, and is divided into three 
chapters. The first deals with the properties, pre- 
paration, uses and marketing of raw and finished 
products. This section is well written, and will yield 
a large amount. of interesting data to the inquiring 
metaliurgist. The pages dealing with the properties 
and uses of bauxite and aluminium, and those devoted 
to the description and commercial application of the 
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various aluminium alloys, are well worthy of study. 
The sources of supply of bauxite in the British Empire 
and in foreign countries are set out in detail in chapters 
two and three; the localities in which the deposits 
occur are given, and their commercial importance 
fully discussed; in’ many cases analyses and output 
figures are quoted. Taken as a whole, the work has 
been prepared in a very efficient manner, and the 
style adopted is clear and logical. A small map of 


the world, showing the bauxite-bearing areas referred 
to in the text, and a list of references to literature on 
aluminium ‘and its ores, are included at the end of 
the monograph. The price of the book is 6s. net, 
and it is published by Mr. John Murray, 50a, Albe- 
marle-street, London, W.1. In view of the important 
position which aluminium has taken in engineering and 
in many of. the other arts, the publication should 
appeal to a considerable number of readers. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRBSS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIO } “ ENGINEERING,” WESTRAND 

ADDRESS LONDON. 
TzLerPHONE NumBErs—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalis, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 
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inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed, 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 
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THE MARINE STEAM TURBINE AND 
THE DIESEL ENGINE. 


Tue interesting and instructive paper by Sir John 
Biles, which was read at the recent Belgian meeting 
of the Institution of Naval Architects, supplements 
the equally valuable contribution to the proceedings 
of this society read by the same author at their 
spring meeting last year. The earlier paper 
discussed the relative advantages of the Diesel 
engine and of the steam turbine as applied to the 
propulsion of passenger vessels, with which reason- 
ably high speeds are invariably required. The 
conclusion arrived at was that in most cases, 
total costs would be less with the high-pressure 
steam turbine plant. Sir John’s deductions did 
not escape criticism, but for some reasons unknown 
this took the form of letters to the daily press 
instead of appearing as a contribution to the 
discussion on the paper. In this the protagonists 
of the turbine alone took part. This was unfortunate, 
as the growing number of large Diesel engined 
passenger vessels were certainly not ordered 
without a very careful study of the whole problem, 
which obviously led the very competent technical 
advisers of the shipping companies to the view 
that the Diesel engine would materially reduce 
operating costs. For certain services, of course, 
there seems little possibility of the internal- 
combustion engine replacing the turbine. For 
very high speed short runs the turbine is admittedly 
beyond effective competition, and in spite of 
Lord Fisher’s advocacy of its rival, the turbine 
still rules supreme in the navies of the world. 
It would, in fact, in the present state of the art, 
be impossible to equip a Hood with Diesel engines 
owing to the prohibitive weights involved. More- 
over, the great elasticity of steam has advan- 
tages in naval vessels. As the record of the 
Kent at Falkland showed, even the steam 
reciprocator has an extraordinary reserve of 
power, whilst the internal-combustion engine has 
little over-load capacity. 

There are certain considerations which would 





justify the conclusion that the oil engine should 





be relatively at its best on cargo boats. These 
are commonly of but moderate power, and whilst 
a small internal-combustion engine is quite as 
efficient as a large one, this for various reasons 
does not hold good with steam. The turbine is 
at its best in large units, and moreover with such 
units it is commercially practicable to instal 
incidental aids to economy in the boiler-room 
and elsewhere, the adoption of which it would be 
hard to justify in the case of small power plants. 
Nevertheless. in spite of these factors favouring 
the Diesel engine, it would seem to follow from Sir 
John Biles’s analysis, as set out in his second paper, 
that in most cases the advantage still lies with steam. 
He compared relative costs for three different 
classes of cargo boat of 8,000 tons, 10,000 tons and 
14,000 tons respectivcly, the corresponding sea 
speeds being 114 knots, 12 knots and 14 knots. 
One curious result arrived at was that for all three 
sizes the running costs of the Diesel-engined boats 
and of the oil-fired turbined vessels were practically 
the same. There is, however, a certain limit to 
the length of run, beyond which the Diesel engine 
makes the better showing; but there are not a 
great many trips to which this applies. Even in 
the case most favourable to the Dicsel engine, 
viz., that of the 8,000-ton boats, the limit beyond 
which the internal-combustion engine’ shows to 
advantage is over 5,000 miles, and in the case of 
the 14,000-ton boats the limit exceeds 9,000 miles. 
New York it may be noted is about 3,200 miles from 
Liverpool, and Buenos Aires about 7,200. Hence on 
the North Atlantic the oil-fired steamer would, from 
the analysis made, be better for all three classes 
of ship, whilst on the Buenos Ayres run the 
advantage would be with the Diesel engine for 
the, 8,000-ton boat, and-with its rival in the case 
of the 14,000-ton boat. The two systems would 
show practically identical results in the case of 
the 12,000-ton boat. 

With coal-fired steamers very much depends on 
the relative cost of coal and oil. With Diesel oil at 
80s. per ton, the steamer has the advantage on 
practically every run even if the coal price is as 
much as 33s. a ton. If, however, the oil can be 
purchased at 34s. a ton there are many runs on which 
the coal-fired steamer would be at a disadvantage. 
With the smaller class of vessel, the limit even with 
coal at 23s. a ton, may, it is concluded, be as little 
as 1,700 miles; the corresponding figure for the 
14,000-ton boats being 4,400 miles. 

The influence of the size factor is very noteworthy, 
and it would be very interesting to have comparative 
figures for a still smaller class of vessel. Since, 
however, these are largely of the tramp class, 
consideration would have to be paid not only to the 
question of running costs, but also to the matter of 
refuelling. Coal can be obtained almost anywhere, 
but supplies of oil are more restricted. 

One point very clearly brought out by Sir John 
Biles was the very substantial saving in labour costs 
effected by the Diesel engine. This is specially 
marked when the comparison is made with coal-fired 
boilers, with which engine-room wages and food cost 
approximately one-third more than with Diesel 
engines. It is to be expected, however, that the 
shipbuilder will ultimately follow power station 
practice in his boiler-room as he is now doing in 
the engine-room, and in this way may be able to 
reduce very materially the number of firemen 
carried. 

As already noted, shipowners have not ordered 
Diesel engines without careful study of the economic 
questions involved. That their conclusions differed 
from those arrived at by Sir John Biles may be due 
to the fact that they have based their judgments 
on existing marine practice, whereas Sir John’s 
conclusions are based on the estimated efficiency of 
high-pressure steam plants, the first of which has 
only recently been completed. It has, however, to 
be noted that experience at land stations has 
shown that it is possible to predict with very great 
precision the probable output and efficiency of 
steam turbines, even when- they may embody 
material departures from previous practice. Sir 
Charles Parsons, moreover, is notoriously very 
conservative in making his guarantees. 

Hence, the figures given in this head by Sir John 
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Biles are probably reliable and are possibly more 
likely to err on the side of pessimism than in the 
contrary direction. 

In the discussion on his paper attention was again 
drawn to the possibility that an efficient internal 
combustion turbine may ultimately be devised. 
Such a consummation is devoutly to be wished, but 
the prospects are far from promising. Recent 
metallurgical developments have no doubt a little 
improved matters, and the remarkable steel exhi- 
bited by Sir Robert Hadfield at the recent conver- 
sazione of the Institution of Civil engineers, will 
undoubtedly prove useful should other obstacles to 
success be overcome. At present, however, there 
is no indication that this will be the case. In the 
most successful of the attempts yet made, the ex- 
plosive mixture, instead of being steadily and 
quietly burnt under pressure, is fired in a series of 
successive charges in explosion chambers. The 
velocity of efflux from these, therefore, varies 
through very wide limits, a condition which is not 
favourable to the efficiency of the wheel. The latter 
is, moreover, almost necessarily of the velocity 
compounded type, and even at best, would accord- 
ingly have but a moderate efficiency. The best 
figure recorded in the able and comprehensive 
paper contributed last year by Mr. Konig to the 
proceedings of the North: East Coast Institution 
of Engineers and Shipbuilders, was a thermal effici- 
ency of about 14 per cent., which is very materially 
less than the overall thermal efficiency of some 
modern power stations. At Barton, for example, a 
figure of over 22 per cent, was recorded for the month 
of November last, and still better results are expected 
from stations to be built in the future. 





THE ADMIRALTY ENGINEERING 
POLICY. 


Up to the inauguration of the Selborne Scheme in 
1903 the engineering branch of the Navy had 
complete control of the steam, hydraulic, torpedo 
and the main electrical generating machinery in 
warships. The Selborne scheme was intended to 
give every fighting officer a combined training in 
deck and engineering duties, and with this object in 
view large sums of money were expended in equip- 
ping the cadet training college with engineering 
workshops. Provision was made in the scheme for 
a number of officers, at a later stage in their career, tc 
specialise permanently in engineering duties, and 
occupy the higher administrative posts on the 
engineering side. In keeping with the principle of 
making every executive naval officer a seaman- 
engineer, it was arranged, some time before the war, 
that gunnery and torpedo officers on board ship, in 
addition to their other duties, should take over the 
care and maintenance of the gun-mounting, torpedo 
and main electrical generating machinery, including 
their mechanical staffs, leaving the shore establish- 
ments, which deal with the design, production and 
repair of machinery, in charge of those officers who 
specialised permanently in engineering. 

Experience during the late war convinced the 
Admiralty naval staff that the amalgamation of 
engineering and deck duties was a mistake, it being 
quite impracticable for the average naval officer to 
cover all the ground required. As pointed out by 
engineers in 1903, the study and practice of naval 
engineering demands the life-time devotion of an 
officer. Similarly, experience of war conditions has 
now proved conclusively that deck officers have all 
they can manage in gaining experience of the sea 
and in mastering the science of sea warfare, handling 
of ships, gunnery, torpedoes, signals, wireless, &c. 

Hence a revised scheme of trzining was put in 
force in 1922. Engineering training is no longer 
given to the cadets at Dartmouth College, but sub- 
sequent to leaving college midshipmen may volun- 
teer for a four-year course of combined training in 
mechanical and electrical engineering at the R.N.E. 
College, Keyham, and remain engineers for the 
remainder of their naval career. On leaving Keyham, 
selected officers are given a further advanced course 
of two years’ duration at Greenwich College, either 
in mechanical or electrical engineering. Under this 
scheme all engineer officers are capable of undertak- 
ing general engineering duties (both mechanical and 
electrical). Any engineer officer will be eligible 


for filling the higher administrative posts provided 
he develops the necessary talent in the course of 
his work. In conformity with the new principles 
A.F.O. 2157/1920 states that the upkeep of all 
engineering and mechanical appliances will be 
undertaken by the engineer officers. No engineering 
training is now given to a deck officer at any stage in 
his career. 

This policy is so eminently sound as to convince 
the Treasury of the necessity of expending funds 
for the re-organisation of R.N.E. College, Keyham, 
and providing adequate training to fit future 
engineer officers for their enhanced technical 
responsibilities in view. But the transfer of all 
engineering work to the engineer officers has not 
yet taken place, even though four years have now 
elapsed. No further official pronouncement has 
been made, but we learn from Mr. Bridgeman’s reply 
in the House to Sir Frank Sanderson that the 
policy of 1920 may be abandoned as the Admiralty 
contemplates setting up a separate electrical 
branch. 

Deck and engineer officers are as necessary to 
each other as the two halves of a pair of scissors. 
Without the engineer the tactician cannot stir an 
inch. The difficulty is to find the line of demarca- 
tion between the officers who fire the guns and tor- 
pedoes, and the officers who have the control and 
operation of the power machinery of the ship. The 
gunnery and torpedo officers must specialise in the 
use and control of their weapons and instruments, 
and guide the course of their development. It 
must be borne in mind, however, that gunnery and 
torpedo work is only a phase in the career of these 
officers, who are ultimately destined for the com- 
mand of ships. Apart from this consideration it is 
obviously unsound to place vast masses of costly 
and highly complicated machinery, not immediately 
connected with the fighting weapons, in the hands 
of officers who have no engineering qualifications. 
What may reasonably be demanded from them is 
that they should make an intelligent use of the 
machinery supplied for working their weapons and 
leave the upkeep of their material to engineer 
officers. Only the technically trained mind is 
capable of dealing with the highly complicated and 
rapidly developing material equipment of a modern 
warship. 

No reply was vouchsafed to Sir Frank Sanderson 
regarding the transfer of gunmounting and torpedoes 
to the engineering branch, so it is to be presumed 
that deck officers will continue to supervise the 
mechanics employed in maintaining this machinery. 
Details regarding the proposed electrical branch have 
not been promulgated, but it is significant that 
the proposal coincides with the issue of the recent 
Fleet Order, which breaks up the engineering branch 
of the navy, and deprives (E) officers of their 
executive rank and all engineer officers of their 
military status. 

It has been stated in the press that the new 
electrical engineer officers will only serve afloat 
in the junior ranks in the department of the torpedo 
officer, and not under an engineer officer of life-long 
training and experience. The policy of 1920 
involves the amalgamation of the mechanical and 
electrical engineers on board ship as the best 
arrangement for fighting the ship from the engineer- 
ing standpoint, bearing in mind how much of the 
ground covered is common to both sections in the 
training and education of the personnel and the 
application of the same fundamental principles to 
the design, manufacture, upkeep and repair of all 
naval machinery. The exigencies of the situation 
on board ship demand a common workshop and the 
pooling of all repair resources in personnel and 
material. This is the practice in the United States 
and Japanese Navies. Motor driven auxiliaries 
and the possibility of electric reduction gears 
on propelling shafts have also to be considered. 
According to existing policy (E) and (EE) specialists 
who have passed the Greenwich courses will be 
borne in large ships, but every naval engineer will 
have had a combined mechanical and electrical 
training so as to be available for general engineering 
duties on board. By this means efficiency and 
economy will be attained and endless friction 
eliminated regarding matters of discipline, status, 





rank, pay and control of work in the ship. 


Are we to conclude from recent facts that the 
Admiralty’s policy regarding engineering in the 
navy is to undergo another radical change, and that 
the old system, weighed in the balance and found 
wanting when the lessons of the war were fresh 
in the mind, is to be perpetuated ? The pivot on 
which the 41920}policy turned was the adequate 
training of the naval deck officer in the science of 
sea warfare and the arts of aseaman. It was judged 
that his whole time was necessary for that duty, and 
that engineering duties could find no place in his 
sphere of action. We are entitled to ask the 
reasons underlying this change of policy. It can 
hardly be that the science and art of naval warfare 
have changed in the interim to such an extent as to 
enable deck officers successfully to undertake 
mechanical duties. 

The matter is of great importance in the interests 
of the efficiency of the naval service. We welcomed 
the 1920 policy in so far as it announced that the 
complicated technical machinery and appliances 
would be placed in the hands of a properly trained 
and qualified branch, whose record in the past 
gives confidence that the engineering efficiency of 
the navy will be assured. Moreover, it is not to 
the interest of the taxpayer that naval engineering 
work should be supervised and controlled by naval 
officers without even the rudiments of engineering 
training. 





PETROL MEASURING PUMP 
LEGISLATION. 


THe new Act of Parliament, which brings 
measuring pumps within the active jurisdiction of 
the Weights and Measures Department of the Board 
of Trade, has passed through its various stages in 
the two Houses and has received the Royal Assent. 
Owners of petrol pumps, in particular, and the 
motoring public, in general, will be interested to 
learn what developments will follow. The osten- 
sible object of the new legislation is, of course, the 
protection of the purchasing public against receipt 
of short measure for which they have to pay full 
price, placing retailers of petrol on to the same 
footing as those of other commodities sold by weight 
or measure, by making them use measuring vessels, 
or measuring instruments, which are to be inspected 
and sealed in the manner common for any ordinary 
weight or measuring vessel. 

The new Act, however, is at present only a 
skeleton; it has yet to be “framed,” and the 
question which now interests the motoring world is, 
how is this framing to be done and what lines is it 
likely to take? There is some reason to believe 
that the authorities of the Board of Trade are not 
too clear themselves about this. There has been, 
we understand, some talk of holding a series of 
conferences with (a) petrol pump manufacturers, 
(b) pump owners and users, (c) inspectors of the 
Weights and Measures Department, whose duty it 
will be to inspect and control the use of such pumps. 

A little consideration will lead, we fear, to the 
conclusion that, if the framing of the new Act is to 
be carried out in accordance with advice which may 
crystalise out of discussions and opinions of con- 
ferences of such composition, the net result will be 
disappointing. Petrol pump manufacturers—.e., 
British manufacturers—in this country can be 
counted on the fingers of one hand and, as is well 
known, the great majority of the pumps installed 
throughout this country—to the number of perhaps 
100,000 or thereabouts—are of American or Canadian 
origin. Moreover, it is safe to say that 75 per cent. 
of the pumps installed are of the so-called “‘ blind ” 
or piston type. 

There is little room for speculation about the line 
of advice the pump manufacturers would give if 
the conference plan were adopted. It would without 
doubt favour the rehabilitation of the piston type of 
pump, a type which is well known to be inaccurate, 
and which, not only in this country, but in the U.S.A., 
the country of its origin, has been generally con- 
demned for this reason. 

Indeed, to such a length has this gone that the 
makers have found it necessary to add to the pumps 
“visible measures,” in the shape of large glass 





cylinders, into which the charge delivered by the 
piston is first of all submitted to the inspection of 
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the purchaser of the petrol, so that he may have 
occular demonstration that he is getting full and 
correct measure. When so fitted the piston type of 
pump ceases to be objectionable. It is the pur- 
chaser’s own fault if he does not take the trouble to 
watch the measure. 

It is to be remembered, however, that there are 
very many thousands of piston pumps without the 
visible measure attachment already installed up 
and down the country. What advice will the owner 
of these be likely to give in conference ? Naturally 
enough, they would plump for regulations which 
would permit the piston pump to be retained. 
Thus, there are two strong bodies of opinion which 
would almost certainly fight very strenuously for 
retention of the piston pump. 

Finally, there are the inspectors of Weights and 
Measures. The attitude these are likely to adopt 
was reflected in the recent annual conference of the 
Society of Inspectors of Weights and Measures, at 
which a paper was read by Mr. Bolshaw, of Liverpool, 
condemning the piston-type pump. The expressed 
feeling of the members during the subsequent dis- 
cussion was practically solidly in agreement with the 
author. Would a solid vote of the inspectors weigh 
sufficiently in the balance against the interests 
ranged in support of the piston pump, backed as 
the latter would be by the influence of the big petrol 
companies, who are interested to the extent that 
they are the virtual owners of perhaps 50 per cent. 
of the piston-type pumps in use—most of which are 
sold by them on the hire-purchase system? For 
the present these companies are awaiting the turn 
of events, but it is to be presumed that they are all 
prepared and could possibly adduce at short notice 
a volume of evidence in favour of the piston pump 
which might prove well nigh irresistible. 

The Board of Trade officers who are to be respon- 
sible for the framing of the new Act are thus in no 
very enviable position, and will be faced with a very 
difficult task in resisting the pressure it seems pro- 
bable will be brought to bear upon them. In the 
alternative they will have to strain the law to 
permit the use of a measuring device which cannot 
be depended upon with certainty to give correct 
measure at 12 o’clock although it may have done so— 
and may have been sealed !—a couple of hours earlier. 

The obvious way to deal with the matter, in 
order to avoid hardship to owners of piston pumps, 
would seem to be to allow a reasonable period within 
which all existing piston pumps must be fitted with 
“visible measure’? containers, and to prohibit 
entirely for the future the use of such pumps unless 
they are so provided. 

So far as we can gather, it is not at present 
suggested that the conference idea should be 
extended to include the general motoring public, 
but it is to be hoped that adequate opportunity will 
also be afforded for the expression of the views of 
these, after all, the most interested parties. 





SOUNDNESS IN STEEL TUBES. 


THE use of higher pressures and temperatures, 
which is gaining, and will continue to gain, favour 
as fuel gets dearer, adds to the necessity for 
trustworthy means for controlling the soundness 
of steel. In particular, it emphasises the in- 
sufficiency of merely mechanical tests, which give 
no information about the resistance of the material 
to such corrosion as may occur in service. Chemical 
specifications of mild steels are little, if any, better 
for this purpose, for they assume that the con- 
stituents specified are distributed uniformly over 
the mass of the material, whereas corrosion appears 
to arise most commonly from heterogeneous distri- 
bution, of which the most usual form is segregation. 
With the high pressure and thin walls.of water- 
tube boilers and the high temperatures of super- 
heaters, an assurance of homogeneous material is 
particularly necessary. 

In engineering, as in medicine, the ideal control 
must operate cito, tuto, jucunde, and any method 
that is quick to work, puts no strain on the object 
controlled, and offers no particular difficulty 
deserves attention when satisfactory methods are 
scarce. It is curious, therefore, that the use of 
sulphur printing for the control of soundness in 
steel enters into regular practice so much less than 


is suggested by what has been known for many 
years of its convenience and merits. It is, in fact, 
the simplest and best accredited means of detecting 
and plotting irregularities in the distribution of 
constituents in steel. As will be remembered, 
sulphur occurs in steel as the sulphide of manganese 
or the double sulphide of manganese and iron, and 
in this form is among the most infusible constituents 
of molten metal except some of the slags, and, of 
course, the gases. These least fusible constituents 
of the bath form only a very small part of its 
contents, and, in an ingot, get pushed about by 
solidifying crystals of metal and stirred up by 
occluded or evolved gases as they escape, until 
finally they themselves solidify either in the mass 
of the ingot or in cavities formed by gases that have 
been trapped within the congealed metal. In spite 
of a common prejudice, which arose naturally 
enough when chemical examination was the only 
available method of controlling the properties of a 
steel, these sulphides do not seem to be more 
mischievous than any other inclusions. Usually 
they are far less voluminous, and always they have 
the great positive advantage that, on sulphur 
printing, they disclose their presence when much 
larger quantities of other intruding substances 
might pass undetected. If a section of a steel ingot 
or any of its subsequent products is ground on a 
fine emery band or wheel, and is placed in contact 
with acidified photographic paper, any speck of 
sulphide on the surface will be decomposed, and the 
sulphuretted hydrogen so evolved will form much 
larger spots on the paper. In this way, particles 
too small to be detected by the naked eye are 
magnified in the printed spot so as to be clearly 
seen. The process can be carried farther still 
by printing on a lantern slide instead of on 
paper, and viewing the result on a screen under 
any desired magnification. 

The paper by Mr. G. R. Woodvine and Mr. A. L. 
Roberts, of which we gave an abridgment on 
page 646 of our issue of May 28 last has given, 
perhaps, the most cogent description yet published 
of the association of corrosion and pitting in tubes 
with the presence of segregates. For some time 
these authors took samples of new tubes at random 
from consignments supplied for use in water-tube 
boilers and superheaters, and by sulphur-printing 
the cross-sections or ends of these samples found 
most of them to be badly segregated on the inner 
surface. Apparently these tubes also suffered a 
good deal from corrosion in use, and, as an experi- 
mentum crucis, the authors made a superheater 
tube out of two lengths arc-welded together, the 
one sound and the other segregated, and ran the 
joint tube in a superheater under ordinary service 
conditions, till at the end of about a year the segre- 
gated length failed through perforation. The tube 
being taken out and split open, the segregated length 
was found to be badly corroded and perforated, 
while the sound tube was not much the worse for 
wear. This result confirmed a mass of previous 
experience, in which failures had usually been 
associated with segregated steel. The authors 
attempted accordingly to buy tubes free from segre- 
gates, and found these extremely difficult to obtain. 
Even tubes made from special Swedish billets, 
bought presumably because of low sulphur and 
general purity, were not found reliable. Ultimately 
a cast of ingots was bought of a usual specification 
for boiler tubes, but made with the special care 
that is given to ingots of high-grade alloy steel. 
Appropriate parts of the ingots were sulphur 
printed, as well as the tubes made from them, and 
all were found free from segregates. Such steel 
has been adopted in the routine practice of the 
authors for a long period, and no failures whatever 
have since occurred. 

This modest record of an important piece of work 
makes out clearly the author’s proposition that 
corrosion in water-tube boilers and superheaters is 
frequently, and perhaps usually, associated with 
segregation in tubes, and is avoided by using sound 
tubes. It also goes a long way to support their 
conjecture that other tube failures may be related, 
to some extent, to the same causes. The results also 
suggest certain reflections of a more general order, 
which deserve consideration in other branches of 





steel manufacture. 


Segregates include sulphides, but seldom consist 
mainly of them, and the experience of these pro- 
longed observations shows, not for the first time, 
that although the reduction of the sulphur percentage 
to the low minima found in special Swedish steel 
may increase the cost of ingots and of their ultimate 
products, it does not make them -reliable against 
segregation and the troubles that arise from it, of 
which corrosion is only one. Segregation, again, 
occurs once and for all in the ingot, and no matter 
what physical or mechanical treatment it and its 
products may receive, the ingots and their products 
carry the segregates with them as such throughout 
their entire life until they are remelted. Accord- 
ingly, when ingots are wanted for the manufacture 
of, products in which segregation is objectionable, 
expense and failure may be avoided most easily if 
an examination by sulphur printing is made on the 
original ingot, or at the first stage in subsequent 
manufacture—billet, bar, sheet, wire—at which it 
can be done quickly and conveniently. Enough is 
already known of the positions in each class of ingot 
where segregates will be found, if at all, to define the 
points at which small ingots should be sectioned or, 
with larger ingots, the billets that should be taken 
for sulphur printing, and thus to avoid notable 
expense either of material or time. Practice some- 
thing on these lines is already carried out with some 
classes of manufacture, but it might profitably be 
considerably extended. 

A very few specifications for sulphur printing 
should be sufficient to define material as suitable for 
the several groups of important purposes for which 
segregated steel should not be used. If experience 
showed that such specifications could replace others 
of which the significance is less certain, and steel 
users could agree with steel makers on their terms, 
both parties would gain by avoiding rejections on 
chemical analysis, which would then serve no purpose 
but to increase the percentage of rejections and 
enhance the price of the material. 





THE JUBILEE OF THE TELEPHONE. 


To celebrate the fiftieth anniversary of the inven- 
tion of the telephone by Alexander Graham Bell, 
the Institution of Electrical Engineers arranged an 
interesting series of functions which were held under 
the chairmanship of Mr. R. A. Chattock, the Presi- 
dent of the Institution, on Thursday, June 24. After 
a lunch which was held at the Hotel Cecil, Sir 
William Mitchell-Thomson, Bart., in the course of 
an address, said that there were 1,430,000 telephones 
installed in the country. He hoped that the jubilee 
would coincide with the installation and completion 
of the first large London automatic exchange. 
Submarine cables were being introduced, which 
would bring the cities of Germany into complete 
telephonic communication with this country, and later 
in the year similar cables would be used to afford 
improved facilities of conversation with France and 
Belgium. They had now arrived at the stage that 
two-way wireless telephony with the United States 
of America was well within sight of commercial 
accomplishment. 

At a meeting later at the Institution of Electrical . 
Engineers, the Faraday medal was presented to 
Colonel R. E. B. Crompton, C.B., as a mark of 
appreciation of his pioneer work in electrical engi- 
neering. This award has certainly. been well made. 
Colonel Crompton’s name will always be remembered 
among those who laid the foundations on which the 
amazing modern developments of electricity are 
based. 

Sir Oliver Lodge then delivered a lecture on “‘ The 
History and Development of the Telephone.” 
The articulating telephone, an instrument of 
absurd simplicity, Sir Oliver remarked, was not 
invented by a professional electrician, nor even by 
one really learned in physical science. If he had 
been, Bell once said himself. he would probably 
have known that an articulating machine of a 
simple character was an impossibility. The son of 
Alexander Melville Bell, a teacher of elocution 
and a student of phonetics, Alexander Graham 
Bell had devoted himself to the training of the 
deaf and dumb and to the accurate production of 
speech, Talking machines, with very complicated 





special devices for producing vowels, consonants 
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and sibilants, through the manipulation of key- 
boards, had been invented before. Bell used the 
sounds produced by the human voice and sought 
to reproduce them by electrical means at a 
distance. If asked suddenly what was the simplest 
and greatest invention of the 19th century, Sir 
Oliver said he would answer, the telephone, for it 
had not only extended human intercourse but had 
revolutionised the detection of minute currents in 
all manner of scientific work and had made wireless 
telephony possible. 

Wheatstone had transmitted crude sounds 
through a wooden rod ; Philipp Reis and others had 
done it electrically. Bell made the vibrations of 
an iron plate at one end of a line create fluctua- 
tions in electric currents which caused an iron 
plate at the other end to vibrate in a precisely 
similar manner. Sir Oliver exhibited a facsimile 
model of the telephone by which Bell had, on March 
10, 1876, by the words “ Mr. Watson come here, 
I want you” called his assistant from the 
basement up into his attic. Bell was then professor 
of vocal physiology at Boston University and was 
trying to get the deaf to interpret by their eyes 
musical sounds transmitted by the “ harmonic 
telegraph,” using tuned reeds, as they had been able 
to interpret his father’s system of lip reading. 
Lord Kelvin, who was as enthusiastic as Clerk 
Maxwell became afterwards, almost prevented the 
completion of Bell's British patent by showing two 
telephones, he had brought over from America, at 
the British Association meeting in Glasgow in 1876. 
Sir Oliver then briefly described early types of 
telephones. In later days the wonderful telephone 
sometimes almost became a nuisance. Bell himself 
had it removed from his room, and Sir Oliver 
mentioned that he had, in America, turned the 
receiver on to the transmitter and let the news- 
paper interviewers, whom he could not otherwise 
escape, talk back to themselves. 


Passing to the difficulties of widespread appli- 
cation and to some fundamental points, Sir Oliver 
expressed his indebtedness to Mr. Kingsbury, Mr. 
Gill and Mr. Rollo Appleyard for information 
placed at his disposal. Distortion, due to capacity, 
limited cable transmission to about 40 miles ; 
it was this t ouble which made telephoning to 
Paris easier than to Dublin, and rendered cable 
telephony to America impossible. By the aid 
of carrier-waves and accurate tuning, any station 
could operate by wireless telephony on one par- 
ticular wave-length. A simi'ar system could be 
applied in composite line telegraphy and telephony, 
each tuned receiver at the end of a wire selecting 
its own signals. This might be regarded as a 
development of the harmonic telegraph of Bell’s 
days, before his discovery of the transmission cf 
articulate speech. Line te'ephony was now used to 
supplement broadcasting. That transmission through 
a land wire with very little capacity was a!most as 
good as direct speech, Sir Oliver had himself shown 
in 1888, and Heaviside had emphasised the similarity 
between his (the lecturer’s) observations on wires 
and Hertz’s discovery in free space. Both Hertz 
and he had discovered how to generate waves. 
Their first detectors had been sparks or brush dis- 
charges; but Sir Oliver had found his coherer, 
rediscovered by Branly in 1890, a better. detector. 
In later years, the discovery of the crystal and 
Fleming-valve rectifiers had made radio transmis- 
sion of speech and music a success. 

Sir Oliver then turned to the advantages of the per- 
manent magnet in telephony. The combination of 
the three simple parts, an electro-magnet, a per- 
manent magnet and an iron plate, admitted of 
many variations, only one of which was really 
efficient. It had looked, at first, as if the electro- 
magnet would do all that was required in the 
receiver, and that the permanent magnet was 
introduced to enable the instrument to act as a 
transmitter. The vibrations of the iron plate were of 
molecular magnitude, imperceptible to the eye, but 
not to the ear. As regards the amount of energy 
capable of affecting either organ, the ear and eye 
were equally sensitive, the one only to air 
motions, and the other to ether motions. An 
electro-magnet close to the clamped iron plate seemed 
to be the right detector for the telephone receiver. 
But it was found necessary to back up the electro- 





magnet by a permanent magnet so as to have the 
plate in a permanent magnetic field sensitive to 
fluctuations in the attractive force, which depended 
upon the square of the field intensity. Heaviside 
showed that if the permanent field H were strong, 
the fluctuating intensity h might be weak, yet 
the difference (H — h)? could always be kept suffi- 
ciently great. Too strong a field, H, would of course, 
spoil the effect. The same consideration would 
apply to the transmitter, but the Bell magnetic 
transmitter had been entirely superseded by the 
microphone. ' 

Transmission through a perfectly insulated line 
was influenced by three independent factors, all 
of which could be diminished, but not eliminated, 
viz., resistance, capacity and inductance. Resist- 
ance, dissipating energy into heat, and attenuating 
the signals, was wholly obstructive. Leakage was 
another source of attenuation, which could be pre- 
vented by good insulation. Capacity stored the 
energy and did not by itself cause attenuation, but 
it retarded the transmission. Resistance and capa- 
city together gave rise to distortion, the obliteration 
of characteristics and the transmission of pulses of 
different frequencies at different rates. That had 
been the difficulty of early telegraphy. The rate 
of transmission depended upon the. sensitiveness of 
the receiving instrument. The distance at which 
a current of frequency n could be received without 
too much attenuation was inversely proportional to 


vnRC. The higher harmonics of speech were 
rapidly blotted out. The frequency could not be 
kept small without wiping out the characteristic 
higher harmonics, and the resistance R could not 
be reduced except by using unwieldy masses of 
copper ; but the capacity C could be reduced by 
utilising air and paper insulation instead of 
gutta-percha. 

The helpful influence of inductance, increasing 
impedance combined with leakage, each considered 
harmful, had been overlooked by Kelvin, and was 
not well received when suggested by Heaviside, 
until taken up by Silvanus Thompson and by 
Pupin. The addition of inductance was equivalent 
to an increase of inertia, which diminished distor- 
tion and made all the frequencies travel at the 
same rate. It would also increase attenuation, 
but it avoided discriminative attenuation, so that 
there was some approach to true wave propagation 
with a definite velocity. Cables were now loaded 
with extra inductance coils at regular intervals, 
or the copper was surrounded by iron or by nickel 
alloy (permalloy) of high magnetic permeability for 
very small magnetic forces. The attenuation might 
be great, but there was less distortion though con- 
siderable power must be used or the weak signals 
must be amplified. A cable really free from distor- 
tions was impracticable, but modern discoveries 
had made that achievement unnecessary. Recent 
experiments had resulted in admirable speech trans- 
mission across the American Continent by joining 
comparatively short lengths of cables by valve relays. 

The ether of space provided us with another way 
of avoiding distortion, if we were content to elimi- 
nate the line and to use wireless transmission. 
The ether was not a conductor. It acted solely 
by inductance and capacity, transmitting all waves, 
of any frequency and wave-length, at the same speed, 
that of light. There was no real attenuation, 
though the waves spread out with distance, the 
same amount of energy passing through any 
spherical envelope, however large. The ether must 
be absolutely transparent ; otherwise the light from 
stellar nebule, thousands of light-years away, 
could not reach us. All the complications intro- 
duced into radio-telegraphy belonged to the atmos- 
phere, but some of these complications were helpful. 
Thus, the Heaviside ionised layer curved the waves 
round the earth, and prevented their spreading 
into space too lavishly. In concluding his admirable 
address, Sir Oliver Lodge said the interpretive power 
of the mind seemed nearly unlimited. Many things 
were still mysterious, but nothing seemed likely to be 
ultimately unintelligible. The progress of science 
was based upon that faith. 

In the evening, a reception was held by the Presi- 
dent of the Institution of Electrical Engineers and 
Mrs. R. A. Chattock at the Science Museum, South 
Kensington, when there was shown an interesting 





display of early and modern telephonic appliances. 
The exhibition was divided into two sections, one 
illustrating the development of apparatus and the 
other of line plant. As the items were arranged in 
the order of their invention it was possible to study 
the evolution of modern types. Examples of early 
receivers, such as that of Bell and the earlier Reis 
instrument, which was not suitable for articulate 
speech, of the carbon transmitters of Hughes and 
Edison and of Watson’s magneto bell were all avail- 
able for inspection. Farther on were to be seen 
exchange boards, beginning with the magneto and 
terminating with a modern common-battery board, 
fitted with lamp signalling. Beyond the manual 
switchboard, were examples of automatic switching 
units, which were shown in the Government Pavilion 
at Wembley. 

On the line-plant sides samples of paper core 
telephone cables of various periods and sizes were 
shown and the modern methods of loading cables, 
by continuous winding or by the insertion of coils 
were demonstrated by actual examples. Repeaiers, 
consisting of amplifying valves with devices to 
simulate the characteristics of the lines and to 
suppress echoes, were also available for inspection. 
It may here be intimated that this interesting display 
of ancient and modern telephone apparatus is 
to be kept open for some weeks, to enable the public 
to have an adequate opportunity. of inspecting it. 





THE SPECTRUM OF THE AURORA. 


Tue spectrum of the aurora, and in particular, 
the green line of this spectrum, the subjects of a 
recent Friday discourse at the Royal Institution by 
Professor J. C. McLennan, of Toronto, have become 
very important for geophysics and astrophysics. 
Pilot balloon records, Dr. McLennan pointed out, 
indicated that there was an isothermal] layer.in our 
atmosphere, at a fairly constant level above 10 km., 
in which the temperature did not continue to fall 
with increasing altitude. From meteoric observations, 
Lindemann and Dobson concluded, in 1923, that 
between 60 km. and 150 km., the atmosphere must 
again be denser and its temperature high, as high, 
in fact, as on the earth’s surface. Radio signalling 
suggested the existence of a highly-ionised layer 
of air between 90 and 300 km. For various reasons 
it had formerly been supposed that, at an altitude 
of about 100 km., our nitrogen-oxygen atmosphere 
would practically reach its limit, and that at greater 
altitudes, only the light gases, hydrogen and helium, 
could exist. The systematic studies of aurore 
initiated by Birkeland and continued by Stérmer, 
Vegard, Slipher, Rayleigh, and others, indicated 
that aurore occurred at altitudes up to 750 km., 
at which nitrogen should still exist, if aurore 
were produced by the bombardment of nitrogen 
by cathode rays as laboratory experiments suggested. 
The nitrogen spectrum showed several bands which 
were observed in aurore; there was also a sharp 
green line, 5577.AU., supposed to be characteristic 
of aurore, but of doubtful origin. 

Vegard obtained the green line when bombard- 
ing with cathode rays solid nitrogen, fine particles 
of which might be suspended in the upper atmo- 
sphere, Repeating these experiments in Toronto 
together with Dr. Shrum and other assistants, 
Professor McLennan found three lines near 5577, 
but none just there. He also observed new, highly 
phosphorescent lines, not recorded by Vegard. 
In these experiments the nitrogen contained in a 
bulb surrounded by liquid hydrogen, was bombarded 
with electrons from a tungsten filament. Last year 
the bulb was placed in a Dewar flask, 18 in. from the 
filament of a 150,000 volt Coolidge tube which sent 
its electrons through a very thin foil of nickel. 
Thus Dr. M:Lennan made sure that the lines 5231 
and cther phosphorescent lines were really nitrogen 
lines, and that the famous green line was not due 
to nitrogen. That line bad meanwhile frequently 
been observed by Lord Rayleigh and Slipher in the 
night sky in the absence of aurore. The presence 
of ozone at high atmospheric altitudes having been 
assumed for various reasons, Dr. McLennan experi- 
mented with oxygen. Oxygen did give the green line 


5577-35, faintly when at 2 mm. pressure, and more 
intensely in the presence of an excess of helium or 
neon; this intensifying effect of helium had been 
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observed by Merton and others. But helium and also 
hydrogen, so difficult to avoid in laboratory experi- 
ments, did not appear to be present in the aurora, 
whilst it was difficult to understand how the heavy 
gases, nitrogen and oxygen, were maintained at 
great heights. There was another difficulty. The 
new oxygen lines observed did not fit into the oxy- 
gen spectrum. That difficulty had been overcome by 
the method of F. Hund (G6ttingen), who showed last 





year how to interpret and to predict complex spectra, 
though a further study of the Zeeman effect was 
needed for the oxygen lines. Concluding, Professor 
McLennan quoted an entirely overlooked ‘“‘ pre- 
liminary note ” published by Liveing and Dewar in 
1894. When immersing one electrode of their appa- 
ratus in liquid oxygen they observed a green line 
between 5572 and 5578, very near the auroral line. 
Nobody had followed that observation up. 





THE UNION-CASTLE MOTOR LINER 


‘*CARNARVON CASTLE.’’ 


A FURTHER stage in the development of motor liners 
was reached on Monday, June 28, when the Royal Mail 
motor-ship Carnarvon Castle, reached her home port, 
Southampton, after delivery by the builders, Messrs. 
Harland and Wolff, Limited, of Belfast. This vessel 
is the second British passenger ship to be propelled 
by a pair of double-acting four-cycle Diesel engines of 
large power, and is the largest and most attractive 
ship yet designed for the South African trade. Her 
introduction to this service is testimony of the recog- 
nition of the growing importance of the great British 
Dominion, the Union of South Africa, and is a clear 
indication that the Union-Castle Company are taking 
full advantage of the improvements in design of pro- 
pulsion machinery, which our great shipbuilding, and 
marine engineering organisations are able to produce. 

The Carnarvon Castle is a twin-screw motor-ship of 
20,063 tons. Her principal dimensions are :—Length, 
overall, 655 ft. 9 in.; breadth, 73 ft.; and depth 
45 ft. 6 in. She has attractive lines, a cruiser stern, 
two masts and two funnels. A view of the boat is 
given in Fig. 1 on page 16. In her trials the speed 
was 18:4 knots, but her average service speed 
between Southampton and Cape Town will be 15} knots. 

The outstanding feature of this ship is the propelling 
machinery; this is similar to that of the M.S. 
Asturias (see ENGINEERING, vol. cxx., page 45), and 
consists of two eight-cylinder double-acting Diesel 
engines working on the four-stroke cycle. These 
engines are of the Harland-Burmeister and Wain type, 
and are capable of developing an aggregate of 20,000 
horse-power. The power is thus as large as has been 
so far installed in a vessel, equalled only by that of 
the engines of the Asturias, which was also constructed 
by Messrs. Harland and Wolff, Limited. In these 
engines the valve gear, for the top and bottom ends of 
the cylinders, is worked from a single camshaft in con- 
junction with two weigh-shafts for manceuvring. The 
crankcases are totally enclosed and forced lubrication 
is used throughout. Oil cooling is used for the pistons, 
while the cylinder jackets and covers are cooled by 
fresh water. Each engine drives its own blast-air 
compressor off the forward end of the crankshaft. 
The flywheel and the electrical turning gear are fitted 
aft, where there are thrust blocks of the Michell type. 
In the wings of the ship, auxiliary machinery is installed 
which consists of electrically-driven pumps for salt 
water, fresh water, lubricating and fuel oil, and there are 
coolers for fresh water and lubricating oil, as well as 
sets of filters. Four auxiliary Diesel-generator sets are 
arranged in a room forward of the main engine-room. 
Each of these consists of a four-cylinder trunk-type 
Diesel engine coupled to a direct-current dynamo, 
mounted on a common baseplate. Electrical power 
is used extensively in the ship; all the deck machinery 
and auxiliaries being electrically operated. On the deck 
there are two capstans, a windlass, a warping winch, 
eighteen cargo winches and electrically-operated boat 
gear, involving sixteen motors. All the watertight 
doors on the tank top are electrically controlled from 
the captain’s bridge and the steering gear is of the 
Wilson-Pirrie electric type. Electric-driving is also 
used for the refrigerating plant, and the laundry 
machinery. 

The first-class public rooms are a special feature of the 
ship. The reception room, Fig. 3, is designed en suite 
with the dining saloon, in the English renaissance 
period. It is modelled on the board room of the New 
River Company which, despite its name, was a wealthy 
corporation in the latter half of the seventeenth century. 
Finely proportioned arched openings connect the recep- 
tion room with the dining saloon proper, both being 
panelled with mouldings of the period, while the 
windows have boldly enriched architraves. An out- 
standing feature in both these rooms is the series of 
pictures at the fore and after ends. In the reception 
room there is a fine oil painting of Carnarvon Castle, 
as seen at the present-day from across the water. This 
is placed over the buffet, opposite to the main staircase. 
A series of pictures of the Castle at different periods in 
its history are placed in the dining saloon. Over the 
sideboard at the after end the subject treated is the 
Castle in 1294, during one of the stirring episodes ot 
its long history. Pendant pictures, on either side, show 
Carnarvon Castle from the sea in the Middle Ages, with 
shipping and boats of the period, and depicting all the 
life and bustle of the times. At the forward end 
are two other pictures of this historic pile, showing 
the military and ceremonial life, which was passed 
within its tall gateways. There is a bandstand at one 
end of the saloon, which is arranged with folding doors, 
so that it may be closed up to soften the music and get 
the effect of distance. The walls of the saloon and 
reception room are painted ivory white, and there are 
tawny orange silk curtains on the windows and shades 
to match them on the electric light brackets. The 
furniture is in mahogany, the sideboards and buffets 
being designed after models of the period. The floor 
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is laid with Ruboleum tiles in a warm shade of red with a 
carpet-pattern inlaid, to provide the necessary relief. 

The main entrances and staircases from the reception 
room to the promenade deck are panelled in natural 
sycamore, with a richly modelled cornice in white. 
Natural mahogany is employed for the pilastered door 
and window cases and enquiry offices, a charming 
contrast being obtained by the use of the two woods. 
The staircase has a very fine wrought-iron balustrade. 

The lounge is designed in the Louis-Seize style, 
with coupled columns supporting a high dome with a 
wrought iron laylight over. Separating the lounge 
from the staircase is a handsome colonade of pilasters 
with arches and balustrade between, in the centre one 
of which there is a marble and ormolu gilt candelabra, 
with numerous lights to form a point of interest and 
colour at the head of the staircase. In the same style 
as the lounge, with which it communicates, is the 
reading and writing room. This, being the most 
forward of the public rooms of the ship, has windows 
on three sides, giving fine views. Several bookcases 
are introduced into the panelling and there is a fine 
marble mantelpiece. Many writing tables are provided 
and comfortable settees and easy chairs complete the 
furnishing of this public room. 

Aft of the lounge, with which it communicates 
through vestibules, is the smoking room, Fig. 4, 
designed in the Dutch style of the latter half of the 
seventeenth century, from examples at Leeuwarden, 
Friesland, Holland. Oak panelling of an age-darkened 
colour is fitted. Between the windows and pilasters 
on the walls, the spaces are divided up into panels, 
the top row of which are filled in with balusters, 
a novel feature suggested by the arrangement in 
old Dutch houses of the period, for sleeping accom- 
modation, which was arranged in recesses in the 
walls of the living rooms with cupboard doors to 
them, the upper panels being pierced for ventilation. 
The fireplace is lined with Dutch tiles after old models 
with a panel in the centre of an old landscape in 
Holland, and at each side of the fireplace and at the 
after end of the smoking room there are tapestry 
panels after ancient Flemish examples. Over the 
fireplace is a reproduction of an old Dutch clock, and 
specimens of blue and white Dutch pottery are 
introduced to preserve the atmosphere of the scheme 
of decoration. The ceiling is of oak beams with 
white plaster panels between them, and is hung with 
antique brass Dutch lanterns. In the centre of the 
room there is a farge square dome which is fitted 
with enriched cartouche panels and laylight over, 
from which is hung an old Dutch candelabra. 

The verandah café is based on the lines of a famous 
stoep at Pretoria. It is open at the after end, and 
provides all the amenities of sitting out on deck, 
with the advantage of shelter from the mid-day sun 
or the colder winds of the morning and evening. It is 
entirely furnished in teak. There is a children’s play- 
room entered directly from the deck, where the 
youngsters can play under the supervision of nurses. 

An excellent gymnasium is available for the use of 
the passengers, and there is a very fine swimming 
pond, Fig. 2, below the first-class dining saloon. In 
addition to the usual wireless installation arrangements 
have been made to broadcast the music of the band 
to various parts of the ship by means of a special 
transmitting apparatus. 

The first-class accommodation is on the B, C and D 
decks in large one-, two- and three-berth cabins, 
all provided with cot bedsteads, wardrobes and chests 
of drawers. In the special suites the sitting-room is 
panelled in mahogany in the Louis-Seize style, with 
finely-figured panels, and green silk curtains adorn 
the windows, and the same colour is used in the 
upholstery. There are cabines-de-luxe arranged for 
both one or two persons, those on the port side being 
panelled in natural sycamore, with mahogany furniture 
and blue upholstery while on the starboard side they 
have walls and furniture of greywood with rose-coloured 
upholstery. The ventilation of the suites, cabines-de- 
luxe and special first-class cabins is effected by the 
Thermotank punkah louvre system by means of small 
fans, each fan giving 15 changes of air and uniform 
distribution to the group of cabins it supplies. A new 
feature of the system is that tie en suite sitting-rooms 
and bedrooms are fitted with revolving punkah louvres, 
giving the combined effect oi the ordinary punkah 
louvre and a cabin fan. 

The second-class accommodation includes dining 
saloon, children’s saloon, smoking room, lounge and 
verandah, all designed and furnished to afford the 
maximum of comfort, while the accommodation at the 
eee of third-class passengers is also on a spacious 
scale, 





CaLENDAR.—We have received from Messrs. Cochran 
& Co., Annan, Ltd., of Annan, Scotland, a tear-off calen- 
dar for the year ending June, 1927, This is an attractive 
production with many illustrations of the firm’s boilers 
and their applications, 





LABOUR NOTES. 


Durie the past week a great deal has been heard 
about unofficial efforts to end th e trouble in the coal in- 
dustry, and newspapers have devoted much space to sug- 
gested bases of settlement. Up till Wednesday night, 
however, the position remained unchanged, except that 
the Mine Hours Bill had been given a second reading 
by the House of Commons, and the executive committee 
of the Miners’ Federation had re-affirmed their attitude 
of hostility to the Government’s proposals. After a 
debate which lasted for two sittings, the House of 
Commons, on Tuesday, gave a second reading to the 
Hours’ Bill by 355 votes to 163, and, as The Times 
records, ‘‘ an attempt to sing the ‘ Red Flag’ worthily 
concluded an unedifying evening.” The two days’ 
discussion on Mr. Walsh’s amendment was not very 
helpful. The amendment was as follows: ‘ That this 
House decline to assent to the second reading of a Bill 
which, aiding and abetting the employers’ demand for 
the extension of the working hours of the coal-miner, 
provides no remedy for, but will aggravate, the present 
difficulties of the coal industry, is calculated to embitter 
and prolong the existing dispute, and is directly con- 
trary tothe recommendations of the Royal Commission.”’ 
In Committee no amendments to the Bill were proposed 
by the Labour Party, although most of the miners’ 
representatives took part in the debate on the motion 
that Clause 1 stand part of the Bill. 





The executive of the Miners’ Federation met in 
London on Tuesday to receive reports from the districts 
and consider the position created by the introduction 
of the Government’s Bills. An official communication, 
issued at the close of the meeting, and—according to 
Mr. Cook—embodying “the unanimous opinion and 
future policy of the executive,” stated that the executive 
committee had given long and careful consideration to 
the position created by the introduction of the two 
Government Bills and their effect upon the situation. 
They were unanimously of the opinion that the reorgani- 
sation Bill was in no sense an effective measure to deal 
with the chaos in which the industry languished, that 
it would not materially augment the efficiency of the 
industry, and that it fell short of what was contemplated 
by the Royal Commission. The Committee expressed 
its indignation at the introduction of the Eight Hours 
Bill, and seeing that that had been done in opposition 
to the expressed and unequivocal opinion of the Royal 
Commission, could only assume that the action was 
deliberately intended to exasperate the miners and make 
the finding of an equitable settlement impossible. 
The committee, therefore, resolved to offer uncompro- 
mising hostility to the passage of the Bill and would 
now and in the future take all possible steps to make 
its provisions abortive. Both decisions were in accord 
with the reports received from the districts, and the 
committee noticed with pride the splendid solidarity 
which continued to animate the conduct of all members 
in their resistance to any increase in hours or reduction 
in wages. 





The miners’ executive met again on Wednesday and 
discussed amongst other matters, allegations that, in 
some areas, the coal-owners were not observing the 
agreement arrived at with the Federation in regard to 
the work of safety men. At the close of the meeting, 
the representatives of the Press were informed that the 
executive had decided “ that, for the present, they would 
adhere to their previous decision to allow the safety men 
to work, provided there were no breaches of the agree- 
ment entered into with the colliery owners.’ Only a 
minority of the safety men are, of course, under the 
control of the Miners’ Federation. 

At Manchester on Tuesday, members of the Federa- 
tion of Building Trade Employers in the North Western 
Area met for the purpose of considering the position 
which has arisen as aconsequence of demands for increases 
of wages by many sections of the industry. Plasterers 
are already on strike in Manchester for an additional 
3d. per hour, and plasterers’ labourers are seeking 
another 24d. per hour. The issue is complicated by the 
application of the Amalgamated Union of Building 
Trade Workers for an extra 2d. per hour for bricklayers, 
masons and wall-tilers, while the Federation of Building 
Trade Operatives is asking for another 3d. per hour for 
joiners, machinists, plumbers, painters, and labourers. 
At the conclusion of the meeting it was announced that 
the members had pledged themselves to support the 
master plasterers, but did not intend to take action 
until the national negotiations of wages and conditions 
were concluded. 





In the twenty-seventh annual report of the General 
Federation of Trade Unions, Mr. Appleton, the secretary, 
states that, like that of some other trade union organisa- 
tions, the membership has fallen to the pre-war level. 
Of the various reasons advanced for diminishing 
membership, the most common is found to be inability, 
through bad trade, to pay the contributions. That was, 





it is stated by Mr. Appleton, the reason_advanced by 
the Electrical Trades Union, which, having run several 
quarters into arrears, and feeling unable to make up 
the leeway, decided to secede. Other causes of the 
decline arise, it is pointed out, from the losses sustained 
by individual unions, but the largest losses result from 
amalgamations of unions with unions which make 
secession a condition of amalgamation. How seriously 
that cause has affected the Federation is illustrated 
by the case of the National Amalgamated Union of 
Labour which, after the death of Mr. J. N. Bell, “a 
great Federationist,” took 58,654 members to another 
organisation. There was, Mr. Appleton says, no 
semblance of quarrel to cause secession. Amalgamation 
has not now, however, he adds, the interest which it 
once had. It is beginning to be realised in many 
spheres of life that the amalgamation of dissimilar 
interests, whether in railways or in trade unions, does 
not necessarily advance the general well being. One 
hundred and sixteen societies with an aggregate 
membership of 735,468, are affiliated to the Federation, 
as compared with 118 societies and 830,316 members 
in 1925, and 117 societies and 920,050 members in 
1924. 





The total receipts of the Federation have, Mr. Apple- 
ton says, been fairly well maintained. Last year, they 
aggregated 57,7301, 16s. 8d., while this year they amount 
to 56,5201. 13s. 5d. The falling-off is in contributions, 
which are less by 2,8921. 4s. 7d., and is entirely due 
to the decreased membership of affiliated societies. 
“There is nothing, however, in the situation,” Mr. 
Appleton continues, “ which suggests that the contri- 
bution now paid to the Federation is inadequate to 
meet the benefits contracted to be paid under the 
existing rules.” Income from other sources, chiefly 
investments, shows an increase of 1,682/. 1s. 4d. The 
total payments during the year were higher than in 
the twelve months ended March 31, 1925, viz., 31,1671. 
Os. 7d. as compared with 16,7491. 14s. The increase 
was chiefly due to additional Federation benefit— 
13,5321. 7s. 1d.—increases under the head of printing 
(which include the cost of an addressograph and the 
appliances incidental to its use) and an increase of 
nearly 300/. in taxes. ‘The increase under the head of 
taxes represented, of course, a proportional increase 
in returns from investments. 





At the recent meeting in Manchester of the National 
Committee of the Amalgamated Engineering Union, 
Mr. Brownlie, the president, made an appeal for the 
protection of the British engineering industry against 
the competition of foreign countries producing under 
conditions that are much less “‘ fair” than those obtain- 
ing here. He had no confession to make, he said, 
as to where he stood in regard to free trade or protec- 
tion ; he had made his position perfectly clear 20 years 
ago. He was not concerned one iota whether he 
lived in a free trade country or a protected country. 
All that he was concerned about was to sell his labour 
powers to the best advantage and be immune from 
the effects of unfair competition by other countries. 
“This engineering industry,” he declared to the 
delegates, “‘is our industry; it is not an industry 
belonging to a few individuals who have invested 
fluid capital in certain concerns. We have advocated 
our right to a livelihood out of it, and it is incumbent 
upon us to take such steps as lie in our power to ensure 
that our industry is properly administered. It is 
very regrettable indeed, that high-class machine tools, 
and other costly engineering products, are coming into 
this country to the detriment of British engineers who 
are striving to maintain a fair standard of life, higher 
wages, a 47 hours week, and reasonable and just 
overtime and nightshift conditions in the face of com- 
petition from Continental countries producing goods 
of equal value to our own under conditions that leave 
much to be desired.” 





The National Committee of the Amalgamated 
Engineering Union decided by 45 votes to 6 to send 
up the following resolution for inclusion in the 
agenda of the next Trades Union Congress :—“ That 
this T.U.C. is of the opinion that the time is now ripe 
for definite powers to be given to the General Council 
as follows: To assist a union or alliance of unions 
contemplating entering upon a struggle for the improve- 
ment, or in defence, of the conditions of their members 
by taking over the direction and control of the struggle ; 
to have power to levy all or part of the affiliated 
organisations ; to have power to call for a gradual, 
partial or complete stoppage of work by all or any 
part of the affiliated organisations; to make arrange- 
ments with the C.W.S. for provision of food when 
necessary; to render all possible assistance to the 
Trades Councils in order that they may efficiently 
function as the local organs of the General Council ; 
to take such other steps as may be rendered necessary. 
The affiliated organisations shall, before embarking 
on a national stoppage, submit a full report of the 
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matter in dispute to the General Council, and also 
make such alterations in their rules as to regularise 
the above position.” The resolution appears, it may 
be explained, in the minutes of the National Com- 
mittee’s meeting on May 7. 





Another resolution which it was decided—in this 
case the decision was unanimous—to submit for the 
consideration of Congress, ran as follows :—‘‘ This 
Trades Union Congress instructs the General Council to 
forthwith make preparations for the organisation of 
a general struggle for the maximum 44-hour week, 
with a proportionate reduction for those workers in 
industries now working 44 hours or less. It calls upon 
all affiliated organisations to loyally carry out such 
instructions as the General Council may issue in order 
to secure this objective for all workers.” 





The executive of the National Transport Workers’ 
Federation reported to the annual meeting of the 
organisation in London last week that the membership 
was nearly 100,000 and that negotiations were in pro- 
gress for further affiliations. The meeting endorsed 
the action of the executive in withdrawing from the 
Industrial Alliance, and, on the proposition of the 
central body, passed the following resolution :—‘‘ That 
this National Council is of the opinion that, following 
upon the withdrawal of the general strike, every effort 
should be made to bring about a spirit of reconciliation 
in industry, as called for by recent statements by the 
Prime Minister. It is further of the opinion that every 
endeavour should be made to remove any feelings of 
acrimony or bitterness resultant from strike or lock-out 
operations, and to this end calls upon the Government, 
through the Labour Party, sympathetically to consider 
granting of an amnesty to all persons imprisoned for 
offences under the Emergency Powers Act.” 





At a conference in London last week, representatives 
of the National Union of Railwaymen and represen 
tatives of the craft unions arrived at a provisional 
agreement on the question of the national organisation 
ofrailwayshopmen. According to the new arrangement 
no member of a union working as a railway shopman is 
to be enrolled by any other union until his former union 
has been consulted and all his dues to it have been met. 
The application forms of all the unions are to contain an 
inquiry to be answered by the applicant, as to whether 
he is, or has been, a member of any other union, and if so, 
what his financial relationship is to such union. The 
unions undertake to co-operate with the object of eli 
minating non-unionism in railway shops, and in 
order to remove the temptation of lower contributions 
an endeavour is to be made to secure unification of contri- 
butions “ in so far as trade union benefits are concerned.” 
The clauses in the agreement relating to national 
negotiations are as follows :—‘‘ It is advisable that all 
national negotiations affecting the interests of railway 
shopmen shall be conducted jointly by the unions 
concerned, parties to this agreement. With respect 
to purely craft questions each individual union shall 
have the right of separate negotiations. In the event 
of national machinery for shopmen being established, 
each union, party to this agreement, should co-operate 
to utilise it to the fullest advantage.” The organi- 
sations which are parties to the agreement are the 
Amalgamated Engineering Union, the National Union 
of Foundrymen, the Boilermakers’ Society, the Elec- 
trical Trades Union, the Plumbers’ Society, the Federa- 
tion of Engineering and Shipbuilding Trades, the 
Workers’ Union, and the National Union of Railwaymen. 





The Ministry of Labour states that on June 21, 1926, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,634,700, of whom 1,230,200 were men, 44,300 boys, 
314,200 women, and 46,000 girls. On June 14, 1926, 
the number was 1,629,939, of whom 1,224,035 were 
men, 45,126 boys, 314,966 women, and 45,812 girls; 
and on June 22, 1925, it was 1,299,667, of whom 
1,033,829 were men, 35,613 boys, 204,392 women, 
and 25,833 girls. Of the total of 1,634,700 on June 21— 
which is exclusive of persons who ceased work in the 
coalmining industry on account of the dispute— 
pi were “persons normally in casual employ- 
ment.” 





Roap TRANsPporT Exutsits.—An interesting  illus- 
trated catalogue is now available, issued at the price 
of 9d. net by the Board of Education, of the collection 
in the Science Museum, South Kensington, of road 
transport and road-making exhibits. It gives a history 
of roads, and follows up the progress made in road 
transport from the earliest times to the present 
day, the later exhibits and models applying mostly 
to the carriage of passengers and showing for the most 
pos the development made in the construction of 

icycles. The collection includes models, drawings 
and photographs, etc., of steam rollers and road bridges. 
The catalogue can be obtained at the various depots 
of H.M. Stationery Office. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS, 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norz.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “fine foreign” and “standard’’ metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 


for steel plates and rails, and also for hematite Cleveland pig-iron. 


The prices given, in the case of steel 


plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East-Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 ib. to 80 1b. The price of tin-plates is per standard box, but in other 
cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal lines 
represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








Uxsripce AREA DraINnaGE ScHEME.—The Rural 
District Council of Uxbridge has recently received sanc- 
tion for a loan of 74,3531., which constitutes the first 
section of a scheme, costing 130,000/., for the drainage of 
the parishes of Ickenham, Hillingdon and Harefield. 
The scheme forms part of the area covered by the Thames 
Conservancy, and provides for outfall and branch sewers, 
and sewage-disposal works, into which the sewage will 
be pumped for settlement and purification treatment on 
bacterial filter beds. The effluent will be discharged into 
the Yeading Brook. The scheme has been designed by 
Messrs. W. H. Radford and Son, Nottingham, with the 
assistance of Mr. E. E. T. Bolton, the engineer and 
surveyor to the Council. The first contract has been let 
to Messrs. G. Percy Trentham, Limited, of Birmingham. 





Lavncu or 8.8. PLume.—The first oftwo oil tankers for 
the Vacuum Oil Company, Limited, ordered from Messrs. 
Lithgows, of Port Glasgow, and constructed under the 
supervision of Messrs. Flannery, Baggallay and Johnson, 





Limited, of London, was successfully launched on 
June 24. This vessel, the S.S. Plume, is now having her 
engines installed by Messrs. David Rowan and Co., 
Limited, of Glasgow. She is designed for the carriage 
of petroleum oil in bulk of a total weight of 12,300 tons, 
on a draught of 28 ft. The length is 460 ft. between 
perpendiculars, the moulded breadth is 62 ft. 6 in., 
and the moulded depth 36 ft. 6 in. She is built on 
the Isherwood system to the highest class under Lloyd’s 
survey and complies with the Board of Trade require- 
ments for this class of vessel. Her cargo compartments 
consist of nine main tanks sub-divided by a continuous 
longitudinal oil-tight bulkhead extending to the upper 
deck. A cofferdam is provided between the third and 
fourth cargo tanks and also at the after ends of the cargo 
compartments. The machinery placed in the after part 
of the vessel consists of one inverted direct-acting 
triple-expansion engine working with steam at 220 Ib. 
per square inch, generated in three single-ended eylin- 
drical multitubular boilers fitted for burning oil fuel. 
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THE PORT OF ANTWERP.* 


By M. K. BoLLEnGiEr. 

THE port of Antwerp is situated on the right bank of 
the Scheldt, at about 56 miles from the mouth of the 
river (Flushing). The Scheldt is a river, in which the 
tide is felt as far as Ghentbrugge (above the city of 
Ghent), where the first locks are situated. The mean 
range of tide at Antwerp is 13 ft.9in. Vessels drawing 
33 ft. of water can remain moored to the wharves at 
low water, and the Belgenland (27,000 tons) can easily 
steam up the river as far as Antwerp. For descriptive 
purposes the port of Antwerp may be said to consist 
of two distinct sections—first, the installations along the 
river (quays and oil and petrol depots); and, secondly, 
the closed basins to the north of the town (Fig. 1). 

The alignment of the right bank of the river was not 
always as regular as it is at the present time, and 
formerly vessels were moored at quays and piers 
where the depth of water was comparatively small, 
conditions which would not suit modern shipping 
requirements. Canals, called vlieten, opened out in 
the Scheldt at various points, and in these canals the 


building of the Scheldt quay walls formed one of the 
first occcasions when compressed-air caissons were 
used on a large scale. 

The Scheldt quays became insufficient in course of 
time, and a further agreement was made in 1895 
between the State and the city with a view to the 
construction of the New Southern quays over a length 
of 1} miles, to extend the Scheldt quays. In its main 
features this agreement is similar to that of 1874. The 
fore part of the Scheldt quays has in general three 
railway lines, which run along the open sheds on a 
width of 164 ft. Five other lines, two being through 
lines and three for shunting, siding and unloading, 
lie to the rear of the sheds. The wagons are shifted 
from the rear to the front by traversers, which run in 
low-level tracks between the sheds. The traversers 
are operated by electric winches. Iron railings 
separate the quays from a roadway, 20 m. (66 ft.) in 
width ; 1, 5 and 2-ton hydraulic cranes are fitted along 
the front of the quays. Recesses for floating pontoons 
are made in the quay wall, access to the pontoons being 
by floating landing-stages. One of the pontoons 








measures 328 ft. by 66 ft., the dimensions of the two 


wide roadways divide the tract of land into different 
plots, served by a network of railway tracks. The 
plots are let under long leases, thus allowing the 
tenants to put down oil, benzene and other receivers, 
together with the necessary storehouses and fitting 
shops. The installation comprises no less than 181 
tanks, having a total capacity of about 57 million 
gallons of naphtha, petrol, lubricating oil, &c.; the 
storehouses and fitting shops cover an area of about 
645,000 sq. ft. Owing to their very great inflamma- 
bility, the oils in question have to be stored at a lower 
level than the quays, so as to decrease fire risks; the 
tanks are surrounded by banks of heavy earth, forming 
a kind of dam to retain the oils in case of accidental 
leakage. The oil ships are moored to a pier of 1,000 ft. 
length, built in the river, south of the New Southern 
quays. This pier belongs to the city, and consists of a 
reinforced concrete platform carried on fourteen piles. 
The platform is caisson-shaped, and contains a number 
of pipes, through which the oil ships pump the oil 
to the tanks. The pipes belong in part to the city 
and in part to tenants of the oil-storage depots. 

The wet docks approached through lock-gates, are 
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barges were aground at very low tide. The two 
sewers also had their outlet into these canals. The 
quays had been planted with fine trees and formed the 
favourite resort of the inhabitants, but they underwent 
a complete change as a consequence of the agreement 
entered into in 1874 between the State and the city 
authorities. The State undertook to reconstruct the 
quays over a length of over 2 miles in a straight line, 
to acquire the necessary land for the purpose, and to 
carry out the earthworks so as to give the quays a 
width of at least 328 ft. The State guaranteed a draught 
of at least 25 ft. 3 in. at the quay walls at low tide. 
The city, on the other hand, undertook to fit out the 
quays with the necessary cranes, sheds, passenger 
stations, &c., and to do the paving. The city agreed, 
moreover, to take charge of the maintenance of the 
whole equipment, whether originally carried out by 
the State or by the city, except in regard to any partial 
reconstruction of, or heavy repair to, the quay walls, 
which work was to fall to the State. The Southern 
Lighterage Basins (to the south of the old St. Michel 
Battery), to which the same agreement applies, were 
built to replace the vlieten. The administration and 
working of the Scheldt quays are under the care of the 
city. A fixed charge is levied on the gross receipts 
in favour of the city to cover the cost of maintenance. 
Another fixed percentage of the gross receipts serves 
to meet the working expenses. The net profits re- 
maining is divided between the State and the city, on 
the basis of the original outlay borne by each for the 
construction and fitting out of the wharves. The 








* Paper read at the Summer Meeting of the Institution 
of Naval Architects in Belgium, June 25, 1926. Abridged. 


others are 33 ft. by 66 ft. Promenade platforms have 
been erected on the sheds of the Van Dyck and Jor- 
daens Quays, whence a pleasant view is had of the 
river and of the loading and unloading of ships. The 
New Southern quays, being of more recent construction 
than the Scheldt quays—of which they are a continua- 
tion—are wider than the latter. They are, generally 
speaking, 800 ft. in width, of which 472 ft. were bought 
by the State, 328 ft. being city property. The front 
part of the quay has three railway lines, in the rear of 
which are the sheds, one of which is 197 ft. wide and 
0-9 mile long. Behind the shed are numerous other 
railway tracks, including two through lines ; there are 
also a number of shunting stations, which together 
serve a shed 525 ft. in length. Iron railings separate 
the quay from a roadway 66 ft. in width. A tract of 
land 328 ft. wide is available beyond the roadway for 
further storage accommodation. The railway tracks 
front and back of the sheds are connected together 
by passages which run underneath the sheds. The 
cranes on the New Southern quays are of the semi- 
portable type, and they can also serve the lower passages 
referred to above. A floating pontoon, measuring 
66 ft. by 33 ft., to which access is had by a movable 
landing stage, is located in a recess in the wall of the 
new quays. 

About twenty years ago the city decided to remove 
the oil and petrol depots from the vicinity of the 
America Dock, and the installations were transferred 
to a track of land which it purchased for the purpose 
at the end of the New Southern quays. The land in 
question has an area of about 160 acres, and has been 
mostly levelled down to about 11 ft. 6 in. below the 





quay wall. With a view to decreasing fire risks, 





situated to the north of the city. The water-level is 
practically stationary, being about 2 ft. below mean 
high water of the River Scheldt. The docks, between 
which there is free communication, are thirteen in 
number. The North Docks are practically the exclusive 
property of the city; they are worked and supervised 
by the city. Access is had to the basins by three locks, 
which are provided with the necessary gates and sluices 
to retain the water at low tide and to protect the 
wharves and the city against flooding. The Bonaparte 
tidal lock, built in the reign of Napoleon I—as were 
also the Napoleon and Willem Docks—was inaugu- 
ated in 1811. It has a width of 59 ft., and there is a 
23 ft. depth of water on the sills at mean high-water 
mark. There are three pairs of rounded gates, built 
of timber, viz. two pairs of ebb-tide and one pair of 
flood-gates. The intermediate sluice of the Bonaparte 
Dock limits this in the direction of the Willem Dock, 
the former basin, in effect, constituting a lock-chamber. 
The Bonaparte sluice, a tidal sluice, is opened to navi- 
gation about two and a half hours before high tide and 
up to the time of high tide. The Kattendyk tidal lock 
is to the north of the Rhine wharf. It was built in 
1860, and has a clear width of 81 ft. 4 in., and a depth 
of 24 ft. 7 in. of water on the sills at mean high tide. 
It is provided with three pairs of iron-hinged gates, 
two pairs being ebb-tide and one pair flood-tide gates. 
It gives access to a lock-chamber measuring 492 ft. 
by 229 ft. provided on the side of the Kattendyk Dock 
with an intermediate sluice having the same width 
and the same depth of water on the sills. The Katten- 
dyk lock is a half-tide lock, it being in service from half 
flood to half-ebb tide. It belongs to the State, whilst 
the Kattendyk lock-chamber and intermediate sluice 
are the property of the city. 

The Royers lock opens at the Austruweel bend, and 
gives direct access to deep basins. It is 590 ft. long 
between the outside gates with a passage over 72 ft. 
in width, there being 35 ft. 5 in. depth of water at mean 
high water. Its entrance, bell-mouthed on the river 
side, is protected by piers, which extend right into the 
river. The Royers lock has three bays, one being an 
intermediate one. Each is provided with a sliding 
caisson gate, movable on rails fixed to the lock floor. 
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The; three rolling gates are of the same dimensions, and 
are interchangeable. The gate of the intermediate 
lock can be used for locking of shorter vessels. The 
Royers lock, having become insufficient for present-day 
traffic, another tidal lock has been put in hand on the 
down-stream side of Antwerp, close to the place 
called “ Kruisschans” (‘‘ cross-shaped redoubt”’). 
This will have 885 ft. of effective length between the 
end gates, and a width of 114 ft.; the depth of water 
on the sills being 32 ft. 9 in. at low tide and 46 ft. at 
high tide. 

The city places its sheds at the disposal of shipowners 
for the temporary storage of goods for a few days 
before shipment, or for a few days after unloading. 
The sheds, which cover a total area of about 143 acres, 
cannot be used as warehouses, but shipowners may 
hire them for a time. Goods remain five days in 
vacant sheds, after which period a progressive charge is 
made per day and per square yard occupied. When 
a shipowner hires a shed—at a fixed charge per square 
yard, the rate depending as to whether the shed is 
open or closed—he has the right to a fixed site in 
front of the shed, along which his ship can be moored, 
and his ship has}priority in such a case. If the tenant 
has no ship there, the city reserves the right of allowing 
other ships to moor at this site, and also of placing 
the sheds thus hired and not used at the disposal of 
other shipowners. 

The port is fully equipped with hydraulic and 
electric cranes. The cranes, as a rule are hydraulic 
from the New Southern Quays to the America and 
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the¥docks is carried out practically exclusively by 
the "civic authorities with 28 tugboats, the greater 
number of which are fitted with fire-extinguishing 
pumps having a capacity up to 880 gallons per minute. 
The dredging of the docks is in charge of the city. 

The port of Antwerp has nine dry docks, two of 
which, on the left bank of the river, belong to a private 
company, whilst the seven others are the property 
of the city. Six of the latter open into the Kattendyk 
Dock (Fig. 2). One is 536 ft. in length, another has a 
length of 242 ft., a third is 171 ft. long, whilst the three 
others have lengths of 357 ft. The No. 7 dry dock is at 
the eastern quay of the Lefébvre Dock. It has an effect- 
ive length of 721 ft. width 85 ft., and height of water on 
the sills 28 ft. 10in. Drainage is by a set of three centri- 
fugal pumps, the capacity of which is 13,000,000 gallons 
in 1? hours. This dry dock will be able to take the 
ss. Belgenland as soon as the Kruisschans lock is 
completed. The number of dry docks being now 
insufficient, the city has decided to build three others 
at the western quay of the Kattendyk Dock, to 
complete the series of dry docks Nos. 1 to 6 already 
existing in that part of the port. These docks are 
marked by the letters A, B and C in Fig. 2. The 
work will be put up for tender on August 3 next. 
The dry docks A and B are to have a length of 492 ft., 
and that marked C a length of 328 ft. Figs. 3 and 4 
show their resrective sections. A pumping station is to 
be built at the same time capable of contributing to 
the drainage of the existing dry docks Nos. 1 to 6. 

The quays and their pontoons have a total developed 





The working of the railways to and from the ships 
is carried out by the Belgian State Railways Board, 
who lay down the lines and have charge of their main- 
tenance. The port is treated by the railways as a 
large station. The satisfactory working of the port, 
in which the greater part of the traffic is carried directly 
from wagon to vessel and vice versa, requires a highly- 
developed railway system. Each quay is provided with 
numerous tracks, and supplementary lines are laid in 
the neighbourhood of every series of quays so as to 
prevent delay inthe arrival and departure of the wagons. 
The system is completed by a number of marshalling 
depots, such as those of Antwerp-South, of Kiel, of the 
“* Docks and Warehouses,’ Zurenburg and Austruweel. 
The total length of the tracks around the port and in the 
marshalling depots exceeds 250 miles, equal, therefore, 
to over 500 miles, of rails. All the northern basins 
are to be served later by a station now in course of 
construction, on land belonging to the Oorderen 
Borough. 

The figures in the table in the previous column give 
the total tonnage, since 1900, of sea-going ships entering 
the port of Antwerp. Since 1922, the tonnage has been 
considerably above pre-war figures. 

The second and third harbour docks, and the corres- 
ponding part of the canal dock, were hardly completed 
when the war broke out in 1914. The equipping of 
the quays was not begun practically until after the 
war, and is just about finished now. Notwithstanding 
the great length of quays and the space behind them, 
and the immense water surface, these basins are actually 
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Lefébvre Docks, and electric to the north of these 
docks. The cranes of the America and Lefébvre Docks 
are partly hydraulic and partly electric. The ordinary 
travelling cranes on the quays are of the following 
types: Hydraulic cranes—two of 1 ton, 71 of 1-5 tons, 
237 of 2 tons, 2 of 2-5 tons. Electric cranes—80 of 
2 tons, 30 of 2-5 tons, 45 of 3 tons. The hydraulic 
cranes work under a pressure of about 710 Ib. per 
square inch. The water taken from the docks is 
put under pressure at three stations—the Scheldt 
Quays station, located between the Cockerill wharf 
and the Southern Lighterage Basins; the Kattendyk 
Dock station (east wharf), and the America Dock 
station. The engines of the Scheldt Quays station 
are of about 600 h.p.; those of the Kattendyk station 
develop about 1,050 h.p. ; whilst those in the America 
Dock station are of about 330 h.p. The electric 
cranes take either direct or alternating current. The 
direct current is supplied at 550 volts by converter 
sets supplied with 6,500-volt alternating current. The 
alternating-current cranes take a 270- to 300-volt 
current obtained by transforming down the 6,500-volt 
current. Besides these cranes, numbering 467, the 
port owns special cranes, such as the ‘‘ Grande Bigue,” 
a 120-ton sheer-legs (east wharf, Kattendyk Dock), 
a 50-ton electric crane on the Ledeganck Quay, two 
hydraulic cranes of 10 tons and 40 tons respectively 
(east wharf, Kattendyk Dock), and a 30-ton electric 
crane on the south wharf of the first harbour dock. 
The low-power cranes are let by the city at a daily 
rate. The use of the high-power cranes is paid for 
according to the load, and the rate varies with the 
weight of the latter. 

The provision of large-sized docks has greatly 
facilitated the direct transhipment of goods from 
vessels to barges and vice versa, the vessels being 
moored to buoys. This method of working has led 
to the installation of a powerful floating equipment. 
Apart from certain equipment belonging to private 
firms, the city owns the following: Floating cranes— 
one 150-ton crane, four of 5 tons, and two of 10 tons, 
besides a floating pontoon for the transhipment of 
coal and ore. The 150-ton floating crane is carried 
on a pontoon measuring 131 ft. by 65 ft. The end 
of the jib can be raised to a height of 180 ft. above 
water-level, and when lowered it can extend about 
110 ft. beyond the pontoon side. There are 18 floating 
pneumatic grain elevators for the transhipment of 
corn. When running continuously these machines can 
tranship as much as 190 tons per hour. Towing inside 





length of 17 miles, the water area being 383 acres, 
leaving out the river area. The wharf platforms 
have an area of 667 acres, of which 143 acres are 
covered by sheds and other buildings. There are 
at least 181 reservoirs at the oil and petrol depots, 
containing about 57,000,000 gallons of naphtha, petrol 
and oils. The whole plant belongs to the city, except 
the quay walls, which were built by the State, but 
were equipped by the city with cranes and sheds. The 
working is under the supervision of the city, which 
takes the necessary steps for the development and 
the further equipment of the port, draws up the 
scales of charges, lets the sheds and cranes. The City of 


Total Tonnage of Sea-Going Ships Entering the 
Port of Antwerp. 
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Tonnage (Moorsom) 
Years. ships. at Entrance. 
1900 5,244 6,691,791 
1905 6,034 9,850,502 
1910 6,770 12,654,153 
1915 1 6,328 
1920 7,698 10,858,926 
1924 9,537 19,302,534 
1925 9,971 20,201,628 











Antwerp operates the port under ‘the supervision of 
its officials with a view to prevent the formation 
of monopolies. The loading, unloading and repairing 
of ships are not carried out by the city, whose inter- 
vention in these matters is limited to placing at the 
disposal of the parties interested the necessary apparatus 
and appliances against payment of the tariff charges. 
The interested parties select their own workmen. 
The handling of the goods on the wharves, their 
transport and storage, are generally, but not of 
necessity, carried out by the “ Nations,” viz., co- 
operative societies constituted for this purpose. The 
handling of goods on board ship is generally in charge 
of the stevedores, assisted by special gangs of lighter- 
men. The control of the port is in the hands of the 
Burgomasters and Aldermen Committee, who, among 
their other duties, have charge of administering the 
port within the limits drawn up by the City Council. 
The technical departments, the ports and wharf services, 
are directly under the jurisdiction of this committee, but 
the administration of the: Scheldt,’ pilotage, buoyage— 
in short, all that concerns the river itself—is under 
the supervision of the State. 
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becoming insufficient, so that large extensions are 
in contemplation. Even before the war started, it 
had been decided to extend the Canal Dock between the 
third harbour dock and the place called ‘‘ Kruisschans,”’ 
where admission to the river will be given by a new 
large lock for sea-going vessels. These lock works, 
begun in 1914, were held up during the war, and started 
again at its conclusion. They are actually on the eve 
of completion. The new piece of canal dock will have 
a length of about 3-8 miles, breadth of 800 ft. to 1,100 ft. 
and a depth of water of 31 ft. 6 in. The quay walls 
will extend for the entire length, except where new 
docks will later open into the canal dock, but tem- 
porary embankments will be provided at these places. 
The Kruisschans lock will have two sliding gates at 
each end of the lock, the effective length between the 
extreme gates being 738 ft. width 96 ft., and the depth 
of water on the sills 29 ft. at low tide and about 41 ft. 
at high tide. To the Canal Dock extension other 
harbour docks will eventually be attached, and two 
of these docks will be begun very shortly, situated 
between the Scheldt and the Canal Dock. A new lock, 
the “ Boerinne”’ lock, will join up these docks with 
the river. When these new works are completed the 
Port of Antwerp will own 28 miles of quayage, and a 
total dock area of at least 1,250 acres. 





Output oF BAUXITE IN THE UNITED States.—The 
output of bauxite in the United States in 1925 was 
316,540 long tons, valued at 1,988,250 dols., a decrease of 
9 per cent. in quantity and 7 per cent. in value, as 
compared with the output in 1924. Imports of bauxite 
in 1925 amounted to 353,696 long tons, whilst exports, 
largely of bauxite concentrates, were 78,570 long tons, 
In 1924, imports were 201,974 long tons and exports 
77,065 long tons. 





TRIALS oF THE Motor Yacut “ Mrincary.’—The 
230-ton motor yacht Mingary, built by Messrs. Alexander 
Stephen and Sons, Limited, Govan, Glasgow, to the 
design of Messrs. Cox and King, recently underwent 
successful trials on the Clyde. The propelling machinery 
consists of twin-screw Sulzer engines, which are capable 
of giving the vessel a speed of 12 knots. The accom- 
modation is of a luxurious character, and, throughout 
the ship, the head-room is 6 ft. 9 in. The heating and 
cooling of the yacht is effected by means of air ducts 
conveyed to all parts of the vessel. The steering gear 
is the first directly-operated hydraulic system to be 
installed on a yacht. The radius of action of the 
Mingary is about 4,000 miles, 
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MODERN FLOUR-MILLING 
MACHINERY.* 
By Lieut.-Colonel F. W. TuRNER. 


Tue trade of flour milling is a very much more 
difficult problem in this country than in any other 
country in the world, owing to the fact that there is 
so little home-grown wheat, and what there is is so 
uncertain in quality, owing to the vagaries of the 
climate, that a very large percentage of wheat from 
other countries has to be used, and a thorough know- 
ledge has to be obtained of the special features of 
the various kinds of wheat, more especially with regard 
to strength and colour. Our own supply of English- 
grown wheat is so small that it is almost negligible 
so far as the large port mills are concerned, but. there 
are many country mills in wheat-growing districts 
which use as much as 80 per cent. of English wheat 
when there has been a good harvest, and seldom use 
less than 50 per cent. 

Pneumatic Intake Plant.—This type of intake plant 
has many advantages over the ordinary ship elevator, 
and only one disadvantage—it takes considerably 
more power per ton of grain taken in, ranging from 
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it takes a part in cleaning the wheat as well as con- 
veying it. Before reaching the pump the air passes 
through dust collectors or filters, and enters the pump 
quite free from grit and dirt. 

The wheat on its way from the intake to the bins 
or silos goes through a preliminary cleaning to take 
out large rubble, &c. This is done by means of a 
revolving reel or shaking separator, or both, and a 
strong aspiration. In order to obtain correct propor- 
tions the different kinds of wheat are drawn off from 
storage bins, by passing through a wheat measurer 
or mixer, one of which is fixed at the bottom of each 
bin, and all of which discharge on to one or more 
travelling band conveyors. These conveyors deliver 
into an elevator, which in turn discharges the mixed 
wheat into a further set of bins. 

Wheat Measurer or Mixer.—There are several types of 
these. One very usual type consists of a series of 
pockets in a circular drum which is mounted on a hori- 
zontal spindle ; the spindle is made to revolve and as 
each pocket comes round, it is filled with wheat from 
the bin, which is thrown out to join the wheat from 
the other bins. The drum is revolved by means of a 
pawl working in a rack-wheel, the pawl having a back- 





sides, so that there is a very large number of indents, 
roughly from 1,500 to 4,000, on each side of a disc. 
The discs vary in size from 15 to 25 in. in diameter, 
and are cast with arms carrying a boss bored for fitting 
on a shaft. A number of discs is fitted on a horizontal 
shaft, at intervals of 2 to 3 in., placed in a specially 
shaped case into which grain is fed at one end. The 
indents or cells in the discs are either just large enough 
to hold a wheat berry or just small enough not to carry 
it, and they are specially shaped so that the grain or 
seed will lie in it, whilst the disc revolves, until it 
reaches a certain position when the grain slides out. 
With the larger indents, the wheat gets into the cells 
and is carried up, whilst longer grains such as barley 
and oats are unable to lie comfortably in the cells 
and are left behind. With the smaller indents, seeds 
and cockle, which are slightly smaller than wheat 
are carried up, and the wheat is left behind. Thus 
with two machines, one fitted with discs containing 
large indents, and the other with discs containing smaller 
indents, the three necessary separations can be obtained, 
one of which consists of pure wheat. Combined 
machines are made fitted with one kind of disc at 
the head end and the other at the tail end. 
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1-4 to 2 h.p., against rather less than 0-5 h.p. for a 
ship elevator, both delivering to another elevator 
and band conveyor for feeding the silos. 

From the water edge, the pipe-line of the pneumatic 
plant may pass direct into the warehouse, or if the 
premises are some distance away may be laid either 
underground or overhead. The distance may be 300 
feet or more, and the fact that this form of intake 
draws the grain all that distance by suction through 
a comparatively small pipe demonstrates one of its 
great advantages over the elevator and conveyor 
system, which would mean a tower for carrying the 
elevator on the dockside and a substantial gantry 
from this tower to the mill building for carrying the 
band conveyor. At the quayside the pipe line ter- 
minates with a flexible section and a nozzle which is 
buried in the grain to be lifted and is fitted with a 
contrivance to enable it to draw in air from above 
the grain, however deeply the nozzle may be immersed, 
this intake of air being absolutely necessary for main- 
taining the suction of grain. This nozzle may be 
moved about more freely than the ship elevator boot. 

The grain passes along the pipe until it reaches the 
receiving vessel and discharger in the position where 
it is desired to discharge the grain, and this is usually 
just above an elevator boot, int» which it drops and is 
elevated for delivery into silos. The receiving vessel 
is just a break in the suction pipe which allows the 
air to expand, so that the grair. automatically drops 
to the bottom of the vessel, from whence it is discharged 
by some form of air-lock, which allows the grain to 
escape but closes against any inlet of air. From 
this receiving vessel the air continues its journey 
towards the pump through a somewhat larger pipe 
and carrying with it a quantity of dust and grit, which 
with an ordinary elevator and conveyor would have 
remained in the wheat, and thus to a certain extent 








_* Paper read at the Summer Meeting of the Institu- 
tion of Mechanical Engineers, at Ipswich, June 15, 1926. 
Abridged. 





ward and forward motion given to it by a crank on a 
driving shaft. The stroke of the pawl is constant 
and continuous, but the work it does is controlled by a 
movable cover over the cogs in the rack-wheel ; this 
cover may be set by means of a handle and spring 
catch working on a graduated quadrant. 

Cleaning and Conditioning.—From the mixed wheat 
bins the wheat is drawn off to be cleaned and conditioned, 
for though a preliminary cleaning has already taken 
place there is still a lot of dirt and foreign matter to 
be removed. It is not all dirt by any means, but 
much of it is good stuff such as barley and oats and other 
grain which can be made good use of, and cockle 
and other small seeds. It is, however, absolutely 
necessary that these should all be taken out and that 
the wheat itself should be so thoroughly scoured and 
brushed, washed and aspirated, that there is not a 
particle of dust or dirt left. 

Milling Separator.—The first machine in the wheat 
cleaning plant is generally a milling separator. This 
takes out all the impurities, both large and small, which 
can be easily separated by sieve or aspiration. It 
consists of about three inclined sieves, some with large 
holes or perforations for letting through the wheat and 
overtailing anything larger than wheat, and others 
with small holes for letting through sand and small 
seed and overtailing the wheat; as the wheat enters 
and leaves this machine it is subjected to a strong 
aspiration by means of a fan, which is either attached to 
the machine or connected to it by an exhaust trunk. 
The milling separator does not, however, take out the 
barley and oats, which will pass through the same screen 
as the larger wheat grains, nor cockle and other seeds 
which are about the same thickness as the smaller wheat. 

Disc Separator—The Carter disc separator was 
brought out by an American, Mr. C. W. Carter, in 1919, 
The principle of making the separation by means of 
little cells or indents, which was adopted in the cylinders 
is also the principle on which this machine works, but 
the indents instead of being drilled on the inside 
of cylinders are cast in flat cast-iron discs, and on both 
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The separation of larger grains from wheat is not so 
difficult as the separation of seeds which more nearly 
approximate to the size of the small grains of the smaller 
varieties of wheat. 

Cockle Cylinder.—In addition to the introduction of 
this machine there is an improvement to record in 
the design of cylinders as used for the extraction of 
cockle and small seeds from wheat. The cylinder 
itself is practically the same as the old pattern, con- 
sisting of a steel shell with indents entirely covering 
the inside surface, but instead of being mounted on a 
centre spindle it is carried on rolls by means of which the 
necessary revolving motion is imparted to it. This 
kind of drive leaves the interior of the cylinder 
entirely free for scrapers, which have the effect of 
keeping the grain well distributed over the surface of 


the cylinder and in a very thin layer, thus giving _ 


the cockle and seeds the best possible opportunity 
of finding the pockets. In addition to the scrapers there 
are also trays, one of which expedites the travel of 
the large grain towards the delivery end, thus clearing 
the way for the grains of a more doubtful size, and an- 
other fitted at the tail end returns some of the doubtful 
ones which have been carried up a certain distance but 
not far enough to be caught off as ‘cockle, to some way 
up the cylinder so that they may be further and more 
thoroughly tested. This cylinder, which is called the 
‘“ Kapak,” runs at a very much higher speed than the 
old cylinders, 250 r.p.m. against about 60. 

Scourer.—After the separation of barley, oats and 
cockle on these machines, the wheat is run through a 
machine which is called a scourer, in which it is not 
only thoroughly scoured by revolving beaters in a 
well-ventilated casing, but is also subjected to a strong 
aspiration as it enters the machine and again as it 
leaves. 

Dust Collector —The pressure type of dust collector 
is of much simpler construction than the suction 
type, the tubes being exposed to the air without 
any casing, and only about 4 in. in diameter against 
8 in. They are connected to boxes at the top and 
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bottom. The air is blown into. the top box and from 
there passes into the tubes and through the material 
of which they are composed, whilst the dust which is 
retained in the tubes drops down into the bottom box, 
whence it is automatically discharged. 

The tubes are induced to drop the dust which collects 
in them by means of a grid which is continually moving 
up and down them, and which slightly contracts the 
tubes as it moves and loosens the dust. 

Washing and Conditioning.—After the wheat leaves 
the scourer it may be delivered direct to the clean 
wheat or mixing bins, preparatory to going to the 
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mill; or, which is more usual, it will be-sent to the 
washing and conditioning plant. 

Concentric Washer and Stoner.—There are various 
types of these machines. One is known as the 
concentric washer and stoner, and will be described. 
It is shown in section in Fig. 6, which also demonstrates 
its method of working. The working is dependent 
upon an upward flow of water meeting a4 downward 
flow of wheat. The water is led by a pipe into the 
centre of an inverted open cone, the necessary pressure 








for the water to form an upward flow being obtained 
from a tank fixed about 12 ft. to 15 ft. above the 
water inlet to the machine. Above the inverted cone 
is fixed an upright feed cone, the large end of which 
is smaller than the large end of the inverted cone so 
that there is an annular space of } in. to } in. at the 
narrowest place between the two cones. The water 
surges up in this annular space and flows over the 
lip of the inverted cone, whilst the wheat rushing 
down the upright cone meets the surging water and 
is carried over the lip with it. The strength of the 
water flow is sufficient to do that, but it is not sufficient 
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to carry over anything of even slightly greater specific 
gravity than wheat; therefore, any little stone or even 
pieces of brick or mud which being about the same size as 
the wheat have escaped the previous cleaning machines 
drop*down through the water, and are collected at the 
bottom of the inverted come for removal through a 
weighted valve as and when required. The wheat 
and water are received in an outer basin from the 
cones, and the wheat is rushed with a stream of water 
through a spout at the bottom and delivered either 
direct into a whizzer or first into a rinsing worm where 
a spray of clean water frees it from the muddy water 
coming from the washer. At the top of the outer 
basin of the washer are two openings with sliding 
gates through which the surface water can be run 
if desired, and other impurities which are of a lighter 
nature, such as chaff, dust, smut balls and even garlic, 
may be floated off by careful adjustment of the 
ates. 

It is important that the wheat to the washer should 
run down the feed cone in a perfectly even stream, 
and to ensure this the machine is fitted with an 
automatic device by which the amount of wheat in 
the hopper controls the rate at which it is delivered 
to the machine. The feed hopper is carried on a spiral 
spring so that the weight of the wheat in the hopper 
lowers it slightly, and this, automatically, by means 
of a pair of links and levers, raises a coned sleeve which 
regulates the annular space through which the wheat 
flows down the feed cone. Thus a heavy feed raises 
the sleeve and lets more wheat through, whilst a light 
feed lowers it and reduces the feed. But whether it 
is high or low the stream is a perfectly even one all 
round the cone. 

The Whizzer.—The whizzers of the present day are 
invariably of the vertical type, in which the wheat 
enters at the bottom of the machine and is delivered 
at the top, being lifted by a series of inclined paddles 
or flights which are attached to a vertical spindle 
and revolve at a high speed within a cylinder made up 
of perforated steel covers. The wheat is wormed up- 
wards by the inclined paddles running at a high speed, 
and by the centrifugal force is kept close up against 





the perforated covers through which the surface water 
is thrown off. The covers are naturally liable to wear, 
owing to the continuous friction of the wheat, and they 
are therefore specially constructed in four sections, and 
in such a way that they can be removed and replaced 
within a very few minutes. A recent improvement 
to this machine is an internal spray of water intro- 
duced by means of a hole drilled about half-way down 
the centre spindle and pipes leading therefrom with 
fine holes in them, from which the water is sprayed. 
This spray has three objects, all of which are most 
effectively carried out. (1) It washes down the per- 
forated covers, thus keeping them clear of the beeswing 
and dirt which are left by the wheat in its passage, and 
which otherwise soon block up the perforations. (2) It 
gives the wheat a final clean rinsing, and (3) It enables 
the miller to add moisture to the wheat for conditioning 
purposes where a hard wheat is being used, and if it 
is coming from the whizzer in too dry a state. 

Hydroliser—A new machine has been designed for 
conditioning which has been called a hydroliser, and 
consists of a vertical column fitted with a number of 
radiators inside, heated by hot water or steam. The 
wheat travels down between and amongst these radia- 
tors and is throughly heated, but the effect of this 
heating, which is done with very little ventilation, is 
to induce the moisture which was more or less on the 
surface to permeate equally throughout the grain. 
This heating section is followed by a cooling section, 
either immediately or after the grain has lain for a short 
interval in a bin or other receptacle, and in this cooling 
section the wheat is subjected to a cold blast of air 
which has the effect of toughening the bran and retain- 
ing the moisture throughout the whole of the grain. 
An illustration of a hydroliser without the cooling 
section is shown in Fig. 9. 

Aquafier—Another form of this conditioner is called 
the aquafier, which is shown in Fig. 8. This consists 
of a series of spiral conveyors each about 10 ft. long 
and fitted in a cast-iron steam-jacketed case. From 
the steam supply, which is available, any desired 
degree of heat can be applied to these conveyors fand 
to the wheat which is continually on the move inside 
them, and is not merely travelling from one end to the 
other, but being turned over all the time, so that every 
grain gets an equal share of the treatment. In this 
machine the temperature may be varied by adjustment 
of the steam-reducing valve, the length of time the 
wheat is in the cylinder may be varied by altering 
the speed of the drive, and moisture may be added 
to any desired extent. A thermograph is supplied with 
these machines, which registers the temperature of the 
wheat as it leaves the lower cylinder, and enables more 
accurate results to be obtained. 

The aquafier naturally is also followed by a cooler, 
which puts the wheat into the best condition for 
milling. 

Revolving Conditioner.—For drying and conditioning 
damp English wheats a machine which is in very general 
use and which gives exceptionally good results is that 
which is shown in section in Fig. 10. This consists 
of an upright revolving cylinder mounted on a central 
spindle and with two perforated casings with a 1} in. 
space between them which is filled with wheat. Into 
the interior of this cylinder, by means of an air inlet 
at the top, hot air is blown, and by a similar inlet at 
the bottom, cold air, there being a partition about 
two-thirds of the way down dividing the hot air from 
the cold. These blasts of hot and cold air are blown 
through the wheat as it descends between the perforated 
casings, throughly drying it in the upper portion of the 
machine, and then cooling it to put it in a fit con- 
dition for milling. Two fans are of course required, 
and some kind of heater, either one for steam where 
that is available, or the exhaust from a gas or;,oil 
engine can be utilised. 

The discharge of wheat from the bottom of the 
machine is automatically controlled by the amount 
in the feed-hopper so that the machine is always kept 
full of wheat, which is obviously very necessary, and the 
length of time that the wheat is in the machine is 
regulated by increasing or diminishing the feed to it, 
which is done according to the condition of the wheat 
and whether it requires a long or short spell of treat- 
ment. This machine with cold air only blowing through 
it can also be used as a cooler following the aquafier. 

Final Cleaning.—After passing through the cooling 
section of the conditioner the wheat is deposited in the 
grinding bin ready for grinding. Before, however, 
it actually goes to the roller mills it is customary to 
pass it through a brush machine to give it a final 
polish and aspiration, or better still through a machine 
called a planscourer, which has a slight scouring 
action and brings the wheat to a more complete state 
of cleanliness than the brush machine. The plans- 
scourer is arranged on the plansifter system, dealt 
with later, but in place of sieves the trays are covered 
with emery, against which the wheat is scoured as it 
proceeds. The last trays are perforated for taking 
out small seeds and dust, and the wheat is subjected to 
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strong aspiration as it leaves the machine. It then 
passes over a magnetic separator, which may be a 
series of horseshoe magnets or an electric magnetic 
pulley or plane, to remove any bolt, screw, or other 
piece of iron or steel which may have escaped from its 
right position and become mingled with the wheat, and 
finally a record is taken of its weight on an automatic 
weighing machine to enable comparisons to be made 
between the dirty wheat which passed through the 
automatic weigher at the intake and the clean wheat 
going to the mill, and between the clean wheat going 
to the first break and the products sacked off at the tail 
of the mill. The record of the first part of the journey 
will probably show an average loss of about 14 per cent. 
in the cleaning, although a large proportion of this will 
be screenings, which are of considerable value in them- 
selves. 
(Zo be continued.) 





OIL SEPARATORS FOR BILGE AND 
BALLAST WATER.*® 
By H. S. Heve-Saaw, LL.D., D.Sc., F.R.S., 
and ALBERT BEALE, Wh.Sc. 
Potuution of the seas by oil has become one of 
the most distressing features of our civilisation, and 
it is to the elimination{of,this,thatjwe desire to direct 


Fig. 4. THE “PIRBRIGHT” SEPARATOR. 
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attention. Oil pollution is due mainly to the discharge 
of oily ballast water by some 4,000 oil-burning vessels, 
and to a less extent to the discharge of oily bilge 
water from ships of all types. The evil has become 
so great as to necessitate the earnest attention not 
merely of local authorities, but of the governments 
of maritime nations. During the Great War oil-burning 
tonnage increased enormously, whilst at the same 
time attention to the preservation of amenities was 
relaxed, with the result that wholesale pollution of 
the seas passed almost unregarded until the post-war 
period gave opportunity for the consideration of 
this matter along with other legacies of the war. 
It may be urged in extenuation of the shipowners 
who in seven years of peace have still failed to eliminate 
oil pollution, that in the course of normal development, 
unprejudiced by war, the evil would probably never 
have arisen, as the prevention of the loss of valuable 
oil would have been provided for in the natural course 
of sound design. Now that the trouble exists, it is 
unfortunate that shipowners are severely handicapped 
by trade depression, so that no addition to the equip- 
ment of a ship, however great the economy shown 
thereby, is undertaken very readily. 

The sea receives and cleanses so much that is 
unclean that it is at first unthinkable that relatively 
small quantities of oil can be seriously harmful. There 
are three reasons, however, why oil is exceptional— 
first, it floats; second, it spreads; and third, it 
persists. By its remarkable capacity for spreading 
(1 pint of oil will form an iridescent film over an 
acre in extent) a relatively small quantity of oil forms 
an extensive film on the surface, making it unsafe 
for sea birds, whose wings it clogs, while it prevents 
that aeration of the water, which is essential to life 
below the surface. Humanitarian considerations alone 
provide sufficient reason why the millions of gulls 
and other birds around our shores should be saved 
from a painful and lingering death; but, in addition, 





* Paper read at the Summer Meeting of the Institution 
of Naval Architects in Belgium, June 25, 1926. Abridged. 








the fact that gulls perform a most useful service in 
indicating to fishermen the presence of shoals of fish, 
provides a further and conclusive argument for their 
protection. The persistence of the oil film—due to 
the fact that there is nothing in sea water to dissolve 
or disintegrate it—causes it to accumulate continually, 
and, although this may be a less evil, that which 
washes up on the beaches forms with the sand an 
objectionable mixture which constitutes all the more 
a nuisance because it is often not apparent until 
revealed by the clothes and limbs of holiday-makers. 
More serious aspects are the trouble caused to autho- 
rities responsible for the upkeep of quays, docks, piers 
and promenades, and the dangerous fires which may 
be caused on enclosed waters. All these troubles 
arise from the loss and waste of what in its right place 
is a valuable substance, the exhaustion of which is 
a grave danger to the world. 

Measures taken to restrict oil pollution date from 
the ‘‘ Oil in Navigable Waters Act” of 1922, by which 
the discharge of oil in British territorial waters was 
prohibited under penalty of heavy fines. The United 
States Government made a similar enactment in 1924. 
Reports from local authorities around the British 
coast, published in a White Paper of May, 1925, 
indicate that while the enforcement of the Act appears 
to have reduced pollution in a few localities, conditions, 
on the whole, remain unsatisfactory. A great deal 
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of oily ballast water is now pumped out just beyond 
the three-mile limit, and still reaches the coasts, 
whilst oil discharged even farther away remains a 
floating menace to bird and fish life until the action 
of wind and tide brings it to some unlucky shore. 
The prevention of the pumping of oil into territorial 
waters (or even wider limits) appears, therefore, to 
afford very little restriction of pollution; and the 
obvious conclusion is that pollution will only cease 
when the discharge of oil is absolutely prevented. 
Since bilge and ballast waters must necessarily contain 
some oil, the necessity for an efficient form of oil 
separator to be used prior to the discharge of all such 
waters is imperative. Efficient separators are available, 
and there is no reason why they should not come 
into general use, for the value of the oil recovered 
will pay for the cost of installation in a few months, 
and the expenditure involved means no hardship to 
the shipowner, but the reverse. 

Before considering the actual question of separator 
design, it is desirable to outline the requirements of 














a useful and efficient separator. Having regard to 
capacity, large vessels may carry 2,000 tons or more 
of oil fuel, and if something like one-half of the fuel 
tanks are assumed to be ballasted, it is obviously 
desirable to be able to discharge those tanks at a 
rate of, say, 100 tons per hour. Thus, for ship instal- 
lations a separator should have a capacity to suit 
the ship, and should not be excessively bulky for 
large capacities of the order mentioned. In default 
of separators fitted in every ship, harbour service 
barges must be equipped, and for these a capacity 
of 200 tons per hour, or more, is desirable. Even 
with such capacities there is likely to be delay at 
the ports if many vessels rely on the barge service, 
and the installation of a smaller separator on each 
ship is the more convenient arrangement. As to the 
quality of the water discharged, it is essential that 
a certain standard of purity be reached and maintained. 
One part of oil in 10,000 of water means over 20 gallons 
of oil discharged per 1,000 tons of water—a very 
undesirable quantity, capable of producing an iridescent 
film over a large surface of water. A considerable 
body of opinion supports the enforcement of a standard 
to ensure only one part of oil in 200,000 of water. 
To secure this standard a scientifically designed plant 
is necessary, but the standard can be, and is, attained 
by separators of moderate size and price, and may 
therefore be regarded as a reasonable one. The 
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standard is not reached by the use of a gravity separator 
alone, but by the combination of such plant with a 
filter which will remove the lest fine traces of oil. 

The separation of the bulk of the oil from bilge and 
ballast water can be effected by gravity, advantage 
being taken of the difference in density between oil 
and water. With the heavier grades of oil this difference 
is small, which makes it essential that the apparatus 
should be carefully designed, since otherwise the size 
necessary becomes so great as to be prohibitive. In 
view of the large volumes of oily water to be dealt with, 
an attempt to employ the method of centrifugal separa- 
tion in order to increase the effect of the difference in 
density of oil and water is hardly practicable, and the 
trend of development has been to retain the gravita- 
tional process whilst seeking to ensure the best possible 
conditions in its application. The general principles 
involved in a sound method of construction appear to 
be comprehended in the following review. The lesser 
specific gravity of the oil tends to carry it vertically 
through the water. The velocity at which it rises 
depends on density and viscosity, and on the size of the 
oil globules. Small globules rise slowly, so that if the 
flow of the water is arranged to be vertically downwards 
those particles of oil whose relative velocity due to 
buoyancy is less than the velocity of the water will 
necessarily be carried away to the water discharge, 
however long the passage. If, on the other hand, the 
water flow is arranged horizontally, all particles having 
any tendency to rise at all can be separated if the 
passage is made long enough. The most efficient 
separators will therefore be those in which the main 
flow is substantially horizontal. Oil naturally accumu- 
lates at the top of the separator, and to ensure that it 
does not remix, it is essential that the oil-collecting 
chamber should be entirely free from the circulation 
of water. Thus the oil-collecting chamber must be 
remote from the water inlet and outlet, and must not 
provide a path for the flow of water from inlet to outlet. 
The discharge of water must be continuous. The oil 
discharge may be continuous or intermittent; but 
provision must be made to prevent the discharge of 
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water from the oil outlet, and the means provided must 
notjbe adversely affected by the motion of the ship in a 
seaway. Oil broken into small globules (pseudo- 
emulsified) by passage through the pumps and pipes 
will not separate by gravity unless the flow is perfectly 
steady. An efficient separator will, therefore, have due 
provision for the prevention of eddying. 

In 1923 Mr. F. Pink developed the apparatus now 
called the Pirbright separator (illustrated in Fig. 4), 
in’which the feature of horizontal flow is combined with 
means for automatically withdrawing the recovered oil. 
By means of a float, designed to sink in oil but float in 
water, the oil discharge valve is opened when oil has 
accumulated and closed before any water can be dis- 
charged. Owing to the small margin of difference 
between the densities of oil and water, and the adhesive 
nature of the oil in which the valve operates, the float 
is made of considerable size, and operates the valve not 
directly (as shown in the diagram) but through a steam 
or other relay. The plants shown in Figs. 5 and 6— 
the inventions of Mr. J. H. Palmer and Sir James 
McKechnie respectively—also come in the same broad 
class. In Palmer’s apparatus the main flow is hori- 
zontal, but the constraining of the main flow to rise 
near the oil-collecting space at A seems liable to cause 
oil to be entrained in the water discharge. McKechnie’s 
apparatus is generally similar, but arranged in the form 
of a spiral, so that the water takes a tortuous path and 
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passes a multiplicity of baffles before being finally 
discharged. The length of path traversed is a good 
feature, although, of course, time is the main require- 
ment for separation, and in a plant of given size for a 
specified throughput the arrangement of a tortuous path 
increases the velocity of flow in the same proportion as 
the distance travelled, so that the time factor is 
unchanged. 

In addition to the separators in which the flow is 
substantially horizontal, there are a considerable 
number in which this is sacrificed in order to introduce 
some other feature held to be desirable. 

The Conduit separator (Fig. 7) is typical of the 
principle of most of these. It consists of a very large 
U-tube with unequal legs, the oily mixture being intro- 
duced at the top of the larger leg, in which the oil accumu- 
lates and from which it is withdrawn. The water passes 
down the larger leg and up the smaller, where it is 
discharged into an observation tank, and thence over 
board. The water and oil are discharged continuously at 
suitable levels, the difference between which depends 
on the density of the oil to be dealt with, and needs to 
be adjusted to suit. This weir discharge provides some 
justification for the vertical flow, which is otherwise 
inferior in efficiency to a horizontal arrangement. 
Obviously the greater the vertical length of the columns 
the greater the margin which can be allowed between 
the weir levels ; hence the great height of the apparatus, 
which is otherwise purposeless. Apart from the 
adjusting of the levels to suit varying grades of oil, the 
discharge is automatic, although this advantage appears 
to be offset by the unsuitability of an open-topped 
system for use in a seaway. The Rocket and 
White-Comyn separators follow the general prin- 
ciple of the Conduit. The first-named plant was 
described in ENGINEERING, vol. cxvi, page 492, and the 
other is shown in Fig. 9. A more compact apparatus is 
produced by rearranging and duplicating the essential 
U-tube passages ; but this introduces the disadvantage 
of a smaller margin between the weir levels, and the 
more delicate adjustments necessary are still more 
unsuitable for use in a seaway. The Fisher separa- 
tor (Fig. 10) is also similar to the Conduit, but with 
the provision of a spiral surface in the separation 












chamber up the underside of which'the oil is supposed 
to creep into the oil-delivery space, with less chance 
of being carried forward by the water flow. The four 
separators last described use a vertical flow in order to 
introduce the weir discharge. For ship use, therefore, 
they must be carried above the water-line, since other- 
wise the discharged water must be repumped in order 
to pass it overboard. Two further vertical-flow 
arrangements may be mentioned, in which the weir 
discharge method is not used and the system is closed. 
Fig. 11 illustrates the plant covered by the patent of 
C. S. Lenz and G. E. Jupp, in which the water flows 
downward through a succession of annular channels 
into bulky spaces where the oil disengages itself and 
returns upwards through collecting chambers suitably 
spread. The removal of the oil may, however, be 
considerably impeded by the flow of{water in these oil- 
collecting spaces. Fig. 12 shows the Harvey and Holford 
dehydrator, in which the collecting plates analogous 
to those in Lenz and Jupp’s apparatus are caused 
to rotate by the impinging jet of the mixture supply. 
This gives a slight accentuation of gravity, tending to 
throw the water to the outer annular clearance spaces, 
the value of which as a separating agent has to be 
offset against the mixing effect of the distributor. In 
this apparatus a float automatically controls the oil 
discharge, as in the'Pirbright type of separator, already 
described. 
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Fig 12. THE'HANOH’ DEKYORATOR. 
PP HARVEY ANDHJ HOLFORDS 
PATENT OF 1924. 
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The atest form of separator (in point of 
date) is that produced by the Stream-Line Filter 
Company (Fig. 13). A full description of this plant 
appeared in ENGINEERING, vol. cxx, page 607. This 
is of the horizontal flow type, with a closed system 
and a quiet oil-collecting chamber from which oil is 
withdrawn from time to time on observation of the 
inspection cocks, After passing through a preliminary 
chamber, in which the bulk of the oil is separated, 
the main flow traverses a large number of small tubes 
in parallel, of such proportions that steady. flow is 
induced. 

In these tubes the small globules of oil are enabled 
to separate. In one type the globules pass through 
holes in the tops of the tubes, and, from the quiescent 
water around, into the oil-collecting chamber; in 
another type they are allowed to collect in the tubes 
until they coagulate and are carried forward by the 
water to a trap where—being now in a readily separable 
form—they easily emerge from the water flow and pass 
into the oil-collecting chamber. 

In this discussion of particular separator designs 
nothing has so far been said of the means for avoiding 
eddying motion, although it has already been men- 
tioned that in an eddying flow the smaller oil globules 
can never be separated by gravitational means. In 
many separators the baffling arrangements are on the 
whole liable to promote rather than reduce eddying, 
although even this is of secondary importance when it 
is realised that for plants of the size and capacity used 
in practice even the flow through a smooth circular pipe 
(the best possible arrangement for steady flow) would 
be of an eddying nature. The criterion for steady 
streamline flow in a circular pipe is well known, being 


that z (Reynolds’s function) must not exceed a 
critical value, which is, in point of fact, about 2,000. 
In this expression v is the velocity, d the diameter, 
uw the viscosity, and p the density. Substituting the 
value of u/p for water at normal temperature gives 
vd > 1/40 ft.2/sec. Now, the volumetric flow Q 


2 
through a pipe of diameter d is pie x.V, and substitut- 
. , , wd 1 
ing from above this gives Q > 7 *% ft.?/sec. 
—t.e., rs ft.*/sec., if d is in feet. Thus the permissible 


throughput if eddying is to be avoided increases 
directly as the diameter (and not as the square of the 
diameter, as might have been anticipated), and if a 


throughput of 200 tons per hour is required, d must be 
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If eddying is to be avoided in a single circular pipe 

a throughput of 200 tons per hour necessitates a 
diameter of 100 ft.; and for any other form of cross- 
section the dimensions would need to be still further 
increased. It is obvious, therefore, that in any separa- 
tor not providing for a highly-divided flow, eddying 
must occur with reasonably large throughputs unless 
the dimensions are made unreasonably large. Further, 
since it is much easier to keep below the critical value 
of vd when d is small, small-scale models of any reason- 
able form of separator give satisfactory results, so that 
subsequent failure on a large scale is at first a matter 
for surprise. It was in order to overcome the difficul- 
ties associated with eddying motion that the authors 
proposed the type of apparatus (now manufactured 
by the Stream-Line Filter Company, Limited) shown 
in Fig. 13, in which the large number of small tubes 
ensures that the flow in each is of a'steady stream-line 


character. rit Laweee 
Reference must now be made to the various processes 
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which have been proposed with the object of removing 
the last traces of oil from the water before discharge. 
All known forms depend for their action on the adhesive 
nature of the oil, the filtering material being such as 
offers little resistance to the flow of water, but retains 
the oil either on its surface or in its pores. There is a 
certain amount of secrecy as to materials actually 
employed, but it is well known that some makers 
have used felts of cow-hair or wool, whilst others have 
tried wool flock, cotton wool, &c. These may be classi- 
fied as of organic origin ; whilst, on the other hand, an 
inorganic material is used by the Stream-Line Filter 
Company. 

In developing a suitable filter two main diffi- 
culties have to be met: the large quantities of 
oily water to be dealt with, and the necessity for 
renewing the filtering material economically. An 
efficient preliminary separator will limit the quantity 
of oil to be dealt with by the filter to less than one 
part in ten thousand of water, though even this means 
20 gallons of oil per 1,000 tons of water. It is, there- 
fore, clearly very desirable to eliminate as much oil 
as possible in the separator, either by making it very 
large or by the means suggested by the authors. The 
replacement of filtering material is costly, so that 
means for cleaning are practically essential. Organic 
fibres can be cleaned by a dry-cleaning process, although 
this involves removal from the filter and is not an opera- 
tion which would commend itself to shipowners. In- 
organic material is readily cleaned by blowing back 
with steam; the increase of temperature reduces the 
adhesiveness of the oil, and it is therefore removed by 
the current of steam. This method is inapplicable to 
organic materials because of the resulting shrinkage 
and structural changes. 

As stated already, it is possible to reduce the oil 
content in the final water discharge to not more than 
one part in two hundred thousand of water with a 
plant of reasonable size, which fulfils the conditions 
of being easy to operate, self-contained, and obviating 
expensive renewals. With such a plant the prime cost 
can be written off in a few months by the value of the 
oil recovered, and the plant thereafter yields a sub- 
stantial profit. Apparently events are moving in the 
direction of the installation of separators fulfilling 
these conditions on all ships having oily bilge and ballast 
water to discharge. This paper has been prepared in 
order that it may be more widely realised how much 
has been done in respect of the provision of such separa- 
tors, and that their installation is not only the means 
of ridding the seas of an intolerable nuisance, but also 
provides a real economy for the shipowners at a time 
when economy is most urgently needed. 
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AERONAUTICS. 


244,911. T. M. Barlow, Iver Heath, and F. 
Duncanson, Hillingdon Heath. Seaplanes. (8 Figs.) 
December 19, 1924.—-The invention relates to wheeled 
floats for seaplanes wherein a segment of the wheel 
normally projects downwards beyond the bottom of the 
float. According to the invention, the bottom of the 
float is keeled and shaped so that, when the machine is 
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travellingfon the water, the water will be gradually 
divided and displaced laterally and be caused to flow 
smoothly and easily past both sides of the wheel 12, 
whilst the axis 13 of the wheel is situated close to and 
preferably immediately in front of the usual step 11, 
and in such position that a segment of the wheel less 
than a semicircle projects beyond the bottom of the 
float. (Sealed.) 


AGRICULTURAL APPLIANCES. 


245,495. S. Allingham, London, and Robert 
Boby, Limited, Bury St. Edmunds. Machines for 
Harvesting Flax. (2 Figs.) October 6, 1924.—The 
invention relates to machines for harvesting flax and 
other plants of the kind in which combs or erecting 
needles are caused to enter laterally with reference to 
the machine between the stalks of the standing crop, 
and rise so as to lift any stalks which may have been 
laid or bowed by storms or from other causes. <A 
series of the needles travels on flexible carriers such as 
belts or chains passing around pulleys or sprocket 
wheels and are consecutively protruded at the side of 
the travelling machine. The framework 11 of the 
machine is provided with road wheels 12, 13, from the 
latter of which the erecting and pulling mechanisms are 
driven. The erecting mechanism comprises a pair of 
parallel chains 14, 15 carrying needles or lifting rods 16. 
One of these chains 14 passes around three pulleys or 

















sprocket wheels 17, 18, 19, while the second of the chains 
15 similarly passes around three pulleys or sprocket 
wheels 20, 21, 22 in parallel with the chain 14, the path of 
each chain being located in a vertical plane set obliquely 
in relation to the direction of the advance of the machine. 
Each of the needles or lifting rods 16 is rigidly secured 
to both chains, so that in its operative movement, that 
is, while it is being carried on the chains from the pulleys 
17 and 20 to the pulleys 18 and 21 horizontally, and then 
rising from the pulleys 18 and 21 to the pulleys 19 and 
22, it is gradually made to protrude beyond the side 
of the machine, as will be seen in Fig. 2, in regard 
to the series of needles there represented, without trans- 
verse movement in relation to the chains. At the pulleys 
19 and 22 the needles 16 leave the stalks, which they 
have erected, and return inoperatively to the pulleys 17 
and 20, while the stalks are gripped and drawn into the 
machine between two endless travelling belts 23 and 24, 
and thereby uprooted. The belt 23 passes around the 





large disc or pulley 25 and the smaller pulley 26, while 
the belt 24 passes around the pulleys 27, 28 and 29, 
at which latter it releases the pulled stalks, and returns 
by way of the pulleys 30 and 3i to the pulley 27.— 
(Sealed) 

ELECTRICAL APPARATUS. 


244,548. E.M. Johnson, Brooklands, and Metro- 
politan-Vickers Electrical Company, Limited, West- 
minster, London. Automatic Electric Circuit- 
Breakers. (8 Figs.) October 9, 1924.—The invention 
relates to automatic circuit-breakers of the type in which 
the circuit-closing bridge piece is capable of movement 
independently of the operating handle so that when a 
fault exists in a circuit about to be closed it is impossible 
for the operator to hold the breaker in its closed position 
against the action of an automatic emergency tripping 
device. In accordance with the invention, a circuit- 
breaker of the type referred to comprises a bridge piece 
formed as a unit structure, by which is meant a bridge 
piece no part of which can be moved independently of 
the remainder, and operating mechanism adapted to 
impart to such bridge piece a compound movement by 
which the ends of the bridge piece can be advanced into 
engagement with their co-operating contacts, one after 
the other. The circuit breaker illustrated comprises 
stationary contacts 1, 2 and a arch-shaped bridge 
piece 3 having an arcing tip 5 at one end. The 
bridge piece 3 is secured to a frame 6 which is pivoted, 
at its opposite ends, respectively, to one extremity of a 
toggle 7, the centre of which is adapted to co-act with the 
emergency tripping device, and to the free ends of a pair 
of links 9 which are pivoted at their other ends about a 
fixed axis 10 adjacent to the fixed contact 1. Two operat- 
ing levers are provided, one of which, 11, actuates a 
wiper or cam 12 adapted to co-act with the frame 6, 


Fig./. a Fig.2. 0-45 











while the other, 13, is in the form of a bell crank lever, 
one arm of which is slotted and engages the pin connec- 
tion 14 between the frame 6 and the pivoted links 9. 
A strong spring (not shown) is provided in connection 
with the frame 6 which tends at all times to collapse the 
toggle 7 and force the upper portion of bridge piece 3 
away from the fixed contact 1. In operation, to close the 
breaker, the lever 11 is moved so as to cause the frame 
6 to turn about the pin connection 14 until the toggle 
7 is straightened sufficiently to be engaged by the emer- 
gency tripping device. In this position, as indicated by 
broken line in Fig 2, the arcing tip 5 engages the fixed 
contact ]. The lever 13 is then moved so as to cause the 
frame 6 to turn about the pin connection 15 until both 
ends of the bridge piece 3 engage their co-operating 
contacts 1, 2, the lower end of the bridge piece being 
latched in this position by means of a spring controlled 
detent arranged to engage the lever 13 and capable of 
being disengaged therefrom at the will of the operator. 
During this movement the frame 6 moves away from the 
wiper or cam 12 on the lever 11 so that in the event of 
a fault existing in the circuit to be closed the emergency 
tripping device is caused to function and release the 
toggle 7 which is then collapsed by the spring so that 
the upper end of the bridge piece 3 is parted from the 
contact 1 and the circuit is thus broken, The other end 
of the bridge piece 3 would then be displaced by move- 
ment of the lever 13 and the circuit-breaker thus made 
ready for reclosing. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

245,499. R. H. Crozier, London. Distillation of 
Shale. (5 Figs.) October 7, 1924.—The invention 
relates to vertical retorts for use in the distillation of 
shale. The retort consists of a tubular structure A 
surrounded by brickwork B, affording an external flue 
C for heating the retort externally, a number of 
vertically and horizontally spaced internal bracing 
flues D extending through the retort so as to heat the 
centre of the mass of shale, and a number of vapour 
traps E vertically spaced, by which the vapours and 
gases may be withdrawn as tormed. The retort is built 
up of a number of flat sections F formed with flanges 
by which they are bolted together along both their 
horizontal and vertical edges, and a number of semi- 
cylindrical end sections G. Each of the flat sections, 
or one of each group of flat sections, is formed with an 
opening or openings H, which come opposite an internal 
flue D. The flues D are of oval section and are each 
formed on the top with a ridge preventing the collection 


of the material thereon, and are made thicker at the top 
than at the sides so as the better to withstand wear. 
These flues D, in addition to providing for the heating 
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of the mass of,shale within the centre of the retort 
serve to brace the structure and to prevent it from 
collapsing or distorting. (Sealed.) 

244,829. Douglas Motors, Limited, Kingswood, 
Bristol, and S. L. Bailey, Kingswood, Bristol. 
Pistons. (2 Figs.) September 24, 1924.—The inven- 
tion relates to pistons for internal-combustion engines. 
According to the invention, in a piston having an interna 
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surface adapted to be machined from end to end, the 
ends of the gudgeon-pin 6 are supported in the skirt, 
whilst its intermediate part is carried by an integrally 
formed stem 4 depending from the piston crown 2. The 
gudgeon-pin may be angularly free in the central stem 
and in the skirt. (Sealed.) 


MISCELLANEOUS. 


243,803. J. W. Kempster, Port Glasgow, and 
Harland and Wolff, Limited, Belfast. Ventilating 
Apparatus. (2 Figs.) September 4, 1924.—The object 
of the invention is to provide apparatus by means of which 
a current of air can be directed in any desired direction 
over a wide or restricted area, with varying degrees cf 
quantity, velocity and shape of stream. a is a deflecting 
plate, mounted on a pivot at b on the outer end of an 
annular ring c arranged so as to rotate on an annular en- 








largement d at the end of a nozzle e secured to a flanged 
ring f, which may be attached to a trunk or pipe to which 
air under pressure is supplied. The deflecting plate a 1s 
shown in full lines in the closed position, but can be 
swung to any desired angle relatively to the axis of the 
nozzle e (for example, to the position shown in dotted 
lines) and so held by friction. The plate a is provided 
with flanges or sides k, which restrain the lateral deflec- 





tion of the air. (Sealed.) 
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THE PRODUCTION AND USE OF 
VARIABLE-FREQUENCY CURRENTS. 
By N.S. Japousxy and S. A. Przss. 


In 1915 one of the authors of the present article 
(N. Japolsky) suggested a new method for driving 
percussive machines electrically. According to 
this method the striking part of the machine was to 
be driven by a moving magnetic field, the latter 
being produced by a polyphase current, the fre- 
quency of which was to vary rapidly but continu- 
ously in such a manner that the velocity of the 
moving magnetic field created by this current 
would increase from zero to a maximum in the 
short period during which the striking part was 
accelerated. To these percussive machines the term 
of “ magnetofugal machines ” was given. 

A year later Japolsky proposed the use, as a 
source of current of a rapidly-varying frequency, 
of a compensated polyphase alternating current 
commutator generator, with a constant speed of 
rotation and independently excited by alternating 
current. M. P. Kostenko, having been invited 
to participate in the work, came to the conclusion, 
in 1918, that a generator of this kind might be 
applied with advantage, not only to the operation 
of percussive machines, but also to controlling the 
speed of induction and synchronous motors. 

In 1921, B. A. Voronoff, when inspecting a 
laboratory installation, set up for the purpose of 





it is possible to regulate its frequency and voltage 
quite independently. In particular it is possible 
to obtain a certain voltage on the rings of a rotary 
converter when the armature is stationary and the 
frequency zero. Moreover the variable-frequency 
rotary converter has the advantage over an ordinary 
synchronous generator in that it is smaller for a 
given output. 

A variable frequency current may also be obtained 
by means of different types of variable speed fre- 
quency converters.* In practice, however, if the 
machine has any considerable power, this method 
of varying the frequency is very inconvenient, 
especially when the prime mover is a steam turbine 
or an internal combustion engine. 

The output of variable-frequency current may 
be considerably increased, if advantage be taken 
of the properties of a compensated constant-speed 
commutator machine, which is separately excited. 
In this article we shall call this machine a 
commutator generator. An electrical scheme of 
a three-phase two-pole commutator generator is 
shown in Fig. 1. Ws and W, are, respectively, the 
stator and rotor working windings, C the commu- 
tator, W, the exciting winding, and Wp the winding 
of the electrical machine or apparatus using the 
energy such as a motor or transformer. The working 
windings W, and W, are identical. 

The following conventions are, as usual, em- 
ployed in the winding diagram: those parts of the 
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verifying the theoretical characteristics of the com- 
mutator generator, noticed that when the machine 
supplying the exciting current to the generator, 
was turned by hand, an induction motor of the 
short circuited rotor type driven by the commu- 
tator generator also turned. K. D. Sabaneeff, a 
naval engineer, pointed out the importance of 
this property for the operation of gun turrets 
provided that it were possible to do away with the 
slip. Japolsky succeeded in eliminating slip by 
substituting a synchronous motor for the induction 
motor, and thus a new application of the commutator 
generator arose for the synchronous transmission of 
motion.* All this preliminary work was carried 
out in Leningrad. 

A number of machines were ordered in England 
in 1923, for use in connection with different schemes 
for the application of alternating current of variable 
frequency. The construction of these machines 
however, was considerably delayed, and they were 
only completed in the spring of 1925. The machines 
were then installed in a temporary laboratory at 
the works of Messrs. G. Hopkins and Sons (Clerken- 
well) Limited, where the authors are now engaged 
in carrying out their experiments. An account of 
the principles of generating and utilising current 
of variable frequency, a description of some of 
the machines constructed and an account of the 
most important results so far obtained, constitute 
the subject matter of the present article. 

It is known that the frequency of any synchronous 
generator is directly proportional to its revolutions, 
and it is therefore possible to vary the frequency 
by varying the revolutions. A variable frequency 
current may also be obtained from the slip rings of 
a rotary converter, by varying its revolutions, 
but a variable-speed rotary converter is preferale 
to a variable speed synchronous generator in that 





* See N. Japolsky M. Kostenko, B. Voronoff, and 
K. Sabaneeff, British Patent Specification No. 221041. 
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windings W,, W, and W, which are situated opposite 
each other in reality are shown opposite each other 
(i.e. in the same sector) on the diagram. The clock- 
wise direction of the current in Fig. 1 corresponds 
to the direction of the current marked in Fig. 2 by 
crosses (i.e. away from the observer) ; the counter- 
clockwise direction of Fig. 1 corresponds to the 
direction marked in Fig. 2 by dots (towards the 
observer). The counter clockwise direction of currents 
and e.m.f. on the diagram are taken as positive. 

We will designate the currents in phases I,, I. 
and III. of the stator as I1,, It, Int, and in the 
corresponding phases of the rotor I,, II, and III, as 
I1,, t,, and Int,. 

Having done this it will not be difficult to prove 
that the sum total of the m.mf., created by the 
windings W, and W,, always equals 0, whatever the 
distribution of e.m.f’s and currents in these windings. 

Applying the first Kirchhoff’s law successively to 
the points k, and l,, /, and l,, ks and 13, we easily 
find the following equations :— 

Ir —Iu; = —I1, + In, 
Iu; —Im, = —Iu, +1 u1- 
Tur — 11; = — Im, +11; 
hencé 
In +11 =In, +10, =1105 +11, =A = const. (1)t 

We know from the theory of windings that the 
current A, which is constant and the direction of 
which does not vary along the whole closed winding 
of the drum type, does not create any field, as the 





* See N. Japolsky and M. Kostenko, British Patent 
Specification No. 214,393, where a number of apparatus 
of this type are described. 

+ We should note that A = O in the case when the 
currents 11s, Im, and L115, and also I1,, Im, and I101,, 
form a regular polyphase system. Really from (1) it is 
obvious that 

3A =(11,+10'+I1 uy) + (11 +10, + 1m) 
As we know from the theory of polyphase currents, 
in regular polyphase systems each of the expressions in 
brackets equals zero. 








sum of the currents in each slot equals zero. It 
follows therefore, from equation (1), that the sum 
of the m.m.f. created by the windings W, and W, 
always equals zero, whatever the distribution of 
e.m.f.’s or currents in these windings. 

We may now place a winding W, (exciting 
winding) on the rotor or stator, as shown in Fig. 1, 
and supply this with three-phase current. The 
exciting winding W, will create a rotating magnetic 
field, one of the momentary positions of which is 
shown in Fig. 2 by dotted lines. The current in the 
working windings W, and W, creates no magnetic 
field and will therefore, if the stray fields are 
neglected, not influence the magnetic field created 
by the winding W,. Thus, the whole current sup- 
plied to the winding W, is a magnetising current 
(t.e., almost wattless), as it would be if windings 
W, and W,; did not exist. This holds true 
whether the commutator generator is at a standstill 
or rotating. 

We will now investigate the influence of the field 
created by the winding W,, on the windings W, 
and Ws, We will designate by n, the number of 
revolutions per second of the rotor, by n, the number 
of revolutions per second of the rotating field in 
relation to the stator and by mn, the number of 
revolutions per second of the rotating field in relation 
to the rotor. The corresponding numbers of cycles 
are :—the number synchronous to the number of 
revolutions of the machine », on the {stator vs 


F ig.2. 
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and on the rotor v,. These, we know, are equal to 
the products of the numbers n,, n, and n,, respec- 
tively, and the number of poles. We will designate 
by E the e.m.f. created by the rotating magnetic field 
between the external terminals of the commutator 
generator (i.e., between the terminals of the appara- 
tus consuming the energy, winding W,, Fig. 1), 
by E; the e.mf., created in one of the three phases 
of the stator winding (I;, Ms Or Is) and by BE, 
the e.m.f., created in one of the three phases of the 
rotor winding (I,, U, or Ul,). As previously 
mentioned, windings W, and W, are identical and 
similarly situated ; therefore the e.mf.’s E; and 
E, are in phase with each other and their values are 
in proportion to the flux ® created by the exciting 
winding, multiplied, respectively, by n, and m,, 
i.e., by the numbers of revolutions of this flux in 
relation to the stator and rotor. ' 

It we take as positive for E, and E, the counter 
clockwise direction, and for E as positive that 
direction which coincides with E,, we find that 
(Fig. 1) :— 

EK = E,— E, = k ® (ns — nr) 
where k = constant. Therefore, if we take into 
consideration the fact that, by addition of the 


ae , , Ns 
velocities, n; = % + mp, and designating = % 
we see that 
E=knm®. (2) 
E; Ns E, Ny 1 a 
aa all Gece ere ASR (3) 
Em ore nm 


Formula (2) shows that the e.m.f. of the com- 
mutator generator does not depend upon the number 
of cycles, but only upon the number of revolutions 
m and flux *. By means of the commutator 
generator it is possible to obtain at a maximum 
voltage any frequency, however small, or even direct 
current. 

Formulas (3) show the relation between the 
reactive emf. of the exciting winding and the 
total e.m.f. of the commutator generator. If the 
exciting winding, W,, is situated on the stator, 
the e.m.f. E, created in this winding by the rotating 
magnetic flux, reduced to the number of turns of the 
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working winding, will equal E,; ; if W, is situated 
on the rotor, E, will equal E,, If we neglect the 
ohmic drop, the voltage at the terminals of the 
exciting winding may be considered as being equal 
to E, or E,, depending upon whether the exciting 
winding is situated on the stator or on the rotor. 
It is not necessary to arrange a special exciting 
winding W, ; we can simply introduce an exciting 
current through the slip rings connected with the 
winding W, (Fig. 3) or through the commutator 
brushes (Fig. 4). In these cases, the exciting cur- 
rent will distribute itself between both windings 
W, {and W,, but the essential point of the pheno- 
menon will remain unaltered. We should note that, 
if the magnetising current be introduced through 
the brushes or the slip rings, E, is equal to E,. 
For the purpose of diminishing the number of 
conductors connecting the commutator generator 
with the apparatus consuming the energy, it is 
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possible to employ the arrangement shown in Fig. 5, 
where the line current passes through the winding 
W, instead of phase current. In this case, for the 
purpose of the mutual neutralisation of the windings 
W, and W,, the number of conductors in the 
former (if the system is a three-phase one) should 


be ,/3 times smaller than in the latter, as a line 


current is ,/3 times larger than a phase current. 
Moreover, the windings W; ahd W, should be 
mutually displaced in order to compensate for the 
phase displacement of the line and phase currents. 
It should, however, be borne in mind that, if the 
working windings are connected in accordance 
with the scheme shown in Fig. 5, the compensation 
will only occur if the load is equal in all phases ; 
when this is not the case, compensation will not be 
effected. In the arrangements shown in Figs. 1, 
3 and 4, the compensation is unaffected by the 
distribution of the load in the different phases. 

We now propose to show that the machine supply- 
ing the exciting current for the commutator 
generator will have a much lower output than the 
commutator generator itself. 

The construction of the stator and rotor iron 
system of the commutator generator is very similar 
to that of an induction motor ; therefore the rela- 
tion of the maximum magnetising current I, max to 
the maximum working current Imax in the com- 
mutator generator is approximately the same as in 
an ordinary induction motor, t.e., the ratio 
‘ems is from 0-2 to 0-3. 

On the other hand, the maximum voltage of the 
exciter reduced to the working winding of the 
commutator generator E, max is in most practical 
cases, smaller than the maximum voltage Ema, of 
the commutator generator. To make this clearer 
we may again refer to formule (3). Making use of 
these formule Table I has been prepared showing the 
ratio a 
the maximum values of E,: and E) for different 
working conditions, i.e., for different relations of 
E and vs. We assume that the number of cycles 
vg Varies within the limits of », = 0 to », = Yo» 


“* within the limits of 0 < a <1." 
In the same table are given the values of 


E 
and = (where E. max and Emax are 
~max 


t.e., fora = 





* Further particulars are given in M.P. Kostenko’s 
article, ‘‘The Polyphase Commutator Generator,” 
Elektrichestvo, 1925, No. 7. 








pled E. max ’ 
q ivi I max. E max 

relation of the capacity for which the exciter should 
be constructed to the capacity of the commutator 


I ; 
— , which are approximately the 


° max. 


generator; we take i = 0-25. The numbers 
max. 





E 
of the figures in which the diagrams of — and 
max. 





——“_ for both cases of excitation from the stator 
E max 


and from the rotor are shown, are also given in 
Table I. 

It is obvious from the table that with the given 
conditions, g is smaller when the excitation is from 
the rotor than when it is from the stator. Actually, 
the relation of the capacity for which the exciter 
should be constructed to the output of the commu- 
tator generator is somewhat larger than 4, owing 


Fig4. 











formule, (3) if we neglect the ohmic losses. We 
then have (if we consider, as before, that the 
maximum exciting current equals 25 per cent. of 
the working current) for condition 1, g, = 0-0107, 
for condition 2, g, = 0-0092, and for condition 3, 
q: = 0-0066; that is, if the working commutator 
generator is of 100 kv.-a. capacity, the theoretical 
output of the last exciter will be 1-07 kv.-a. for 
condition 1, 0:92 kv.-a. for condition 2, and 0-66 
kv.-a. for condition 3. 

If the number of pairs of poles of the first exciter, 
and also the number of its revolutions, is made 
equal to the number of revolutions of the commu- 
tator generator, the frequency of the last exciter 
is :— 

Ve = Vo — Vr = 19 — (VQ — Vs) = Vs, 
i.e., the number of cycles of the last exciter is 
absolutely equal to the number of cycles of the 
commutator generator. 

We now propose to consider some of the applica- 
tions of variable-frequency current, dealing first 
with the speed control of induction motors. The 
problem of smooth, economical regulation over a 
wide range of the speed of a polyphase induction 
motor, especially of a squirrel-cage motor, is one 
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1-Curve of E.M.F. of Commutator Generator. 


2: Curve of Reactive E.M.F. of Exciting Winding, 


when Commartator Generator is Excited from Stator. 
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TABLE I, 
Condi- | The ratio | Ee = Es Ee _ Er Ee max Ee max q q 
tions of = Emax Emax |Emax ~ Emax max Emax excitation | excitation — 
work- | go ending upon excitation from | excitation from | excitation from | excitation from! from the from the t nat aii 
ing. P ee the stator. the rotor. the stator. the rotor. stator. rotor. — 
| /- | & J 

1 | aja | mini aja (1 — 2) 1 0-385 0-25 0-096 | Fig. 6 
2a a | a2 a(l—a) 1 0°25 0-25 0-0625 Fig. 7 
3 | a2 ad a2 (1 — a) 1 0-148 0-25 0-037 Fig. 8 








to the ohmic voltage drop. Practical examples, 
corresponding to the conditions 1, 2, and 3, shown 
in the table, will be given below. 

As an exciter we can use a variable-speed machine 
of one of the types described above, but we can 
also use a commutator generator as an exciter, 
making it correspondingly smaller. The commu- 
tator generator, which acts as an exciter, may be 
rotated at a constant speed on the same shaft as 
the working commutator generator. This first 
exciter may in turn be excited by a machine with a 
variable velocity, the dimensions of which machine 
are smaller still. 

If we excite the working commutator generator 
from the rotor by means of the first exciter and 
excite the latter, in turn, from the rotor by means 
of another exciter, the ratio g,—the output of the 
last exciter to the output of the working commu- 
tator generator—may be easily calculated from 


of the most important in modern electrical engi- 
neering. The most convenient method of regula- 
ting speed is by varying the frequency of the primary 
current supplying the motor, and in this case it is 
convenient to employ a commutator generator of the 
type described above. It is obvious that this 
system is most advantageous when it is impossible 
to use current from a general network and a separate 
generating station is necessary. Ship-propulsion 
and the driving of thermo-electric locomotives may 
be cited as possible applications of the system. 
If the installation consists of a prime mover such 
ag a steam turbine or Diesel engine, a polyphase 
commutator generator which is driven by the 
above (see Fig. 9), an exciter for the commutator 
generator, and a squirrel-cage induction motor, 
which is supplied by current from the generator, 
we have a system incorporating the following 





advantages :— 
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Firstly : The speed of the propeller or, alterna- 
tively, of the locomotive may be smoothly varied 
over the full range, from zero to the maximum, by 
controlling the speed of the small direct-current 
motor driving the exciter. 

Secondly: The system has only one large com- 
mutator machine, viz., the commutator generator, 
which can always be installed in a suitable position, 
and the supervision of which does not present any 
difficulties. The motor, however, which is often 
necessarily situated in a somewhat inaccessible 
position, is the simplest type of electrical motor— 
namely, a short-circuited rotor induction motor. 




















tional to ,/7;, t.e., to condition lin Table I. In the 
case of ship propulsion, the torque is proportional 
to the square of the speed. Consequently, the 
most favourable relation is that in which E is 
approximately proportional to »,2 (condition 3, 
Table I). Then both the current and flux in the 
induction motor vary in proportion to »,.* The 
automatic method of regulating the exciting current 
of the exciter in accordance with its speed, and 
consequently with its frequency, by means of a 
centrifugal regulator is shown in Fig. 9. In addition 
to ship propulsion and locomotives, the above system 
may be applied in other cases where a smooth speed 
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(9502.4) Comumutator Generntor. 

Thirdly: The system enables a squirrel-cage 
induction motor to work under tke best possible 
conditions at different speeds, as regards the slip, 
power factor, efficiency, &c. If, when controlling 
the speed, we not only vary the frequency of the 
current supplying the motor, but also its pressure, 
we can obtain the most favourable ratio of power 
current and wattless current and of ohmic and 
magnetic losses, under any given condition of 
working. 

The law of variation of pressure while varying 
the frequency is determined by the character of 
the given drive, i.e., by the relationship between 
torque and speed. For example, in the case of a 
thermo-electrical locomotive the most favourable 
conditions of work correspond to constant power, 
#.e., the torque should be inversely proportional 
to the speed. This corresponds approximately to 
the e.m.f. of the commutator generator being propor- 





Controlled 
Body. 


be Synchronous Motor... 

control of large induction motors is necessary, 
among which mine-winding gears and rolling-mill 
drives may be cited as examples. 

Besides the use of the commutator generator for 
driving an induction motor, it may be used for 
the synchronous transmission of movement, i.e., 
for the distant control of the movement of a large 
body by means of a small light apparatus, which 
may be termed a “ manipulator.” This synchro- 
nous control of heavy moving parts from a distance 
may be used for various purposes, as, for example, 
guns and gun turrets, ships’ rudders, certain crane 
installations, large astronomical instruments, &c. 





* The question of the most favourable work of an 
induction motor when driven by variable-frequency 
current is discussed in detail in an article by M. Kos- 
tenko in Elektrichestvo No. 2, 1925. See also N. Japolsky 
and M. Kostenko, British Patent Specification No. 
210,482. 





The scheme for an installation that can be used 
for the synchronous transmission of movement is 
shown in Fig. 10. This installation differs from 
that shown in Fig. 9 in that the exciter (or the 
manipulator) of the commutator generator is not, 
in this case, a synchronous generator but a small 
rotary converter, to the commutator of which 
direct current is supplied. The manipulator excites 
the first exciter from the slip rings, the first exciter 
being a machine of the same type as the commutator 
generator, but smaller; it is directly coupled with 
the commutator generator, and has the same 
number of poles. The first exciter excites the 
commutator generator from the slip rings, and 
the commutator generator supplies the current 
for a synchronous motor which drives the controlled 
body by gearing. 

As previously pointed out, the frequency of the 
commutator generator in a system of this kind 
is always exactly equal to the frequency of the 
manipulator, so that the rotation of the magnetic 
field in the stator of the commutator generator, 
as well as of that in the motor, will be synchronous 
with the rotation of the manipulator. When the 
latter is stationary, it works as a rheostat, dividing 
the direct current supplied into several circuits, 
in accordance with the number of phases in the 
excitation system, and the commutator generator 
produces a direct current, or rather a polyphase 
current, of zero frequency. This current creates 
a magnetic field in the stator of the synchronous 
motor, which keeps the rotor in a definite stable 
position. 

If we now rotate the manipulator the magnetic 
field created by the armature currents of the 
synchronous motor will begin rotating synchronously 
with the manipulator, pulling the rotor of the 
synchronous motor with it. We,thus get a definite 
and stable position of the controlled part corre- 
sponding with every position of the manipulator, 
and the angle of revolution of the manipulator 
is in proportion to that of the controlled part. 
The manipulator may also be constructed differ- 
ently ; for example, as an ordinary direct-current 
machine rotating at a constant speed and having 
the brushes fixed on a brush ring which may be 
rotated. When the brush ring is stationary the 
machine generates direct current, but when it 
rotates an alternating current is produced, the 
frequency of which is proportional to the speed 
of rotation of the brush ring. The wave form of 
the alternating current will more nearly approach 
a sine curve than is the case with the rotary 
converter just described. In the system described 
above any ratio, according to the requirements of 
any particular drive, may be established between 
the angles of rotation of the manipulator and 
controlled body, by suitably selecting the ratio 
between the number of poles of the synchronous 
motor and the manipulator. Moreover, a toothed 
or other form of mechanical gearing may be intro- 
duced between the synchronous generator and 
controlled body. We thus obtain a sort of electrical 
gear, in which the movements are transmitted from 
the manipulator to the controlled body but the 
whole power required for driving the body is 
supplied by the prime mover coupled to the com- 
mutator generator. We can, therefore, operate 
the manipulator without any difficulty. In this 
respect the present system has the advantage 
over other electrical systems of synchronous 
transmission of movement in that, in the latter, 
the controlling and controlled machines must be 
of approximately equal power. This makes direct 
and accurate control very difficult, it being 
necessary to employ a number of indicating and 
telemotor mechanisms which complicate the installa- 
tion and increase its cost. 


(To be continued.) 





Larce Om Enerives.—It is announced that Messrs. 
Vickers Limited, have completed an agreement under 
which the patents and desi of Maschinenfabrik- 
Augsburg-Niirnberg A.G. (M.A.N.), relating to two-stroke 
heavy-oil engines, both single and double-acting will be 
available for their use in the British Empire for marine 
and stationary engines. Messrs. Vickers Limited, will 
continue to build their four-stroke cycle engines for 
medium powers and will ca on their independent 
development work with the light-weight fast-running 
type of oil engine. ; 
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THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 5.) 

PROCEEDING with our review of the work of the 
Laboratory we may now turn to the aeronautical 
researches. 

Aerodynamics Department, Fluid Flow.—As during 
last year, chief attention has been paid to the 
fundamental investigation, both theoretical and 
experimental, of the problems of fluid flow. The 
underlying assumptions of the Prandtl aerofoil 
theory have been justified by experiment, but 
the precise mechanism of the generation of vorticity 
‘still remains obscure. We referred to some of the 
results of these studies in connection with the 
discourse by Mr. R. V. Southwell on “Some Aero- 
nautical Problems,” illustrating the fluid flow round 
aerofoils as determined by Messrs. A. Fage and 
F. G. Simmons, on pages 471 and 510 of our issues 
of October 16 and 23, 1925. The research has been 
continued under Mr. Southwell’s successor as Super- 
intendent of the Aerodynamics Department, Mr. 
E. F. Relf, and Dr. R. Jones has resumed his work, 
interrupted by illness, on the distribution of normal 
pressures on a prolate spheroid. The correlation 
between eddy currents and drag coefficient in the 
case of circular cylinders is being investigated in 
connection with Karman’s theory of trailing 
vortices. Experiments on the flow of fluid behind 
a stationary or rotating cylinder, made by Messrs. 
Relf and T. Lavender, preparatory to wind-tunnel 
experiments, are illustrated in Figs. 3 to 6 on 
this page. A weak solution of condensed milk 
was introduced into the water, which was streaming 
from right to left at a velocity of only 0-85 in. per 
second. The cylinder, a steel rod, 0-19 in. in 
diameter, passed into the channel through a stuffing- 
box. In Fig. 3 the cylinder was at rest, and the 
periodic eddies are clearly seen. In Fig. 4 the 
cylinder was rotating at 2-2 r.p.m., the peripheral 
speed being then 1-5 times the speed of flow ; the 
general stream behind the cylinder was deflected, but 
the periodic eddies are still distinct. In Fig. 5, 
in which cylinder was revolving at 6-1 r.p.m. and 
speed ratio was 14-3, the eddying motion has dis- 
appeared, but the flow closely resembles the 
theoretical non-viscous motion obtained by super- 
posing a circulation upon the stream-lines for 
a fixed cylinder. At more rapid rotation, 14-8 
r.p.m., speed ratio 10 illustrated in Fig. 6, the 
fluid near the cylinder seemed to form a vortex 
about the cylinder and to leave it almost at 
right angles to the stream; the steady conditions 
of Fig. 5 had become unsteady again, but the 
motion was disturbed by the proximity of the walls. 
The experiments confirm other observations, that 
increased lift can be obtained up to a peripheral 
speed of at least five times the speed of translation. 

Whirling Arm, Manometers, Pitot Tubes.—The 
whirling arm is now a_ kind of bridge girder, 
built up of steel tubes, of stream-line section, 
weighing 22 cwt. and turning about a vertical 
axis; the radial length is 30 ft. The whirling 
room which used to be square has had the 
corners cut off by screens, making the space 
octagonal with the idea of getting rid of the swirl 
in the corners. The 1-ft. wind tunnel has been 
fitted with a long diverging cone and a 5-h.p. 
electric motor, making the tunnel available for 
anemometer tests and calibration of small instru- 
ments at air speeds of 140 ft. per second. The 
new light, low-speed anemometer is required for the 
re-calibration of standard Pitot tubes; the outer 
radius of the vane circle is 1 in., and the vane 
speed is, for the recording dial on the circle, reduced 
by a worm gearing in the ratio 50:1. For the 
purpose of getting actual measurements on rotating 
cylinders of the Flettner rotor-ship type, a 1-ft. 
cylinder has been fixed right across the 7-ft. dimen- 
sion of the duplex wind tunnel ; it is to be run at 
3,500 r.p.m. The multitube-manometer, for the 
simultaneous observation of the pressure at some 
30 points of an aerofoil, has been built on the lines 
of a similar instrument used at the Royal Aircraft 
Establishment. It is a framework supporting a 


cylindrical tank, with the kottom of which 36 
L-shaped glass tubes are connected by short rubber 
tubes; the tubes are partly filled with coloured 








alcohol, and simultaneous records are obtained by 
photographing the liquid levels after placing a 
graduated card behind the tubes. 

Mr. Relf’s manometric balance is designed on 
the lines of a gauge which has been used for some 
years at G6ttingen. An inverted bell-jar dips 
into a vessel containing oil; through the base of 
this vessel extends a tube into the air space at 
the top of the bell; the other end of the tube 
leads to a hole in the side of the wind tunnel. 
The suction effect is measured by hanging the 
bell jar on a balance arm loaded at the other end, 
and the equilibrium position of the balance arm 
is observed by a projection apparatus. In using 
this balance for controlling the speed of the 
wind-tunnel motor the arm is made to oscillate 
between the two adjustable platinum stops of 
electric relays which chan:e the field resistance 





cross pieces at the wing tips, one on each wing’; 
the wires are so wrapped round one turn of a 
screw cut on the drum B that they cross, 
just clear of one another, at an angle of 90 
deg.; B is attached to the cross piece at the 
wing tips by an eccentric bolt whose centre is in 
line with the crossing point of the wires. The axis 
of pitch is then defined by the line joining the 
intersections of the two pairs of wire while the bolts 
holding the wire fittings to the crosspiece enable 
incidence to be varied, which was done within the 
range—4 deg. to + 36 deg. i... above the stalling 
angle. The tail of the model is supported by two 
springs; one, very stiff spring takes the main 
weight. and is attached to the tunnel roof ; the other 
lighter spring is attached to an eccentric driven by 
a motor on the roof, the speed of which is varied 
until resonance occurs which is indicated by the 





Fig. 3. 





Fig. 5. 


of the tunnel motor through the intermediation 
of a small motor, which is controlled by the potentio- 
meter adjustment of the armature volts. 

In connection with these improvements of 
apparatus, Pitot tubes have also been studied. 
It was suspected that the pressure recorded by 
the static holes might be influenced by the position 
of the stem of the instrument with respect to the 
holes, so that instruments with different stem 
positions, or without stems, would have different 
velocity constants. It was found that sensitivity 
to the variations in the head dimensions could be 


obviated by locating the static holes at a distance | 


of at least six tube-diameters downstream from 
the commencement of the parallel portion of 
the tube; at and beyond this distance, the shape 
of the head was immaterial to the magnitude 
of the pressure observed; and, further, that the 
stem should be at least 15 tube-diameters behind 
the holes. The nose of the head is made hemi- 
spherical. Another point investigated is the 
influence of viscosity on the transmission of 
fluctuating pressures through pipes. Pipes con- 
necting anemometers with the gauges transmit 
less than the applied pressure, and there is phase 
lag in them; both these effects increase with the 
length of the pipe and the frequency of the pressure 
fluctuation, and with the decrease in the pipe 
diameter. The report to be published on this 
investigation, which has been extended by request 
of the Meteorological Office, will be of general 
interest. 

Complete Aeroplane Models.—In some of the 
experiments on a }-scale Bristol Fighter model with 
air screw running for the measurement of stability 
derivatives, the model was supported in the manner 
illustrated in the diagram Fig. 7, which has proved 
very suitable for very heavy models. The wires 
AA pass round special fittings attached to stout 
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Fig.7. METHOD OF SUPPORTING MODEL FOR Mg 
a MEASUREMENTS. 
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attainment of maximum amplitudes of the model 
motion. The damping curves thus deduced 
show that the damping falls off rapidly as the 
critical angle of incidence is approached. which had 
been presumed and that between incidences of 
12 to 22 deg. the damping is due to the wings alone 
(apart from the tail). Piedictions based upon these 
experiments have been confirmed by flight tests at 
the Martlesham Heath Experimental Establish- 
ment in Essex. 

Aerofoils. Pressure Distribution and Heat Losses.— 
The multitube manometer mentioned above was 
found useful in the experiments on the pressure 
distribution over biplanes with planes of unequal 
chord and span in which the biplane was mounted 
vertically in the 7-foot tunnel. The measurements 
confirmed previous experiments on biplanes of equal 
span and chord. At and beyond the stall there is 
a relatively heavy loading near the wing tips; on 
the upper plane—and to a lesser degree on the 
lower plane too—this loading at the tips rose to 
double that at the centre. 

The experiments on the convection of heat from 
the surface of an aerofoil in a wind current 
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followed recent endeavours made to diminish the 
parasitic resistance of the radiator of a water-cooled 
engine by enclosing it in the wings. The radiators 
have been placed by different designers in the nose 
or have been distributed over thejwhole wing. In 
order to investigate the heat losses from different 
portions of the wing, strips of platinum were fixed by 
Necol cement (a collodion solution) on wooden aero- 
foils and heated by electric currents while in the 
wind tunnel, the cement serving as an heat insulator. 
It was found that the whole surface of the aerofoil 
must be covered to reach a steady state. 

Autogyro. Air Screws. Spinning.—In Mr. C. W. H. 
Lock’s demonstration of a Cierva Autogyro, a 
quarter-size model was suspended from the tunnel 
roof by an inverted three-sided pyramid, the edges 
of which conveyed the forces to the balances on 
the top of the tunnel. The four blades of the 
air screw were hinged to the shaft; as the screw 
rotated, the blades rose under the centrifugal 
force, their excursions being limited by a pair 
of wires extending, the one from the top, the other 
from the bottom of the blade, over to the shaft. 
The shaft was slightly inclined to the vertical, 
and the blades were turned by hand to produce 
an initial spin before the wind was turned on. 

The researches on air screws indicate that the 
theory overestimates in some way both the thrust 
and the torque at the air screw tips by several 
per cent. In the experiments on the interaction 
between the air screw and the body of the 
machine, the screw is Criven by a motor inside 
the body. The effect of shielding the front of the 
air screw by a kind of cap, known as a spinner, 
is to-lower the efficiency if the shield covers more 
than the boss and the blade roots; with a 
pointed nose shielding the screw to this extent 
a maximum effective efficiency of 66-3 per cent. 
was obtained. Excrescences of sheet tin were 
attached to the body in order to increase the 
body drag; with obstructions of this kind the 
combination of greatest efficiency was not neces- 
sarily that with the least body drag. The fluttering 
of the wings, the violent oscillations of wing tips 
and ailerons at very high flight speeds, cannot 
yet be explained. Nor can the spinning of aero- 
planes. Accidents with Bantam aeroplanes had 
in a way been instructive; those planes 
did not get into a spin as readily as some 
planes, but gradually settled down to a very 
fast spin. The wings of the Bantam had a small 
gap and zero stagger; comparison of these and 
other features of Bantams and of other types 
pointed to possible explanations, but the problem 
is not solved. 

Economie Flight—The investigation of these 
problems by Mr. W. L. Cowley has been transferred 
to Martlesham. It would appear that little is 
known about variation of structure weight with 
total machine weight. From stress consideration 
this weight ratio should rapidly increase with 
increase of the latter, but in practice the ratio 
seems to be almost constant, while an increase 
of the all-up weight of the machine would apparently 
be economical. As regards economic flight-speed 
for freight-carrying machines, a fairly high cruising 
speed seems to be essential to overcome the effect 
of head winds. 

The William Froude National Tank.—The marked 
depression in the shipbuilding world affected the 
test work to some extent, but 34 per cent. of the 
total time of the staff was occupied in work for 
mercantile firms during 1925, and since then this 
work has claimed all the available time. Of the 
36 models (23 designs of Atlantic liners, oil tankers, 
&c.), tested for shape of hull, 14 were tried with 
propellers ; in two cases improvements saving 14 
per cent. of service power were suggested; four 
designs were altered before testing on the advice 
of the department. Of two similar wooden models 
of a high-speed motor boat, respectively 3 ft. and 
5 ft. in length, the smaller showed nearly 4 per 
cent. less resistance at 15 knots, and 4 per cent. 
more at 45 knots than the larger boat, while they 
agreed at the normal speed of 30 knots. The models 
were varnished with shellac. For the Royal Na- 
tional Life Boat Institution the paths of the two 
extremities of a lifeboat keel have been determined 
during and immediately after launching; this in- 





volved launching experiments on slips of different 
declivities in still water and in waves. A model of 
a modern motor lifeboat was used. 

The Report of the Skin Friction Committee of the 
Institution of Naval Architects emphasised the 
importance of towing experiments at sea; so far, 
however, nothing has been done in this connection. 
But Mr. J. L. Kent has been able to check model 
results as to manceuvring, rudder forces and propul- 
sive power in smooth and rough water in service 
on board the motorship Dolius of Messrs. Alfred 
Holt and Co., and a similar offer to the White Star 
Line has been accepted. A paper on Experiments 
on Mercantile Ship Models in Waves, by Mr. Kent 
was presented by Mr. G. S. Baker, superintendent 
of the department at the spring meeting of the 
Institution of Naval Architects (ENGINEERING, 
April 22 last, page 422), and Mr. Kent demonstrated 
on the inspection day by means of a boat model, 
19 ft. long, how end thrust, friction, &c., are deter- 
mined in such tests. The model, a solid body of 
paraffin wax, completely self-contained, travelled 
at the equivalent of 12 knots in the tank ; the drum 
and instruments being fixed in the rear of the boat. 

Work on steam trial analysis for the Marine 
Oi] Engines Trials Committee has been completed, 
and reports on the results obtained on the Sycamore 
and the Dolius, and also on the Pacific Trader have 
been published or are ready for publication. The 
subject came up last November before the North- 
East Coast Institution of Engineers and Shipbuilders 
in the discussion of Mr. Baker’s paper on ‘‘ Measured 
Mile Trials and other Ship Propulsion Data.” 
The thrusts measured on single screw ships agree 
within a few per cent. with model data; for twin- 
screw ships the agreement is less satisfactory, and 
attendance of Laboratory staff members at destroyer 
trials would be instructive. Small appendages on 
models seem to have exaggerated effects on the 
model and may influence resistance, wake and pro- 
peller thrust. 

The increasing ship work, and the developing 
high-sneed work on seaplanes and flying boats, 
make the long-foreshadowed building of a new tank 
very desirable. The old tank has not yet been 
overhauled after 14 years’ service, nor has the travel- 
ling carriage undergone an overhaul. The carriage 
speed has been found steady at 23 ft. per sec. 

Wave Resistance. Stream Line Flow. Aeronautical 
Research.—The results of the calculations of the 
wave resistance of three dimensional forms were 
communicated by Mr. W. C. 8S. Wigley to the above- 
mentioned spring meeting (see page 423, loc. cit.) 
Mr. Wigley adopted the method which Professor 
Havelock had used (see ENGINEERING, February 5, 
1926, page 161) and he is now extending the work, 
at first limited to models with symmetrical ends, to 
asymmetrical forms. An account of Mr. W. G. L. 
Perring’s research on stream line flow and skin 
friction of smooth surfaces, was also mentioned in 
our comments on the spring meeting of the Insti- 
tution of Naval Architects ; the work which we had 
noticed in previous years was done in the Tank 
department, to which Mr. Perring was attached. 
Screw prcpeller work has not advanced much owing 
to the pressure of other work. 

The aeronautical research on comparative resist- 
ance data in air and water is still in the preliminary 
stage. The difficulty is to construct a model which 
can be tested in the same condition in the two media. 
The tank work concerns mainly seaplanes and 
flying boats, and is conducted in collaboration with 
other departments. The 61 models of flying boat 
hulls and seaplane floats tested in 1925 for the Air 
Ministry, and also private firms, covered 13 designs ; 
considerable improvements resulted from the tests. 
As regards the strength of flexible hulls, the tests 
confirmed the calculations ; the ultimate breakage 
was due to buckling under hoop compression. A 
report on the effects of different longitudinal dis- 
tribution of planing surface of a flying boat and 
variation of position of maximum beam has been 
submitted to the Seaplane Panel. One of the 
accessory problems investigated is the increase in 
the weight of planking, whether varnished or not, 
due to water absorption. The work is being confined 
to timber normally used in seaplane construction. 


(To be continued.) 





400-FT. REINFORCED CONCRETE 
CHIMNEY. 


Tue tallest reinforced concrete chimney on the 
American continent has a height of 400 ft. from 
ground to cap, or 409 ft. from the bottom of the 
slab foundation, to the top. Its diameter inside 
the lining at the top is 21 ft. This chimney has 
been built by The Rust Engineering Company of 
Pittsburgh, Pa., under the supervision of Mr. E. 
Plagwit, manager of the section of this firm carry- 
ing out this particular class of work, and to whom 
we are indebted for the following particulars. The 
chimney has been constructed at the plant of the 
Consolidated Mining and Smelting Company of 
Canada, Limited, at Tadanac (Trail), British 
Columbia, and serves the Wedgeroaster plant of the 
zinc department, both for the purpose of providing 
adequate draught, and also of discharging the 
gases at such a height above ground level that they 
may become well diffused so as to reduce the risk 
of injury to plant and animal life. 

The gases pass through a Cottrell dust collector 
before reaching the chimney which is designed for 
a capacity of 650,000 cub. ft. per minute, the 
average gas temperature being 340 degs. F. The 
conditions to be met include maximum outside air 
temperature of 100 degs. F., and elevation above sea 
level 1,600 ft. The draft at the base of the stack 
was to be 1} in. water col. The maximum and 
minimum temperatures of the gases were to 
be taken as 450 deg. F. and 280 deg. F., respec- 
tively, and the gases contained 2 per cent. 
SO, and traces of SO;. Wind pressure was to be 
taken as that due to wind blowing at a velocity, 
of 100 m.p.h. In Figs. 1 to 16 on pages 36 and 37 
we give details of the design of this stack, as well 
as some views taken during construction and also 
details of the forms and rig used for construction. 
The drawing Fig. 1, gives the main particulars, and 
so good an idea of the general form that it has not 
been thought necessary to reproduce a view of the 
finished shaft. Fig. 11 shows it about half com- 
pleted. 

The chimney stands upon an octagonal base shown 
in Figs. 7 and 8. This is 66 ft. over the flats of the 
octagon, and 2 ft. 6 in. thick at the edge, increasing 
to 9 ft. immediately under the shaft which rises 
from an octagonal top face 35 ft. over the flats. 
The base is well reinforced. Near the under face 
are arranged 1} in. square steel bars at 34 in. centres. 
These are shown on the right of Fig. 7. The bars 
are laid in two sets of crosses arranged at 45 deg. 
Near the top ~ in. bars at 6-in. centres are used, 
placed at right angles, as shown on the left of Fig. 7 
Rising from under the bottom layer of horizontas 
bars, is a series of rods extending up into the shaft 
itself as indicated in Fig. 8, and as shown in the 
view reproduced in Fig. 12. These are ?-in. bars of 
12 ft. and 20 ft. 6 in. length. There are 102 of 
each of these lengths, and the vertical reinforce- 
ment is continued upward from the base by 204 
3-in. bars for the lowest 15 ft., this number gradu- 
ally diminishing to 68 4-in. bars for the uppermost 
10 ft. These bars take up the tensional stresses 
due to wind load and vertical temperature stresses. 
Electric welded fabric is provided to take up hori- 
zontal temperature stresses. This fabric is made 
up of right angled wire mesh, the wires being 
welded at the intersections. The longitudinal 
spacing was 3 in., and the transverse 16 in. 

A flue opening, 32 ft. high by 13 ft. wide, extends 
upwards from 6 ft. 10 in. above ground level. This 
opening is shown in detail in Figs. 2 to 5. For 
the bottom 45 ft. of the shaft, in which section it is 
situated, the shaft walls are not of uniform thickness. 
As shown in Fig. 6, the normal thickness of 2 ft. 6 in. 
at this part is increased to 3 ft. 3 in. for 120 deg. on 
the side of the opening. A considerable amount of 
additional reinforcement is inserted round the 
opening, including rings of } in. rod under the sill 
and above the lintel, as well as vertical rods at the 
sides, the ends of the latter being bent in towards 
the centre of the opening and crossed, as in Fig. 2. 

The chimney is lined for the whole height with 
4-in. acid-resisting vitreous brick. This extends in 
sections 45 ft. in height. All up the shaft, at this 
distance apart, the inner wall is corbelled out to form 
ledges for the sections of lining to rest on. At 
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400-FT. REINFORCED CONCRETE 


CONSTRUCTED BY 


THE RUST ENGINEERING COMPANY, 











Fig. 12. Tae REINFORCEMENT OF THE BASE. 








Fic. 13. View Saowine THE OvTsipE Forms AND Erectine Rig. 


the base of each section the outer wall of the lining 
is 3 in. from the inner wall of the shaft. At the 
junction of the sections lead flashing protects the 
joint, and a lead cap covers the whole of the top 
of the shaft, including both wall and lining. 

The concrete mixture for the foundation slab was 
1 : 24: 44, and for the lower 350 ft. of the shaft, 
1:2:34. For the top 50 ft. the proportions used 
were 1: 14:3. The coarser aggregate used in the 
shaft was screened 3 in. to 1} in. gravel, and for the 
foundation ? in. to 3 in. gravel. Twenty-eight day 
tests on 6 in. by 12 in. cylinders of the 1 : 2 : 33 
mix showed an average strength of about 2,600 lb. 
persquareinch. Aslump of 6in. to 7 in. was worked 
to. After completion the lining was painted with 
silicate of soda, and the outside was given a cement 
wash. 

The rig used in the construction of the stack is 
illustrated in Figs. 9 and 10, and 14 to 16. The 
contractor’s design of all steel forms was used in 
sections 7 ft. 6 in. high. 
scaffolding was erected as the work progressed. This 
carried at its top a cat-head consisting of four crossed 
beams. From these the forms were suspended, 
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while above them was arranged a movab!e derrick 
arm. This was used to operate a skip inside the 
shaft, the hoisting rope being run down to a winch, 
outside the shaft. The inside forms supported each 
other, the upper being held to the lower by means of 
clips. The outside forms were suspended by chain, 
as shown in Fig. 14, from eight arms resting on an 
angle iron ring. The latter was hung from the 
eight ends of the cathead beams. The ring was also 
furnished with adjusting screws extending radially 
at short distances apart, to the outer forms, as will 
be clear from Figs. 14 and 16. Long stirrups also 
hung from the angle ring, and were used to carry 
planking. Fig. 13 shows the cathead and outside 
form at an early stage of the operations. 

The foundation for which about 900 cub. yards 
of concrete were required, was finished in six days, 
pouring being continuous, the work being done by 
means of three eight-hour shifts. Work at the site 
commenced 12 days after the signing of the contract, 
and the whole, including lining, was completed in 
170 working days. 

The stack is provided with an outside ladder from 
the flue opening to the top. An observation plat- 
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form is built out, as shown in Fig. 11, 160 ft. up,’ for 
the purpose of taking samples of the flue gases. 
A lightning conductor consisting of 10 copper points 
connected by a circuit cable, is earthed by means 
of two down cables. The upper 50 ft. are} lead 
covered. A cleaning out door at the base of the 
shaft allows access to the interior. 





THE INSTITUTION OF NAVAL ARCHITECTS. ERRATUM.— 
We regret that in our report of the discussion on Sir John 
Biles’ paper, read before the Institution of Naval Archi- 
tects at its Summer meeting, Mr. W. J. Willett Bruce, on 
page 765 of our last volume, was, by a slip, made to say 





that the Majestic had eight water-tube boilers in use. 
The figure should have been given as forty-eight. 
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Tonnage Measurement : Historical and Critical Essay. 

By A. Van Drier, M. NetHertanD R.I.E., German 

I.N.A.: The Hague Government Printing Office, 1925. 
To trace the origin of tonnage would mean to 
trace, in the first place, the idea of measuring 
cargoes and cargo spaces in tons; and Mr. Van 
Driel, in his interesting work, carries things back 
to the introduction of the word ton, which appears 
to have come from the old English word “ tun.” 
Although the “tun” was originally a measure 
of capacity it had by the time of Queen Elizabeth 
also become a fixed measure of weight. The first rule 
for the determination of tonnage appears to have 
been enunciated about that time by Admiral 
Sir William Monson, whose writings were published 
in 1642; they were probably written some years 
before that date. With Monson’s rule the tonnage 
was determined by dividing the product of the keel, 
the breadth, and the depth by 100. The tonnage 
of the early vessels of the British East India Com- 
pany was computed by this method. In 1678 
Edmund Bushnell stated that the shipwrights in 
London and on the Thames used the following rule 
to express the size of the vessel in tons. They mea- 
surel the length of the keel and multiplied that 
length by the product of the maximum outward 
breadth, and the half breadth, dividing this product 
by 94 or sometimes by 100. Bushnell, at the same 
time, pointed out that this could never express 
the exact carrying capacity, because one vessel 
was fuller than another. He therefore suggested 
to determine the areas of the load water-line, and 
to measure the capacity between two water-lines, 
a method fundamentally the same as that success- 
fully applied at the present day to inland navigation 
in Belgium, France, Germany and Holland. 

Mr. Van Driel records that the first Act of 
Parliament concerning tonnage measurement was 
passed in 1694, and according to this Act the 
tonnage was given by 
LxBxD 

ye 
where L was the length of keel, B was the breadth 
along the longest beam, and D the depth of hold ; 
and in the case of two-deck vessels, if the ’tween 
deck space were used for cargo, the depth was 
measured to the underside of the upper deck. 

In 1720 Parliament passed the “ Builders’ Old 
Measurement Rule,” which expressed the tonnage 
as 


tonnage = 


LB x . 
tonnage = 2 

—— 
and this rule remained in force until 1835. The 
length was measured along the rabbet of the keel, 
from the afterside of the sternpost to the 
perpendicular from the foreside of the stem under 
the bowsprit, and from this length three-fifths of 
the breadth was subtracted ; this aimed at obtaining 
a length approximately the same as that measured 
along the keel and applied as in Monson’s rule. 
The rule has a very fatal influence on the ship- 
building of this country. Ships began to be built 
having extreme draughts, and instead of the normal 
beam to draught ratio of about 20 to 2:4 this 
ratio fell to 1-4 and under. 

Dissatisfaction with the tonnage measurements 
increased, and in 1821 the Government appointed 
a Commission to revise the Act. This Commission 
proposed to measure the vessel on the inside, and for 
this purpose the breadth was to be measured at five 
places and the depth at two places. The product 
of the mean breadth and mean depth, multiplied 
by the length and divided by 112, had been chosen 
to retain the same tonnage es under the old rule. 
The proposal was not followed, but in 1833 the 
Admiralty appointed a second Commission, this 
Commission came to the conclusion that tonnage 
measurement should not be based on the carrying 
capacity, which hitherto had always been aimed at, 
but on the internal capacity. 

It was the endeavour of this Commission to 
make the tonnage express the earning power as 
accurately as possible, and to do this the internal 
space was to be measured by the smallest number 
of measurements that could indicate the cubical 





contents. Further, the capacity of the engine- 
room was measured by the product of its internal 
principal dimensions, and this produce divided by 
92:4 was subtracted from the gross tonnage. 
A deduction for the engine-room dates from 1819, 
when it was enacted by Act of Parliament under 
the Builders’ Old Measurement Rule, then in force, 
that the length of the keel was simply to be 
diminished by the length of the machinery space. 

The new act, whereby the tonnage was measured 
by the internal capacity, soon became unsatisfactory, 
mainly because in the desire for simplicity the 
number of points along the ship at which measure- 
ments were taken had been kept down to a minimum. 
Designers, by making the areas at these parts 
small, evaded the Act, sometimes obtaining a 
surplus of as much as 15 per cent. over and above 
the nominal tonnage. In 1849 the Admiralty 
appointed another Commission, and this Commission 
reported in the following year that tonnage should 
be measured by the external capacity of the vessel, 
inclusive of poop and forecastle and the other 
superstructures. A Bill introduced into Parliament 
in 1850 found no favour in the eyes of the members 
and was therefore dropped, and the Secretary of 
the Commission, Mr. George Moorson then devised 
a scheme depending on internal measurements. 
This method, which is the one in use to-day, was 
approved of by shipbuilders and shipowners, as 
well as by the members of the Commission of 
1849, and it was embodied in the Merchant Shipping 
Act of 1854. 

We have quoted largely from Mr. Van Driel’s 
exhaustive work in this sketch of the early history 
of tonnage measurement in this country. It is, 
however, not possible to follow in the same detail 
his accounts of developments in other countries. 
In view of the source from which the book has 
come we would, however, like to add that in 
Holland, about the year 1636, one vessel of each 
type was loaded with cannon balls or cannon until 
a freeboard was reached which the authorities con- 
sidered to be the usual freeboard. Upon unloading 
the number of pounds or lasts which they had 
contained was noted. The length between stem 
and stern, the breadth between the sparrings 
amidships, or where the ship was broadest, and the 
depth 4 ft. abaft the mast beam from the upper 
side of the ceiling to the underside of the scupper 
was measured. These numbers were multiplied 
together, and it was then ascertained how many 
cubic feet there were to each last the vessel had 
contained. Ships were marked with brands on the 
sternpost or stem and received a bill of tonnage 
which had to be produced in Norway and Denmark. 

It is not necessary, perhaps, more than to outline 
the present Moorson method, which has been 
almost universally adopted. The ship length is 
divided into a number of equal parts, the number 
depending on this length; the depth at these 
sections is subdivided, breadths being measured 
between sparrings at the points of subdivision. In 
this way the cross-sectional area at a number of 
sections and ultimately the cubic capacity of the 
ship, is obtained up to the tonnage deck of the 
vessel. Deductions were originally allowed for 
crew space and for machinery space. In arriving 
at the capacity of the machinery space upon which 
to assess the deduction, the space framed for the 
admission of light and air was added to that of the 
engine and boiler rooms. 

In 1867 the Board of Trade suggested the 
engine and boiler spaces should be measured, and 
that the deduction for all vessels shculd amount to 
one and a-half times the cubical contents of these 
spaces in the case of paddle steamers, and one 
and three-quarter times the contents in the case 
of screw steamers, while the maximum deduction 
permitted should be 50 per cent. of the gross 
tonnage. Subsequently this method of deter- 
mining the deduction for machinery space was 
taken over by the Commissioners for the Naviga- 
tion on the Danube, and accordingly it bears the 
name of ‘‘ Danube-rule.” 

The Suez Canal was opened in 1869, and in 1873 
an international conference was held at Con- 
stantinople. At this conference it was decided to 


adopt the British system of tonnage measurements, 
and vessels making use of the canal had to possess 





a special certificate for the Suez Canal measure- 
ment.. The directors of the canal at first tried to 
obtain permission to levy their canal dues on the 
gross tonnage. This was over-ruled and net tonnage 
had to be the basis, though in the determination of 
both the gross and the net tonnages considerable 
differences exist between the Suez and British 
methods. 

In 1881 a Royal Commission examined what 
improvements could be made to the Act of 1854. 
In their report they made out a strong case for the 
retention of the Moorsom system, and proposed 
numerous alterations. In 1905 another Com- 
mission was appointed, and their report was 
published in 1906. The majority were of the 
opinion that there was no reason for proposing any 
alteration of the Act, although holding the existing 
Act to be by no means an ideal basis for the deter- 
mination of harbour dues, &c. Mr. Charles Scott, 
in a note pointed out the deductions, especially in 
boats of great power, was too large, and Professor 
(now Sir) J. H. Biles, together with three other 
gentlemen, refused to sign the report objecting to 
the low percentage of the gross tonnages formed by 
the net tonnage. In 1907, after a considerable 
amount of opposition and trouble, an amended 
Act came into operation; by this Act the deduc- 
tions for the propelling space in the case of screw 
steamers was limited to 55 per cent. of the gross 
tonnage, diminished beforehand by the crews’ 
spaces, &c. 

Since 1907 the regulations have remained un- 
changed, although technical developments intro- 
duced since that time have suffered unduly through 
their application. To obtain the necessary 13 per 
cent. machinery space entitling the shipowner to 
the 32 per cent. tonnage deduction, often the light 
and air space between an outer and inner funnel 
casing have had to be included in the machinery 
space capacity. Or, to take other examples of the 
effect, the present rules have on shipbuilding the 
two cases referred to by E. W. Blocksidge (‘‘ Trans.” 
I.N.A., 1925) may be recalled. In one case a 
vessel having a gross tonnage of 5,994 tons, had an 
engine-room plus light and air, space equal to 
781 tons, i.e., 13-01 per cent. of the gross tonange. 
The deduction from the gross, therefore, for this 
ship was 32 per cent., viz., 1918 tons. Had the 
engine-room space been only 775 tons (12-9 per 
cent. of the gross tonnage), allowance would be 
13 of this space, 7.e., 1,356 tons, or a difference of 
562 tons. Another ship having an exempted 
*tween decks of 1,236 tons, had an engine-room space 
of 13-09 per cent. of the gross tonnage—4,368 
tons. If now the tonnage openings were classed 
and the ’tween decks included in the tonnage, the 
engine-room, with all the available length and air 
paces would still be 97 tons short of the 13 per cent. 
limit—the limit necessary in order to obtain the 
32 per cent. allowance. 

In 1914 the Panama canal was officially opened ; 
some time previous the Congress of the United 
States had passed an Act stating the regulations 
for tonnage measurement under which vessels 
passing through the canal were to be assessed for the 
payment of canal dues. These rules differed both 
from the British and Suez regulations already in 
operation, and it is very much to be regretted that 
the opportunity was not seized to once and for 
all attain uniformity in the tonnage measurement 
of all countries and of all ports and canals of the 
world. It is possible that the United States 
wished to prevent European Maritime powers 
from influencing the regulations concerning the 
Panama Canal. Numerous ideas and modifica- 
tions have from time to time been put forward, 
there are, however, so many conflicting interests 
that any solution of the problem will remain a 
compromise. 

The various suggestions are all discussed m 
Mr. Van Driel’s work, which, by the way, is written 
in excellent English. He examines each proposal, 
and, following a survey of the subject, suggests 
modifications to the existizxg rules which he hopes 
would render them universally acceptable. All 
those interested professionally or otherwise in this 
important subject should certainly make a point of 
obtaining and reading Mr. Van Driel’s valuable 
essay. 
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LABOUR NOTES. 


THE joint decision of the General Council of the 
Trades Union Congress and the Executive Committee 
of the Miners’ Federation to postpone the conference 
of national executives until the coal trouble is over 
has not met with the unanimous approval of the unions. 
The main business of the conference was to have 
been to consider a report by the General Council on 
the negotiations leading up to the calling off of the 
General Strike. Three of the principal unions—the 
National Union of Railwaymen, the Associated Society 
of Locomotive Engineers and Firemen, and the Railway 
Clerks’ Association—have formally protested against 
the decision to defer the meeting. The Railway 
Clerks’ Association have requested the General Council 
to proceed with arrangements for the Conference to 
be held at the earliest possible date, ‘‘irrespective of 
the progress of the negotiations in connection with the 
mining dispute.” The annual delegate conference of 
the Associated Society of Locomotive Engineers and 
Firemen has passed a resolution instructing the 
executive to tell the General Council that to delay 
holding the Conference is a source of extreme danger 
to the future of Trade Unionism, and that-in the 
event of the General Council refusing to act, the union 
will withhold payment of affiliation fees to the Trades 
Union Congress. The executive of the National 
Union of Railwaymen have passed a resolution pro- 
testing against the postponement of the Conference, 
and urging that it be summoned at an early date 
‘‘in the interests of all concerned.” Several other 
organisations, it is understood, have passed similar 
resolutions ; but, so far, the General Council have not 
seen their way to alter their decision. 





In the light of the extracts from the General Council’s 
report which appear in the official organ of the Asso- 
ciated Society of Locomotive Engineers and Firemen, 
it is not difficult to find the General Council’s reason 
for deferring discussion on it until the coal trouble is 
over. The report blames the miners’ leaders for 
adhering during the national negotiations to “ the 
slogan ”’ covering their three points of (1) no increase 
of hours; (2) no reduction of wages; and (3) no 
departure from the national minimum percentage 
agreement. ‘‘ We suggest,” the Council say, “ that 
to continue with that line of action was puerile, and 
we say, without hesitation, that it is not leadership 
merely to stand by whilst hundreds of thousands of 
men and their families starve on a slogan, and no 
real advance is made, and this we feel will become 
more manifest as time passes.” The Council go on to 
claim that at the time the general strike started, their 
Industrial Committee ‘had changed the position 
from one of local negotiations and an immediate 
reduction of wages back to national negotiations, the 
immediate discussion of the Report of the Commis- 
sion, a continuation of the subsidy for a fortnight or 
three weeks, and the acceptance by the Government 
of the whole of the implication for reorganisation 
contained in the report, whilst to have adopted the 
slogan of the miners’ leaders on their own admis- 
sion, if accepted, would have meant the immediate 
throwing out of work of some 300,000 mine workers 
by the closing of uneconomic mines, which appears 
too awful for any trade union leaders to contemplate ; 
for to many thinking people it is bound to appear 
more sane for some highly paid men in a disorganised 
industry to suffer some temporary reduction during a 
reorganisation period than to throw 300,000 workers 
and their families into destitution so that a number 
of men earning, on the admission of Mr. Cook, the 
miner’s secretary, from 51. to 131. per week, may 
retain every penny of their present wages.” 





It is pointed out that the miners rejected the Samuel 
memorandum, and failed to submit, as requested, 
alternative constructive proposals, The fact was 
borne upon the Council that no matter what provisions 
might be made to obtain a basis for reopening negotia- 
tions and enabling a settlement to be reached, the 
miners were not prepared to agree to consider as a part 
of such negotiations anything which indicated possible 
wages adjustments for any section or grade of mine- 
workers in any district. The Council were satisfied, 
the report concludes, ‘‘ that, however long they con- 
tinued the strike, they would still be in the same posi- 
tion so far as the attitude of the Miners’ Executive 
was concerned, and, consequently, the Council were 
not justified in permitting the unions to continue the 
sacrifice for another day. The strike was 
terminated for one sufficient reason only—namely, 
that in view of the attitude of the Miners’ Federation 
its continuance would have rendered its purpose futile.” 





The legislation which the Government is introducing 
with the object of ending the coal-mining trouble made 
slow but fairly steady progress during the week. After 
a discussion which lasted for two sittings, the House 
of Lords gave the Hours’ Bill a second reading on 





Tuesday. On Wednesday, the committee stage was 
passed, although, for a time, owing to a cause which is 
explained further on, a hitch seemed imminent. The 
third reading was down for yesterday, and the expecta- 
tion was that the Royal Assent would be given to the 
Act before the day was out. 





In anticipation of the enactment of the measure, the 
coalowners in most of the areas posted the terms on 
which employment was available—under the eight- 
hours day arrangement. In all the districts, except 
Warwickshire, Northumberland and Durham—the 
Lancashire proposals were not available at the time of 
writing—the offers in effect were (1) the rates of wages 
which were in force at the time of the stoppage ; 
(2) regulation afterwards by reference to the ascer- 
tained proceeds of the industry in the various districts ; 
and (3) the minimum percentage addition to basis rates 
of the 1921 agreement instead of that of the 1924 
agreement. Warwickshire offered appreciably better 
terms than those of the 1924 agreement and for a 
period of nine months. South Wales proposed the 1924 
wages for three months, and continuance under a new 
agreement, into which they invited the miners to 
enter, of payment of the “ bonus turn” to afternoon 
and nightshift men and overtime to continuous shift 
men. Scotland offered the April rates until September, 
and then to follow the ascertainment figures, but with 
a revision to the 1921 minimum. In Northumberland 
and Durham there was, it was indicated, no prospect 
of a re-start on wages above the 1921 level. 





The threatened hitch arose out of a proposal in the 
Yorkshire offer that the ratio for the division of the 
proceeds of the industry should be the 1921 arrange- 
ment of 85 to 15. In the other offers it was expressed 
or implied that the ratio 87 to 13 was to be continued. 
As the Yorkshire proposal was not in accordance with 
the Prime Minister’s understanding of the matter, 
or the impression which he gave to Parliament when 
explaining what the coalowners would do in the event 
of the Bill passing, the Yorkshire Coal Owners, on 
Wednesday, agreed to fall into line with the other 
districts, although they felt, they said, ‘‘ very strongly ” 
that a variation in the ratio was “ amply justified by 
the circumstances ’’ of their area. 





At the annual general meeting of the National Union 
of Railwaymen—which opened at Weymouth on 
Monday—Mr. C. T. Cramp, the industrial secretary, 
and Mr. J. H. Thomas, M.P., the general secretary, 
submitted long reports on the subject of the general 
strike. During the discussion which followed, Mr. 
Thomas was bitterly attacked by extremists, but quite 
effectively defended the line which he had taken during 
the national trouble. As an amendment to a motion 
that the reports be adopted and the action of the 
Union’s representatives on the General Council approved 
it was proposed to defer further consideration of the 
matter until the coal stoppage was over. The amend- 
ment was defeated by 54 votes to 22. A further amend - 
ment, expressing a lack of confidence in Mr. Thomas. 
Mr. Cramp, Mr. Dobbie, the president, Mr. Marchbank , 
the assistant secretary, and the executive committee. 
was lost by 71 votes to 7. 





A draft of the new national wages agreement for the 
building industry was submitted to a conference of 
the National Federation of Building Trades Operatives, 
at Belfast, on Thursday last week. It seeks to (1) 
stabilise existing standard rates until August 1, 1927, 
unless varied by agreement to pay an exceptional rate 
for a town or area, an exceptional rate being, in all cases, 
a higher rate; (2) to have all existing applications for 
regrading towns heard and adjudicated upon; (3) to 
suspend further applications for regrading until October 
1927. It was stated that the proposals to pay differen- 
tial rates to certain crafts, and so depart from the 
principle of a uniform rate for all crafts had been dropped 
by the employers. The difficulty arising out of the 
refusal of the employers to ratify an agreement that 
did not cover all trades had also been overcome. 
The question of payment for time lost through incle- 
ment weather was, it was reported, to be vigorously 
pursued after the ratification of the wages agreement. 





In the course of his presidential address to the 
conference of the National Federation of Building 
Trades Operatives, Mr. T. Barron said that in these 
days surely one of the most important functions of a 
trade union was to seek for its members a share in the 
control and direction of the industries in which they were 
employed. Todo that, they must, Mr. Barron declared, 
have their members trained and prepared to take on the 
responsibilities which would inevitably accompany 
such a transfer of power. A trade union was not an 
institution for the abolition of work, nor should its 
activities be confined to the regulation of the conditions 
of labour. It should also be a body prepared to use its 


power in a creative and constructive fashion for the 
purpose of maintaining and developing the industries 





of the country at the highest possible level. As 
individual members of trade unions, moreover, they 
must be imbued with that spirit, which sought in 
self-sacrifice to render service to the community, 
realising that it was only in service that man could 
reach that plane whereon, from the beginning of time, 
he was destined to dwell. 





The executives of the shipyard trade unions are to 
meet at York on August 17 to discuss the report of the 
joint committee which recently carried out an inquiry 
into the economic state of the shipbuilding industry. 
The Shipbuilding Employers Federation has already 
formally adopted the report. The expectation is that 
the unions will shortly sign the new agreement setting 
up conciliation machinery for the industry, including 
provisions for the avoidance of disputes. A summary 
of the provisions of this agreement was given in 
ENGINEERING some weeks ago. 





According to information communicated to the 
Press after a meeting on Friday last week, of the Lon- 
don Engineering Trades Joint Committee, the ballot 
of the men on the wages question ** showed a substantial 
majority in favour of strike action.” The Joint 
Committee would meet shortly, it was added, to con- 
sider the decision of the executives, to whom, in accor- 
dance with the constitutions of the various organisa- 
tions, the result of the ballot would be communicated. 
In this connection, it may be noted that on June l, 
the National Committee of the Amalgamated Engi- 
neering Union passed the following resolution :—“ This 
National Committee, having had under consideration 
the report of the executive council representatives in 
respect to the London Joint Trades Wages application, 
and, having regard to all the circumstances, agree to 
leave the whole question in the hands of the executive 
council in order that they may consult with the London 
District Committee in respect to future action.” 





Only Mr. Walter M. Citrine, who is at present 
acting secretary, has been nominated for the secretary- 
ship of the Trades Union Congress, in succession to 
the late Mr. Fred Bramley. The appointment will 
be formally made at the Bournemouth Congress early 
in September. Mr. Citrine was formerly assistant 
general secretary of the Electrical Trades Union, and 
was appointed assistant secretary of the Trades Union 
Congress out of over 500 applicants two years or so ago. 





Representatives of the railwaymen’s trade unions 
attended at 35, Parliament-street, Westminster, on 
Friday last week to lay before officials of the railway 
companies complaints in regard to the carrying out 
of the agreement arrived at on the termination of 
the general strike. The following agreed statement 
was issued at the close of the meeting: ‘‘ The trade 
unions expressed their views on the several points on 
which they feel very strongly. The railway companies 
promised to take these into consideration and give 
an early reply thereon. Investigations into the repre- 
sentations which have been made by the trade unions 
to the railway companies on individual cases are being 
urged forward, and early meetings will be arranged 
between the trade unions and the railway companies 
concerned further to discuss the matters of difference 
which may remain unsettled.” 





The Ministry of Labour states that on June 28, 
1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,638,600, of whom 1,224,200 were men, 42,200 
boys, 327,300 women, and 44,900 girls. On June 21, 
1926, the number was 1,634,742, of whom 1,230,165 
were men, 44,352 boys, 314,227 women, and 45,998 
girls; and on June 29, 1925, it was 1,304,243, of whom 
1,025,882 were men, 35,792 boys, 215,962 women, and 
26,607 girls. Of the 1,638,600 persons idle on June 28, 
1926, 80,400 were “ normally in casual employment.” 
The total is exclusive of “ persons who ceased work in 
the coalmining industry on account of the dispute.” 





Under the national wages agreements between the 
National Federated Electrical Association and the 
Electrical Trades Union, the variation in the cost-of- 
living justifies a 26% per cent. reduction. The follow- 
ing rates will accordingly operate from the second 
pay of the present month, and will remain current 
up to and including the period covered by the first 
pay in October :—Grade A, ls. 10d.; grade B, 1s. 72d. ; 
grade C, Is. 64d.; grade D, 1s. 5d. 





Exeiosisitiry or Coat Dust.—While it has been 
generally accepted that the inflainmability of coal dust 
increases with the fineness of the particles, the United 
States Bureau of Mines is reported to have just completed 
a series of investigations which show that there seems 
to be a limit to this. Deductions from the result of this 
work appear to show that the explosibility tends to a 
maximum at a certain fineness, beyond which the liability 
decreases. 
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THE WALTON FILTERS AND PUMP- 
ING STATION OF THE METRO- 
POLITAN WATER BOARD. 

(Concluded from page 12.) 

In our issue of last week, pages 9 to 12, we 
described the new filter beds and their accessories 
at the Walton works of the Metropolitan Water 
Board. We now propose to give an account of the 
new pumping plant, and illustrate this in Figs. 35 
to 48 on this and the following pages and on Plates 
V to VII with this issue. The old pumping station, 
which was built in 1908, contained four 500 h.p. 
two-stage centrifugal pumps driven by triple- 
expansion vertical engines, to lift the Thames water 
to the storage reservoirs. In addition, there were 
three pumps driven by water turbines utilising the 
energy of the flow from these reservoirs to the 
filter beds. Steam was supplied by ten Babcock 
and Wilcox boilers. This pumping plant, from the 
nature of the work to be done, was, of course, only 
low-lift. The new scheme involved not only a 
much larger capacity, but ultimately a pressure 
head of 250 ft., and heavier pumping machinery 
was necessitated. The lines of the original engine 
house could not well be followed, as the head room 
would not have been sufficient, but the higher 
portion accommodating the new pumps has been 
harmonised with it. The materials are red brick 
facings with Portland stone dressings, and the 
treatment of the upper portion of the new building 
is admirable, use being made of Doric columns 
in recesses, with pediments at the corner flanks. 
In Fig. 35 we give an external view of the completed 
house, taken from the end which has been extended. 
At the top of the boiler house there is a pair of open- 
ings to take the coal-conveying ropeways to the 
overhead bunkers. The interior of the building is as 
carefully finished as the exterior. The lower part of 
the engine-house has a dado of dark green glazed 
majolica tiles, panelled, and finished with a Greek 
key ornament. The upper part is of cream glazed 
bricks, relieved by green majolica piers and string 
course. The basement is faced with white glazed 
bricks thioughout. A particularly striking feature 
of the interior is the screen between the old engine- 
house and the new, the floor of the latter being 
3 ft. 6 in. higher than that of the former. As 
will be seen from Fig. 42, Plate V, the introduction of 
Tuscan columns and balustrading at this point 
gives a pleasing effect to this change of level. The 
boiler-house, the end of which is visible to the right 
of Fig. 35, has been extended in the same style 
as the original building. The chimney stack has 
not been altered, having been made large enough 
originally to handle the gases from the additional 
boilers now put in. The basement of the new 
engine hotise, the boiler flues and ash subway to 
ground level, were carried out by Messrs. Parnell 
and Clifford, of Slough, for a contract sum of 
23,6561. The super-structure of the engine and 
boiler houses was erected by Messrs. Grace and 
Marsh, Limited, Croydon, the tender being 34,3661. 

Referring to Fig. 46, page 41 it will be noted that 
there is apparently more space than necessary in the 
new engine-house. This has been allowed for the 
installation of another pumping set in the future. The 
main pump for continuous running is the large verti- 
cal triple-expansion reciprocating set at the end of the 
building, but, in reserve, there is a turbine-driven set 
with two centrifugal pumps in parallel. Both are 
designed for the same maximum duty, namely, a 
delivery of 17} million gallons per 24 hours, with a 
total head of 257 ft. and a pump horse-power of 
945. Which of the units will be repeated when 
extensions become necessary depends upon the 
results obtained in service. This is, of course, not 
merely a matter of steam consumption, but involves 
also such factors as charges for interest on capital, 
depreciation, cost of repairs, running expenses, and 
so forth. In the examination of the estimates, 
curves were prepared, including these items, in 
order to arrive at the most economical combination 
under the varying conditions which it is expected 
a period of forty years will show, and the two types 
of pumps outlined above were selected after con- 
sideration of these curves. If the centrifugal set 
should prove to be the more economical all round, 
another similar set will be laid down in the space 





now vacant between it and the reciprocating set. If, 
on the other hand, the reciprocating set gives the 
better results, the centrifugal set will be removed 
to an annexe at the end of the extension, and an 


it is interesting to note that the result of an actual 
trial on a similar but smaller set, at the Board’s 
Lea Bridge Works, made by the same firm, showed 
a steam consumption of 10-6 lb. per pump horse- 

























Alternative Position 
of Distance Pieces. 
































\ | 

I | j 
ae wed 
Men ee 

aera eersanete weveesecee rere 

| | 
| fe ued | 
a ee Oe a 


additional vertical engine will be erected on the area 
made available by its removal, together with the 
existing vacant space. 

The guaranteed steam consumption for the 
reciprocating engine is 10-85 lb. of steam per pump 
horse-power per hour, and, in this connection, 


“ENGINEERING 


power per hour. The turbine-centrifugal set 
guarantee is 13-9 lb. of steam per pump horse- 
power per hour. A penalty of 2001. on the first 
and 50/. on the second, should the guaranteed 
consumption be exceeded by 0-10 lb. of steam per 
pump horse-power, was specified. The official 
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trials will be made during the first four months of 
the period of maintenance, and are to last for 
ten hours in each case. 

Before discussing the precise duties specified for 
the pumps, it may be useful to detail the methods 
by which variation, apart from alteration in speed, 
may be attained. In the reciprocating engine, an 
ingenious modification of the plungers, designed 
by the Board’s engineers, is provided. This is 
shown in Figs. 36 to 39. As a matter of fact, 
two plungers are employed, one concentric with the 





other. When a low head but big output is required 


Fig. 46. 


parallel and with the suction and deliveries so con- 
structed that the pump nearest the turbine may be 
run alone if required. 

The different capacities in the whole installation 
are as follows : 

(1) At the highest head, viz., 257 ft., the pump 
horse-power of each set is 945, and 17} million 
gallons can be delivered per 24 hours from each 
set. Under these conditions both centrifugal 
pumps would be working, or the reciprocating set, 
using internal plungers only, at 31 r.p.m. 

(2) At maximum delivery, the total head is 
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both plungers are bolted together and the effective 
diameter is 36 in. If a high head is needed, then 
the output must be reduced in order to retain 
approximately the same horse-power, and in this 
case the outer plunger is bolted to the pump casing 
and the inner one works inside it, reducing the 
effective diameter to 28 in. The stroke, of course, 
remains constant, that is, 60 in. Both plungers 
are of cast iron, with gunmetal liners, the outer one 
having two, internal and external, the inner plunger, 
one. The method by which the outer plunger is 
locked to the inner at the pump crosshead is clearly 
indicated in Fig. 39, the same distance pieces 
being utilised for the alternative methods of work- 
ing. The change-over can be carried out in two or 
three hours. 

In the centrifugal set, variation in capacity is 
obtained by employing two pumps arranged in 





139 ft. Under these conditions the two centrifugal 
pumps will deliver 23 million gallons in 24 hours, at 
670 pump horse-power. Alternatively, the recipro- 
cating set with the plungers coupled and running at 
25 r.p.m. will deliver 24 million gallons when 
developing 700 pump horse-power. 

(3) When running at maximum efficiency there is 
a head of 236 ft. The centrifugal set then absorbs 
868 p.h.p. and delivers 17} million gallons in 24 
hours, and the reciprocating set, using only the 
internal plunger, requires 700 p.h.p., and delivers 
14-1 million gallons at 25 r.p.m. 

(4) The minimum quantity on the centrifugal set 
is 17 million gallons, with a total head of 106 ft. 
and 380 p.h.p. Only one pump is used at this duty. 
Obviously the minimum quantity on the recipro- 
cating set is only a matter of revolutions. 

The pressures given above are total heads in feet, 





including friction, the normal suction level being 
about 4 ft. above the centre of the centrifugal pumps 
and about 9 ft. above the reciprocating pump glands. 

The reciprocating set was made by Messrs. 
Hathorn, Davey and Co., Limited, Leeds, who were 
the contractors for the whole of the pumping 
machinery, though certain parts were sub-let. As 
already stated, this engine is of the vertical, triple- 
expansion type. The pump plungers are driven 
direct from the crossheads by two rods coupled 
to each of them. The general appearance of the 
engines and pumps is well seen from the photograph 
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we reproduce in Fig. 45, Plate VII, and from the 
elevations and plan in Figs. 43 and 44, Plate VI 
and Fig. 46, above. In referring to the latter 
illustrations, it may be stated that they are 
reproductions of the original contract drawings 
prepared by the Board’s chief engineer, Mr. 
Henry E. Stilgoe, M.Inst.C.E. No departure of 
any consequence has been made from these in the 
execution of the work. The diameters of the steam 
cylinders are: high pressure, 25 in. ; intermediate- 
pressure, 47 in.; and low-pressure, 70 in. The 
stroke, as before mentioned, is 60 in. The boiler 
pressure is 200 lb. per square inch, and the ste m 
is superheated by 100 deg. F. All the cylinders are 
steam jacketed, the high-pressure with the super- 
heated boiler steam just referred to, the inter- 
mediate-pressure and low-pressure with steam 





reduced to 100 lb. and 40 lb. per square inch 
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falls below a prescribed point. The speed is ascer- 
tained by means of -a tachometer. As in the 
reciprocating set, the condenser is placed in the 
suction main which automatically provides the 
coqling water. The condensing plant was supplied 
by Messrs. Worthington-Simpson, Limited, Newark- 
upon-Trent. The general lay-out is seen in Figs. 47 
and 48, page 42. These illustrations were prepared 
from the Board’s original contract drawings, but a 
steam air ejector, and an electrically-driven con- 
densate pump have been fitted instead of the 
reciprocating air pumps shown. Further, in case of 
failure, an alternative drive by a water turbine is 
provided for the condensate pump. 

A complete system of gauges is provided for both 
pumping sets, and the reading of the water pressure 
is simplified by graduating the suction and delivery 
gauges, so that together they give the total head 
from the engine-room floor level. The delivery gauges 
are duplicated and connected one on each side of 
the non-return valve of the pumping main. As 
stated in our first article, a Venturi meter is fitted 
to record the total: water pumped by both units, 
and the pressure in the pumping main beyond the 
main air-vessel and reflux valve can also be read. 

Communication with the new boiler house is pos- 
sible through a glazed instrument room in the wall 
dividing it from the new engine house. This room is 
shown to the right of Fig. 43, and to the left of 
Fig. 44. It contains a panel provided with a Lea 
recorder for the boiler feed, steam pressure 
recording gauges, and telephones. These are on 
the engine-house side of the panel, while the boiler 
house side has two CO and CO, duplex Mono auto- 
matic indicators and recorders, three recording 
pressure gauges and a 12-point electrical pyrometer. 

The extension of the boiler plant consists of eight 
water-tube boilers supplied by Messrs. Babcock and 
Wilcox, Limited, London. These are fitted with 
individual superheaters, and two economisers to the 
battery, the latter supplied under a sub-contract 
by Messrs. E. Green and Son, Limited, Wakefield. 
Each boiler has a heating surface of 1,827 sq. ft., 
and a grate area of 44-2 sq. ft., chain grate stokers 
being fitted. The superheaters have each 284 sq. ft. 
heating surface. The working pressure and degree 
of superheat have been already stated. The 
economisers have each 192 tubes, giving a heating 
surface per economiser of 1,920 sq. ft. The scrapers 
are electrically driven, and the customary duplicate 
relief valves, thermometers, and tell-tale pressure 
gauges are fitted. The chain-grate stokers are 
provided with alternative means of driving in the 
shape of a vertical steam engine and an electric 
motor. The object of this double provision is 
to secure economy in running, as the feed water is 
heated in the feed tank on its way to the economiser 
by the exhaust from the steam engine. If the water 
in the tank is relatively hot to begin with, then the 
electric motor will be used. It may here be pointed 
out that the current for the various electrically- 
driven auxiliaries in the waterworks is supplied by 
a generating set in the old engine-house. This 
set, with its switchboards, is shown in the foreground 
in Fig. 42, Plate V. A general view of the new 
boiler-house, with the old range of boilers in the 
background, is given in Fig. 40, Plate V. As will 
be observed, coal is supplied to the stokers of the 
new boilers from overhead bunkers in a similar 
manner to the old plant, except for an important 
difference, indicative of the closer watch kept in 
modern boiler installations on coal consumption. 
To ensure an accurate record in this direction 
the hoppers of the new boilers are fitted with 
automatic coal-weighers supplied by Messrs. Samuel 
Denison and Son, Limited, Leeds. 

Control of combustion is facilitated by draught 
gauges fitted to the front of each boiler. These 
indicate the air pressure over the firebars, and in 
the downtakes and main flues. There are also at 
these points thermometers showing the temperature 
of the steam where it enters the main steam pipe 
from the superheat mixing and regulating valve. 

The ropeway supplying the bunkers, to which 
reference has already been made, is the existing 
electrically-operated one, slightly modified to suit 
the additional bunkers, of which there are four. 
This ropeway brings the coal from barges alongside 
the wharf in the river. The ashes are removed 





through a subway under the boiler-house.t§ This 
subway has been extended. From the end of this, 
outside the house, they are brought to the ground 
level by a hoist, which has been rebuilt, and which 
may be seen in the extreme right-hand corner of 
Fig. 35, page 40. 

The steam pipes are provided with isolating 
valves as well as the ordinary junction valve on 
each boiler. Separators with trapped drains are 
fitted, and the whole range of pipes is very neatly 
lagged with magnesia, having planished steel 
covering, this system of insulation being also 
carried out on all the steam pipes in the engine- 
house. An auxiliary steam main is provided for 
the stoker engine, &c. The auxiliary feed pumps 
are seen at the left-hand side of Fig. 40. The 
condensate from the main engines is first passed 
through a large cinder filter situated near the 
ash hoist, and is then taken through the Lea 
recorder tank, and direct to the feed pumps on the 
main engine, or to the auxiliary feed pumps just 
mentioned. From the feed pumps the feed either 
passes through two feed heaters, or is bye-passed 
direct to the economisers, according to its initial 
temperature. As already stated, the stoker engine 
exhausts to one of the feed heaters, as do also the 
auxiliary feed pumps, when these are working. The 
other heater receives the jacket steam from the 
I.P. and L.P. cylinders of the pumping engine. 
All steam drains likely to contain oil are passed 
through grease traps and filters. 

The total cost of both pumping sets and their 
auxiliaries was 66,9501. The entire boiler-house 
plant, comprising boilers, superheaters, economisers, 
stokers, piping and auxiliaries, cost 22,0821. 

The whole plant constitutes an example of careful 
design, especially from the standpoint of economy 
in operation, and will be recognised as an interesting 
installation. We cannot conclude our account 
without repeating the acknowledgment of our 
indebtedness to Mr. H. E. Stilgoe, M.Inst.C.E., 
Chief Engineer of the Metropolitan Water Board, for 
placing such complete information at our disposal. 





SHEFFIELD AND METALLURGICAL 
DEVELOPMENT.* 


For centuries past Sheffield has been associated with 
the making and working of iron and steel. There are 
many evidences of ancient workings of iron ore in this 
district, and, but for the rapidity with which iron 
rusts in such a northern climate as ours, archxologists 
would doubtless have found many more interesting 
examples of early ironwork. The Romans themselves 
taught the Briton much concerning the working of iron, 
and the Norman invaders brought over many smiths 
and skilled artisans. It is recorded that one of the 
Norman lords obtained a charter to erect forges at 
Kimberworth about the year 1100. Of one of the 
characters in Chaucer’s Canterbury Tales we learn, 
“* A Shefelde thwytel bare he in his hose,”’ showing that 
Sheffield cutlery was well known and esteemed nearly 
six hundred years ago. Ata later date, when presenting 
Sheffield-made knives to Lord Burleigh, Lord Shrews- 
bury wrote: ‘Such things as this poor country 
affordeth with fame throughout the realm.” Sheaves 
of arrows form the device on the seal of the church- 
burgesses of Sheffield and, in the tradition that arrow 
heads made at Sheffield were largely responsible for the 
victories of Crécy and Agincourt, we have the earliest 
reference to armour-piercing projectiles of those days 
being made in this city. According to Johnson the 
antiquarian, Sheffield had, at that time, supplied the 
Government with 5,000 arrow heads at a price of 
fifteen pence per hundred. 

Mr. John Derry, in his interesting Story of Sheffield 
recalls that Leland, who travelled through England 
between the years 1536 and 1542, said there were 
“many smiths and cutlers in Hallamshire,” and also 
** very good smiths for all cutting tools’ at Rotherham. 
Between 1554 and 1570, sixty-one trade marks were 
granted by the Lord of Hallamshire (the Earl of Shrews- 
bury) through his Court at Sheffield, to the master 
cutlers in his lordship. At this time, iron was being 
imported into Hallamshire from Sweden and Spain 
through Hull and Bawtry. The arrival of six barrels 
of steel from Bawtry is noted in the memorandum 
book of the Earl’s steward on October 8, 1574. In his 
book, The Writing Schoolmaster, Peter Bates (1590) 
gave advice regarding the making of quill pens: 





* Address delivered by Sir Robert Hadfield, Bart., at 
the opening of the new Engineering and Metallurgical 
Laboratories at Sheffield University, July 2, 1926. 
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“ first then by the choice of your pen-knife. A right 
Sheffield knife is best.” The dramatist Nash also 
uses the term “right Sheffield’’ to signify the best 
quality. 

The preamble to the Act of James I (1624), incorporat- 
ing the Cutlers Company, speaks of the cutlers who had 
“by their industry and labour, gained the reputation 
of great skill and dexterity,” and “made knives 
of the best edge, wherewith they served the most part 
of this kingdom and other foreign countries.” A few 
years later, a Sheffield cutler and his trade mark 
figured prominently in the history of the Civil War, 
for the knife found in the body of the Duke of Bucking- 
ham, assassinated in 1628, was stamped with a cor- 
porate mark which led immediately to the discovery 
of its maker. Notwithstanding the fact that its fame 
had spread “throughout the realm,” the Sheffield of 
those days was small and far from flourishing. Local 
history states that its population was about 2,000, 
nearly one-third of whom were unable to live save by 
the charity of their neighbours. Lord Macaulay gave 
a sorry picture of Sheffield in those days, but Professor 
Arnold, in some caustic comments on those statements, 
proved from several records that they were not true. 

During the seventeenth and eighteenth centuries 
there occurred a marked development of interest in 
scientific matters generally, and a gradual evolution of 
the methods which led ultimately to the use of iron in 
really large quantities. Dud Dudley at the ironworks 
of his father “ in the Chase of Pesnet in Worcestershire,” 
was led by the scarcity of wood and charcoal to attempt 
“the making of iron with pit-cole.” This attempt was 
successful, and thus Dudley may be said to have laid 
in 1619 the foundation of the iron and steel industry 
of to-day. The use of coal for smelting naturally 
enabled Sheffield to maintain, on a larger scale, the 
activity and reputation which it first built up owing to 
the abundance of wood in the district. Other places, 
less fortunate in their natural resources, had to abandon 
iron working when coal took the place of wood. Thus 
the innovation which was to make Sheffield, as described 
by Lord Palmerston “a black picture set in a golden 
frame ” resulted in Sussex regaining its sylvan beauty. 

Two interesting records may be cited as throwing 
light on the state of metallurgical development in this 
city at the beginning of the eighteenth century. 
Mr. R. E. Leader in his well-known book Sheffield 
in the Eighteenth Century, referred to the fact that 
in 1709 Mr. Samuel Shore bound a steel converter to 
work for him only, for ten years, at six shillings a week, 
with sixpence extra as a charitable grant to his widowed 
mother. Steel was thus converted here at least 217 
years ago. The other record mentioned is a carved 
stone in the Wortley Ironworks of Mr. T. Andrews, 
F.R.S., bearing the date 1713 and showing a tilt hammer 
of the type then used. 

Some years later, probably about 1740, Benjamin 
Huntsman, the Doncaster clockmaker, began to experi- 
ment with a view to producing better steel for springs. 
From his investigations he developed the manufacture 
of crucible steel, and the works which he established 
at Attercliffe were until comparatively recently in opera- 
tion. The cementation furnaces built by Huntsman 
about 1750 are shown in one of my papers to the Iron 
and Steel Institute, by a most beautiful photograph 
prepared for me by my friend, Professor Arnold, who 
regarded the task as a labour of love, as indeed it was. 
The photograph is of no little value because it may be 
regarded as a connecting link between the metallurgy 
of the past and that of to-day. Huntsman’s clock, 
described and shown in the paper mentioned, dating 
from about the same year, bears the inscription, “ La 
pendule de cette horloge est faite avec la premiére piéce 
d’acier fondu connu dans le monde entier.” 

A further interesting insight into the state of metal- 
lurgical development about the middle of the eighteenth 
century is to be obtained from the Voyages Métal- 
lurgigues, published in 1774. In this book the great 
French metallurgist Gabriel Jars, who was made a 
Member of the Académie des Sciences (1770), describes 
visits paid to Germany, Sweden, Norway, England 
and Scotland between the years, 1757 and 1769, and 
records observations on the mining of iron ore, the 
manufacture of iron, steel and “ white iron,” and the 
mining of coal. In his journey through England, Jars 
visited Sheffield and the following represents his 
account of the crucible process as practised here in 
1764 : 

Blister steel is rendered more perfect by the follow- 
ing operation. Ordinarily, the scrap and cuttings 
from articles of steel are used. Furnaces of fireclay 
are used, of similar design to those for brass cuttings. 
They are, however, much smaller and receive the air 
by an underground passage. At the mouth, which is 
square, and at the surface of the ground, there is a hole 
through the wall, from which ascends the chimney 
stack. These furnaces contain only one large crucible, 
9 to 10 in. high and 6 to 7 in. in diameter. The steel 
is put into the crucible with a flux, which is kept 
secret, and the coal, which has been reduced to coke. 
is then put round the crucible and the furnace is filled, 
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Fire is then put to it, at the same time the upper open- 
ing of the furnace being entirely closed with a brick 
door surrounded by a band of iron. The flame goes 
through the pipe into the chimney. 

The crucible is five hours in the furnace before the 
steel is perfectly melted. Several operations follow. 
Square or octagonal moulds, made in two pieces of 
cast iron, are put, the one against the other, and the 
steel poured in at one extremity. I have seen ingots 
of this cast steel which resemble pig iron. This steel 
is worked under the hammer, as is done with blister 
steel, but it is heated less highly and with more precau- 
tion because of its liability to break. The object of 
this operation is to make the steel so homogeneous that 
there may be no flaw, as perceived in that which comes 
from Germany; and this, it is said, can only be done 
by fusion. This steel is not extensively used; it is 
used only for purposes requiring a fine polish. Of it 
are made the best razors, knives, the finest steel chains, 
some watch springs, and small watchmakers files. 

Huntsman’s work may justly be regarded as the 
foundation upon which the high quality steel trade 
of Sheffield subsequently developed. His process is 
still often called “ steel refining” in the trade, and in 
1787, or only 10 years after Huntsman’s death, Gate’s 
Sheffield Directory had half a dozen firms under the 
heading ‘ Steel Refiners ’*—showing that the men of 
Sheffield had been quick to take advantage of the 
improvements effected by Huntsman. Incidentally, it 
may be noted that there were in 1787 about a dozen 
Sheffield firms engaged in the converting or cementa- 
tion process; also, about 50 makers of edge tools, 40 
of files, 300 of pen, pocket and table knives, 50 of 
razors, nearly 100 of scissors, and between 60 and 70 
engaged in the manufacture of scythes, sickles and 
shears. Many of the names of manufacturers then 
engaged in the Sheffield trades are household words 
to-day, and therein lies perhaps one of the main reasons 
for Sheffield’s eminence in metallurgy. Favoured first 
by the abundance of wood for her kilns and water 
power for her grindstones, then by the rich deposits 
of coal and a favourable position with regard to other 
centres of industry, Sheffield has reaped the advantage 
of the cumulative skill and experience of generation after 
generation of craftsmen. 

With Huntsman’s inventions, the early metallurgical 
history of Sheffield may be said to close. Thereafter, 
progress became cumulatively more rapid as the nine- 
teenth century advanced, and it is impossible here to 
present any adequate survey of that period. Brief 
mention must, however, be made of a few outstanding 
names: Lucas, in 1815, was one of the first to perfect 
malleable cast iron. Faraday, who would have been 
better known as a metallurgist had he not attained 
far greater fame in other fields, sent down from London 
mixtures for steel alloys to be prepared in Sanderson’s 
famous works. More than half a century ago, the 
Mushets, father and son, evolved a self-hardening 
alloy steel, aided as they were by Messrs. Osborn, steel 
makers of long and high repute. To the pluck and 
perseverance of Sheffield men who assisted in its 
development, the world owes much of the rapid success 
attained by Bessemer’s revolutionary process. So the 
tale goes on. The names of Brown, Jessop, Cammell, 
Firth, Sanderson, Mappin, Wostenholm, E. Reynolds, 
T. Vickers, Wilson, Turton, Andrew, Fox, Seebohm, 
Howell, Doncaster, Bedford, Hall, Marsh, Ward, 
Colver, Jonas, Allen, Senior, Osborn, Spencer, Stubbs, 
Balfour, Tozer, Rodgers, Hoyle, Wardlow, and many 
others call to mind those who laid foundations on which 
later workers have built much of the science and metal- 
lurgy, the prosperity of Sheffield, and the position of 
our Empire. 

Concerning the importance of metallurgy I need 
say little to a Sheffield. audience. Remove iron and 
simple carbon steel and we should be thrown back 
to the resources of the Dark Ages. Without special 
steels the motor-car, the aeroplane, and many other 
devices we have come to regard as essential would be 
physically impossible, to say nothing of our railways 
and steamships. The armour and the guns of the 
ships in our Navy, also the projectiles which they 
fire, have been evolved by metallurgical research that 
has brought compensating advantages in knowledge 
which can be applied to more »eaceful productions. 
But for steels of special magnetic: qualities, electric 
generators, motors and transformers could not be 
built as they are to-day, and the limits of submarine 
cables would be greatly restricted. 

Of the metallurgist responsible for this work we 
must surely speak in terms not less high. By micro- 
scope and every method of chemical and physical 
investigation, as well as by studying the technique 
‘of steel making, the metallurgist not only determines 
the structure and properties of existing metals, but 
also evolves new materials to meet the advancing 
requirements of other workers. His problems are 


every whit as complex and difficult as those of other 
men of science; indeed, he must acquire and apply 
a combination of knowledge not easily won. 


For 





these and other reasons the profession of metallurgist 
is second to none in dignity and worth, and well 
deserves the place it has rightly won in the national 
and international councils of science. 

Half a century ago the Bessemer process was still 
a comparative novelty, though its revolutionary 
importance was clearly realised. Sheffield men— 
amongst them Sir John Brown, the late Mr. J. D. 
Ellis, and Mr. W. Allen—were largely responsible for 
the successful adoption of the process in this country, 
while the great American metallurgist, Holley, owed 
to Sheffield his training in the Bessemer process. 
Since those days advances have been rapid indeed. 
My own discovery of manganese steel led to the 
perfection of innumerable other alloys, and may 
indeed be said to have opened the era of special 
steels, besides leading to a general appreciation of 
the importance of full and correlated research, without 
which: the properties of no alloy can be said to be 
completely known. Other important advances of the 
past fifty years have been the perfecting of chemical 
analysis; the precise measurement of high tem- 
peratures, essential to the scientific heat-treatment 
of steel; and the improvement and general adoption 
of electric steel-melting furnaces. Also, the entire 
science of metallography has grown up from the great 
work of Sorby, applied as it was in such an able 
manner by Arnold. Much other work and many 
other names might properly be mentioned here, but 
the above outline shows that metallurgy as we know it 
to-day depends largely upon the advances of the past 
fifty years. 

At the time when I was commencing my metallurgical 
work, chemical analyses were costly, difficult and 
doubtless of much lower accuracy than those of to-day. 
For example, a document sent to my father now 
nearly fifty years ago, from a certain chemical 
laboratory in Sheffield where analytical work was 
available, stated the percentages of half a dozen 
elements—carbon, graphite, silicon, sulphur, phos- 
phorus and manganese—in a sample of pig iron, 
together with the charge for the analysis—ten 
guineas! On such terms one regarded the analysis 
of steel with appropriate respect, and it was an 
expensive luxury to obtain the figures upon which 
alone systematic research could be conducted. During 
the war my firm made about 600 separate analyses 
every day, all involving high accuracy. Had these 
been at the prices of 1880 the cost would have made 
them practically ruinous and impossible. 

It is hardly too much to say that prior to le Chatelier’s 
work on the pyrometer, also Osmond, Roberts-Austen 
and Arnold’s investigations concerning the effects of 
thermal treatment on the molecular structure of 
iron and steel, we had to trust largely to rule-of-thumb 
methods in heating these metals. Indeed, many of 
the “methods” were little better than guesswork, 
Yet steel is one of the most sensitive of materials 
as regards heat treatment; in fact, the ‘ thermal 
history ’’ of the metal is as important as its chemical 
composition in determining its mechanical and other 
properties. 

In the early ‘nineties of last century, M. Osmond 
stated in a letter to me: “I think that the brilliant 
series of discoveries which are just being announced 
one after the other by means of M. Moissan’s work 
will make an epoch in the history of chemistry and 
metallurgy. I notice you value these experiments 
at their true worth.” It is true that I spoke publicly 
at that time of the certainty that we should some 
day be able to melt our steel commercially by means 
of electric furnaces with their many consequent 
advantages, rapidity of action, cleanliness, and economy 
of application. I also pointed out that the power 
required for electric welding and electric furnaces 
was not then available in the smaller works and went 
on to say: ‘* The Sheffield Electric Light and Power 
Company are, however, very spiritedly taking up 
the question of supplying electricity from central 
stations, so that possibly before long we shall have 
a large central means of supply of electrical energy in 
cheap form.” How these forecasts were justified 
may be gathered from the fact that twenty-four 
years later in 1917 the last complete year of the Great 
War, 31,850 tons of steel were melted electrically 
in the East Hecla Works alone, representing a con- 
sumption of about 25 million units (kw.-hrs.). 

It is not always possible to show who was the real 
originator and discoverer of new lines of thought, but 
the pioneer’s honour in leading the way in the study of 
the microstructure of metals is due to our fellow 
citizen, the late Dr. Henry Clifton Sorby, F.R.S., and 
to him alone. This is now admitted throughout the 
world, yet his earliest results were received with ridicule, 
and for twenty-two years his observations attracted 
little or no attention. These facts, rightly inter- 
preted, offer much encouragement to younger men. 
“Great is the truth and it will prevail.’ There is no 
doubt that Sorby’s work in studying the structure of 
metals, followed later by the introduction of the 





thermo-couple by Professor H. le Chatelier, and the 
studies of Osmond, Roberts-Austen and Arnold, formed 
the basis of the great scientific advance in metallurgy, 
raising it from an empirical art to an exact science. 

Sorby prepared in 1849 the first rock slice ever made 
for microscopic examination, and his first microscopical 
study of igneous rocks was presented in a paper read 
before the Geological Society of London on December 2, 
1857. As Professor Fearnsides said, in a most interest- 
ing account of Sorby’s life work: ‘“Smiled at by 
Professor Tennant when about to begin the research, 
jeered at by his friend Leonard Horner, then Vice- 
President of the Geological Society, who, at a meeting 
to which the results were presented, remarked from the 
chair that ‘he had been a member of the Geological 
Society ever since its foundation, and during the whole 
of that time he did not remember any paper having 
been read which drew so largely on their credulity,’ 
Sorby lived on to have those same results acknowledged 
and to be acclaimed by the geologists of all nations 
assembled to celebrate the Centenary of the Foundation 
of the Geological Society of London, as the founder of 
modern petrography.”’ 

Professor Judd, one of Sorby’s friends and a chemist 
at the Cyclops Works, stated that about the year 1870 
“‘ microscopic petrography was always ridiculed by the 
powers that were.” They said: “ You can’t study 
mountains through microscopes,” but time has shown 
that Sorby was right. Let us take care that we of 
to-day make no rash assertions as to the “‘ impossible,” 
lest we be confounded in our turn. It was in 1885 that 
Sorby was first able to show the true composite nature 
of the “ pearly constituent ”’ of steel as an aggregate of 
parallel plates. This was the earliest recognition of the 
formation of crystals from a solid solution, and may be 
considered the crowning achievement of his micro- 
scopical research. These important facts were an- 
nounced to the Iron and Steel Institute in 1886. 

After Sorby’s paper of 1886, and specially after his 
great paper on “ The Microscopical Structure of Iron 
and Steel,” read before the Iron and Steel Institute 
in 1887, much activity was displayed by other investi- 
gators in the field which he had so brilliantly started to 
explore. Actually, however, the pioneer work was 
done by Sorby during the ’fifties and ’sixties. As 
M. Frémont, the well-known French engineer and 
metallurgist, recipient of the Bessemer Gold Medal, has 
said : ‘“ It was Sorby’s discovery of the method whereby 
the structure of a metal was laid bare to microscopic 
examination that gave him the right to the title. The 
method he used to prepare his rock sections failed him 
with metals, because the latter, even in very thin 
sections, are not transparent. Sorby, however, dis- 
covered that by suitably etching a perfectly polished 
surface of metal, the structure was revealed to micro- 
scopic examination.” 

Full credit must be given to Sorby not only for 
founding the microscopic examination of minerals, but 
also for applying the same method to the study of 
metals. From the humblest beginnings, a low-power 
microscope on a table in Sorby’s private house, this 
method of research has grown to a giant. With the aid 
of the best optical appliances, it is now used throughout 
the world, and it will still further add to the sum of 
human knowledge from which all may benefit. 

By its intimate association with the various develop- 
ments of the past half-century, Sheffield can justly 
claim to be second to none as an international centre of 
metallurgical research and progress. Thanks to Sorby’s 
work, Sheffield was the birthplace of the science of 
metallography, and I am glad to think that my own 
discovery of manganese steel in 1882 largely helped to 
make this city the birthplace, and as it has since been, 
the home of modern steel alloys. The great Faraday 
himself, with remarkable prescience, commenced to 
investigate this subject a century ago, selecting the 
works of Sandersons of Sheffield for his melting opera- 
tions. 

Whilst this is not the time or place to refer to the 
many important discoveries made in our city, or to 
their originators, it may be briefly mentioned that, 
following the discovery of manganese steel, there came 
nickel steel, silicon steel, aluminium steel, chromium 
steel (which later included the splendid work by Brearley 
in discovering the application of certain types of 
chromium steel to cutlery and many other purposes), 
vanadium steel, tungsten steel (with regard to which 
in its early stages we were indebted to Mushet, who 
worked in this city with the well-known steel makers, 
Messrs. Osborn); also: other binary, ternary and 
quaternary alloy steels, amongst them the more recent 
corrosion-proof and heat-resisting steels of to-day. 
Many of these are of compositions which would have 
been thought most extraordinary, in fact impossible, 
even at the end of the last century. This country, anc 
Sheffield in particular, can claim to have led the way in 
the development of modern high quality steels and 
alloy steels, without which modern engineering applica- 
tions could not have reached their present remarkable 
state of development. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—No. 3 Cleveland pig-iron 
has become virtually unobtainable, and the other 
qualities are extremely scarce. Producers are no 
longer able to sell for prompt delivery from stock. 
Merchants’ holdings are now of quite trifling dimensions, 
and almost the only iron available for sale in the open 
market is a portion of the output of the two furnaces that 
are still in blast. Prices are on a level that allows foreign 
competitors to invade this market, and rather con- 
siderable purchases of Continental. products are reported 
to have been made for consumption here, at figures 
8s. to 10s. below rates ruling for the makes of this 
district. No. 1 Cleveland pig is put at 86s. 6d.; No. 3 
g.m.b., 84s.; No. 4 foundry, 83s.; and No. 4 forge, 
82s. 6d. 

Hematite.—A rather firmer feeling is noticeable in the 
East-Coast hematite branch, but manufacturers have still 
considerable unsold stocks to dispose of, and customers 
report that they can satisfy their needs at round about 
79s. for mixed numbers. 

Foreign Ore.—Foreign ore is lifeless with quotations 
nominal on the basis of best rubio at 21s, 6d., c.i.f. Tees. 


Blast-Furnace Cole.—Local consumers of blast-furnace 
coke have to pay high figures for supplies needed. 


Manufactured Iron and Steel.—The various branches of 
manufactured iron and steel present no new features of 
moment. Manufacturers able to guarantee’ early 
delivery are able to sell most commodities at above 
recognised market rates. Common iron bars are 11. 5s. ; 


iron rivets, 127. 15s.; packing (parallel), 8/.; packing 
(tapered), 111.; steel billets (soft}, 71. 5s.; steel billets 
(medium), 7/7. 10s.; steel billets (hard), 82. 2s. 6d. ; 


steel ship, bridge and tank plates, 7/. 17s. 6d.; steel 
angles, 7/. 10s.; heavy steel rails, 87, ; fish plates, 12/.; 
and galvanised corrugated sheets (No. 24 gauge, in 
bundles), 167. 10s. 


Shipments of Iron and Steel.—June shipments of iron 
and steel from the Tees totalled 67,877 tons, or 34,448 
more than the May clearances when the dockers’ strike 
held up deliveries. Last month’s loadings were composed 
of 23,640 tons of pig-iron, 3,375 tons of manufactured iron, 
and 40,862 tons of steel. Of the pig-iron shipped, 18,350 
tons went to foreign destinations, and 5,290 tons went 
coastwise ; of the manufactured iron despatched, 1,903 
tons went abroad, and 1,472 tons coastwise ; and of the 
steel cleared 33,593 tons went overseas, and 7,269 tons 
coastwise. America was the largest receiver of pig-iron, 
taking 6,625 tons ; whilst Scotland accepted 3,925 tons ; 
Italy, 3,710 tons ; Canada, 2,011 tons; Belgium, 1,162 
tons; Denmark, 1,150 tons; and Germany, 1,090 tons. 
The Straits Settlements, with an import of 463 tons, were 
the largest customers for manufactured iron. Among 
the principal purchasers of steel were : India, 8,581 tons ; 
the Argentine, 7,047 tons; Natal, 3,372 tons; Egypt, 
3,276 tons; Australia, 1,854 tons; Poland, 1,452 tons; 
and the Gold Coast, 1,057 tons. 


Imports of Iron and Steel—Returns published this 
week show the imports of iron and steel to the Tees 
from Holland, Belgium, France, Norway, Sweden, India, 
Germany and coastwise, for the eight months to June 30 
last, and the figures for the same months a year ago, as 
well as for the corresponding pre-war period of 1913-14, 
Imports of pig-iron in the recent months totalled 38,670 
tons as against 7,536 tons a year ago, and 218 tons in the 
pre-war period, Arrivals of erude-sheet bars, billets, 
blooms, and slabs to the end of last month reached 
84,092 tons, as against 90,950 tons a year ago, and 30,307, 
tons in the pre-war period. Plates, bars, angles, rails, 
sheets, and joists unshipped to the end of June last are 
given at 11,037 tons, as against 16,883 tons a year ago, 
and 17,419 tons in the pre-war period. 





PrerRsonNAL.—Mr. W. Stamm, of 63, Queen Victoria- 
street, has now given up the representation. of Messrs. 
Fried. Krupp Grusonwerk, A.G., of Magdeburg, and the 
firm announce that their increasing work in this country 
will be controlled by Messrs. J. Rollond and Co., of Abbey 
House, 2, Victoria-street, London, W.C.1. Mr. Stamm, 
however, hopes to continue to take some part in the 
working of the agency, the firm is pleased to be able to 
announce.—We are informed that Mr. H. B. Weeks, 
F.1L.C., F.C.S., who has been Chief Chemist and Metal- 
lurgist to Messrs. Vickers Limited, for many years, is 
relinquishing his full-time appointment with that firm, 
though he will be retained by them in a consultative 
capacity. This arrangement will enable Mr. Weeks to 
engage in practice on his own account. Mr. Weeks, 
whose address is 63, Silverdale, Sydenham, S.E.26, is 
well known, in addition to his connection with Messrs. 
Vickers, for his connection with Government ordnance 
departments, and as chairman of the Council of the 
British Cast Tron Research Association, &c.—The firm 
of R. Wolf A.G., Magdeburg-Buchau announce that 
they have recently amalgamated with Messrs. Heinrich- 
Lanz A.G., of Mannheim. The business of both firms 
within the British Empire will be attended to by the 
Locomobile Engineering Company, Limited, 57, Victoria- 
street, London, S.W.1.—The Power Plant Co., Limited, 
of West Drayton, Middlesex, inform us that they have 
acquired an exclusive licence for the sale and manu- 
facture of Richards’ thread-milling machines, and are 
introducing improved models in addition to those 
already on the market. Tho machines in question were 
the invention of the late Mr. George Richards. The 
new models are specially designed for tube work, more 
particularly in connection with oil-well tubing. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Despite combined efforts to carry on, 
the position in the heavy trades of Sheffield and district 
steadily becomes worse. Bulk steel production is out 
of the question in the absence of cheap fuel supplies. A 
comparatively small amount of material is being melted 
for manufacture of the best tool steel, though the increased 
scarcity of special coke makes the outlook obscure. 
Electric furnaces continue to turn out stainless steel for 
the cutlery and engineering trades, but here, also, there 
is a severe contraction in gross output. An in 
tonnage of German coal is reaching this district via Hull. 
Two rod mills and a 5-ton hammer are to be started up 
immediately on this fuel, finding employment for about 
100 men. The use of German coal is also enabling rolling 
mills to operate intermittently. The forges are working 
at greatly reduced pressure, and there is considerable 
delay in the discharge of contracts covering railway 
material and stores. Severe competition is being met 
with from German, Belgian and Bohemian steelworks, 
The price difficulty is one of the main deterrents to 
expansion locally. Iron and steel goods are being sold 
within 20 per cent. of pre-war prices, while fuel is 40 per 
cent. higher and wages 60 per cent. higher. Owing to 
the current scarcity of coal, pig-iron and manufactured 
steel, it is expected there will be a great rush to place 
orders when the coal dispute is settled, and that the big 
steel and engineering firms operating in Sheffield and 
district will be among the first to benefit. Business has 
fallen off in the lighter trades. The demand for tools 
has slumped owing to the restricted requirements at 
engineering works, and there is a decreased call for 
implement parts. Orders for the remodelling of British 
iron and steel plants are suspended pending a recovery 
in the general industrial position. 

South Yorkshire Coal Trade.—Stocks at local collieries 
having been virtually exhausted, manufacturers are 
dependent almost solely on production at outcrop seams 
and foreign coal. The lighter industries and the electric 
furnaces are greatly assisted by the maintenance of the 
local gas and electricity services. Foreign coal is not 
being used for domestic purposes. Householders are 
carrying on as best they can with rationed supplies, 
mainly from outcrops, and are supplementing deliveries 
by the use of coke, 





NOTES FROM THE NORTH. 


Guasaow, Wednesday. 

Scottish Steel and Iron Trades.—The conditions in the 
steel and iron trades in Scotland have undergone prac- 
tically no change over the week. Owing to the exhaus- 
tion of supplies of fuel, some establishments have had 
to restrict even their limited output, while others have 
ceased operations. Included in the latter category are 
the steel works at Mossend belonging to Messrs. Stewart 
and Lloyds. Should the coal dispute last much longer, 
stocks of steel and iron will almost certainly give out, 
and those who have not already booked for their for- 
ward requirements will have difficulty in securing 
deliveries for a little time after the present trouble is over. 
The makers of black sheets continue to be fairly well 
employed, but it is no easy matter to carry on in the 
prevailing circumstances. Stocks of fuel are dwindling 
out, and fresh supplies can only be obtained at prohibitive 
prices, making the cost of production very much higher 
than it should be. Order books are well filled, and not 
only is there a good current demand, but forward book- 
ings cover quite a large tonnage and ensure the steady 
running of some establishments well into the autumn. 
Now that the new Eight Hours Bill for the coalfields is 
practically an accomplished fact, there is a prospect of 
a resumption of work at the mines at no distant date, 
and that should be followed by a decided increase in 
business all round, After a ten weeks’ stoppage of the 
coal mines, it is quite remarkable that so many establish- 
ments are still able to carry on. Prices of steel and iron 
material are all much firmer, and are likely to remain so 
even after the mines resume, because of the higher prices 
likely to be demanded for raw materials. 

Scottish Pig-Iron Tradée.—In the Scottish pig-iron 
trade there is little doing at the moment, and manufac- 
ture is now entirely suspended. Stocks are bein 
steadily drawn upon to meet the demand, but some nae 
brands are now almost exhausted. Inquiries are of a 
limited nature, and prices are all tending upward. 
Scottish Pig-Iron Shipments.—The shipment of Scottish 

ig-iron from Glasgow Harbour for the week ending 
lop Saturday, July 3, was small and only amounted to 
566 tons. Of that total, 449 tons went overseas-and 117 
tons coastwise. For the corresponding week of last 
year the figures were 390 tons to foreign destinations 
and 54 tons coastwise, a total shipment of 444 tons. 
Shipbuilding.—An order for a special type of cargo 
steamer for Australian owners has been booked by the 
Burntisland Shipbuilding Company, Limited. Messrs. 
David Rowan and Company, Limited, Glasgow, will 
supply the propelling machinery. 





River TyNE ImMPROVEMENTS,—At a special meeting 
of the T'yne Improvement Commissioners held on 
Tuesday the 29th ultimo, it was decided to leave in the 
hands of the chairman and deputy chairman the negotia- 
tions necessary in connection with a proposal, which 
the Commissioners have approved, for the construction 
of a ppeaengr cam quay and deep-water berth in the 
river at the Albert Edward Dock river wall. It is 
intended to dredge the berth to a depth of 30 ft. at 
L.W.O.8.T. 





NOTES FROM THE SOUTH-WEST. 


Carvirr, Wednesday. 

The Coal Trade.—Following the introduction of the 
Eight Hours Day Bill in Perliament, which will permit 
the extension of the hours of labour of colliery work- 
men below ground for one hour, the South Wales 
Coalowners’ Association met this week and decided 
on what terins they would open the pits for an 8-hour 
day. The terms are the payment of the pre-stoppage 
minimum of 42-22 per cent. on the 1915 standard 
rates for the three months ending September next, 
the determination of the general wage rate after 
September to be by the audited results subject to a 
minimum of 28 per cent. on the 1915 rates, which was 
the 1921 minimum. The pre-stoppage subsistence 
rate of 8s. 03d. per day is to be continued until the end of 
September, after which the rate will be decided either 
by mutual agreement or by an independent chairman. 
The 14-2 per cent. given to piece workers when the 
hours were reduced from eight to seven is to be with- 
drawn. The proceeds are to be distributed in the ratio of 
87 Sed cent. to wages and 13 per cent. to capital after the 
deduction of costs other than wages, subject to provision 
for recoupment of deficiencies. Miners are to continue 
to receive pre-stoppage privileges regarding bonus 
turns, week-end payments and the supply of house 
coal. Double and overlapping shifts are to be worked 
when and where required by the owners, and not, as 
under the previous Conciliation Board agreements, 
where such can be mutually arranged. The miners’ 
representatives were invited to meet the owners to 
discuss these terms, but, as was expected, the South 
Wales Miners’ Federation refused to negotiate except 
on a national basis. In some quarters it is expected 
that some of ‘the miners will return to work on the 
8 hours terms, but the general expectation is that 
the stoppage will last for at least another fortnight or 
a month in South Wales. Meantime imports of foreign 
coal continue on an expanding scale. The Great 
Western Railway Company has bought over 50,000 tons 
of American coal, part of which is due to reach this 
country towards the end of the month. Messrs. 
Richard Thomas & Co., Limited, the great tinplate 
and galvanised sheet-making concern, has purchased 
10,000 tons of Continental coal. three cargoes of which 
are due to reach Swansea next week. The steamer 
Uskside has arrived at Barry with 3,900 tons of Dutch 
coal for the Aberthaw and Bristol Channel Cement 
Works, and the steamer Joseph Magne has discharged 
6,000 tons of German coal at Cardiff for the Great 
Western Railway Company, 


Iron and Steel.—Exports of iron and steel goods from 
South Wales in the past week amounted to only 
11,792 tons, compared with 13,130 tons, in the previous 
week. Shipments of tinplates and terneplates totalled 
4,381 tons, against 7,576 tons, blackplates and sheets, 
2,778 tons against 1,678 tons, galvanised sheets 2,199 
tons against 1,147 tons, and other iron and steel goods 
2,435 tons against 2,729 tons. 





Om Burnine UNDER Borers.—In view of the coal 
shortage many owners of steam boiler plants are 
considering their conversion from coal to oil-firing. 
Messrs. Merryweather and Sons, Limited, of Greenwich, 
are therefore calling attention to their oil-fuel fire doors, 
which, when fitted to boilers, permit an immediate 
change from using one type of fuel to the other at any 
time. No obstruction is caused by the oil burners when 
coal is being fired. The burner is not fed by a pump, 
the oil being injected by steam, and the connections 
for both oil fuel and steam being made by flexible 
metallic tubing. 





STANDARD SPECIFICATIONS FOR Paint MATERIALS.— 
The British Engineering Standards Association has recently 
issued three further specifications dealing-+ with paint 
ingredients. The new specifications are No. 243-1926, 
Raw Linseed Oil; No. 244-1926, Turpentine, Type 1; 
and No, 245-1926, White Spirit, Type 1. Each booklet 
contains clauses regulating the composition of the raw 
material, together with reception tests for the guidance 
of purchasers. The methods of carrying out the various 
tests indicated are given in appendices. The specifica- 
tions have been prepared, at the request of the paint 
manufacturers, by a committee representative of both 
the buying and the manufacturing interests. Copies of 
the new specifications may be obtained from the B,E.S.A. 
Publications Department, 28, Victoria-street, London, 
8.W.1, price ls. 2d. each, post free. 





FLotTaTiIon oF LIMESTONE FROM SILICEOUS GANGUE.— 
We are informed that experimental work in the flotation 
of limestone from siliceous gangue has recently been 
conducted with success by the United States Bureau of 
Mines. The experiments show that limestone may be added 
to other floatable non-metallic minerals, such as graphite, 
sulphur and fluorite. The work is being done on a labora- 
tory scale at the Southern Experiment Station, Tuscaloosa, 
Alabama, where experimental magnetic concentration 
of the low-grade iron ores of the Birmingham district is 
in progress. Certain experiments have demonstrated 
that the limestone may be floated from the magnetic 
washer tailings, and then incorporated in the iron con- 
centrate. If the loss of lime could be prevented, some 
ores, though low in iron and high in insoluble matter, 
would contain enough lime to make their concentrates 
self-fluxing. Since this loss in the washer cannot be 
avoided, however, the lime must be recovered from the 
tailings by some method and added to the material before 
sintering ; the resulting concentrate becomes self-fuxing, 
Flotation appears to have solved the question of recovery 





of the lime. 
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DETERIORATION AND DESTRUCTION 
OF REINFORCED CONCRETE. 


THE probable lifetime of a concrete structure, or 
the extent to which it will withstand the elements, 
is still a matter of speculation. There was evidence 
available, Mr. A. E. Lindau remarked, in a paper on 
“Reinforced Concrete,” which he read on May 21 
before the American Iron and Stvel Institute, of the 
permanence of early concrete structures, an example 
being the domed roof of Hadrian’s Pantheon at Rome. 
Weather conditions there were more favourable than in 
more northern latitudes, but for eighteen centuries this 
structure had withstood wide ranges of temperature 
and numerous earthquake shocks of varying intensity. 
Unfortunately many modern structures gave indications 
that they were not likely to endure for a period in any 
way comparable with the life of the Pantheon. Along 
the North Atlantic coast, piers, walls, pile and other 
marine structures, in many instances, showed signs 
of deterioration, especially in the region between 
high- and low-water levels. In the alkali regions 
of the west there were also to be found many cases 
of deterioration of concrete. In some of these appli- 
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cations, and in most of those in other situations, the 
principal cause of spalling and cracking could be 
traced to the use of too much water in the mixing of 
the concrete. Fortunately, concrete was in itself an 
excellent protection against corrosion, and, except 
where the steel was placed too near the surface of a 
structure exposed to the air, or under particularly trying 
conditions, there was little danger of rust forming on 
the steel. In fact, in extensive investigations of 
structures for deterioration, the percentage due to 
corrosion was found to be very small indeed. 

Of all the elements, or forces of nature, tending to 
destroy structures, the earthquake was the most 
severe and difficult to deal with. Earthquakes in 
Japan and the disturbances on the Pacific Coast had 
brought the matter into prominence. The evidence, so 
far, pointed to the conclusion that reinforced concrete 
served the purpose of resisting the effects of earth- 
quakes quite as well as structural steel, if the design 
and workmanship were sound. Although there were 
only a few reinforced concrete structures in San Fran- 
cisco at the time of the earthquake in 1906, it might be 
said that only those which were built on marshy ground 
near the bay and exposed to the worst of the shock were 
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injured. In Tokyo the experience with reinforced 
concrete could only be classed as highly satisfactory. 
The undamaged buildings made of this material 
amounted to 78 per cent. of those erected, and 11-7 
per cent. was the figure for those classed as partially 
damaged in the report of Mr. Y. Nagata, the chief 
engineer of the Tokyo Building Department. The 
partially damaged class was defined as :—injured, but 
without severe damage to the structural frame. Very 
similar results were noted elsewhere in the Tokyo 
Prefecture. 





Tue Warer Suppty or Cray Cross, DERBYSHIRE.— 
The Urban District Council of Clay Cross, Derbyshire, 
has applied to the Ministry of Health for sanction for a 
loan to augment the water supply of the locality. It is 
proposed to sink a further borehole in Press Lane, Ash- 
over, Derbyshire, from which it is hoped to obtain a yield 
of at least 100,000 gallons a day. A new intake from the 
Press Brook is also under consideration : this water will 
be subjected to bacterial and mechanical filtration before 
it enters the mains. A new 1,000,000 gallon reservoir 1s 
also contemplated. The scheme has been prepared for the 
Council by Messrs. W. H. Radford and Son, Nottingham. 
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INDUSTRIAL STATISTICS. 


Sratistics have been classed as the superlative 
degree of falsification, the positive term being 
the lie simple, and the same sentiment has been 
expressed in the familiar adage that there is nothing 
so fallacious as facts save figures. Of course the 
discredit here suggested, really appertains, neither to 
the figures themselves nor to their compilers, but 
to the ignorance and unintelligence of many of those 
who base arguments on them. A notable example 
of this was provided by the leading statistician 
of the ‘advanced school,” who at the first 
of the coal inquiries, framed an argument for 
nationalisation on the plea that generating costs 
were lower in certain East End municipal stations 
than at certain company operated plants. Apart 
from the fact that it was these companies which 
had carried through the expensive and speculative, 
but necessary, pioneering work, the stations com- 
pared had entirely different load characteristics. 
Probably however, this professional statistician 
had never even heard of a load factor, and it is at 
any rate obvious that he had not realised its signi- 
ficance. Figures in fact seldom tell the whole story, 
and the proper interpretation of industrial statistics 
generally requires a somewhat intimate knowledge of 
the trades concerned. The ordinary statistician, 
like the ordinary accountant, can deal with figures 
merely: with questions of quantity, not of quality. 
In pre-war days a leading engineering firm in 
the metropolitan area attributed their ability to 
compete successfully in the markets of the world, to 
the fact that they would not employa cheap 
draughtsman. An accountant no doubt, who com- 
pared their drawing office costs with those of 
provincial firms of corresponding standing, would 
have been aghast at the apparent excess of “ non- 
productive ” expenditure. Such a situation actually 
arose in the case of a provincial firm, engaged 
on work much of which was of a novel character. 
The directors accordingly decreed that drawing 
office costs must be reduced by 20 per cent., but there 
is good reason for believing that for every pound 
thus saved ten were lost in the shops, and this loss 
the accountant, in the very nature of things, would 
be quite incapable of detecting. 





It was undoubtedly some intuitive feeling that 
ignorant or ill-conditioned critics might mis- 
represent the true bearings of the figures, that was 
responsible for the reluctance of the railway com- 
panies to supply the fuller statistics now officially 
required, and similar apprehensions will have to be 
stilled by those who are anxious for the publication 
of more complete data concerning manufacturing 
operations generally. 

A Committee with this object in view was formed 
some months ago. The members included employ- 
ers of labour, trade union leaders, and experts 
on economics, accountancy and law. Curiously 
enough, or perhaps we should say characteristically, 
no provision appears to have been made for the 
representation of the technical personnel, which by 
position and experience is particularly well qualified 
to deal with the questions involved. The opinion, 
long prevalent in the country, that the conclusions 
of the scientific and technical expert should be 
given to the public solely at second-hand, through 
men having what Mr. Webb has called characteristics 
suited: to government, dies hard. 

In a report* just published the Committee 
show that the publication of industrial data is, 
in general, far more common and complete in 
the United States than it is in this country, 
and the evidence collected seems to show that 
the net result has been advantageous. Some of the 
possible drawbacks have been emunerated above, 
and in addition there is always the possibility that 
these detailed reports may help competitors both 
native and foreign. 

It was, however, a maxim of the now almost 
obsolete game of whist, that it was more important 
to convey information to a partner than to conceal it 
from an adversary. In industry, capital and labour 
are partners of necessity. No doubt if fuller data are 
published, the facts will be distorted by the politi- 
cians, but there is warrant for the belief that on the 
whole, labour troubles are less frequent and less 
intense where information of this kind is available. 
In the cotton trade for instance, the older school of 
trade union leaders, who were less absorbed in 
politics than their successors, encouraged the 
operatives to become shareholders in mills. They 
thus learnt from the balance sheets the condition of 
the industry, and used this information in effecting 
wage adjustments. 

Similarly in the heavy steel trades, wages have 
been regulated by the selling prices as certified 
quarterly by accountants, and here again labour 
troubles have been relatively infrequent. Again 
serious trouble in the pottery trade was stilled by 
the submission to a special committee of very 
complete data-showing the actual state of the trade, 
and the joint industrial. council has reported that 
had these been available at the outset, the diffi- 
culties between manufacturers and operatives 
would probably never have arisen, and they add 
that without the statistics in question it would have 
been impossible to have come to a satisfactory 
decision upon. the main issues. It cannot be 
doubted moreover that the facts established by the 
shipbuilding inquiry will go far to facilitate labour 
reforms and agreements in this great. industry. 

On the other hand it must be admitted that the 
very full data which have been published as to coal 
mining, seems to have done little to dislodge the 
tule of unreason from which the pitmen long 
have suffered. It was clearly established that the 
industry as a whole could not pay its way, but there 
has nevertheless been a resolute refusal to face 
the inevitable consequences. On the whole, how- 
ever, the balance of evidence seems to indicate that 
the publication of the facts of industry does tend to 
reduce the frequency and bitterness of labour 
disputes. Even the pitman will ultimately realise 
the necessity of facing facts, since as Abraham 
Lincoln once observed it is impossible to fool all 
the people all the time. 

In the report already referred to, the Committee 
advocate the regular publication, at not too infre- 
quent intervals, of the kind of information which was 
secured in the census of production taken in 1907. 
The figures collected should show the total product 





* The Facts of Industry. Messrs. Macmillan & Co., 
Ltd. London, 1926. Price ls, net, 
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of the industry, the proportions absorbed by wages 
and other costs, and also the return on capital. In the 
absence of authoritative figures of this kind, fantastic 
ideas are frequently entertained about the share taken 
by the latter. This is the more curious since in 
pre-war days it was notoriously difficult to secure a 
really safe 6 per cent. in industrial investments. 
Certain exceptional men did no doubt make very 
large profits, but only as the result of individual 
enterprise and effort. One of the early electrical 
engineers has stated that, starting in a small way, 
he was able to sell for 901. what it cost him but little 
more than 301. to produce. The profits of successful 
pioneering, however, ought quite legitimately, to 
rule very high since the vast majority of new 
departures end in failure. 

The census of production taken in 1907 showed 
that average profits were far from exaggerated. 
In the engineering trades the output per workman 
employed had a value of only 109/. per annum, which 
leaves but a modest margin for costs other than 
wages. Again, in 1919 Mr. Felix Deutsch published 
figures which showed that the shareholders of the 
most prosperous engineering undertakings in 
Germany received only 12/. 10s. per man employed, 
although the dividends exceeded 10 per cent. The 
amount netted, per man employed, by the share- 
holders in less exceptional undertakings must, 
therefore, have been quite moderate. The small- 
ness of the margin between success and failure is 
little realised, but it accounts for the indifferent: 
success of management by a bureaucracy. 

Undoubtedly the labour troubles of recent years 
have been aggravated by the accession to power of a 
new type of labour leader, who is primarily a 
politician. Politicians have creeds rather than 
policies, and are thus impervious to unwelcome 
facts. That private ownership has broken down is 
seriously maintained by them in face of the fact 
that in America, the most capitalist country in the 
world, the workman is more prosperous than any- 
where else, whilst he encounters the extreme of 
hardship in the one country which is under the 
dictatorship of the proletariat. 

A striking evidence of the mentality of this type 
of leader was afforded by one of the witnesses at 
the recent coal inquiry, who proposed to reorganise 
on novel lines the whole of the coal industry. When 
asked for evidence that his proposals would achieve 
the results claimed, he admitted that he could pro- 
duce no warrant for his conclusions from past 
experience, but observed that history could only 
tell what had happened and not what might happen 
in the future. No doubt as a matter of logic it is 
quite true that our experience that the sun rose 
to-day does not prove that it will also rise to-morrow, 
but we necessarily frame the conduct of our lives, 
not on what might conceivably happen, but on the 
past experience of the race, and this is what the 
witness in question proposed to reject. 

As Sir Ernest Benn points out in his recent 
interesting work entitled “Jf I were a Labour 
Leader,” the old ideals of the trade unions have been 
maintained in America. He quotes the veteran labour 
leader Mr. Samuel Gompers to the effect that, “‘ The 
aim of our unions is to improve the standard of life, 
to foster education and instil character, manhood and 
an independent spirit among our people.” ‘ Our 
unicns strive to lighten toil, educate the workers, 
make their homes more cheerful, and in every way 
contribute the earnest effort to make their life better 
worth living.” As for labour politicians, Mr. 
Gompers declares that he has studied them for over 
thirty years, and he concludes that : ‘‘ Economically 
you are unsound, socially you are wrong; indus- 
trially an impossibility.” 

Sir Ernest makes some comment on the attempt 
made by certain labour statisticians to precast the 
future from graphs showing the trend of statistics 
in the past. As he points out, such an attempt is 
foredoomed to failure. It is not in this way that 
past experience can be utilised. From graphs of 
this kind we cannot even predict the barometric 
pressure for even a couple of weeks, and the factors 
affecting social and economic conditions are incom- 
parably more complex than those regulating the 
atmospheric pressure. In fact, were the method 


valid, the attainment of fortune on the Stock 


Exchange would be materially simplified, as it 
would be necessary merely to plot the daily 
quotations. 





TRADE WITH NEWFOUNDLAND. 


THE Dominion of Newfoundland is the oldest of 
British colonies. Its inhabitants are almost entirely 
of British stock, and attach a particular importance 
to the Imperial connection. They desire to buy all 
the British goods possible, and to build up a larger 
inter-Imperial trade. The country is rich in 
natural resources, which as yet are imperfectly 
explored and developed. Of recent years more 
active measures have been taken to utilise them, 
but most of the work of exploration and develop- 
ment still remains to be done. Even the fisheries, 
at present the greatest industry of the colony, are 
said to be capable of great improvement if they 
had better technical and scientific information at 
their disposal. There are no manufactures of im- 
portance, and apparently no anxiety to create them, 
the exploitation of raw material offering more than 
enough outlet for the population for a long time to 
come. 

The island is only about half the size of England, 
and, according to the last census, has a population 
of 263,000. Plainly, therefore, it cannot for the 
present be a large market for the exports of this 
country, including engineering manufactures, except 
to such extent as development works may be under- 
taken, such, for example, as the large water-power 
works and plant carried out and installed primarily 
for the purposes of the pulp and paper undertakings 
of recent years. Such, however, as it is, it would 
have been thought natural in all these circumstances 
that the import trade of the island would have been 
mainly in British hands, having regard in particular 
to the preference for British associations that seems 
unquestionably to exist in the colony. How far 
this is from being the case is shown in a report, by 
Mr. F. W. Field, H.M. Senior Trade Commissioner 
in Canada and Newfoundland, issued by the 
Department of Overseas Trade.* 

As far back as 1888 the United Kingdom supplied 
only 44 per cent. of the imports of Newfoundland, 
but by 1923-24 this had fallen to 22-5 per cent. 
In the interval the total imports of the colony had 
nearly quadrupled, and the imports per head had 
more than doubled, amounting at the latter date to 
an average of about 105 dols., reckoned on the 
census of 1921, or about the same as the average 
imports of Australians. Of this trade the United 
Kingdom’s share was only 24 dols., which consisted 
largely of machinery and supplies for a British- 
owned pulp and paper mill. Among the lines of 
business of which most went to Canada were cranes 
and mining machinery, and among those of which 
most went to the United States were motor cars, 
cycles and parts, locomotives, and machinery. In 
no branch of engineering business did Great Britain 
secure more than any other country. It is true 
that Newfoundland is nearly three times as far 
from this country as from New York, while it is 
nearer still to Nova Scotia, but the high general 
tariff, on which the colony depends for its chief 
income, brings freight to only about 5 per cent. of 
the landing charge, so that the distance is not a 
serious handicap. A substantial reduction in freight 
would be possible if return freights could be pro- 
cured, but under existing conditions most of the 
fish, which is the colony’s chief export, goes by direct 
boats to Southern Europe or else to South America, 
and the large and regular trade in paper is shipped 
on the manufacturing company’s own vessels. 

At the present time most colonies are anxious 
to develop their resources, but few seem to have 
better reason to expect a solid, if not a sensational, 
result from attempts to do so. The fisheries at 
present yield about four-fifths of the exports of 
Newfoundland, but complaints are heard of imper- 
fect curing of cod, and there appears to be room 
for considerable increase in output in the catches of 
smaller fishes if the canning industry were larger. 
A still more remarkable activity is shown in agri- 
cultural operations, for since 1891 the value of the 
colony’s farm products has doubled itself every ten 





* Report on the Trade, Industries and Resources of New- 
foundland for 1925, H.M. Stationery Office, 2s. 3d. net. 








years, and Government measures are announced for 
further assisting farmers throughout the colony. 
The weil-known hematite iron deposits in the little 
Bell Island, which covers only some 12 square miles, 
are not the only iron deposits in the island, though 
they are the only ones that are being worked actively 
and extensively. A not inconsiderable output of 
copper ore has been obtained, and a variety of de- 
posits of that and other minerals have been located, 
but relatively little has been done with them. Large 
as is the consumption of timber by the pulp and 
paper mills established in recent years, considerably 
more seems to be available without depleting the 
timber faster than it grows. Much more water 
power exists than has already been harnessed in 
connection with the pulp and paper works. The 
island has a main line of railway, which connects 
its ports at the south-east and south-west extremities 
by a rough half-circle of line running across the 
middle, but relatively few branch lines, such as will 
be indispensable to opening up or developing many 
districts. Its 906 miles, together with its coast 
steamers and the docks, have been steadily reducing 
the loss of nearly 2,000,000 dols. at which they 
worked in 1920-21, and in 1924-25 showed a profit. 
The Government is about to substitute 70-lb. for 
50-lb. rails on part of the track, and also contem- 
plates improvements in rolling-stock. 

None of the activities that these facts seem to 
suggest can be carried out without engineering work. 
The ability and disposition of the country to improve 
its standard of living is illustrated in the steady 
increase of its imports per head ; and, in addition to 
the engineering manufactures required for industrial 
purposes, a demand for them must accompany a 
general improvement in the standard of living. At 
the present time British engineers might be well 
advised to consider whether it would not be worth 
while to concert measures for obtaining what may be 
called reasonably their proper share of the business. 
As has often been seen in other countries, the hold 
that is obtained on a market in the early stages of 
its active development is a great advantage in 
competition when the market has increased. 





THE ROYAL SANITARY INSTITUTE. 


Tue Annual Congress of the Royal Sanitary Insti- 
tute is this year being held in London, and having 
opened on the Sth inst., will terminate to-morrow. 
It has the special interest of being held in the fiftieth 
year of the Institute’s work, and has met under the 
presidency of Mr. Neville Chamberlain, the Minister 
of Health, who delivered an inaugural address. It 
is being attended by a thousand delegates from 
authorities in this country, the Dominions and 
abroad. 


ENGINEERING AND PuBLIC HEALTH. 


The Institute was by no means a premature 
foundation. Its formation in 1876 came nearly 40 
years after Sir Edwin Chadwick had begun the 
enquiries that led to the growth of a national sanitary 
conscience, and though its founders were pioneers 
in the sense that no institution existed to convey toa 
general public, including legislators, the knowledge 
and convictions by which the best informed persons of 
the day were inspired, they were merely putting into 
a form suitable for action aspirations that were 
already strong in the minds of those most competent 
to judge. From the outset the Institute had effective 
support from engineers. Mr. Bailey Denton was 
one of the three men who first set the scheme for 
its foundation on foot, and its earliest and lifelong 
supporters included Mr. Rogers Field, Sir Douglas 
Galton, Mr. Baldwin Latham, Mr. Henry Law, and 
Sir Robert Rawlinson. The association of engineers 
with public health works is not likely to grow less. As 
Mr. Chamberlain remarked in his inaugural address, 
part of the demand for sanitary improvement is due 
to the fact not that things are worse than they were, 
but that standards grow continually higher. The 
increase of population, moreover, brings with it 
inevitably a growing complexity of problems, which 
in a more spacious age could be left to solve them- 
selves, but as the country becomes more and more 
crowded must call for the aid of engineers to make 
the most of available resources. In the striking 
presidential address delivered to the section of 
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Sanitary Science and Preventive Medicine, Sir 
George Newman, the Chief Medical Officer of the 
Ministry of Health, illustrated the order of 
magnitude of the increase of such demands by two 
sets of figures. In 1801 England and Wales had 
about 9 million inhabitants and only five large 
towns, so that most people lived near their food sup- 
plies. Now the population is 39 millions, and there 
are 105 large towns and 157 smaller ones. The 
country is no larger than it was at the earlier date, 
and so far as its natural resources are necessary for 
public well-being the need to make the most of them 
is therefore evident. The community must look 
largely to engineers to carry out, and to a considerable 
extent to prescribe, the measures necessary for the 
purpose. 

The solid return that has been obtained in the last 
fifty years from the application of sanitary science 
and preventive medicine is indicated, if not wholly 
exhausted, in two sets of figures quoted in Mr. 
Chamberlain’s address. They show that in that 
period the general mortality per thousand living 
and the mortality per thousand infants under 1 
year have each been, within a decimal place, reduced 
by one half. This is indeed an extraordinary 
result to have been attained within a single lifetime 
in a country that to begin with was in the forefront 
of material civilisation. How considerable is the 
part that has been played by engineers and men of 
science in what at first sight may seem a purely 
medical achievement is recalled in interesting 
detail at the outset of Sir George Newman’s address. 
A dozen non-medical men are quoted who have left 
an indelible mark on medicine, and illustrate how, 
as Pasteur insisted, all sciences gain by mutual 
support. Though sanitary work is medical in 
inspiration, it is social in structure. In the 400 
years of their occupation, the Romans, as Sir George 
Newman points out, laid the groundwork of our 
civilisation not only by their laws, but by the roads, 
irrigation and water supplies with which they re- 
claimed marsh and forest and woodland ; and first 
among the non-medical conditions that affect the 
health of a nation he puts the roads and the mecha- 
nism by which the best use is made of them. 

Mr. G. W. Humphreys, the Chief Engineer and 
County Surveyor to the London County Council, 
in his presidential address to the Conference of 
Engineers and Surveyors, pointed out that the place 
to-day occupied by municipal engineers only began to 
be held by them towards the end of the 18th century. 
The introduction of steam, the construction of proper 
roads and canals, the laying out and working of 
railways, and the provision of gas and waterworks 
during the first half of the last century produced, 
in the persons of the old consulting engineers, a 
body of men with an extraordinary experience 
of handling large work and of human nature. 
The completion of their works and the multipli- 
cation of local authorities had reduced the number 
of independent consultants, whose experiences 
would have been invaluable in attacking the many 
difficult problems with which engineers of this and 
succeeding generations will have to deal. As 
against this handicap the number of posts and oppor- 
tunities created for engineers in the public service, 
both in general engineering and in specialist work, 
is constantly increasing. They will give occasion 
for increased responsibility as fresh problems arise, 
and it is above all necessary that when a problem is 
presented of which the engineer does not see the 
solution with absolute certainty he should advise 
consultation with some other engineer who has had 
the necessary experience, so that the work may 
proceed on the most certain basis that contem- 
porary knowledge can give. This is the more 
imperative because, although in theory the admini- 
strative body should lay down principles and the 
officer should define the steps by which they are 
to be carried out, this delimitation of functions is 
often not desirable or even possible in practice. 


DELIMITATION OF DRAINAGE AREAS. 


The papers read at the Congress illustrated, 
as Mr. Humphreys pointed out, the problems that 
arose through the growth and aggregation of 
population. Among these he drew particular 
attention to the drainage of large continuous areas, 
as being a matter in which what is done now in the 





very difficult decisions that have to be made will 
affect the well-being of future generations. This 
subject was discussed in a paper on The Delimita- 
tion of Drainage Areas by Mr. F. O. Stanford, 
M.Inst.C.E., Engineering Inspector to the Ministry 
of Health. The essential purpose of this paper was 
to insist that, as far at least as concerns the relation 
of drainage areas to sewerage, administrative areas 
should be rectified as opportunity occurs so as to 
conform to physical conditions. Looked at from a 
purely administrative point of view, an urban 
district must first of all be a place having a known 
and defined boundary, and the most natural and 
convenient boundary was a watercourse. Physi- 
cally, however, a watercourse was not a boundary but 
a core of the watershed ; and the more closely the 
boundaries of administrative areas conformed to the 
lines of the watershed and not of a watercourse, the 
more conveniently would the drainage be carried 
out. Water supply undertakings, riparian owners, 
Fishery Boards, and other authorities had separate 
interests from those of the sewerage authorities ; 
but, taken as a whole, they would all be best served 
by treating the area on the broad basis of the national 
river basin rather than on the artificial basis of 
administration areas. As things were, authorities 
had power to agree so to co-operate as to adopt 
the natural basis, but often they neglected or were 
unwilling to do so; and drainage schemes might 
thus be restricted by administrative boundaries 
instead of being developed in accordance with the 
natural lie of the land. The lay out of such schemes 
and the delimitation of a drainage area should 
indeed be accompanied by town planning, so as to 
control the growth of centres of population and 
direct them to situations that could be drained 
without undue expense or complication. 


ACTIVATED SEWAGE SLUDGE. 


Dr. H. C. Calvert, Chemical Inspector to the 
Engineering Department of the Ministry of Health, 
dealt with the Activated Sludge Process of Sewage 
Treatment. Broadly, the process depends on the 
fact that when sewage is subjected to prolonged 
aeration a sludge settles which, for some reason 
not yet understood, has the property of removing 
organic matter from fresh sewage when mixed 
with it, and thus purifying it wholly or partially. 
The sludge is then reactivated by aeration as before. 
Dr. Calvert described a variety of devices for aera- 
tion, some operating by compressed air, some by 
surface aeration and mechanical agitation, and one 
—a recent German process dealing with a daily 
flow of 4,000,000 gallons of weak sewage—in which 
mechanical agitation is combined with aeration by 
compressed air, so, as it is said, effecting a large 
economy of air and some total saving of power. 
In all cases the surface of the liquid has to be broken, 
and in the air-blowing processes the bubbles must 
break, in order to give effective aeration. The 
regeneration of the sludge may be done in an exten- 
sion of the aeration units and in contact with the 
purified sewage, and this is generally economical 
where a highly purified effluent is desired. If, 
however, only a partially purified effluent is wanted, 
either for discharge into tidal waters or for further 
purification on existing filters, separate sludge 
regeneration or conditioning units are used. Thus 
at Birmingham the partially purified liquid is 
separated from the partially deactivated sludge, 
the liquid being passed on to percolating filters 
at two or three times the usual rate, while the sludge 
is regenerated in separate units. This process 
enables existing works to deal with an increased 
flow, especially if they already have percolating 
filters, and takes account of the fact that percolating 
filters cannot be used continuously to produce a 
partially purified and unstable effluent without 
gradually losing their purifying power. Before 
being treated the sewage should be screened and 
the grit settled in detritus tanks, and preliminary 
sedimentation may also be advisable. The per- 
centage of sludge varies. A high percentage requires 
more oxygen to keep it active, but gives a reserve 
of activity to meet fluctuations in the strength of 
the sewage. It would probably also vary with the 
activity of the sludge, but no convenient method 
of measuring this has yet been devised. At present 





15 to 20 per cent. of sludge, measured after an hour’s 
settlement, is an average amount. The activated 
sludge has the peculiarity of retaining water far 
more persistently than other sludges, and as dis- 
charged from the settling tanks, it contains usually 
over 99 per cent. This does not, of course, mean 
that a greater amount of dry solids must be produced 
in the process, but that a given amount may repre- 
sent as much as 20 times the weight of the original 
activated sludge. The dewatering of this sludge is 
an unsolved problem of some importance, for 
activated sludge has a higher fertiliser value than 
other sorts. 

The cost of a plant designed to deal with a daily 
dry weather flow of a million gallons of average 
domestic sewage and three times this volume in 
wet weather would be about 30,000/., and would 
take 15 to 30 h.p. per million gallons. The annual 
working costs would be from 1,2001. to 1,400/.; power 
varies in the plants considered from 3d. to 4d. per 
unit. The cost of skilled supervision, which is 
absolutely necessary, makes the process unsuitable 
as a rule for works dealing with less than 500,000 
gallons daily dry weather flow. 

In the discussion Professor W. E. Adeney des 
cribed experiments, which he had made in con- 
junction with the late Mr. H. G. Becker, on the 
principles underlying the rate and mechanism of the 
aeration of waters in open-air conditions. These 
experiments are a continuation of the well-known 
researches on which Professor Adeney has been 
engaged since before 1905, and the data on which his 
description and observations were based are given in 
vol. xviii (N.S.) of the Scientific Proceedings of the 
Royal Dublin Society for April 1 of this year. 
They enable a minimum rate to be calculated for the 
solution of air in fresh and in salt water under 
laboratory conditions in the absence of the turbulent 
agitation produced by the activated sludge process, 
and therefore in less favourable—because exposing a 
much less surface of aeration—conditions than 
those of practice. In Prof. Aden2y’s view the 
laboratory has now done all it probably can, 
and its results must be followed up by work at 
the aerating tanks themselves. 

Mr. Streeter, a speaker from the United States, 
observed that Professor Adeney’s fundamental 
results should be of great assistance in the further 
investigation of the process. In the United States 
Professor Adeney’s results had been of the 
utmost use in following the processes of self-puri- 
fication in rivers, and what seeme 1 now to be wanted 
in the scientific investigation of biological sewage 
processes was some biological work of as fundamental 
a character as Professor Adeney’s physico-chemical 
work. 

Mr. A. J. Martin, M.Inst.C.E., felt that 
enough was not known of the activated sludge 
process to enable it to be adopted generally at 
present, but that there seemed to be ground for 
hoping that accumulated experience would show it 
to be a valuable method of preliminary treatment to 
enable filter beds to serve an increased population. 
Dr. W. Butler stated that the London County 
Council had been conducting experiments on 
activated sludge at the Southern Outfall, and had 
found preliminary sedimentation of sewage to be 
desirable, together with the use of a sludge so highly 
activated that when it was mixed with effluent in a 
stoppered bottle and incubated, no decomposition 
occurred. 

Mr. H. C. Whitehead, engineer to the Corporation 
of Birmingham, described the system of the lay- 
out at Birmingham. In this the incoming sewage 
passes successively through a flocculation tank 
and a settling tank, whence the effluent passes to 
the bacteria beds, and the used sludge to a recon- 
ditioning tank, from which it is returned to the 
flocculation tank as required after reactivation. 
In this way a reserve of reactivated sludge is 
always available to meet any trade effluents suddenly 
thrown in. The surplus sludge is run off into 
digestion tanks. In regard to the general practice 
of the process it seemed to him that if they could 
be made, determinations would be valuable defining 
some relation between the surface of a tank and 
its mean depth, and between the surface, the 
volume of sewage, and its strength. 
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SewaGE SLUDGE on LAND. 


Mr. William Clifford, who has charge of the Sewage 
Outfall Works, Wolverhampton, described a method 
of distributing ordinary sewage sludge to farmers 
by pipe line, which had been highly successful, 
when pressed or lagooned sludge had proved 
unattractive. The sludge carried 85 to 95 per cent. 
of water, coming direct from the precipitation or 
sedimentation tank, and represented about one-two- 
hundredth of the volume of sewage from which it 
was derived. Existing plant with compressed air 
sludge rams was used, but doubtless sludge pumps 
would do. The pipe line (6 in. distributing to 4 in.) 
had a sort of ball and socket joint, enabling the line 
to follow the contour of the ground and the direction 
of the hedges. Light pipes 12 ft. to 16 ft. long were 
used, and could be handled easily by two men. No 
joint rings were required, or spigot and socket joints 
sleeved together without any packing might be used. 
The pipe line delivered into a main gutter at the 
upper part of the field, which delivered into a system 
of gutters across the field, about 8 to 10 ft. apart. 
The land should be loosened with a plough or culti- 
vator. Figures were given showing that the cost of 
delivering the sludge was little more than half that of 
pressing and taking to tip. About 200 acres would 
easily accommodate the sedimented sludge from a 
population of 200,000. 

Mr. J. Sutcliffe, the Borough Engineer and 
Surveyor of Woolwich, in the course of a paper 
on “Disposal of Town’s Refuse,” described the 
system of disposal in his borough, which consists 
essentially in collecting the refuse in a 10 cubic yard 
motor lorry, and tipping from high-level floors into a 
destructor. The clinker is crushed and graded in an 
adjoining plant, and after its iron contents have been 
withdrawn on a magnetic extractor, it is screened, 
stored in large hoppers, dried, and mixed with 11 per 
cent. bitumen to make a satisfactory road-surfacing 
material. The gases from the destructor are used 
to make steam and to dry the clinker. - 


(To be continued.) 





THE NEW RESEARCH LABORA- 
TORIES OF THE UNIVERSITY OF 
SHEFFIELD. 


Tue University of Sheffield, which received its 
Charter of Incorporation in 1905, celebrated its 
2Ist anniversary on Thursday and Friday, of last 
week. A reception, attending by delegates from a 
number of other universities, and by delegates 
representative of learned and scientific societies 
and institutions from all over the world, was held on 
Thursday morning, at the University Buildings, 
Western Bank, under the presidency of the Chancel- 
lor, the Marquis of Crewe, and, on the afternoon of 
the same day, a Degree Convocation was held at the 
Victoria Hall. 

On the morning of Friday, the new Engineering 
and Metallurgical Laboratories at the University 
Buildings, St. George’s Square, were formally 
opened by Sir Robert Hadfield, Bt., F.R.S., who 
delivered an address before a large audience. 
He pointed out that the capital invested in Sheffield 
industries by public and private companies had been 
estimated to amount to no less than 100,000,0001., of 
which rather more than half represented the sum 
invested in the iron and steel trades of the city and 
its surroundings. The population of Sheffield was 
about 525,000, of whom it was computed that 
180,000, which included juvenile workers, were 
employed in local industries, or more than 34 per 
cent. of the entire population. The growing needs 
of such a community necessitated progress and the 
maintenance of the high standard of technical and 
scientific education which the University had 
already established, and extensions were required 
in order adequately to cope with the needs of the 
future. The new laboratories would supply the 
means and would, he hoped, maintain the reputation 
which the city and the University had already 
atta ned as the home of metallurgical and engin- 
eering instruction. 

Sir Robert, in his address, gave an interesting 
account of Sheffield and its metallurgical history 
and achievements. He also traced the development of 





technical education in the City and called attention 
to the ever-growing necessity for research and for 
higher technical education. The motto of the Uni- 
versity, Rerum cognoscere causas—to know and find 
out the real cause of things—represented the highest 
aim of education and the guiding principle of science. 
Sir Robert’s address was of considerable length, and 
it is not possible for us to reproduce the whole of it. 
An extract dealing with metallurgical history and 
development will, however, be found on page 43 
of this issue. 

The laboratory, on the ground floor of the 
building, has been designed to supplement the Jonas 
and Edgar Allen Research Laboratories, and is 
equipped with appliances for the investigation of the 
strength and other properties of materials for 
engineering construction. The machines and appar- 
atus installed include a number which have been 
designed and built in the engineering workshops of 
the University itself. They comprise a machine for 
testing specimens under combined bending and 
torsion stresses and a Wohler type of repeated- 
stress machine, with certain modifications, run- 
ning at 2,000 r.p.m. There are also a precision 
torsion machine for investigating elastic hysteresis 
loops in materials, the machine being hand-loaded 
and the strains being measured optically. A range 
of instruments has likewise been installed for the 
testing of sands and cement. These include a 
Riehlé testing machine with a capacity of 2,000 lb., 
and a Le Chatelier apparatus for testing the sound- 
ness of cement. 

Special importance attaches, in these days of what 
may be called high-temperature and high-pressure 
engineering, to the ascertainment of creep and of 
the tensile resistance of materials at the high tem- 
peratures developed in internal-combustion engines 
and steam turbines. A large proportion of the appli- 
ances in the new engineering laboratory are designed 
to facilitate research in these directions, and in the 
fatigue limits of metals subjected to stresses of a 
complicated description at temperatures where the 
resistance of the metal is lower than under normal 
conditions. Such investigations can be carried out 
on the new 10-ton Buckton machine, which has 
been installed, and has been fitted with a sensitive 
extensometer by means of which an elongation of 
one-millionth of an inch can be detected and 
recorded. For determinations of failure at high 
temperatures, however, such a machine presents 
certain inconveniences, as the drop of the beam, when 
it occurs, may take place unexpectedly at any time. 
For conditions of long continued heating and constant 
load, a new ‘‘ dead load ” machine has been devised 
by Prof. F. C. Lea, the head of the Department of 
Engineering at the University. The test piece is 
held between steel adapters made from special, 
non-creep, heat-resisting steel. The portion of the 
specimen under test can be enclosed in a cylindrical 
electric resistance furnace, and heating kept constant 
and under accurate control over very long periods 
of time. The conditions of the test are such as 
to limit the phenomena practically to the length 
between punch marks, or to what, for the purpose 
in question is practically the same thing, to the 
distance between adapters, as the extent to which 
creep may occur in the shoulders of the test piece 
is found to be, to all intents and purposes, negligible. 
The actual stress is applied by means of a spring the 
load-extension characteristics of which are known. 

The installation of testing machines for the ascer- 
tainment of the fatigue limit of spiral springs under 
repeated stresses likewise attracted a good deal of 
interest and attention. Three frames have been 
installed, in which eight springs can be tested 
simultaneously. The mean stress and the range of 
stress can be varied at will. The natural period 
of oscillation of each spring under a given load is 
maintained by an electro magnet, and the springs 
can, if need be, be enclosed in an electrical furnace 
for testing their high-temperature fatigue limits, 
the tests being, of course, carried to destruction in 
each case. Photomicrographs of the resulting 
fractures display the familiar aspect of such failures. 
A Lea oscillating-torsion testing machine, on a 
modified Gough principle, was also shown. 

This new metallurgical laboratory has been built 
and equipped by the generosity of Sir Robert 
Hadfield and Viscount Bearsted. Its equipment 





comprises an X-ray set, with high-tension trans- 
former giving current at 60,000 volts, a mercury- 
vapour pump, a Hyvac rotary oil pump, and 
the usual X-ray tubes and accessories. There is 
also a Reichert micrographic outfit for low magnifi- 
cation micrography, an equipment which has 
become increasingly popular of late, and a Zeiss 
micrographic outfit and accessories. A cathode- 
ray oscillograph for the observation of hysteresis 
loops has likewise been installed. Another exhibit 
of interest was a differential nitrogen volumeter, 
designed »y Dr. Smith, for use in investigating vol- 
ume changes during the solidification of metals. 
Two bulbs, one containing pure dry nitrogen and 
the other the metal under investigation and nitro- 
gen, are connected to a differential pressure gauge, 
heated to the same temperature, and the volume 
change is ascertained from readings of the pressure 
gauge. : 

The high-frequency induction furnace of the 
Ajax-Northrup type is rapidly becoming an indis- 
pensable adjunct of the metallurgical research 
laboratory, and of works where the rapid melting 
of metals is required under conditions which give 
complete heat control and a non-oxidising atmo- 
sphere. The ease with which the furnace can be 
connected up with a vacuum apparatus commends 
it, moreover, when sound metal, free from blow- 
holes and occluded gases, is required. The furnace 
installed at the laboratory takes current from a 
thermionic valve, at 7,000 volts, and at a frequency 
of 14 million cycles per second. 

Of the more purely chemical apparatus installed 
and demonstrated on the occasion of the opening 
of the laboratory, one of the most interesting was 
the continuous flow calorimeter designed by Dr. C. J. 
Smith, which is an ingenious combination intended 
to measure the heat phenomena accompanying the 
solution of metals in reagents. It can be evacuated, 
and the heat losses by radiation, &c., thus reduced 
to negligible proportions. The inner tube, in 
which the dissolving reaction takes place, is sur- 
rounded by a helix of copper wire, which guides 
the flow of the cooling water, supplied from 
apparatus of the same kind as that employed by 
Callendar in his historical research on the specific 
heat of water. 








NOTES. 
THE BrrtHpay Honours. 


On account of the disturbance to the normal life 
of the nation, resulting from the general strike, the 
publication of the usual list of honours conferred 
upon the occasion of His Majesty the King’s Birth- 
day was this year postponed for a month. The list, 
however, was issued on Saturday last, and from it 
we select a few of the names of engineers and others 
whose services have been recognised, and whose work 
is likely to be of direct professional interest to our 
readers. Among the names of newly-created 
Knights, we notice that of Col. Henry George Lyons, 
F.R.S., the director and secretary of the Science 
Museum, as well as those of Lieut.-Col. F. K. McLean, 
whose services to aviation have thus been recog- 
nised, and Mr. Christopher George Musgrave, the 
chairman of the Metropolitan Water Board. In con- 
nection with the Services, we notice that Mr. W. J. 
Berry, Director of Naval Construction, has been 
made a Knight-Commander of the Bath, and 
Mr. F. E. Smith, Director of Scientific Research at 
the Admiralty, has been made a Companion of the 
Bath. The same distinction has been conferred 
upon Engineer Rear-Admiral G. W. Baldwin, and 
upon Dr. G. C. Simpson, the Director of the Meteoro- 
logical Office. The Dominions Office List includes 
the name of Col. P. T. Owen, Director-General of 
Works of the Australian Commonwealth, and Chief 
Engineer under the Federal Capital Commission, 
Col. Owen having been created a Commander of the 
Order of the British Empire. Mr. C. C. Harward, 
A.M. Inst.C.E., whose name appears in the Colonial 
Office list, has also received the same distinction ; 
Mr. Harward, it will be remembered, is Divisional 
Irrigation Engineer for Ceylon. In connection with 
the Sennar Dam, which we illustrated and described 
on page 104 of our last volume, we are glad to note 
that the Resident Engineer of this work, Mr. 0. L. 
Prowde, has received the honour of C.M,G., and 
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that Mr. H. V. C. Johnstone, Resident Engineer of 
the Gezira Canalisation Works, has been awarded 
the O.B.E. Mr. V. Bayley, Superintendent of Works 
of the Kyber Railway, has been made a C.B.E., and 
the Assistant Executive Engineer on this work, 
Mr. A. G. Hall, has also been made a Member of the 
same Order. An abstract of Mr. Bayley’s paper 
on the Kyber Railway, read: before the Institution 
of Civil Engineers on February 23 last, will be 
found on page 250 of our last volume. Mr. H. O. B. 
Shoubridge, Chief Engineer of the Bombay Public 
Works Department, has been made a Companion 
of the Order of the Indian Empire. Among the 
Civil Awards we notice the name of Sir Frank W. 
Dyson, the Astronomer Royal, who has been made 
a K.B.E., and also that of Mr. Philip Palmer, the 
Manager of the Constructive Department, Chatham 
Dockyard, who receives the C.B.E. The O.B.E. 
has also been conferred on Mr. Gilbcrt S. Ram, 
M.I.E.E., the Senior Electrical Inspector of Factories, 
and the M.B.E. on Mr. W. H. W. Henderson, Civil 
Engineer in the Iraq Air Ministry. 
THE WoRLD-POWER CONFERENCE AT BALE. 

As has already been mentioned in our columns, 
a Sectional Meeting of the World-Power Conference 
is to be held in Switzerland, at Bale, from August 31 
to September 8 next. After the first World-Power 
Conference held at Wembley in 1924, and at the time 
of the formation of the International Executive 
Council, it was decided that Plenary Sessions should 
be held only after comparatively long intervals. 
It was at the same time agreed, however, that 
Sectional Meetings, covering part only of the ground 
of the main conferences, might be held at intervening 
times. The Bale meeting, which was proposed by 
Dr. E. Tissot, the president of the Swiss National 
Committee, will be the first of such Sectional 
Meetings. It will deal with the utilisation of water 
power and inland navigation; the exchange of 
electrical energy between countries ; the economic 
relation between hydraulic and thermal generating 
stations; electricity in agriculture; and railway 
electrification. The restriction of the number of 
subjects to be dealt with should allow of their 
consideration in greater detail than would be possible 
at a congress covering a wider field. Some of the 
subjects are of immediate interest to this country, 
and while others may seem somewhat outside our 
immediate province, it is certain that they all call for 
consideration somewhere within the Empire. The 
different subjects to be discussed will, in general, 
be dealt with on different days, the only meetings 
which clash being those concerned with railway 
electrification and electricity in agriculture. The 
proceedings are to be on the lines of those adopted 
for the International Railway Congress, and general 
reporters will submit a survey and digest of the 
ditferent communications in the various classes. The 
official languages of the conference are English, 
French, German and Italian, and all members will 
receive summaries of the papers in English, French 
and German. It is to be hoped that this country 
will take an adequate part in the conference and its 
discussions. An influential British National Com- 
mittee has been formed, representing government 
departments, the important technical institutions, 
and various industrial and technical organisations. 
The Committee, of which Mr. D. N. Dunlop is the 
Chairman, will also include Dominion representa- 
tives. The membership fee for the conference is 
30 Swiss francs. The secretariat of the International 
Executive Council of the World-Power Conference 
is at 36, Kingsway, London, W.C.2, and of the Bale 
Sectional Meeting at 18, Albangraben, Bale, from both 
of which addresses further information may be 
obtained, Twenty-nine countries have, up to the 
present, agreed officially to take part in the meeting, 
and the tentative programme covers 65 papers. 
After the meeting various attractive excursions are 
being arranged to many parts of Europe. 








M.A.N. Diesen Enetves.—We are informed by 
Messrs. John le Boutillier, Limited, of 57, Bishopsgate, 
London, E.C.2, that while an agreement has been made 
by their principals, Maschinenfabrik Augsburg-Niirnberg 
A.G. with Messrs. Vickers Limited, regarding the British 
construction of their two-stroke engines, these and their 
other oil engines will be made as formerly at Augsburg. 
The models include the slow-speed four-stroke type, the 
airless-injection type, and the high-speed single-acting 
four-stroke designs. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 8.) 

ArtTgr the discussion of the papers read on 
the morning of Friday, June 25, the members 
attended a luncheon given in their honour by the 
Antwerp Ship-Repairers’ Association at the Paon 
Royal Restaurant. The party afterwards spent the 
afternoon visiting places of interest in Antwerp, 
particular interest being shown in the Plantin 
Museum. The exhibits consist of the original type, 
printing presses, and so on, used by Christophorus 
Plantinus, and are housed in the building which 
formed his home and works. He was the first 
printer of the Bible, and a very large number of 
examples of his early work are to be seen in the 
museum, which is itself a building of great beauty 
and interest. In the evening, the members attended 
a reception given by Major and Madame Béliard 
at their residence, and later a reception and dance 
given by the Governor of the Province, Baron 
Holvoet, and by Madame La Baronne Holvoet, at 
the Palais du Gouvernement Provincial. 

On the morning of Saturday, June 26, two 
parties were formed, one of which went by steamer 
to visit the dock-extension works in. progress at 
Kruisschans, while the other visited the existing 
Antwerp docks and the ship-repairing establish- 
ments of Messrs. Béliard, Crighton and Co., Ltd., 
and The Antwerp Engineering Co., Ltd. 


Dock-ExTENSION WORKS. 


The works were described in Monsieur Bollengier’s 
paper on The Port of Antwerp, reproduced on page 
24 of our last issue, but a few further particulars 
may begiven. Referring to the map on page 24 it 
may be mentioned that before the present extension 
scheme was decided upon, a proposal was considered 
for diverting the river along what is now the line 
of the canal dock and the proposed new dry docks. 
The proposal was abandoned in favour of the present 
scheme, which, amongst other advantages, affords 
an opportunity of bringing portions of the new 
works into use as they are completed. It is antici- 
pated that the canal dock extension will be brought 
into use in 1928, and the two wet docks, shown on 
the plan to the south of the extension, in 1930. No 
special difficulties have been encountered in the con- 
struction of the extension, which is now practically 
completed ; but the work on the Kruisschans lock, 
which, as shown on the plan, links up the new works 
with the river, offered considerable difficulties. 
The excavation for this lock was in clay, and water 
was present in such quantities that it was found 
necessary to sink a series of shafts round the site 
of the lock. These were linked up by a pipe line 
at a depth of eighty feet, and the water was with- 
drawn from the system by two pumping installations, 
the pumps being electrically driven and working 
night and day. By this means, the water was quickly 
reduced to a leve! at which it gave no serious trouble, 
and the final workings were inthedry. It was neces- 
sary to excavate 65 ft. below low-water level through 
the clay to reach a rock footing. The work is 
being carried out by the City of Antwerp with 
the aid of a government loan, the contractors being 
Messrs. Dumont and Vanderwin, of Brussels. The 
further extension works contemplated include 
6 dry docks and 3 large wet docks. The site of 
these is indicated on the plan to the south and 
north, respectively, of the canal dock extension. 
The plan also shows the site of the proposed new 
goods station, which is to be commenced in the 
near future and will have 150 miles of rails. Other 
new works contemplated are a road between the 
Place du Nord, in the city, and the Kruisschans 
Lock, and the construction of a maritime canal 
from Antwerp to the Moerdijk in Holland to facilitate 
traffic between the city and the Rhine. 


Suip-REPAIRING ESTABLISHMENTS. 


The three leading ship-repairing firms in Antwerp 
are The Antwerp Engineering Company, Limited, 
Messrs. Béliard, Crighton and Co., Limited, and 
Messrs. Guthrie, Murdock and Co., Limited. During 
the war, the works of the Antwerp Engineering 
Company were used by the Germans for submarine 
work, and were left in good condition on their with- 








drawal. Messrs. Guthrie, Murdock, and Co.’s 
works were also undamaged, but those of Messrs, 
Béliard, Crighton, and Co. were completely stripped, 
portions of the plant being subsequently recovered 
from all parts of Germany. The ship-repairing 
industry in Antwerp is in a very flourishing con- 
dition, but the limited dry dock accommodation 
results in a severe restriction of output. It will be 
recalled that the inadequate accommodation in 
this direction was referred to by Mr. H. M. Rogers 
in the discussion on Monsieur Bollengier’s paper, 
and it was evident to those members of the Institu- 
tion who visited the ship-repairing establishments 
that the need for additional dry docks is a very real 
one. The party first visited the existing docks, 
and considerable interest was shown in the old 
docks constructed by Napoleon. Afterwards a 
visit was paid to the shops of the Antwerp Engineer- 
ing Company, Limited. The party were conducted 
round the works by the managing director, Mr. 
David Petrie. The chairman of the company is 
Monsieur Christian Sheid, head of the old-estab- 
lished shipping firm of Adolph Deppe. The ‘‘ Arma- 
ment Deppe”’ was established in 1860. In 1894 
Monsieur Christian Sheid and M. Louis Sheid, 
another director of the Antwerp Engineering Com- 
pany, took control of the firm. Two years later they 
were responsible for the formation of the Compagnie 
Nationale Belge des Transports Maritimes. During 
the war, thirteen of the best units of the Sheid 
fleets were lost through enemy action. The owners 
have the satisfaction, however, of having supplied 
62 per cent. of the transports employed under the 
auspices of the Belgian Relief Commission. Since 
the armistice, the company have built ten steamers. 
The various departments of the company employ 
about 3,000 hands. The establishment includes 
shipbuilding and fitting-out berths at Hoboken, 
a shipbuilding slip and dry docks at St. Anne, 
and the works and offices in Antwerp. The party 
went over the latter only, and as the equipment 
was very similar to that employed in similar 
works in England, it is not necessary to describe 
it to our readers. The same remark applies to the 
works of Messrs. Béliard, Crighton, and Co., Ltd., 
over which the party were shown by Major Béliard, 
President of the French Chamber of Commerce, 
and Vice-President of the Antwerp Ship-Repairers 
Federation. 

On the afternoon of Saturday, June 26, the mem- 
bers attended a reception given by Mr. and Mrs. 
Petrie at Cappellenbosch. 


INstTITUTION DINNER. 


The Institution dinner was held on the evening 
of the same day at the Zoological Gardens Restau- 
rant, His Grace the Duke of Northumberland, 
presiding. Among the distinguished company 
present were M. Baels, Minister of Public Works, 
M. le Baron Holvoet, Governor of the Province 
of Antwerp, M. Frans Van Cauwelaert, Burgomaster 
of the City, M. de le Paulle, Président de la Société, 
des Ingénieurs et Industriels, M. Henri Beliaid, 
Président de la Chambre de Commerce Frangaise, 
M. E. H. Piéraid, Directeur Géneral au Ministére 
de la Marine, Sir Archibald Denny, Professor 
Dalby, Mr. and Mrs. A. J. Campbell, Mr. H. E. 
Yarrow, Mr. Luke, Professor Hillhouse, Mr. and 
Mrs. Dana, Mr. J. F. Wakeham, Mr. W. R. Crighton 
Mr. David Petrie, and Captain A. F. B. Carpenter. 

Following the loyal toasts of “‘ The King of the 
Belgians” and “King George,” there were a 
large number of speeches of which space does not 
permit of our making further mention. Mr. David 
Petrie took the occasion to present the Duke of 
Northumberland with a wrought-iron lamp standard, 
typical of the beautiful work of the Belgians in this 
material. 

THE RETURN JOURNEY. 


The party left Antwerp for the return journey 
at 8.30 a.m. on Sunday on the special steamer 
Princesse Marie Jose. A stop was made at Zee- 
brugge to visit the Mole and Museum, and this 
allowed the members to be present at the unveiling 
of a memorial tablet on the spot where the 
Vindictive was made fast to the Mole. The events 
of the night of St. George’s Day, 1918, were recapitu- 
lated by Colonel G. Stringlhamber, D.S.O., after 
which the tablet was unveiled by H.R.H. Prince 





Charles-Theodore of Belgium. Subsequently the 
party proceeded to the Museum, where the action 
was described in detail by Captain A. F. B. 
Carpenter, the commander of the Vindictive. The 
Princesse Marie Jose left at 3.30 p.m., and the 
members arrived in London via Dover about 
11.30 p.m. after a very pleasant crossing, which 
formed a fitting termination to a most enjoyable 
and memorable visit. 











THE ROYAL AGRICULTURAL SHOW 
AT READING. 


Tue difficulties with which the organisers of 
the Royal Agricultural Show have had to contend 
in the past is strikingly brought out by a glance 
at our descriptions of this important event during 
the last few years. In 1921 we recorded that it 
‘was fortunate exhibitors had not been deterred 
by the prevailing conditions of trade, and that 
the restricted railway facilities under which the 
country was suffering would be likely to have a 
serious effect upon the display of machinery. In 
1922 we stated that the exhibits were curtailed 
by the recent engineering stoppage; in 1923 we 
spoke of the acute depression in both the farming 
and engineering industries; and in 1924 we 
recorded that entries were restricted owing to 
the prevalence of foot and mouth disease. There 
were difficulties due to the same cause in 1925, 
and this year the organisers have to contend with 
the results of the crisis in the mining industry, 
with the resultant transport restrictions and creeping 
paralysis affecting all engineering production. It 
speaks much for the ability of all concerned that, in 
spite of the prevailing conditions, the Show has 
almost invariably been a financial success in the past, 
and we sincerely trust that the same good fortune 
will attend the present exhibition, which is being 
held under circumstances that are probably more 
depressing than any existing, with one exception, 
since it was first organised in 1840. 

The present Show, which was opened by the 
King at Reading on Tuesday last, the 6th inst., 
and closes to-morrow, is the eighty-fifth of the 
series. The meetings have thus been held annually 
with the one exception referred to—that of 1866, 
when the show was abandoned in consequence of 
the cattle plague. The last occasion on which the 
show was held at Reading was in 1882. At the 
time of writing it is too early to form any estimate 
of the probable attendance of either purchasers 
or the general public. It is clear from an inspection 
of the stands, however, that exhibitors have not 
been deterred to any appreciable extent by the 
restricted railway facilities. The livestock on view 
number in the aggregate 4,031 head, exclusive of 
poultry, against 3,922 head last year at Chester. 
The present figure has only been exceeded once 
in the last ten years, namely, at Cambridge in 
1922, when there were 4,200 head. It is, however, 
with the machinery and implement section that we 
are mainly concerned. It might have been antici- 
pated that the difficulties associated with transport 
would have had their most serious effect in this 
direction, and it is consequently gratifying to 
record that while the number of feet of shedding 
in the implement yard is approximately the same 
as at Chester, the number of exhibitors is greater. 
The yard contains 446 stands as against 438 at 
Chester. The great majority of the regular exhibitors 
are again represented, and in some cases the displays 
are On a more extensive scale than on any previous 
occasion. We illustrate a selection from among the 
exhibits of some of the well-known firms in Figs. 
1 to 6 on pages 46 and above, and hope to illustrate 
further examples next week. 

One of the most interesting features of the Show, 
from an engineering standpoint, is that it serves to 
bring together an exceptional number of internal- 
combustion engines of various types. It is interesting 
to note, as typifying the extent to which the mechani- 
calisation of agricultural operations has proceeded, 
that these range in the present exhibition from the 
smallest petrol-paraffin sets to crude oil engines of 
considerable size. A particularly fine display is 
being made by Messrs. Ruston and Hornsby, Ltd., 
of Lincoln. Their exhibits include a number of 
petrol-paraffin engines, five examples being shown 
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of the “ AP” type. These are all hopper-cooled, 
and are suitable for general agricultural purposes. 
They are normally mounted on wooden skids, but 
they can also be supplied on a small four-wheeled 
truck if required. Two examples are shown of a 
lighter type of hopper-cooled engine suitable for 
driving barn machinery. There is, in addition, a 
7 b.h.p. petrol-paraffin engine, with tank cooling, 
which is suitable for all industrial and electrical 
purposes. 

The firm are further showing examples of their 
airless-injection oil engines of both the vertical and 
horizontal types, together with several medium- 
compression oil engines. As we have described 
these engines from time to time in our columns, we 
need not refer to them again here. We illustrate 
one of the petrol-paraffin engines in Fig. 5 below. 
It is known as the ‘Mark APE,” and develops 
5 b.h.p. at 430 r.p.m. As will be clear from the 
illustration, it is of much more substantial con- 
struction than is usual for an engine of this type, 
and closely follows normal practice for horizontal 
oil engines running on heavier fuels. The engine is 
of the open type, and is fitted with two heavy 





on the other end of the shaft is a disc carrying a 
crank-pin. From the pin the motion is conveyed 
direct to the cutter-bar by an inclined connecting- 
rod in the usual way. The large spur wheel, 
mounted on roller bearings, is driven from the road 
wheel by four pawls, and thus ensures that the knife 
comes instantly into action when the horses move 
forward. The machine is provided with simple 
lifters, the foot lift being arranged to work either 
independently or in conjunction with the hand lift 
as required. The fingers may be tilted upwards or 
depressed by means of a second hand lever. The 
fingers are of malleable steel, and are of improved 
design with substantial wearing plates. The road 
wheels are of large diameter, and have a broad face 
to prevent slipping and burying. 

The firm of Messrs. Marshall, Sons and Co., 
Limited, of the Britannia Iron Works, Gains- 
borough, are showing steam road rollers and trac- 
tion engines, a portable steam engine, portable 
and fixed oil engines of various types, and a group 
of four threshing machines. We have described the 
majority of their exhibits in our columns, and dealt 
with the portable steam engine as recently as our 
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flywheels. As shown in the figure, the valves are 
operated through rockers by cams mounted on a 
half-time shaft, driven by skew gear from the 
crank-shaft. The magneto is mounted on the side 
of the engine frame, and is driven by spur-gearing 
from the half-time shaft. The latter also serves to 
drive the governor, which is mounted directly upon 
it, and controls the gas supply on an auxiliary 
throttle in the usual way. The vaporising arrange- 
ment, hardly calls for special comment, as it follows 
the usual practice for engines of this type. Petrol 
or paraftin is supplied to the carburettor as required 
through the medium of a two-way cock, both fuels 
being gravity fed from tanks mounted above the 
cylinder. 

As might be anticipated, there are a large number 
of mowers on exhibit on the various stands. The 
design of most of the machines shown has been 
greatly improved in the last few years, particularly 
in the direction of simplifying the mechanism for 
transmitting the power from the road wheels to the 
cutter bar. In the case of the mower shown by 
Messrs. Ruston and Hornsby, illustrated in Fig. 6 
opposite, the drive is almost direct. In this machine 
practically all the wearing parts are mounted on the 
main axle. A wheel group, consisting of a large 
bevel and a small spur wheel, is mounted on roller 
bearings on the axle, and is driven through an inter- 
mediate wheel from the large spur wheel, having 
internally cut teeth, which can be clearly seen in the 
illustration. A bevel pinion mounted on the end of 
a horizontal shaft engages with the bevel wheel, and 





issue of June 18. Reference may be made to our 
issue of July 6, 1923, page 12, for details of their 
10-ton road roller fitted with an Allen scarifier ; and 
to our issue of July 7, 1922, page 11, for particulars 
of their compound steam tractor, 8 brake horse- 
power fixed oil engine, and their all-steel threshing 
machine. Their universal steam road roller was 
described in our issue for August 14, 1925, on page 
208; and their quick reverse tandem roller in 
our issue of November 27 in the same year, 
page 663. 

We illustrate two of Messrs. Marshall’s exhibits, 
with which we have not previously dealt, in Figs. 
1 and 2, page 46. Fig. 1 shows their 50 brake 
horse-power vertical fixed oil engine. This operates 
on the two-stroke cycle, and has hot-bulb ignition. 
The cylinder is 14 in. bore by 15 in. stroke, and the 
rated power is developed at a speed of 275 r.p.m. 
The engine is started with the aid of a blow lamp, 
and will run light, if desired, without further heat- 
ing or adjustments. No water injection is required 
at anytime. The makers state that the best results 
are obtained with fuel oil having a specific gravity 
between 0-85 and 0-90, but they can supply the 
engine with a pre-heating apparatus which will 
enable fuel oils of 0-92 specific gravity and over 
to be used. The consumption is stated to be below 
half a pint of fuel oil per brake horse-power hour. 

The second illustration, Fig. 2, shows a standard 
portable oil engine of 16 brake horse-power. The 
unit is entirely self-contained, the tanks being of 
sufficient capacity for a long run. This engine also 
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works on the two-stroke cycle, but, to facilitate 
starting, a compressed-air receiver and combined 
starting and charging valve are fitted. The receiver 
can be seen in the illustration strapped to the side 
member of the frame. The engine is of the enclosed 
type, and the bed and cylinder casing are combined 
in a single casting. The cylinder casing is thus 
supported throughout its length. The cylinder 
liner is a separate casting of close-grained metal. 
It is easily removable, and is fitted into the cylinder 
in such a way as to allow complete freedom for 
expansion. The vaporiser is carefully proportioned 
to ensure complete combustion, and the makers 
claim that the engine can be worked continuously 
for long periods without cleaning. Provision is 
made for cleaning out the water jackets. The 
piston is of cast iron, and is provided with five 
Ramsbottom rings. The connecting rod is a mild 
steel forging, fitted with adjustable bearings at 
both ends. The main bearings are provided with 
adjustable steps, and are readily accessible. The 
governor is of the centrifugal, spring-loaded, type, 
and operates by altering the length of the fuel 
pump stroke. Oiling rings are provided for the 





the flywheel in the centre. The latter arrangement 
is sometimes advantageous for shipment abroad, as 
in this case the individual weights of the parts are 
less than with the single bedplate. 

Turning now to the details of the engine, the 
atomiser passes through the water jacket to the 
combustion chamber, and the entire surface of the 
latter is water-cooled. Direct movement is given 
to the fuel pump by a lever carrying a roller operat- 
ing on a case-hardened steel cam, the parts being 
readily accessible. The fuel pump and atomiser 
are machined from a solid steel block. Careful 
attention has been paid to accessibility throughout 
the engine, and as there are few warking parts, it 
may be driven by anyone of average intelligence 
without previous experience. The absence of a 
high-duty air compressor, hot bulb or water injec- 
tion, and the fact that the fuel supply is automatic- 
ally controlled according to the load, all tend to 
render the engine particularly suitable for use in 
foreign countries where it is difficult to obtain skilled 
drivers. The general construction of the engines 
made by the National Company is so well known 
as hardly to call for special comment. It may be 
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main bearings, forced lubrication is employed for 
the piston and gudgeon pin, and combined force 
and centrifugal lubrication for the crank pin. 

The engine is mounted on a steel frame of rigid 
design, with strong axles, undergear, and wrought- 
iron wheels. The water and fuel tanks can be seen 
in the figure. The water is circulated through the 
cylinder jacket by a belt-driven centrifugal pump, 
and passes to an atmospheric cooler mounted in 
front of the engine, where it is cooled by cold air 
drawn through the cooler by the action of the 
engine exhaust. The unit can be supplied with a 
friction clutch, to take the place of fast and loose 
pulleys, if required. The rear wheels can also be 
fitted with brakes, and as in the case of the vertical 
engine already described, a pre-heating apparatus 
for use with heavy residual oils can be fitted. 

The engine which we illustrate in Fig. 3, page 46, 
is shown on the stand of the National Gas Engine 
Company, Limited, of Ashton-under-Lyne. As will 
be clear from the figure, it is of the horizontal twin- 
cylinder type. It develops a maximum of 132 brake 
horse-power, and has been designed with a view to 
producing an economical power unit to utilise the 
cheapest fuels. Parts such as the breech end, 
atomiser, and fuel pump have received particular 
attention, as most of the troubles associated with 
high-compression engines using low-grade fuels arise 
from one or other of these units. The engine is 
started from cold by means of compressed air, and 
will take up the full load within one minute if 
necessary. The engine shown in the illustration has 
a single bedplate for both cylinders, the flywheel 
being outside. This arrangement economises floor 
space, but if required, the engine can be supplied 
with separate bedplate to each cylinder, and with 





mentioned, however, that the cylinder liner is made 
of a special grade of hard cast-iron, and that it can 
be renewed or rebored at any time at a small cost. 
Both the crankshaft and connecting rods are solid 
steel forgings. The former is fitted with balance 
weights and the latter is of the marine type. Oil 
tanks and strainers are provided for the use of light 
and heavy oils. The heavy oil tank is arranged in 
conjunction with a heater attached to the exhaust 
pipe of the engine. A small compressor with an 
air receiver is supplied with the engine for starting 
purposes. On an independent test on a similar 
engine of 60 brake horse-power, using a fuel oil having 
a specific gravity of 0-933 at 60 deg. F., it was found 
that the brake thermal efficiency on full load was 
33-7 per cent. The National self-starting heavy-oil 
engines are made to develop powers ranging from 
18 to 100 brake horse-power. 

Further exhibits on the stand of the National 
Gas Engine Company are a 6 brake horse-power 
petrol-paraffin, single-cylinder, vertical engine, suit- 
able for general farm purposes, a 10 brake horse- 
power engine of generally similar design, and units 
made up with these engines in combination with 
lighting dynamos, pumps, and so on. We have 
described these small sets recently in our columns, 
but have not dealt with the ram pump which forms 
the subject of Fig. 4, page 46. This pump is 
particularly suitable for circulating engine cooling 
water, but may be used for a variety of purposes on 
farms or estates. No special foundations are 
required, and it can be secured to any suitable floor 
by means of two bolts. The body and ram are of 
cast-iron, the latter working in a cast-iron gland 
fitted with suitable packing. The crankshaft is a 
Siemens-Martin steel forging. The connecting rod 





is of gun-metal, and has adjustable brasses at the 
crankend. The valves are of indiarubber with brass 
guard, seat, and spindle. 

The pump is provided with a cast-iron air vessel. 
A fast pulley is supplied as standard, but fast and 
loose pulleys with a belt shifter can be fitted at an 
extra cost. The capacity of the pump is approxi- 
mately 460 gallons per hour at a pulley speed of 
90 r.p.m. The floor space taken is 1 ft. 5in., by 
1 ft. 7 in., and the height of the pump 2 ft. The 
weight is about 14 cwt. 


(To be continued.) 





THE LATE MR. F. A. NIXON. 


WE regret to announce the death on Saturday 
last of Mr. Frederick Albert Nixon at the age of 6U. 
Mr. Nixon received his early education at all Saints 
School, Bloxham, and when seventeen years of age 
attended for two years at the City and Guilds of London 
Technical Institute, afterwards taking a three-year 
course at University College, London, studying 
mechanical and electrical engineering. In 1889 he 
went to the Brush Electrical Engineering Company 
as a pupil, passing through the various departments 
of their works in London and Loughborough, including 
locomotive, stationary engine, dynamo work and 
sometime in the drawing office. He was subsequently 
on the staff of the company, employed on mains and 
station work, in connection with a contract with the 
City of London Electric Supply Company. In 1892 
he was appointed third engineer at the Eccleston Place 
Station of the Westminster Electric Supply Corpor ation 
being promoted subsequently to second engineer. 

In 1894 Mr. Nixon was appointed superintendent of 
mains and underground work for this company under 
the direction of Dr. (now Sir) A. B. W. Kennedy, 
holding that appointment until 1897. In that year 
he was appointed resident engineer for Messrs. Kincaid 
Waller and Manville, in connection with the South Lon- 
don Electric Supply Company’s undertaking, in 1899 
becoming chief engineer to that company. Later as 
assistant to Messrs. Kennedy and Jenkin he acted as 
resident engineer on the construction and equipment 
of the Greenhill Electricity Station at Oldham and was 
later resident engineer for the Handsworth Urban 
District Council’s Electricity Supply. In 1905 he 
was appointed chief engineer for this local authority’s 
supply undertaking. In 1911 he became chief engineer 
in London to the Victoria Falls and Transvaal Power 
Co., Limited, and was engaged on plans and details 
of large extensions to this company’s plant and in 
arranging for purchase of machinery, &c. During the 
war he acted as joint manager and engineer to one of 
the Government explosive factories. He was elected 
an associate member of the Institution of Civil Engi- 
neers in 1897 and was transferred to the class of 
members in 1917, He was also a member of the 
Institution of Electrical Engineers, having joined that 
body in 1889, and been transferred to the class of 
members in 1912. 





TENDERS.—His Majesty’s Trade Commissioner at 
Wellington, New Zealand, reports that the Dunedin 
City Corporation invite tenders, which must reach 
Dunedin by September 8, for the following electrical 
plant :—(1) Reaction water wheel, complete with 
governor and valves for direct connection to an D 
generator. (2) A 3,000 kw., 6,600 volt, 50 cycle, A.C. 
— for direct coupling to a water wheel. (3) 

our 1,000 kw., 6,600 to 20,000 volt, 50 cycle trans- 
formers. (4) Switchboard, oil break switches, dis- 
connecting switches, instruments, &c. The Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
can give further particulars, the reference to the tender 
being B.X. 2676. Indoor control gear and switch gear 
is also wanted for the Waikaremoana electric power 
development system. Particulars of the requirements 
may be had by United Kingdom firms from the Depart- 
ment of Overseas Trade by quoting reference B.X, 2675. 





Contracts,—We understand that Messrs. Stothert 
and Pitt, Limited, Bath, have secured the contract for 
twenty-four 2-ton electric jib cranes for the Calcutta 
Port Commissioners for the new King George Dock. 
Eighteen of these cranes will be of the semi-portal type 
for the import and export sheds, and six of the full portal 
type, for the import shed. All will have the firm’s 
crank type horizontal luffing motion, the semi-portal 
cranes having 52 ft. 6 in. maximum radius and the 
portal cranes 55 ft. 6 in. maximum radius. The height 
of lift for all is 55 ft. above rail level, and a lowering 
range down to 40 ft. belowrail level.— Messrs. Worthington 
Simpson Ltd., London and Newark-on-Trent, have 
secured the order for the supply. of surface condensing 
plant for the 15,000-k.w. turbo-alternators installed in 
the Leicester Corporation Electricity Station at Freemans 
Meadow. This plant consists of twin condensers with 
duplicate steam air ejectors, duplicate circulating and 
extraction pumps, motors, starters, feed water heaters, 
piping, &c. 
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LETTERS TO THE EDITOR. 


THE JUBILEE OF THE TELEPHONE. 
To THE Epitor oF ENGINEERING, 


Sir,—In your excellent report or abstract of my 
lecture, on page 20 of ENGINEERING for July 2, there 
is a misapprehension which may possibly trouble some 
student unless corrected. The force which actuates a 
telephone diaphragm depends not on (H — h)? but on 
the difference between this and (H + h)?; that is, it 
depends on 4 Hh, so that the fluctuating magnetic 
field h is reinforced by the big steady factor H supplied 
by the permanent magnet. If H were too strong, how- 
ever, the fluctuations in h might be overpowered and 
stopped. 

Yours faithfully, 
OxivER LODGE. 
July 3, 1926. 

[We regret that the omission of the first term of 
the difference (H + h)? —(H —h)*, was overlooked.— 
Ep. E.] 





HYDRAULIC PHENOMENA OF 
MOVABLE WEIRS. 


To THE Epitor oF ENGINEERING. 


Srr,—Referring to an article on the hydraulic 
phenomena of movable weirs, appearing in your 
issue of February 12, in addition to those pointed out 
by the Author, the following paradox may be noted : 
in the numerical example water moving at 10 ft. per 
second is caused to raise its surface level by 3 ft. on 
closing the movable weir: now this water would be 
issuing from a reservoir whose still water level need be 


only 1-56 ft. - above the surface of the moving 


water, so that the action of closing the weir raises the 
whole bulk of the water 1-44 ft. above its original 
position, or in other words the energy level is raised 
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1-44 ft. as there is no velocity head to consider either in 
the reservoir or in the water forming the wave. 

I should be very much obliged if some of your readers 
would point out the fallacy in the above reasoning, as it 
is obviously impossible to increase the energy of water 
in this fashion, as the raising of the weir is done, ideally, 
without doing work on the water. 

In the event of the above reasoning being correct, the 
article itself is in error, due to the omission of a third 
equation expressing the energy relations (Bernoulli’s 
Theorem), which would limit the height of the wave 
to not greater than the velocity head. 

Yours faithfully, 
A. P. Fiockart. 

Hydro-Electric Department, Hobart, Tasmania. 

May 21, 1926. 

[Our correspondent misquotes Mr. Michell’s figures 
as the velocity mentioned in the article is 3 ft. not 10 ft. 
a second. This correction would, however, aggravate 
the anomaly to which he calls attention. The explana- 
tion lies in the fact that the phenomenon discussed by 
Mr. Michell has a certain analogy to water hammer, 
where, if the pipe be long enough, there is practically no 
limit to the pressure which can be generated by even a 
very small velocity of flow. There is, in fact, no such 
violation of the principle of conservation of energy as 
our correspondent suggests. To make this clear, 
consider the condition of affairs indicated in Fig. 1, 
which is intended to represent the conditions of flow 
before the weir is instantaneously erected at ab. 

Then let ef be a vertical section of the flow at some 
convenient distance upstream. Then, at this section 
there is a certain resultant force Ri, say, acting in a 
down-stream direction on the block of water included 
between ef and ab. In one second the section ef will 
have moved to ef! and, hence, the force R; will have 
done work on the fluid equalto R,v. At the same time 
the section ab will have moved to a')', and in this 
motion will have done work down stream also equal to 
Hence, on the whole as much work has been done 


R,v, 
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by the block of fluid considered as has been done on it, 
and during the second considered, it neither gains nor 
loses energy. 

Suppose, however, that a barrier is suddenly erected 
at AB, as indicated in Fig. 2, and let ekA represent 
the water surface immediately afterwards. Then, 
after the lapse of another second, the boundary of the 
fluid will be represented by ej/A and ef will, as before, 
have moved to e’ f’, doing work on the fluid equal to 
Ri v- The total pressure on the weir AB may be 
represented by R., but since AB is fixed this force does 
no work either positive or negative, and thus the energy 
of the fluid between ef and AB will be increased by 
R,v- This term is additional to that corresponding to 
the velocity head, and has been neglected by our corres-: 
pondent, with a consequent apparent violation of 
Bernoulli’s principle. If there were no dissipation 
of energy, the level of the water surface could, 
of course, be calculated from the energy equation, 
but dissipation is inevitable in the conditions stated. 
Hence the level of the surface must be calculated from 
the momentum of the fluid as Mr. Michell has done. 
We fancy, however, that there is a slight slip in his 
analysis, as it seems to us that the mass of fluid which 
has its momentum destroyed per second is Vhw and 
not Vh,w, as stated in his article—Epb. E.] 





VIBRATING SHEARS FOR SHEET 
METAL. 


THE accompanying illustration shows a particularly 
handy form of shearing machine for sheet metal, 
recently placed upon the market by Messrs. C. F. R. 
Giesler, Limited, 58c, Gray’s Inn-road, London, W.C.1, 
and capable of cutting sheets of any dimensions in 
straight or curved lines. It is entirely self-contained, 
comprising a } h.p. motor to the casing of which the 
shearing mechanism is bolted. The sheet to be cut is 
passed between the two steel cutters, seen on the 
extreme left of the illustration, the upper cutter being 
fixed and the lower one being given a rapid vibrating 
motion by a ball-bearing eccentric driven from the 
armature shaft through 3 to 1 reduction gearing. As 
the motor normally runs at 3,000 r.p.m., the lower cutter 
operates at about 1,000 complete strokes per minute, 
the effect being to cut the sheet cleanly and rapidly, 
without deformation. Steel sheets, up to about 
14 S.W.G. in thickness, can be cut on this machine, 
which is known as the Vibroshear No. 1, Monobloc 
pattern, at the rate of about 20 ft. per minute. The 
bench space occupied is only about 11 in. by 9 in., and 
the overall height of the machine is 9 in. 

Messrs. Giesler supply shearing machines on the same 
principle as that illustrated and of the same capacity 
but without the motor, the vibrating cutter, in this 
case, being driven by a short length of shafting fitted 
with fast and loose pulleys. Machines of the direct- 
coupled or belt-driven types can also be supplied 
combined with a sheet-metal table conveniently shaped 
to facilitate all kinds of curved or straight cutting, and 
also fitted with a guide to enable sheets to be cut into 
parallel strips. With this arrangement, curved cuts, 





having a minimum radius of 3 in., can be made. In 
another form supplied, the cutting mechanism is 
mounted on a pedestal and driven by a belt from a 
motor located in the base. A machine of the last- 
mentioned type is also made with a larger capacity, 
this machine, known as the Vibroshear No. 3, being 
capable of cutting steel sheets up to 7 S.W.G. in 
thickness; a 3 h.p. motor is required for driving. 
We understand that a still larger machine, which will be 
capable of cutting sheets up to 0-3 in. in thickness, is 
in course of development. 

Finally, we may mention a machine known as the 
Vibroshear No. 2, which has the fixed and movable 
cutters mounted on the opposite ends of the arms of a 
U-shaped casting placed horizontally and having a gap 
2 ft.4in.in depth. This machine has the same cutting 
capacity as the No. 1 size, but the gap provided enables 
sheets to be cut to a very small radius and also permits 
cuts to be made in the centre part of a sheet without 
previous piercing. The cutters, in this case, operate 
at 1,200 strokes per minute and are driven either by 
direct-coupled motor or by belt, about } h.p. being 
required for operation. Skefko ball bearings are used 
in all the machines referred to, and in all cases the 
cutters can be easily replaced at a small cost when 
worn. 





Steam Tue “ GrorGE Livesey.’—Messrs. Harland 
and Wolff, Limited, recently built the single-screw 
steam tug George Livesey at their Govan yard on the 
Clyde for the South Metropolitan Gas Company. The 
new towing vessel is classed 100 Al at Lloyd’s, and is 
83 ft. long, 21 ft. moulded breadth, and 10 ft. 6 in. 
moulded depth. There are four watertight bulkheads 
dividing the vessel into fore and after peaks, machinery 
space, crew space and officers’ accommodation. The 
engine is of the compound surface condensing type, 
having cylinders 18 in. and 38 in. diameter, and the 
stroke of the pistons is 27 in. A cylindrical multitubular 
boiler supplies the steam and is specially arranged for 
the burning of coke. 





VottaGE ConTrRoL oN LoapEep DistrRInutTors.— 
Extensions of supply mains, particularly in rural districts, 
the more general use of bulk supply and the linking up 
of existing power stations, have all greatly increased the 
difficulties of voltage regulation. Many transformers 
have adjustable tappings, and some have tapping 
switches, but these facilities for voltage regulation 
can only be made use of when the supply. is interrupted, 
so that regulation is often impossible when most required. 
Messrs. Brookhirst Switchgear, Limited, of Northgate 
Works, Chester, have given this question great con- 
sideration, and recently issued a descriptive pamphlet 
on their drum type and other regulators, which are 
suitable for use where a wide range of voltage regulation 
is required, while the system is under load. These 
regulators when used in conjunction with auxiliary 
booster transformers are called upon to handle. only 
a fraction of the power transmitted and are capable, 
in the air-break or oil-break designs, of meeting most of 
the requirements in this field. The regulator enables 
changing over from one tapping to another without 
opening the circuit, or causing a short-circuit allows of 
sections of the transformer, and remote or automatic 
controlling systems may be used in connection with 
them. 
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MODERN FLOUR-MILLING 
_ MACHINERY.* 
By Lieut.-Colonel F. W. TuRNER. 
(Continued from page 28.) 


Diagram.—It is difficult to explain the somewhat 
complicated process of flour milling without having a 
diagram of some sort to which to refer, and Fig. 11 
will serve as a guide to the uses of the different machines 
to be referred to in the remainder of the paper. It 
will be seen from this that the plant can be roughly 
divided into three parts :—(1) The break section, in 
which the wheat is gradually broken down by fluted 
rolls and the flour parts separated from the bran parts. 


by 9 in. diameter to 60 in. long by 10 in. diameter. 
Smaller sizes of lighter type are made with rolls down 
to 12 in. long by 6 in. diameter, and heavier pattern 
mills are also made for special purposes with rolls 
up to 12 in. and 14 in. diameter, but not more than 
40 in. long, whilst still heavier pattern two-roller 
mills with rolls 18 in. diameter are made specially for 
rolling bran, and other purposes. The rolls are made 
of chilled cast-iron, with an average depth of chill 
of about # in.; the ends are bored, and spindles or 
gudgeons of mild steel forced into them by hydraulic 
pressure ; the surface is ground perfectly true by means 
of carborundum wheels running at a high velocity, 
and if the roll is to be used for the break process it 
is fluted spirally with the number of flutes required. 





(2) The purification section, in which the flour parts 





This will vary according to whether it is for the 
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Fig. 13. DIAGONAL ROLLER 
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by means of gear wheels connecting the two rolls, but 
an alternative method is to drive each roll indepen- 
dently by a separate belt. The top roll is fixed, and 
is placed diagonally in front of the bottom one, which 
is carried on movable bearings and can be adjusted by 
means of pressure gear connected to the arms of the 
bearings. 

The distribution of the feed in these mills is a very 
important item, as the best work cannot be done by 
the rolls unless the material to be ground is fed evenly 
along the whole length of the rolls, and as the material 
which is delivered to the mills for treatment differs 
very considerably in character from the branny stock 
of the 4th break on the one hand, which runs sluggishly 
and hangs up on every possible occasion, to the grits 
or semolina of the early reductions, which is lively, 
and runs away as quickly as it can find an opening 
on the other hand, so the feed hopper and delivery 
therefrom have to be arranged to suit these character- 
istics. 

An ideal feed for branny stock consists of lifters 
at the bottom of the hopper, which revolve and throw 
the material on to a feed roll in front. This, with a 
feed plate to control it, delivers right into the nip of 
the rolls. With this feed the lower part of the hopper 
is slightly bell-mouthed. 

In Fig. 13, where half the mill is shown in cross- 
section and half in elevation, the feed arrangement 
which is used for the early breaks and the reductions is 
illustrated, the grooving of the front roll only differing 
for the different classes of material, and in most cases 
being a circumferential flute, which gives a more 
even distribution of the material. Between the two 
feed-rolls is an aluminium feed-plate, slightly inclined 
towards the front, over which the material glides, and 
is picked up by the front roll, which runs at a higher 
speed than the back one, thus ensuring the clearing 
of the feed and the material being thrown well clear 
of the back plate and right into the rolls. The gear 
connecting these two feed-rolls is interesting, and con- 
sists of two pairs of worms and worm-wheels specially 
cut to give the required differential. The centre spindle 
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received from the break section are graded into various 
sizes and purified. (3) The reduction section, in 
which the flour parts received from the purifiers are 
ground on smooth or very finely fluted or roughened 
rolls and dressed through silk to obtain the main 
product—fiour. 

Four-Roller Mill.—The actual work both on the 
breaks and the reductions is done on roller mills, 
which are all of one type, and the general design of 
which is very similar amongst the different manufac- 
turers of this country. They are what are called four- 
roller mills, that is, each is fitted with two pairs of 
rolls, one pair on each side, with independent feed, 
and if desired, independent discharge hopper, so that 
each mill is a double mill capable of dealing with two 
quite different kinds of material. An illustration of a 
| Agee English diagonal four-roller mill is shown in 

ig. 13. 

The mills are made in various sizes and are known 
by the sizes of the rolls, which vary from 20 in. long 





* Paper read at the Summer Meeting of the Institu- 





Ist, 2nd, 3rd or 4th break. If the roll is intended 
for the reduction process it is either left smooth, or 
very finely fluted even up to about 80 flutes to the 
inch, or is very finely cut with a diamond, or the surface 
may be slightly roughened, all of these methods being 
found effective at certain stages of the grinding process. 
The flutes, except the very fine diamond-cut grooves, 
are cut in the rolls by means of hard steel tools which 
in the case of the coarser flutes cut only one flute in 
a roll at a time, but in the case of finer flutes the tool 
is cut to the correct radius of the roll and a number 
of teeth cut in it to give the number of flutes per inch 
on the roll. In the former case the usual fluting 
machine is made to take two rolls, and each roll has 
two tools at work at the same time; when once set, 
the machine works automatically, fluting both rolls 
and giving the correct spiral to the fluting which 
varies up to about | in. in 12 in. 

In the case of the rolls used on the breaks, these are 
usually run at a differential of about 2} to 1, the fast 
roll running at a peripheral speed of about 900 ft. 
per minute, while in the case of the reduction rolls the 
differential is about 5 to 4, the fast roll running at 





tion of Mechanical Engineers, at Ipswich, June 15, 1926. 
Abridged. 


600 ft. per minute. The differential is usually obtained 
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of one of the gears is drilled and grooved so that the 
lubricating oil is elevated and runs over the top, thus 
keeping the whole of the gears well and continuously 
lubricated. 

The bottom roll is adjusted to the top by means of 
pressure gear, which is shown, in Fig. 14, attached to 
the projecting arm of the bottom bearing at each end 
of the roll. These are controlled by hand wheels easily 
accessible. If the whole flour mill is provided with 
ample roll surface, the feeds well classified so that 
each. roller mill gets its right proportion, and the 
material well distributed along the length of the roll, 
the pressure required is not great, and the power 
taken by a pair of 40-in. by 10-in. rolls would be 
about 4 h.p. to 5 h.p. 

It is an interesting fact that the power taken by a 
complete flour mill may be actually reduced by an 
addition to the roll surface, owing to the fact that 
when there is not sufficient roller surface extra pressure 
has to be put on the rolls in order to get the stock 
properly reduced, with the result that an excessive 
amount of power is taken, some of which may be 
saved if it is distributed over a larger number of 
mills doing far better work with less pressure. 
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and open. On the centrifugal machine this is*quite 
simple, as a brush can be made to revolve on the 
outside of the silk or wire covered reel in such a way 
that the bristles will sweep against the mesh and thus 


Plansifter.—Dealing with the machines in the order 
in which they appear in the diagram, the next one 
for attention is the plansifter, which is used both for 
scalping the breaks at the head of the flow-sheet and 
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Fic. 15. PLANSIFTER. 


Fig.17. SECTION SHOWING PLANSIFTER DRIVE. 
SIEVE BOX IN BACKGROUND 





quite stiff, and on these the brush rests on the tin 
tray which is under each sieve. On the other side 
the bristles are soft and suitable for brushing the 
underside of the silk or wire sieve. The bristles on 
both sides are set at an angle, and it is this angle 
on the under bristles, which, with the motion of the 
machine, gives the forward movement to the brush. 
The brush is held in position by means of an arm 
at one end of the stock, fitted with a pin and roller, 
which travel in a track fitted down the centre of the 
sieve. The brush thus travels up one side, round the 
end, down the other side, and round the end again 
continuously, and is just of a size to cover the whole 
of the sieve in its journey. An illustration of a plan- 
sifter brush is shown in Fig. 16, and the track in 
which the brush works may be seen in the centre of 
the sieve in Fig. 18. 

The method of transmitting a rotary motion to the 
plansifter sieve-boxes has entirely changed recently, 
and at the present time practically every plansifter 
which is made is constructed on what is called jthe 
free-swinging system. In the present free-swinging 
machine, the motion is given to the boxes by means 
of a vertical spindle, suspended on a swivel bearing, 





which connects to a crank at the lower end, the crank- 


Fig. 16. PLANSIFTER BRUSH 
Top Soft Bristles 
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Fig. 18. PLANSIF TER SIEVE SECTION AT 8.8. 
(Track for Brush sweeping Sieve above 
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keep it open. With flat sieves moving with a rotary 
motion such as are found in the plansifter this is more 
difficult, but the method now adopted is to rely upon 
the motion of the machine to give the movement to 
the brush, which is shaped somewhat like an elongated 
horseshoe with the centre filled up, and fitted with 
bristles on each side. The bristles on one side are 


for dressing the reductions in the later operations. 
An up-to-date machine of the present type is shown in 
Fig. 15. 

In every machine which is used for dressing out 
flour or other products through silk or fine wire it is 
absolutely essential that means should be provided 
for keeping the meshes of the silk or wire quite clear 





pin of which is carriedin another swivel bearing attached 
to the plansifter boxes. On the other end of the crank 
is a balance weight (or sometimes two balance weights) 
and the vertical spindle is connected rigidly to the 
crank between the crank-pin and the balance weight. 
The spindle is driven by a pulley at the top and whilst 
remaining in the same position vertically itself, it 
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rotates the balance weight and the crank-pin, thus 
giving a rotary motion to the whole of the sieve boxes. 
A diagrammatic sketch of the drive is shown in Fig. 17. 
The advantages of this system of driving the plansifter 
are:—({1) There is no vibration from the machine 
which can be communicated to the building, whether 
it is hung direct from girders which are attached to the 
building, or whether it is carried in a self-contained 


which may be kept entirely separate from the others 





deal with either four or six different products, each of 


throughout its course. The sieves being flat, there is 
no apparent reason why the material fed on to them 
should travel in any particular direction, but, in order 
to induce this travel, a series of tin slats is fitted on 
the sides of each sieve, which catch the material as 
it is thrown by the rotary motion, and propel it forward 
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been applied to the plansifter. In this case the vertical 
spindle has two universal joints, one at the top and 
the other at the bottom, the latter connecting to a 
spindle which is carried in a bearing attached rigidly 
to the sieve frame. From this spindle an arm projects 
carrying a balance weight. The vertical spindle is 
run off a pulley drive at the top and the rotation of 
the balance weight gives the required rotary motion 
to the sieve frame. A diagram of this drive is shown in 
Fig. 20. There is, however, with this drive a tendency 
for the sieve to ‘‘ wander,” especially at starting and 
stopping, and this has to be controlled in some way, 
the method adopted being a pin carried down from the 
centre of the sieve-frame which is given a certain circle 
to work in with spring buffers. 

The sieves are carried in two boxes as in the larger 
machine, but with only six sieves in each box. The 
sieves are about 5 ft. by 20 in., and may be divided for 
two feeds to each box, so that four different feeds may 
be treated on the one machine. One of these machines 
is able to replace a certain number of reels or centrifugal 
dressing machines, which means a considerable saving 
of space, an important item in a small mill, a saving 
of probably not less than 3 h.p., whilst at the same 
time much-improved results are obtained from the 
working of the plant. 

As an alternative to the plansifter for scalping, 
hexagonal reels and centrifugals are in use in many 
mills, as also other machines using air currents for 
making the separations instead of sieves, such as 
the Cyclo pneumatic separator. 

The main part of the grading is done on the lower 
sieves of the break plansifters, or on separate machines 
when the capacity demands it, the different grades 
as they come from the sieves being sent to the different 
purifiers, coarse and fine semolina, coarse and fine 
middlings, from which such flour as has been made 
during the break process, and this is always kept as 
low as possible, has been taken out on the sieves and 
sent direct to the flour sack. 

Purifier—A purifier of the fanless type is shown in 
section in Fig. 21. The work of this machine is 
dependent upon air currents, and it must therefore 
have a fan as actually part of the machine, or be 
connected to one by means of an exhaust trunk. 
It is more general now to install the fanless type, 
with a separate fan for all the purifiers in the mill, 
which connects up with a dust collector. 

The material is fed on to a shaking sieve, set at a 
slight incline, which runs down the centre of the 
machine. This sieve is fitted with a silk cover with 
a mesh to suit the grade of the material. The air is 
drawn through the material as it passes down}the 


.21. LONGITUDINAL SECTION OF PURIFIER 
Abel 28 

























































































nomaeoke 7 

:SeReee Bie eee 

Se a a a ae ae ae a ene 
9544 i. 

Ins.12__..6 g 1 4 3 4 Feet 





from one slat to the next and so on. 
In this way the material travels 
down the sieve, part sifting through 
the silk or wire mesh (with the brush 


af keeping it clear underneath) and the 


ey 





frame. (2) There is very little wear on the moving 
parts, the top bearing being preferably fitted with balls, 
and the bottom with rollers. (3) The power required 
for driving is very small, the average for a machine 
fitted with twelve sieves in each box being about } h.p. 

There are usually twelve sieves in a box, but the 
number may be reduced to six, or increased to fourteen, 
if required. The size of the sieves is about 5 ft. by 
3 ft., and each is divided down the centre so that it 
can take two different products, as shown in Fig. 18, in 
which the brush tracks appear running down the centres 
of the sieves and the tin slats at the sides, or it can be 
arranged for division into three to take three products 
if so required. Each machine, therefore, is able to 
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remainder overtailing on to the next 
or lower sieve oF being delivered through a spout 
and going to another machine, the throughs also either 
going to another sieve or away from the machine 
through a spout. 

A plansifter such as has just been described may be 
used in any plant of a capacity not less than three 
sacks per hour, but there are many country mills 
of less capacity than this, and a machine on a smaller 
scale has recently been constructed, Fig. 19, which is 
of the plansifter type so far as the sieves are concerned, 
but with a different system of drive. This is the vibro- 
motor drive which was brought out by Mr. Worby 
Beaumont in 1892, and has been extensively used for 


sieve and lifts out of it any impurities in the shape of 
branny particles or fine dust, &c. Just above the 
sieve are placed trays, and, as the air expands after 
passing through the spaces between them, the heavier 
impurities are dropped in the trays, and are deposited 
in side channels either by means of a brush in the 
machines where the trays are independent from the 
sieve, or owing to the shaking action where they are 
attached to the sieve frame. The lighter impurities 
are carried up with the air current for collection in 
the settling chambers in the case of a machine fitted 
with its own fan, or in the dust collector trunk where 
there is a central exhaust system. In this machine, 
as in the plansifter and centrifugal, there is the same 
importance, or even more so, in keeping the sieve 
continuously and automatically brushed, in order that 
the meshes of the cover may be always clear and 
open. The machine shown has a revolving brush 
with bristles projecting from a wooden roller, which, 





driving’sifters with inclined sieves, but has not previously 


by running on a rack and being connected on one 
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side only to a travelling chain, is run up and down 
and is brushing the sieve all the time, leaving no 
parts untouched, and thus maintaining the efficiency 
of the air currents on the material passing down the 
sieve throughout its entire length. 


(To he continued.) 





THE CALCULATION AND MEASURE- 
MENT OF AIR FLOWS IN MINES.* 


By Joun L. Hopason, M.I.Mech.E., 
Assoc.M.Inst.C.E. 

THE present paper is really an extension of the dis- 
cussion of Professor Knox’s paper on the “ Proposed 
Revision of the Theory cf Ventilation,” which was 
read before your Institution last December. It will 
be remembered by those who read this paper that 
in the discussion of the report issued in March, 1924, 
by the Committee appointed by the Midland Institu- 
tion of Mining Engineers to consider revision of the 
present theory of ventilation, the present writer urged 
the necessity of taking account, in any such revision, 
of the new fundamental ideas which have grown out 
of the experiments on critical velocity which Professor 
Osborne Reynolds made some forty-two years ago. 

The work of Stanton and Pannell has shown that 
these ideas enable tests made on the resistancet of 
a pipe line of a given diameter at various velocities 
with a given fluid such as water, to be used for predict- 
ing with accuracy the resistance of a pipe line of any 
other diameter (but of the same relative roughness) 
when passing any other fluid, such as, say, air or treacle. 
The work of the aeronautical side of the National 
Physical Laboratory has shown that these ideas enable 
the behaviour of full-sized aeroplanes to be accurately 
predicted from the behaviour of scale models, and my 
own work has shown that they enable the coefficients 
of discharge of an orifice or other metering device 
determined at various velocities by means of a given 
fluid to be used to predict the coefficients of discharge 
at “corresponding velocities ’’ for any other fluid. 

As the suggestion to embody these ideas in any future 
work has been accepted by the Committee above 
referred to, a brief restatement of their scope, and of 
how they arose, may not be out of place. 

In 1883, Professor Osborne Reynolds, using the 
apparatus shown diagrammatically in Fig. 1, found 
that as the velocity of the water discharging through a 
glass tube of diameter D was gradually increased, there 
was a certain fairly definite velocity (which he called 
the “‘ critical velocity’ V_) at which the thin filament 
of injected coloured liquid broke up and became con- 
fused, and the nature of the flow changed from “ stream 
line flow ” to “ turbulent, or eddying flow.” Carrying 
his experiments further, he found that if the diameter 
of the glass tube were increased, the “‘ critical velocity ” 
was reduced in the same proportion; so that the 
critical velocity always occurred at the same value of 
the product V.D. He next found that the value of the 
product VD did not remain the same if the fluid passing 
through the glass tube was changed from, say, water to 
oil; and that when the fluid was changed as well 
as the diameter D, it was the value of the productt 
V.DW/«u which remained constant. 

It was left for the late Lord Rayleigh to deduce from 
theoretical considerations the complete statement of 
the law, which is that the resistance to flow past a 
surface or obstruction of given size D (and of rough- 
ness proportionate to D) depends only upon the linear 
dimension D, the velocity V, the density W, and the 
viscosity « of the fluid; and that the flow conditions 
are identical, not only at the critical velocity V., but 
at any velocity V, for the same value of the product 
VDW/x. This product is now known as the “ Rey- 
nolds Criterion’ in honour of the man who originated 
this new line of thought. 

As indicated in the second paragraph of the paper, 
the accuracy of Lord Rayleigh’s deduction has been 
shown by nearly twenty years of hydrodynamic and 
aerodynamic research. 

The chief problems in connection with the flow of 
ventilation air which concern the colliery engineer can 
be very briefly stated. They are: (1) What will be 
the difference of pressure (P lb. per square foot) required 
to. force a given number of cubic feet of air per second 
(Q) through the workings? (2, How much horse- 
power (H.P.) will this take ? (3) To what extent can 
horse-power be economised by avoiding leakages,§ 





* Paper read before the South Waies Institute of 
Engineers, on Dec. 17, 1925. 

+ The term ‘‘ resistance’ is here used to denote the 
difference of pressure required to produce a given flow. 
It is strictly the difference of pressure required to produce 
unit flow, 

t Acomplete list of the symbols used is given at the 
end of the paper in Appendix I. 

§ Leakage through cross roads and stoppings would 
seem to be by far the biggest cause of loss. Mr. Henry 


Palmer (Brit. Soc. Min, Stud., vol. xi, page 46) quotes 





smoothing the walls of the airways, and by suitable 
design and planning of the insets, galleries, &c. ? 
The frictional force K (in absolute units) per unit 
area of the surface of a passage is given by the rela- 
tion : 
K= gP x Sectional area of passage _ gPA 
perimeter x length of passage CL 
If we assume that K varies as WV, we may write : 





(1) 





K = 6WV? (2) 
whence 
¥ > 
_ it te 
wv? WV*CL 
and 
p — SWV°CL (4) 
gA 


If now, for a given passage, with air at a known 
density and viscosity, we determine experimentally a 
series of values connecting § and VDW/x, using equa- 
tion (3), and plot these on a curve, such as that shown 
at AB in Fig. 2, we can, by using equation (4) and the 
value of 6 corresponding to the particular value of 


Fig.1. 
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VDW/u worked at, calculate P for any similar passage 
with the air at any other density W and viscosity p. 
It will be seen that equation (4) may be written 


P = aWV? (5) 
where oe 
i) 
=> — 6 
a ok (6) 


Similarly, the relation between the loss of pressure 
and WV? at an inset, constriction, or enlargement, &c. 


may be written 
P = BWV? ‘ : = Gh) 


and an experimental curve drawn up connecting 6 
and VDW/u, where V is the velocity at some specified 
point at or near the construction at which the linear 
dimension is D. 

A series of curves such as that shown in Fig. 2, 
which connect 8 (or 8) and VDW/ux for various types 
of passages, i.e., timbered or smooth-lined, containing 
guide ropes, supports, &c., and various types of insets 
and constrictions, will enable the colliery engineer 
readily to estimate the loss of pressure in any given set 
of passages. To do this, it is necessary to know the 
average area of each passage, and to work out the values 
of VDW/u and of a or 8 (equations (6) and (7) ) for 
each passage or constriction, &c. 

If the passages are in series, so that the same weight 
flow* Q,W, (or AyVoWo) passes through each, we have, 


by (5): 


i‘ ey) oar Lo i ithe 1 7 ; 
2) Walk a os NE a 8 
(QoWo) \w, A; V, A? y ®) 
since 
V = Q/A = Weight flow/WA (8a) 


If the passages are in parallel, so that the total 
weight flow through them all is QoW», we have : 


” Wi Ww, 
QW = VELA 2 A/S ely (sha P= } 9) 
since 
QoWo = ArVoW 


and by (5) : 


ca ae Sa 


Y= V Py/aW, (10) 
V, = /P,/a,Ws (11) 


W for moist air can be calculated from the formulat 





a case where all the usual precautions had been taken to 
avoid such loss, and yet, where only 15-6 per cent. of 
the air current in the downcast shaft reached the working 
face. It would seem worth while to consider the possi- 
bility of using impervious stoppings embedded in plastic 
material such as bitumen, pitch, or damp clay, and of 
devising really air-tight air doors. If cross leakage 
could be effectively stopped, the losses due to air friction 
would be material. 

* It should be remembered that it is the weight 
flow (not the volume flow) that is constant throughout 
any circuit. Also that it is the weight flow, and not 
the volume flow which is of importance in ventilation 
problems, 

+ Since water vapour is 0-622 times as dense as air, 
the weight of 1 cubic foot of moist air of pressure p 
and temperature T and vapour pressure p, (as obtained 





from the dew point determination) will be equal to— 


Wet! 
wie a 
where p, is the vapour pressure as ascertained by the 
dew point determination. 
Equation (12) reduces to 


w = 2:7P _ 1:32 


és = 


[p — 0-378 p,] - (12) 


(13) 





when the air is dry. 

In any given case the horse-power in the air may be 
calculated from the relation 

HP = PAV/550 (14) 

It will be noticed that the above treatment does 
not bring in the ideas of units of resistance and con- 
ductance, or of equivalent orifices, or use formule 
with fractional indices. In this connection it may be 
as well to point out that it is not possible accurately to 
represent the resistance of a mine by an “‘ equivalent 
orifice’ except at one velocity, as the flow through 
an orifice exactly follows the square law over a large 
range, while the flow through a mine does not. 

The values of ¢ in the equation 


P=eWQ . (15) 


would, if determined at various fractions of the normal 
flow through each mine, enable the resistances of 
various mines to be readily compared. A numerical 
example is worked out and a graphical method of treat- 
ment will be found in Appendix IIT. 

Turning back to Fig. 2, the shaded space between the 
curved lines represents the limits of error of the experi- 
mental points determined by Stanton and Pannell in 
their tests using water and air in smooth pipes. The 
lines 8 = 8/R and 8 = 0-0396/R} represent respec- 
tively theoretical values for viscous and turbulent 
flows for smooth pipes as proposed by Blasius.* 

The line AB represents some tests made by the 
writer on the scale model of a gallery timbered at the 
sides and the top with props 8 in. in diameter at 8 ft. 
intervals, and 8 ft. square inside the timbers. The 
“timbers” in the scale model were of seasoned ash 
twig, carefully gauged. The model was ,,th of full 
size, and P was measured over a 12-in. length of the 
passage.t The curve CD represents the change in 
the value of 6 effected by smearing the two side walls 
of the model with plasticene so as just to fill in the 
space between the timbers, and corresponds to a 
resistance intermediate between that of an unlined 
passage and an arched gallery. 

It shows that at a velocity of 15 ft. per second in the 
full-sized gallery the loss of pressure per 1,000 ft. 
would be reduced by such smoothing from 4-09 lb. 
to 1-09 lb. per square foot, the air horse-power from 
7:13 to 1-9, the yearly cost (assuming }d. per air 
horse-power-hour) from 65/. to 171. 3s. As the cost of 
such smoothing, using, say, an open wattle and clay 
construction, would not exceed about 1001. per 1,000 ft., 
the annual saving, including sinking fund, would be 
about 40/. per 1,000 ft. of heading per year. Calcula- 
tion shows that in order to obtain the same economy 
in horse-power by enlarging the gallery, it would be 
necessary to increase this from 8 ft. to 13 ft. 2} in. 
Such curves as AB and CD show how scale model 
experiments will be able to be used to indicate possible 
economies in the design and construction of passages, 
bends, insets, intakes, constrictions, expansions, and 
the like. 

In order to obtain results that are exactly com- 
parable with the results obtained in the full-sized pit, 
the scale models would have to be made about one- 
tenth full size, and water (for which at ordinary 
temperatures the value of W/y is about 13 times 
as great as it is for air)} used as the calibrating fluid, 





2°7 0-622 x 2-7 py 
é = me 
T (p — Pu) 4 T 


9.7 
="! [p — 0:378p-]. 
T [p 78p2] 


* It seems possible that the line 6 0-0396R} for 
turbulent flows is incorrect, and that this line should 
gradually become parallel to the X axis. . Lees 
(Proc. Royal Society), A., vol. xci., pp. 1-6, 1914), and 
F. Heywood (Proc, Inst. Civil Engrs., 1925) contend 
that at a sufficiently high velocity the resistance of any 
passage becomes proportional to the square of the 
velocity. Schiller, on the other hand, contends (Zeit. 
fiir Angewandte Mathematic und Mechanik, No. 1, 
vol, iii, Feb., 1923, pp. 2-13) that the observed tendency 
for the curves to flatten out is due to the difficulties of 
experimenting at high velocities, such as that due to 
air separating out from high-pressure water when the 
pressure is reduced as this flows along the pipe. 

{+ This test may not be found to correspond exactly 
with the test on a full-sized gallery when such is available 
owing to the fact that the model was more regular in 
section than any actual gallery is likely to be, and also 
because there was probably an insufficient length of 
passage upstream and downstream of the pressure 
holes, as it took a considerable time to make each foot 
length of the model. 

} At higher temperatures it is thirty or forty times as 
great (see Appendix II), 
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Quite valuable comparative results could, however, be 
obtained with air, using models one-tenth or even one- 
hundredth full size, provided that the value of VDW/u 
was always kept above, say, 3,000, below which the 
flow is unstable. It has long been the practice of 
hydraulic, aeronautical, and naval engineers to try 
out new possibilities on such models. In fact, without 
model tests much of the development work now done 
would be prohibitively expensive. When one con- 
siders that the ventilation of a pit may cost 10,000/. a 
year, and that this continual running charge might 
possibly be reduced by 30 per cent. to 50 per cent. by 
the proper design of the passages, prevention of 
leakages, &c., it will be obvious that the coal-mining 


‘OS 





however, calculated from data obtained by Murgue 
for timbered headings, unlined galleries, and arched 
passages, respectively. Murgue’s point E agrees very 
well with the writer’s curve AB, and his point G lies 
exactly on Stanton’s curve for smooth pipes. 

The determination of accurate data under pit con- 
ditions presents many difficulties. Until recently, there 
have been no accurate and robust instruments suitable 
for underground work available. The ordinary anemo- 
meter is generally recognised to be unreliable, owing 
to its easy derangement, and to its inaccuracy at low 
velocities. The hot wire instrument—which seemed at 
one time promising—has proved too expensive, and 
is also unsuitable in that its indications depend upon 





——— 





6-K/wv2 


001 




































SSF 
— 








“ENGINEERING” 
(9479.0) 


industry in reorganising its ideas on ventilation prob- 
lems, cannot neglect this powerful and practical method 
of research, 

When a number of curves such as AB and CD have 
been determined,* either by model experiments or by 
observations taken underground, it will be possible to 
read off the correct value of § from such curves as that 
given in Fig. 2 for any given type of passage, such as 
a timbered heading or a smooth brick-lined shaft. 
The accumulation of data in this form, which the 
writer suggested at Sheffield a year and a half ago, is 
now being actively proceeded with. Fig. 2 shows the 
principal data at present available. As will be seen, 
this has been mainly obtained from an analysis of 
the tests of water engineers. The points E, F, G are, 





* For arched galleries or other passages of irregular 
shape, one quarter of the hydraulic mean radius (i.e. 
4 A/C) should be used instead of D in calculating the 
value of VDW/u. It will be seen that for ‘circular or 
square passages, 4 A/C is equal to D. 
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Fig.3. THE PITOT TUBE WITH VENTURI 
AUGMENTOR. 
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the fourth root of the air velocity, so that a 1 per cent. 
error in the galvanometer reading involves a 4 per cent. 
error in the determination of the air velocity. The 
Pitot tube gives so small a “‘ head” at low velocities 
that up to the present this can only be accurately 
measured with what are really laboratory instruments. 
After careful consideration, however, the writer felt 
that some development of the Pitot tube would prove 
the best device for enabling the air velocities in mines 
to be determined. The problem seemed to be two- 
fold, first to modify the Pitot tip so that the maximum 
possible differential pressure was obtained at low 
velocities, and, secondly, to devise a sensitive and 
accurate manometer which would be suitable for under- 
ground work. 

A number of Venturi tube augmentors, of which 
Fig. 3 is an example,* were made up and tested out. 
These gave good magnifications of the head at high 
velocities, but all failed at low velocities where the 
magnification was most needed. Also, in no case 
was the “ head” proportional to the square of the air 
velocity over the whole range of flow, so that each tip 
would have required individual calibration over this 
range, as does the present rotary anemometer, 





* In the arrangement illustrated in Fig. 3 the direc- 
tion of the air flow is shown by the arrows. The impact 
pressure is transmitted through the upper, and the suction 
pressure through the lower, passage. The difference of 
pressure between the upstream and downstream sides of 
the cylindrical tip due to the impinging air causes a 
flow through the Venturi passage. A considerably 
augmented suction pressure is thus produced at the 
Venturi throat. 





The writer then tried out a modification of the 
standard Pitot tip, Fig. 4, which he introduced some 
years ago. In this modification, Fig. 5, the Pitot tip 
consists of a cylinder bored with pressure holes on its 
upstream and downstream faces, and held in front of 
the observer at the end of a stick or handle. Laboratory 
tests showed that the differential pressure produced by 
this Pitot tip followed the square law down to air 
velocities of 2 or 3 in. per second. Good magnification 
of the differential pressure was also obtained, as the 
suction as well as the impact effect was used. 

The manometer which the writer finally developed 
for use with the Pitot tip is illustrated in Fig. 6. It 
consists of an aluminium reservoir containing coloured 
oil,* and communicating with a curved gauge tube 
made of celluloid, which is bolted on to the front. The 
curvature of this tube is such that an equal spacing 
scale is obtained for air velocities between 2 ft. and 
16 ft. per second. The manometer is provided with a 
spirit level and a levelling device, and is adapted to 
fit either on to a tripod or on to a backboard fixed at 
each permanent measuring station in the mine. A 
displacer which can be screwed up and down enables 
the zero of the liquid to be set. The gauge tube is 
rectangular in section, and its back consists of a white 
reflecting surface, which makes the instrument very 
easy to read. The complete manometer only weighs 
5$ lb. 

he above combination of Pitot tip and manometer 
has proved extremely convenient to use underground. 
It has been found possible, for instance, to observe 
and record the air velocity at nine points in the cross- 
section of an 8-ft. gallery in under a minute.t 


(To be continued.) 





CATALOGUES. 


Prepayment Meter.—A prepayment electricity meter 
is dealt with in a catalogue received from British 
Insulated Cables, Limited, Prescot, Lancs. 


Bearings.—A compact list of ball and roller bearings, 
for radial and axial loads is to hand from the Ransome 
and Marles Bearing Company, Limited, Newark-on- 
Trent. Prices and dimensions are stated. 


Electrical Plant.—Two recent issues of the “ Bulletin 
Oerlikon ” are to hand from Messrs. Oerlikon, Limited, 
31, Essex-street, Strand, London, W.C.2, containing 
matter on the process of purifying insulating oils, power- 
factor regulation, and other subjects. 


Electrical Machinery.—The A.C.E.C. Company, of 
Charleroi, Belgium, have sent us a copy of their quarterly 
journal, and the current issue of their list of generators 
and motors in stock, both printed in French, The 
London office of the company is at 56, Victoria-street, 
London, 8.W.1. 

Heaters.—Messrs. Royles, Limited, Irlam, nr. Manches- 
ter, have issued a new catalogue of heaters made up of 
plain tubes enclosed in a cylinder, and named Milletherm 
heaters. The plain tubes are found to be preferable to 
the Row indented pattern when the waters passes 
through the tube. 


Coppered Wire.—From the Copperweld Steel Company, 
30, Church-street, New York, we have received a copy 
of their catalogue with full technical particulars of the 
electrical lines, cables, &c., made from their copper- 
coated steel wire. In this process the coating is fused 
or welded to the steel core. 

Marine Motors.—-The Parsons Motor Company, 
Limited, Southampton, have issued a catalogue illustrat- 
ing many kinds of small craft equipped with their paraffin 
oil engines. The object of the catalogue is to show that 
barges, small freight boats, pleasure yachts and small 
naval craft for river and coast patrol, with speeds of 
five to twelve knots in general cases, can all be suit- 
ably equipped for propulsion from the range of engines 
constructed by the firm. 


Electrical Instruments.—An insulation tester consisting 
of a hand-driven generator and a direct-reading ohm- 
meter in an aluminium case, easily portable as it weighs 
64 lb., is made in two patterns, with variable or 
constant-pressure regulatcr, and in three ranges, by 
Messrs. Evershed and Vignoles, Limited, Acton-lane 
Chiswick, London, W.4. A catalogue received from 
this firm fully explains the use of the instrument. A 
second catalogue deals with recording instruments of 
various types. 

Worm Gearing.—Messrs. David Brown and Sons, 
Limited, Huddersfield, have issued a new catalogue of 
worm gearing for industrial machinery on lines similar 
to their catalogue of automobile worm gearing. The 
catalogue includes a technical treatise on the subject 
and illustrates various gear-box units, as well as sets of 
worms and wheels. It forms a reference book of infor- 
mation and data of a kind that is likely to be particularly 
useful as it is based upon the wide practical experience 
cf the staff of the firm. 





* Oil which does not evaporate is preferable to alcohol 
or petrol or other volatile liquids; partly because the 
use of such liquids may cause errors when measuring 
very small heads owing to the presence of their vapours 
in the pressure pipes, and partly because of the incon- 
venience of having continually to renew the liquid. 

+ In taking such observations, points which give the 
average velocity over equal areas starting from tho centre 
of passage should be chosen. 
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PLAIN RELIEVING LATHE FOR 
MILLING CUTTERS. 


Tue lathe illustrated by the accompaning engravings 
has recently been placed upon the market by Messrs. 
Alfred Herbert, Limited, of Coventry, for relieving 
cutters which do not require spiral relief. For work of 
this class, it is claimed, the lathe is more rigid and 
capable of giving a higher output than a universal 
relieving lathe. Work up to 6 in. in diameter and 
8 in. in length can be handled, and side relief, up to an 
angle of 10 deg., can be obtained on either side of the 
cutter. The substantial construction of the tool will 
at once be apparent from the front view reproduced in 
Fig. 1, and it will also be noticed that the headstock is 
cast solid with the bed, which is of box section with 
internal ribs to give the necessary strength. A three- 
step cone pulley, suitable for a 2-in, belt, drives the 
spindle through double-reduction gearing, which is 
totally enclosed, and the spindle is provided with a 
No. 9 Brown and Sharpe taper hole with a cross slot, 
giving a positive drive for the arbor. The spindle is 
bored through and fitted with a draw bolt. 

The tailstock, which is of very rigid design, is mounted 
on a raised part of the bed at its right-hand end. It is 
adjustable longitudinally, and a taper gib provided 
enables adjustment to be made for wear. The relieving 
slides are mounted on a swivel plate, which rests on the 
bed between the headstock and tailstock and swivels 
about a central pivot. It is clamped by a gib at the 
front and by two studs passing through circular slots 
near the back, as will be clear from Fig. 2, which shows 
the slides to a larger scale than that of Fig. 1. To 
facilitate the angular adjustment of the swivel plate, 
a graduated index plate and pointer are provided in 
front in a convenient position. 

The main transverse slide, which is of exceptional 
length, fits into a dovetail guide on the top of the 
swivel plate. It is operated by a cam, the thrust of 
which is taken on a hardened-steel peg fitting into a 
hole in the slide and securely held by three screws 
passing through a flange made solid with the peg. 
Two springs, protected by a cover, hold. the slide back 
against the cam. The lower of the two compound 
slides moves parallel with the main slide and is adjusted 
by hand by means of a balanced, graduated hand 
wheel and screw, visible in both illustrations. The upper 
slide moves longitudinally and can be adjusted by a 
screw fitted with a fluted handwheel, clearly shown in 
Fig. 2, the boss of the handwheel being graduated for 
fine adjustment ; it is clamped by a lever at the front, 
also visible in the illustrations. The slide itself is of 
steel and the double tool post is formed in one with it. 

The cam for actuating the main slide is mounted on 
a vertical shaft carried in bearings in the bed and 
passing up through the centre of the swivel plate. A 
bevel wheel on the lower end of the vertical shaft 
engages with a pinion on the end of a horizontal shaft 
running along to the tailstock end of the bed, where 
change wheels, and an intermediate gear carried on a 
swinging plate, are provided to gear with another 
horizontal shaft extending from the cone pulley of the 
headstock drive.. A cover is provided for the change 
wheels, as shown on the right in Fig. 1, and the bevel 
wheel and pinion driving the vertical camshaft are 
enclosed in an oil bath. With the gears which form 
the normal equipment of the lathe, cutters with flutes 
varying in even numbers from 6 to 20 can be dealt 
with, but extra change wheels can be supplied if 
required for relieving cutters with any even number of 
flutes up to 30. Five cams, giving reliefs of 1-5 mm., 
2 mm., 3 mm., 4 mm. and 5 mm. are provided, and 
these are fitted with taper shanks and tenons which 
fit into a correspondingly tapered hole with a cross slot 
formed in the upper end of the vertical camshaft. The 
cam is held in place by a draw bolt, and a positive drive 
is thus secured. 

With a two-speed countershaft, six spindle speeds, 
ranging from 2 r.p.m. to 10 r.p.m., are obtained, the 
gear ratio of the headstock drive being 42 tol. About 
2 h.p. are required to drive the machine, and the floor 
space occupied measures 5 ft. 6 in. by 2 ft. 6 in. 





Kin@’s COLLEGE ENGINEERING Socrety.—The recently 
issued annual journal of the Engineering Society and of 
the Engineering Branch of the Old Students’ Association 
of King’s College, London, whic bears the title “‘ The 
King’s Engineer,” contains full and abstracted reports of 
many of the papers read during the last session. Mr. J.S. 
Highfield delivered the anniversary address in March, in 
which he discussed the trend of development in engine- 
ering, dealing mainly with power production and distri- 
bution. Another interesting article is that of Mr. A. W. 
Manser on “ Electrification on the Southern Railway,” 
while Mr. C. E. Stewart discusses ‘“‘ British Practice in the 
Construction of High Tension Overhead Transmission 
Lines.”’ Mr. C. E. G. Day has contributed information on 
“'The Modern Tendency in Design of Pistons for Internal 
Combustion Engines,” and Mr. G. Curry is responsible for 
a short article on ‘‘ Tube Railway Construction,” taking 
the Morden extension of the City and South London Rail- 
way by way of example. 


CONSTRUCTED BY 


6-IN. PLAIN RELIEVING LATHE. 


MESSRS. ALFRED HERBERT, LIMITED, ENGINEERS, COVENTRY. 




















THe Iron Inpustry or THE UNITED StTatTEs.— 
Considerably more iron ore, pig iron and ferro-alloys 
were produced and stripped in the ‘United States of 
America in 1925, than in 1924, according to the figures 
compiled by the American Bureau of Mines and recently 
made public by the Department of Commerce, Washington. 
The iron ore mined in 1925, amounted to 61,907,997 gross 





tons, an increase of 14 per cent. as compared with 1924, 


Fra. 


Fia. 1. 





2. 


and the shipments showed an increase of 23 per cent. in 
quantity and 6 per cent. in value. The shipments of 
pig iron from blast furnaces in 1925 amounted to 
36,814,702 gross tons, showing an increase of 19 per cent. 
in quantity, the value increase being 11 percent. Ferro- 
alloys were also the subjects of increased production and 
shipment ; ferro-manganese rose 9 per cent. and spiegel- 
eisen increased 26 per cent. 
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MODERN STEAM POWER STATIONS.* 
By C. W. E. Crarxe and D. L. Gatusna. 


WITH steel mill electrification, in some cases already 
an accomplished fact and in many others practically 
a settled policy for gradual future development, an 
increased interest by members of the steel industry 
in the economical production of electric energy natur- 
ally follows. 

The possibility of increasing the efficiency of the 
steam turbine by the use of higher initial pressures has 
been realised for a long time. The somewhat slow 
progress made until recently is due largely to the fact 
that the design of boiler equipment, piping and valves 
for the higher ranges of pressure had to be gradually 
developed and standardised. The fact that no marked 
increase in steam temperature at the throttle has 
occurred in the last ten years is due to the limitation of 
about 700 deg. F. as a maximum for safe and economical 
use with the metals and alloys so far produced for the 
blading and rotating parts of turbines and similar 
equipment. In the search for methods of improving 
turbine efficiency, increase of pressure with somewhat 
less superheat, in order to maintain the limiting tem- 
perature of 700 deg. F., has been resorted to of 
necessity. With increasing initial pressure and con- 
stant steam temperature of 700 deg. F., the rate of 
increase in heat energy per pound of steam which is 
available by adiabatic expansion to a 29-in. vacuum 
becomes less. The actual thermal efficiency of the 
system depends on how closely the efficiency of the 
turbine can approach that of the Rankine cycle. With 
turbine designs so far developed, the efficiency falls off 
at an increasing rate as the initial pressure rises. This 
decrease is due to increased sealing-gland and inter- 
stage leakage loss and increased steam friction, due 
to the advancement of the dew point towards the high- 
pressure end of the machine. The net effect of this is 
that unless superheating is resorted to for the steam 
after partial expansion, the station efficiency increases 
up to about 600 Ib. initial pressure and then begins to 
drop off. If reheating of steam between stages is 
resorted to, a gain in efficiency for pressures higher 
than this can be realised. The 600-lb. per square inch 
limit for the efficient use of 700 deg. F. steam without 
reheating applies to a condensing turbine plant. In 
the cases where a turbine is used as a reducing valve 
for the production of by-product power, as will be 
referred to further on, this limit does not hold. 

Two examples of central stations now in operation 
using throttle pressures of 550 lb. per square inch are 
the Crawford Avenue Station of the Commonwealth 
Edison Company, Chicago, and the Philo Station of the 
Ohio Power Company, Philo, Ohio. A number of 
recent stations are operating with throttle pressures 
from 350 to 400 Ib. per square inch. One plant, the 
Edgar Station of the Boston Edison Company at 
Weymouth, Mass., has one boiler and a small turbine 
operating at 1,200 lb. per square inch, and the Milwau- 
kee Electric Railway and Light Company have under 
construction a 1,200-lb. per square inch unit. 

Re-heating, just mentioned in connection with higher 
steam pressures, has been used at Crawford Avenue 
and Philo, and also in connection with the 1,200-lb. 
system at the Edgar Station. This involves taking all 
of the steam after it has passed through the high- 
pressure stages of the turbine and adding superheat 
in order to cut down the moisture losses in the lower 
turbine stages and increase the heat available per lb. 
of steam. In the cases cited, this re-heating is done 
by means of reheat superheaters in some of the boilers. 
Other methods, such as re-heating by means of super- 
heated steam or by flue gas, have been considered, 
but the physical difficulties involved in such schemes 
are considerable. While there is a possible gain in the 
turbine itself of the order of 3 per cent., due to the 
superheated steam in the lower stages, the pressure 
loss in extracting steam, carrying it to the boilers and 
back is likely to be excessive unless the steam lines 
and the re-heating equipment are very large and costly. 
Such pressure loss of course reduces the net saving. 
The whole question of reheating is the subject of some 
considerable controversy at present, and conclusive 
data based on actual first costs and operation are not 
yet available. It is possible that power stations in 
connection with such industries as the iron and steel 
and the cement industries could make profitable use 
of waste heat in this manner. 

Perhaps the most effective of recent developments, 
as far as betterment in power station efficiency is 
concerned, is the use of multi-stage bleeding for the 
heating of boiler feed water. The scheme is known as 
the regenerative cycle, and is a means of cutting down 
the amount of heat rejected to the condenser and lost 
in the circulating water, and returning the reclaimed 
heat to the boiler. In a straight condensing station 
without stage bleeding, about 60 per cent. of the 





* Paper read before the American Iron and Steel 
Institute, at New York, May 21, 1926. Abridged. 





energy contained in the steam entering the turbine 
throttle is carried off by the condensing water and is 
dead loss. The action of the regenerative cycle in 
recovering some of this loss can best be visualised 
by referring to some figures prepared in connection 
with a 30,000 kw. turbine, operating with 365 lb. per 
square inch throttle pressure and a 29-in. vacuum, 
and provided with four bleeder heaters. These data are 
shown in the table below. The steam bled in this case 
heats the boiler feed to a temperature of about 360 
deg. F., so that heat which would otherwise be lost 
in the circulating water is returned to the cycle. An 
inspection of the table shows the total steam bled from 
all four points as 78,800 lb. per hour, and that for every 
pound of this quantity, 0-655 lb. per hour must be 
added to the throttle steam over and above that which 
would be required for straight non-bleeding operation. 
This replacement produces additional power in the 
stages above the bleed points to balance the power lost 
in stages below the bleed points, so that the total power 
output of the turbine is the same as for non-bleeding 
operation. The net reduction in amount of steam to 
the condenser is 27,100 lb. per hour, which is a saving 
of 9-14 per cent. of the total steam to the condenser 
for straight condensing non-bleeding operation, and 
indicates the difference due to multi-stage bleeding 
under the above conditions as compared to no regenera- 
tion at all. 

Total Steam per Hour—Straight Condensing Non-Bleeding 

Operation—296,500 Lb. per Hour. 











Bleeder | Pressure at Bleed | Lb. of Steam Replacement 
Heater Points, Lb. per per Hour Factors in Lb. 
No. Sq. In. Absolute. Bled. per Lb. Bled. 
1 3°67 8,270 0-246 
2 14-55 13,300 0-440 
3 58-00 28,040 0-663 
4 170-00 29,190 0-865 
Weighted 
= —- 78,800 Average 0°665 














Total Ib. of steam per hour added to throttle 





steam to make up for bleeding ~ -. 51,700 
Total reduction in lb. of steam per hour to 
condenser ae oe ee ee -- 27,100 
‘ ; SATO TOO oe 
Reduction in « loss = 206,500 ~ 9-14 per cent. 


The stage-bleeding system to be most effective 
requires that all power to drive station auxiliaries be 
normally taken from the main turbine, as it is by far 
the most efficient power-producing equipment in the 
station. A few years ago it was generally accepted 
as a fact that, so long as steam-driven auxiliaries did 
not take more steam than that necessary to balance 
the feed water heating, the efficiency of such equip- 
ment did not matter. The fallacy of this is apparent 
when an analysis of the whole system is made, but the 
old habit of thought was given rather to a study of 
parts than to the consideration of the whole power 
station as a single unit for the conversion of energy. 
In the case of the old-type station with steam-driven 
auxiliaries, or even with the later scheme of driving 
auxiliaries electrically by power generated by a separate 
turbine known as a house turbine, the exhaust steam 
is available at one pressure and temperature only. 
Except for, the effect of the difference in prime-mover 
efficiency just referred to, this old scheme accom- 
plished approximately the same amount of “ regenera- 
tion’? as one-stage bleeding of the main turbine at a 
pressure corresponding to the auxiliary exhaust. 
Multi-stage bleeding increases the efficiency of the 
system in that it allows a greater temperature range 
in the steam used to heat the boiler feed, and, in turn, 
the absorption of a greater amount of heat to be 
returned to the boiler and saved. The causes of in- 
creased efficiency in a plant with multi-stage bleeding 
and with power to drive auxiliaries taken from the 
main unit are the greater efficiency of auxiliary drive 
and the entire separation of the regenerative feature 
from the auxiliary drive system, allowing the use of a 
larger temperature range in feed heating, resulting in 
the return of more heat to the boiler. 

The extensive use of pulverised fuel firing for central 
station boilers has resulted in rather far-reaching 
changes in boiler-room design. The steel industry and 
the cement industry early made use of this form of 
fuel for heating furnaces and cement kilns, but the 
development of its use for large boiler installations 
with high efficiency is due principally to the efforts 
of the larger public service corporations. The advan- 
tages generally cited for pulverised-fuel firing over 
stokers are as follows: Higher combustion efficiency 
due to better control of combustion air that is possible, 
less unburned combustible in the ashpit or flue gas, and 
higher furnace temperatures, and more uniform 
efficiency for different kinds of coal. Greater flexibility 
in so far as rapid change in rating is concerned. Parts 
requiring maintenance kept out of the furnace. 

There are in general two pulverised fuel systems at 
present in use—the storage system and the direct 





system. In the former, coal is pulverised and delivered 
to bins, whence it is fed, together with a certain 
amount of air, to the burners through mechanical 
feeders, by means of which the rate of firing is controlled. 
In the direct system, the pulverised coal is carried in 
suspension by means of air blast directly from the 
pulverising mill to the burners. The storage system, 
except in special cases, is more expensive and more 
complicated, but in the present state of the development 
of the art, allows of somewhat finer and more nearly 
uniform pulverisation, also a more accurate and wider 
range of control. The direct system is, in general, less 
costly, more simple and more compact. The develop- 
ment of this equipment to insure fineness of pulveri- 
sation and good control is being rapidly pushed forward 
now. One very attractive application of pulverised fuel 
firing is for boilers in the steel industry where blast 
furnace gas is available. Combination firing is quite 
readily accomplished, as the furnace requirements for 
both are similar. 

With the introduction of pulverised fuel firing in 
the large power stations, engineers early discovered 
that something had to be done in the way of special 
furnace construction to withstand the higher furnace 
temperatures and the erosive action of the flame and 
the slag, especially at the higher ratings which were 
being to obtain full value of equipment more 
expensive in first cost than stokers. The first step 
was the development of the air-cooled wall. This 
construction, in installations using coal with slagging 
characteristics that are not too troublesome, with 
furnaces of such dimensions that the flame could be 
kept entirely away from the refractories and with 
combustion air entering at normal temperatures, has 
proved quite satisfactory, and is still being used. The 
desirability of cutting down furnace size, of operating 
at still higher ratings, of getting higher furnace 
temperatures, of using pre-heated air for combustion 
and of reducing maintenance and outgoings to a 
minimum, led to the development of various forms of 
water-cooled furnaces. One of the first steps taken 
was the use of the water screen across the bottom 
of the furnace, so that the particles of slag falling 
through the cooled zone into the ashpit would be 
congealed before striking the pit. This was developed 
at the Lakeside Station, Milwaukee. Next, in order 
to protect the refractories in the rear of the furnace 
wall and to prevent excessive slagging, water tubes 
were placed against the face of the brickwork on the 
back wall on boilers of the Babcock and Wilcox type. 
The third step was the use of water-cooling tubes 
placed on the inside of the side walls of the furnace 
brickwork instead of using the hollow air-cooled 
construction. The combination of these three steps 
was first used in boilers of the central steam heating 
plant of the Allegheny County Steam Heating Company 
at Pittsburgh. In this case the tubes were arranged 
in open chases in the walls. Shortly after this, an 
experimental installation was tried out at the Hell Gate 
Station of the United Electric Light and Power Com- 
pany, with a stoker-equipped plant, using a side wall 
construction of water tubes to which flat longitudinal 
fins were welded, the fins completely filling the gap 
between the tubes and forming with the tubes a 
complete metal wall without any refractories exposed 
to the fire between the tubes. It was found that with 
this construction so much higher ratings could be 
carried without appreciably increased maintenance that 
it was used in other boilers at this station. The 
advantages of this design of water-cooled walls for 
pulverised fuel furnaces were quickly seen, and a 
number of them are in operation with complete side 
and rear walls of fin tubes. 

The fin-tube water-cooled wall suggested to one 
engineer the possibility of building a boiler in which 
the greater part of the evaporating surface is the water- 
cooled furnace. In order to transmit the heat by 
convection as well as radiation, he arranged to introduce 
the fuel and air at extremely high velocities in such a 
way as to produce great turbulence. Such a boiler 
was installed, and is at present operating in one of 
the steel mills in England, and according to reports is 
producing steam at about 1,500 per cent. of what 
would be normal rating, based on 10 sq. ft. of boiler- 
heating surface per horse-power. This equipment uses 
very highly pre-heated air for combustion. Other 
types of water-cooled furnaces are in use. One of the 
most prominent uses castings clamped to the tubes, 
these castings being cupped on the side toward the 
fire and the hollow part filled with refractory. 

In designing a boiler’ for low exit-gas temperature 
so that the heat lost in stack gases will be a minimum, 
a limiting point is finally reached, where the addition 
of more boiler heating surface for the gases to pass 
does not pay for the extra cost. The theoretical limit 
of boiler exit-gas temperature is, of course, a tempera- 
ture just exceeding that of the water in the boiler, 
but it is plain that as the limit is approached, the 
amount of surface required increases enormously. The 
methods of reducing the stack loss are by economisers 
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and by air preheaters. Economisers have been in use 
for years, and for the old type of station, using steam- 
driven auxiliaries, and, for industrial steam stations or 
central-heating stations having a deficiency of steam 
for feed heating, this method of heat reclamation is 
effective and efficient, whenever the price of fuel is 
high enough to warrant the additional capital cost and 
increased maintenance. In the case of stations using 
multi-stage bleeding, however, it is evident that if 
the turbine is bled to heat the boiler feed to the limit, 
the water temperature entering the economiser will 
be too high to allow of the economiser being used. 
If economisers are used in such a plant, the number of 
stages bled must, therefore, be reduced, with a resultant 
decrease in the efficiency of this part of the system. 
This has led to the use of flue-gas air preheaters in a 
number of recent stations, as such an arrangement allows 
maximum recovery of losses in the condensing water 
and in the flue gas. Economisers may be employed 
and part of the turbine bleed used to preheat air for 
the boiler furnaces, but the cost and complication of 
such a scheme is evidently greater than the more 
direct method. With the use of water-wall furnace 
construction, the limit of preheat for air entering the 
furnace is probably very high. Experience to date 
does not indicate that the limit has been reached. 

There are three different types of flue-gas air pre- 
heaters. One type is constructed of tubes like a boiler, 
and is generally designed so that the gas passes through 
the tubes and the air around them. A second type is 
built of plates arranged in alternate compartments for 
air and for gas. The third type makes use of the old 
principle of the “‘ stove” or the regenerative furnace 
in the iron and steel industry. To perform the function 
of the brick checker work, this preheater uses bundles 
of thin crimped sheet metal packed into cylindrical 
containers which slowly revolve in such a way that 
each sector remains in the flue-gas space for a time 
interval corresponding to something less than half a 
revolution of the cylinder and passes thence into the 
air space, where it gives up the heat absorbed in the 
gas space. 

Under the group of developments tending to reduce 
capital cost, perhaps the most important factor is the 
increase in boiler steaming rates, Given a furnace 
equipped to liberate the required amount of heat and 
a boiler design providing good circulation, the only 
requisite to allow high ratings is pure water. In 
attempting to operate at high ratings, say 300 per cent. 
or above, with water containing incrustating solids, 
there is always danger of blistering tubes due to scale 
formation, and even though the boiler is frequently 
cleaned, the average efficiency of the heating surface 
islow. Again, even though the water is free from hard 
scale-forming matter, the concentration of solids in 
solution, or suspension, will cause foaming and require 
frequent blowing-down, entailing the losses in efficiency 
and service thereby caused. Evaporators for make-up 
in central stations are widely used to ensure the purest 
possible boiler water, and so remove these limitations 
to steaming rate. Evaporators, in cases where the 
amount of make-up is not excessive, cost no more than 
a first-class treating system of the batch type with 
settling tanks, &c., are easy to operate, and have a 
thermal efficiency close to 100 per cent. They do, 
however, reduce the availability of a certain amount 
of energy. In industrial plants and in central heating 
plants where the amount of make-up is high and where 
there is an opportunity to obtain by-product power 
by generating steam at a higher boiler pressure and 
reducing the pressure for distribution through a high- 
pressure turbo-generator, the saving in capital cost by 
using evaporators and high boiler ratings must be 
balanced against the advantages of the by-product 
power and moderate boiler ratings. The use of 
pure evaporated water increases to some extent the 
chance of oxygen corrosion, due to the very purity of 
the water and the freedom of scale deposit on the 
tubes. De-aerators for make-up and a water system 
designed to exclude all air practicable have been used 
in some stations. Another item which reduces the 
capital cost of the boiler plant is the multi-stage 
bleeding of the turbines, already referrred to. As was 
shown, this decreases the boiler work and in turn 
reduces the amount of boiler capacity which has to be 
installed for a given plant outpvt. 

Developments tending to decrease maintenance and 
operating labour in the modern power station include 
a large number of minor items which will not be 
described here. However, a word may profitably be 
said regarding the trend in design of electrical equip- 
ment and electrical system layout. In many of the 
older stations both direct and alternating current were 
used for auxiliary power; also several different volt- 
ages were considered necessary. The present trend is 
toward reduction of the number of voltages used and 
the elimination, as far as possible, of direct-current- 
driven auxiliaries in stations producing alternating 


current primarily. New developments in variable- 
speed, alternating-current motors have made this 





possible. The new Seal Beach Station of the Los 
Angeles Gas and Electric Corporation uses no direct 
current except for excitation and control systems. 
The use of motors designed for full voltage starting 
has also greatly simplified the auxiliary power system, 
by the elimination of equipment necessary for separate 
starting voltages. 

Safety and reliability are increasingly important 
when large amounts of electric energy are generated in 
a single station. The layout of the station as a whole, 
especially in the electrical end, affects these features 
particularly. The use of truck-type circuit-breakers 
and increase in safety factor in insulation are steps in 
this direction. The matter of sectionalisation is care- 
fully considered in modern power station design but 
the degree of sectionalisation, of course, depends on local 
conditions, the necessity for absolute continuity of 
service, the type of personnel in the operating force, 
&c. As shown in the discussion of multi-stage bleed- 
ing for feed-water heating, it is essential that for highest 
efficiency the power for driving auxiliaries be taken 
from the main turbine. In order to insure freedom 
from interruption in service to the important auxiliaries, 
such as condenser circulating pumps, hot-well pumps, 
exciters and boiler-feed pumps, caused by severe 
short circuits or other failures on the main electrical 
system, an auxiliary generator directly connected to 
the main turbine shaft is now extensively used to 
supply such auxiliary power. Another scheme used in 
certain stations is known as the “spinning” house 
turbine. This is a turbo-generator which normally floats 
at full speed connected to the auxiliary power supply bus- 
bars, the generator operating as a synchronous motor. 
If the power from the auxiliary bus-bars fails, the turbine 
throttle opens due to the momentary drop in speed, 
and the turbine picks up the load to take care of the 
emergency. As this turbine takes steam in case of 
trouble only, it is designed to exhaust directly to the 
atmosphere. Usually, when floating, the generator 
acting as a synchronous motor is operated with an over- 
excited field and introduces a degree of power factor 
correction which is, of course, desirable. 

As stated at the beginning of this paper, the develop- 
ments in modern large stations are now more than ever 
of particular interest to the engineer in the steel indus- 
try. The problems of steel mill power station design, 
where mills are, or are to be, electrified have more 
points of similarity with public service central station 
design than would perhaps appear at first thought. 
Mill electrification brings the service required of steel 
mill power stations into somewhat the same class as 
that of public service central stations for the following 
reasons: (1) By requiring the production of electric 
energy as the principal product of the station rather 
than the production of a large amount of steam for 
distribution and a small amount of electric energy. 
(2) By allowing of, or requiring, larger and more efficient 
steam electric generating equipment. (3) By con- 
centrating prime mover equipment in one location and 
thereby permitting the use of devices for the increase 
of economy not practicable in a scattered arrangement 
of prime movers, even though these in themselves are 
of efficient design. (4) By the concentration of boiler 
equipment and the reduction of spares due to the 
advantage of diversity factor. (5) By the necessity 
for reliability in service for electric gnergy pro- 
duction. 

These points naturally indicate the possible use of 
many of the recent developments in power station 
practice already discussed in cases where a steel 
mill power station is to be designed for economical and 
reliable results. The problem is the same as in central 
station practice except as affected by the availability 
of blast-furnace gas or waste heat suitable for boilers. 
The expenditure of capital to increase efficienc™ ‘i 
a plant having an excess of usable by-prod’: . .uel or 
by-product heat is manifestly absur'. unless the 
excess power produced can be sold profitably. Power 
interchange between the mill generating station and 
public service company systen: is often discussed. 
However, in the case of a stee! mill with considerable 
available blast-furnace gas, the greatest advantage for 
the mill would be the sale of off-peak power and the 
purchase of peak power. The question should always 
be studied for each particular case, as it is possible that 
the net balance in fixed and operating changes for the 
peak load on steel mill station and the difference in 
purchased peak and sold off-peak power might show a 
margin in favour of interchange. A development, 
which has not been used to any extent as yet in central 
station practice in this country, but which merits study 
in connection with such conditions as have been outlined 
is the steam accumulator. This device stores energy 
produced by the boiler in off-peak periods in the form 
of high-temperature, high-pressure water which may be 
flashed into steam for use in peak periods. The appa- 
ratus in principle is not new. The early designs, how- 
ever, were in general not satisfactory because of ineffec- 
tive valving and control for the production of dry 
steam, and it is only recently that accumulators have 





been developed which apparently successfully_over- 
come the difficulties. 

In the case of isolated blast-furnace plants, it may be 
profitable to build a steam generating station and sell 
power, as the cost of producing energy will be such 
that the company can sell at a low figure and yet 
receive an active return. For steel mill plants which 
have no blast furnaces, the problem of station design 
is, as has been noted, very similar to the central station 
design problem. Energy must be obtained for the, blast 
overall cost, inclusive of fixed charges, and in the cases 
where it is economical to generate rather than purchase 
power from the central station, the extent to which 
money can be spent to produce additional efficiency 
depends largely on the cost of fuel and the load factor. 
In addition to by-product power from blast-furnace gas 
and waste heat, there is in the industrial field, another 
form of by-product power which may be obtained from 
steam necessary for heating process work, for apparatus 
that cannot be converted to electric drive, &c., by 
generating steam at a higher pressure than required 
for the service and using a turbo-generator as a reducing 
valve. Ordinarily, in the completely electrified steel 
mill, less of this kind of by-product power can be deve- 
loped than in other industries, in which large amounts 
of process steam are used, such a’, for instance, many 
chemical industries. 

The principal points of similarity in central station 
and steel mill power station requirements, when mill 
electrification is used, have been listed and discussed, 
but there are two characteristics of the steel mill 
electrical load which are superior to the typical central 
station load. These characteristics are :—High load 
factor, and controllable power factor. The first calls 
for fuel economy, except where affected by the blast- 
furnace gas conditions. The second effects a reduction 
in the cost of the plant by allowing smaller generators, 
less copper for bus-bars, transmission, &c. The high 
power factor which may be obtained is due to the Jarge 
amount of synchronous motor driving which can be used 
and the control of which may easily be accomplished. 
These advantages in load, of course, favour the con- 
struction of an up-to-date steel mill power station ; 
on the other hand, they are particularly attractive to 
the public service central station system, which will 
offer its best rates for this class of power. 





Empire Markets: NEw ZEALAND.—A new pamphlet 
of the Dorland Series on Empire Markets deals with 
New Zealand. It shows the growth of the country 
and contains statistical data of great interest. In 1925 
the imports from Great Britain amounted to 48-68 per 
cent. of the total, followed by the United States with 
16-94 per cent. In regard to the import of motor-cars, 
cycles and component parts, Canada headed the list in 
1924 with 45-48 per cent. of the total, followed by the 
United States with 33-04 per cent. and Great Britain 
with 14-19 per cent. The pamphlets are issued by the 
Dorland Agency Limited, 14, Regent Street, S.W.1. 





THE InsTITUTION OF AERONAUTICAL ENGINEERS.— 
Minutes of Proceedings No. 18, recently issued by the 
Institution of Aeronautical Engineers contain reprints 
of two papers read at meetings held on January 12 and 26 
of this year. The first of these is entitled “‘ Some Aspects 
of Full-Scale Experiments,” the author being Mr. C. 
Howarth, while the second was by Lieut. N. Olechnovitch, 
who dealt with the care and maintenance of machine 
tools as an important factor in workshop routine. 
Reports of the discussions which followed the reading of 
the papers are given in both cases. Copies of the Minutes 
are obtainable, at the price of 1s. 6d., from the offices 
of the Institution at 34, Broadway, Westminster, 5.W.1. 





THE Swiss ASSOCIATION OF STEAM BoILeR USERS.— 
The Asscciation Suisse des Propriétaires de Chaudieres & 
Vapeur estabiished in Zurich close upon sixty years ago 
continues to display great activity in the inspection and 
testing of boilers, fuel and water throughout the country, 
and in issuing recommendations to its members in all 
that appertains to the economical raising of steam. At 
the close of last year 3,241 Swiss boiler users were members 
of the association, and this had under its control 5,749 
steam boilers and 920 steam receivers of different kinds. 
By far the greater number of steam-raising apparatus 
were coal-fired and 78-93 per cent. were of Swiss con- 
struction. The report for 1924 noticed a gradual decrease 
in the cost of coal fuel and a gradual increase in that of 
liquid fuel; notwithstanding a higher boiler efficiency 
with the latter fuel the economical result worked out 
in favour of coal, and in the case of a number of boilers 
which had been transformed to oil fuel firing owing to 
war, the users had reverted to coal. Analyses showed 
that the water used in Switzerland was generally of . 
medium hardness. Corrosion problems are dealt with in 
the latest reports, Nos. 56 and 57 issued by the asscciation 
and in the case of feed-water heaters an inside layer of 
cement of suitable consistency, made in the cold and 
allowed to dry before using the apparatus is recom- 
mended, the layer to be renewed as becomes necessary. 
The plates should be never less than # in. in thickness. 
The use of coal tar for this purpose cannot be resorted to 
in many instances, where the plant is used for the manu- 
facture of foodstuffs. The association does not view 
with much favour most of patent compounds sold for 
the prevention of boiler scale. 
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A SIMPLE METHOD OF DEALING 
WITH CONTINUOUS GIRDERS. 
By A. W. Loveriper. 

Tue usual method of calculating bending moments 
and pressure on supports with continuous girders is 
by means of the theorem of three moments. The 
difficulty in calculating deflections with discon- 
tinuous loading seems to have discouraged the use 
of deflection equations or Wilson’s method. 

It does not seem to be commonly known that 
much use may be made of the “ principle of reci- 
procal deflections” in forming “deflection equa- 
tions.” 

With three supports, only one differential equa- 
tion need be solved. Considering a beam loaded as 
represented in Fig. 1, where C is the position of the 
central support. 

Assuming this central support to be removed, 
then the deflection at C due to load P at D equals 
the deflection at D due to a load P at C. 

If, then, the shape of the beam be obtained with 
unit load at C (see Fig. 2), the deflection at C due 
to loads P, Q, R, &c., will be Py, + Qy. + Rys. 
If now the central support C be replaced, then the 
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value of the supporting force at C necessary to keep 
the three supports on the same level will be 


Py, +Qyo+Rys 
bj 


It should be noticed that the scale of the deflection 
diagram is immaterial. 

This last point is very important, since for all 
continuous girders with supports on the same level 
(even if the moment ‘of inertia of section varies), 
we can neglect scales. 

Our standard problem (for a uniform beam with 
three supports) reduces to one therefore of a beam 
with a triangular load with the apex over the point 
where the intermediate support is to be placed. 
The bending moment diagram for a beam thus 
loaded will give us a diagram of proportionate 
deflections for the unit load at this point. 

This statement will be clear if it be remembered 
that a bending moment diagram is the double inte- 
gration of the load intensity diagram and that our 
deflection diagram is the double integration of 

1 Wa 
the} ii 

Referring to the problem stated above, we assume 
any triangular load diagram A, C, B as shown, 
Fig. 3, and calculate values of the bending moments 
at D, E, C and F for the beam supported at A and 
B. These are proportional to y,, y,, Y, and y3, 
respectively, and can be substituted therefore in 
the expression 


diagram. 


Py +Qy2.+Rys 
¥ 


to obtain the value of the upward force at C neces- 
sary to neutralise the deflection due to the loading. 

If I varies for the section of the beam, we must 
divide each ordinate of the triangle by the corre- 
sponding value of I and obtain a new load diagram. 

If the problem is to be worked analytically, this 
point of view will simplify the mathematics con- 
siderably. 

In the drawing office it is, of course, a matter of a 
few minutes only, to draw a B.M. diagram for a 
simply supported beam with triangular loading, and 








the remainder of the work is merely to evaluate the 
formula 





Py; + Qy2 a Ry; tg dodod 
= 


Scales are not material. 

For quick calculations, for uniform beams, a long 
uniform thin batten will serve admirably to repre- 
sent our beam. If this is made to rest against two 
pins and a line drawn to represent its zero shape, 
the necessary deflection diagram may be obtained 
by pushing the batten at the point where our inter- 
mediate support is to be placed. Measure y,, y2, 
&e., as before. 

If there are more than three supports, equations 
can be formed immediately and Wilson’s method 
used. 

Thus, with the beam shown in Fig. 5, a unit 
diagram should be obtained for a load at C, then, 
as before, 

Py, + Qyo+Ry3—S2Y¥.=8,¥, 

Similarly, another equation may be formed by 
obtaining unit diagram for a load at G, and S, and 
S, evaluated. Scales are immaterial provided that 
there is no give at the supports. 
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If a bent batten is to be used, a long one is 
preferable, since for relatively large deflections the 
conditions of loading will alter somewhat. 

If in Fig. 2 the beam is loaded uniformly with 
“w” per unit length, the deflection at “‘C” will be 
represented by w xX the evrea of the deflection curve 
under the loaded part which may be called the 
area enclosed, and the force upward at “C” 
necessary to utilise this will be given by 


(7 xX area ad 
¥ 





THE HETCH-HETCHY WATER SUPPLY 
OF THE CITY OF SAN FRANCISCO. 


Ir has fallen to the lot of many a city in recent 
years of rapid development to find itself faced by the 
problem of inadequate water supply, and the larger 
cities have in many instances been compelled to 
embark upon important engineering undertakings in 
order to ensure adequacy of, and efficiency in, this 
now important public service. One of the most 
interesting of recent schemes is undoubtedly that 
which will give to San Francisco a supply of excep- 
tional purity, drawn from mountain sources about 
180 miles distant from the city. San Francisco 
can boast of an absolutely unrivalled situation, 
on a peninsula extending between one of the most 
lovely bays in the world, and the Pacific. For so 
large a city, and one with such possibilities for 
industry and commerce, this very situation is some- 
what against development. 

We need not enter here into questions of communi- 
cation and fuel, in connection with both of which 
matters San Francisco has problems peculiar to itself, 
but will confine ourselves to that of water supply. 
In the early days as was but natural, this city was 
dependent upon wells. Even to the present day 
ten million gallons daily are derived from such sources 
within the limits of the city itself. These resources 
were early strained to the limit, and at one time it 
became necessary to carry water across the bay by 
barge to supply the wants of the inhabitants, 
distributing this by water wagons. The supplies 


of the immediate vicinity were then expanded by a 
company undertaking, which utilised a small source 
known as Lobos Creek, on the promontary, north- 
west of the city. A few years later a second com- 
pany installed a supply drawn from Islais Creek, 
3} miles distant, and a year afterwards added 
to its resources Pilarcitos Creek, 32 miles away. 
Subsequently these two companies combined, 
forming what ultimately became known as the 
Spring Valley Water Company. The combined 
concern gradually enlarged its field. —Two important 
storage reservoirs were added on the arm of the 
peninsula from 10 to 20 miles south of the city, and 
later two submarine pipe lines were laid across the 
bay from Alameda, making available a supply from 
Alameda Creek. By means of booster plant the 
capacity of this supply was subsequently enlarged, 
so that, in 1913, the total available for the city was 
42,000,000 (U.S.) gallons daily, made up of 20 millions 
from the peninsula and 22 millions from the other 
side of the bay. Still more recently the latter 
supply has been further increased by 29 million 
gallons daily obtained from the reconstructed Cala- 
veras Dam. In order to bring this into use the 
company constructed some 3 miles of 44 in. conduit, 
while the city arranged, for the remainder of the 
distance, 22 miles, for use to be made of the 5 ft. 
conduit built in connection with its new Hetch- 
Hetchy scheme. This is rented by the company 
from the city authorities. With the prospect of 
the materialisation of the Hetch-Hetchy project, 
an agreement was made by which the city holds 
an option to purchase the Spring Valley Company’s 
property. The valuation arrived at in this con- 
nection, was for a purchase price of $38,000,000. 

The Hetch-Hetchy scheme was first mooted in 
1882, when a survey was made for a water com- 
pany. Nothing further, however, was done until the 
city authorities in 1901 took steps to secure water 
rights on the Tuolumne River, Cherry River and 
Eleanor Creek. The sites which proved most 
suitable for the main features of the scheme then 
contemplated were on public land within the 
Yosemite National Park, and permits had to 
be obtained from the Federal Government at 
Washington, before the undertaking could be 
embarked upon. This proved to be no easy 
matter, although sanctioned by the Secretary of 
Interior in 1908. On this sanction being secured 
the city raised funds for buying out owners of 
small lands on the Tuolumne and Cherry Rivers 
and Eleanor Creek, which would have interfered 
with the complete scheme. Having secured itself 
in this direction the city was faced by a nature- 
lover’s campaign which, following upon a change 
of government at Washington, involved great 
delay and considerable expense. After having 
been put to the trouble of making headway against 
this movement, which entailed the preparation of 
the case for presentation at Washington, another 
change in the Federal Government ensued, and 
President Taft came into office, with Mr. Fisher 
as Secretary of the Interior. The new President 
had recourse to a Board of United States Army 
Engineers, ordering them to investigate the whole 
matter and report thereon. The Board, with the 
thoroughness for which the army engineers are 
noted in connection with such matters, examined 
all possible supplies available for the use of the 
city. While this investigation was in progress, 
the city called in Mr. J. R. Freeman, whose 
reputation, of course, is widely known on this side 
of the Atlantic. Mr. Freeman recommended the 
adoption of the Tuolumne River scheme, as better 
than all alternatives, his report to this effect being 
handed in in the fall of 1912. In the early spring 
of 1913 the Board of army engineers presented 
their report to Mr. Fisher, and also recommended 
the Tuolumne River scheme and the use of the 
Hetch-Hetchy Valley. 

It is not necessary to follow all the moves made 
by the city authorities and the opposition, or the 
Government. The case was argued before the 
Secretary of the Interior, and the city officials 
undertook to arrange to meet all reasonable 
objections, such as those raised by farmers and 
irrigationists, as well as promising to give camping 
facilities in other parts to make up for those 





interfered with by the scheme. The obligation 
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with regard to irrigation does not entail storage, 
but recognises a prior claim for irrigation purposes 
on water entering the reservoir whensoever the 
natural supplies available below the dams are insuf- 
ficient. Power development was also to form an 
essential part of the scheme up to the development 
of 60,000 h.p., and provision was made to allow of 
the disposal of any excess beyond the city’s require- 
ments, then placed at 25,000 h.p., at terms which 
would procure an equitable return on the outlay. 
Again there was delay, by the Secretary of the 
Interior going out of office. In May, 1913, the 
case was argued before the House Lands Com- 
mittee of the House of Representatives, and a Bill 
was then prepared for introduction into Con- 
gress. Early in August it was reported out of 
the House Committee. It met with delay and 
further opposition before the Senate Lands Com- 
mittee, but it was finally signed by President Wilson 
at the very close of 1913. The Act was framed 
by Secretary of the Interior F. K. Lane, and 
Secretary of the Departraent of Agriculture 
Houston. The former had previously been City 
Attorney of San Francisco. The Act granted for 
ever to the city, rights in 420,000 acres of the 
public domain, i.e., inside the Yosemite National 
Park, for this project. The Act embodied a con- 
dition requiring a yearly payment by the city to 
the Federal Government, of $15,000, ultimately to 
be raised to $30,000. 

From the above summary it will be seen 
that since the city first seriously took up the 
scheme, no less than twelve years had passed in 
removing obstacles placed in its way. It might 
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have been thought that no more ideal site for a 
gathering ground could have been possible than a 
national reservation, but unfortunately for the city, 
this view was not the one generally adopted. 
Although serious delay occurred, the concessions 
made to meet the various objections, and the 
advantage taken of investigations, &c., have re- 
sulted in the working out of a very interesting and 
comprehensive project. This includes in the first 
place, the supply of claims for irrigation water ; in 
the second, the supply of water to the city ; and in 
the third, the development of hydro-electric power 
along the route of the aqueduct leading from the 
gathering grounds to the city. Since the main 
reservoirs are situated at elevations of 3,800 and 
4,750 ft. above sea level, and the terminal reservoirs, 
in San Francisco are at an elevation of less than 
250 above datum, it will be clear that a good output 
should be possible, provided suitable arrangements 
could be made to utilise the head available. The 
project arranges (apart from a temporary plant) for 
two hydro-electric generating stations with a com- 
bined capacity of 118,000 kw., with possible further 
extensions, and is being brought into being in such 
a way that the development and sale of power has 
been one of the first achievements, so that, pending 
the completion of the water supply system, 
some income is secured to off-set the interest on 
bonds sold to provide the capital required for 
the work. 

The map and profile given in Figs. 1 and 2, above, 
indicate the chief physical conditions involved. 
The sources are situated in the heart of the Sierra 
Nevada range, and the watersheds utilised are those 
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of Cherry Creek (114 sq. miles), Eleanor Creek (79 
sq. miles), and the Tuolumne River (459 sq. miles). 
On each of the two latter, there is a storage reservoir 
with possibilities of extensions in the future, should 
need arise. The Lake Eleanor reservoir on Eleanor 
Creek, has a capacity of 9,000,000,000 gallons ; this, 
it will be possible to increase to 71,000 million gallons 
in the future. On the Tuolumne River the Hetch- 
Hetchy Reservoir has been constructed, and forms 
the most notable feature of the whole scheme, with 
the O’Shaugnessy Dam impounding 67,000 million 
gallons, and capable of being heightened in the 
future to enlarge the storage capacity to 113,500 
million gallons. Further storage capacity will be 
possible on Cherry Creek, where a site is available 
capable of enabling 18,500 million gallons to be 
stored. Thus, the present storage provided by the 
works so far completed is little short of 76,000 
million gallons, while in the future the total capacity 
can, without difficulty, be increased to no less than 
203,000 million gallons, without taking into account 
four other sites capable of being developed to store 
a further 50,000 million gallons. 

Similarly, the hydro-electric power developed on 
the system at the present time runs to about 60,000 
kw., but is capable of expansion in the future to 
something like 200,000 kw. Several sites are avail- 
able for future development, one of them alone being 
capable of an output of 42,000 kw. 

Having now given an outline of the general 
scheme, we propose to deal with its important 
engineering features, These we are able to illus- 
trate and describe in considerable detail through the 





courtesy of Mr. M. O’Shaughnessy, M.Am.Soc.C.E., 








JULY 16, 1926.] 


ENGINEERING. 7 





THE HETCH-HETCHY WATER SUPPLY OF THE CITY OF SAN FRANCISCO. 








City Engineer, of San Francisco, who has been respon- 
sible for the designs involved and for the carrying 
out of the work. Mr. O’Shaughnessy’s connection 
with the project dates from 1912, Mr. Freeman’s 
report on the scheme having been just previously 
published. The scheme adopted follows closely the 
lines suggested by Mr. Freeman, and we believe it 
to be mainly due to the energy and resource dis- 
played by the present chief engineer that San 
Francisco has now seen the realisation of the first 
stages of the project. 





Fie. 3. Tae Lake EvEanor Dam. 


if it is borne in mind that, for many of the years during 
which it has been in hand, labour was extremely 
scarce owing to the war, and the force employed 
was therefore very small, while at the same time 
difficulties were experienced in raising the money 
necessary. The force employed was only sufficient 
at times just to keep the work moving, and care was 
taken that the call upon all men fit for war service 
should not be interfered with. At the same time 
the maintenance of operations made it possible so 
to advance preliminaries that, when more normal 


Within six months of the passage of the Bill, work | conditions were resumed, it was possible to push 


was actually commenced, a start being made on a 
roadway, subsequently followed by a construction 





ahead with the work at a rapid rate. The abnormal 
financial conditions existing when expenditure was 


railway. The latter has a length of 68 miles and|on a heavy scale made it necessary, in order to 


extends 


from Hetch-Hetchy Junction on the} dispose of the bonds, to sell these at a considerable 


Sierra Railway, to the O’Shaughnessy Dam site on | discount, and it is therefore natural that one of the 


the Tuolumne River. 
gauge, with maximum grades of 1 in 25. 
Hetchy Junction, its starting point, stands at an 
elevation of 935 ft. Some miles beyond this point 
the line runs into the Tuolumne Canyon, to which 


it falls till El. 600 is reached. Thereafter it follows | 


the river up the valley until, at mile 26, an elevation 
of 3,070 ft. is attained. Then leaving the river, a 
ridge is followed, the elevation gradually increasing 
till the Poopenaut Pass is reached at 5,064 ft., 





This line was of standard | main ideas actuating the authorities should have 
Hetch- | been to arrange matters so as to offset expenses and 


standing charges as early as possible, by deriving 
some return from the hydro-electric power available, 


| pending the completion of the scheme as a whole. 


As we have already stated, therefore, at an appro- 
priate stage, effort was largely concentrated on one 
of the hydro-electric stations, and this has been 
brought into use although the scheme does not yet 


| actually supply water to San Francisco. 


62 miles from the starting point. The remaining} Before leaving the mapand profile, Figs. 1 and 2, 
six miles are on a down grade of 4 per cent. to the | we may fittingly touch upon the main features of 
site of the dam. The sharpest curves are 30 deg.,| the work. One of the first needs was for electric 
while curves of 18 deg. to 26 deg. are numerous. | power, and this was provided by the construction 
Over 1,000,000 cubic yards of excavation were | of a temporary power-house of 3,000 kv.-a. capacity. 
entailed by the work, a large portion of it being in| The supplies for this were obtained from Cherry 





were laid on the road already referred to. This 
road was actually the first piece of work taken in 
hand, as the dam site had been previously only 
accessible by trail. As soon as this road was 
finished, work was begun at the main dam site, 
and on clearing the reservoir site of timber. The 
railway was put in hand in 1916 and finished 
in 1917. 

Although we do not intend to enter minutely into 
such questions as labour and the financing of the 


scheme, the task can only be properly appreciated | 





granite rock. ‘The last nine miles of the railroad Creek. As part of the complete scheme, and also 


| to enable this plant to operate regularly, the Lake 


Eleanor dam was put in hand. The main, 
O’Shaughnessy dam, we have already referred to. 
From the Hetch-Hetchy Reservoir water is passed 
down the bed of the Tuolumne River for 12 miles 
to a work known as Early Intake Diversion Dam. 
From the diversion dam the supplies are taken 
through an 18-8-mile tunnel through the mountains, 
to the Priest regulating reservoir. From this 
reservoir at El. 2,170, the water is passed through 
the Moccasin Power Tunnel for a distance of 





ee 


et aoe 
, 


5,370 ft., at which point is a large surge shaft, 
from which the penstocks run direct to the power 
station below, the head available being about 
1,316 ft. The tail race from this station leads the 
water into Moccasin Creek, after which there 
immediately follow 17 miles of tunnel broken only 
by a river crossing. For the next 45 miles steel 
pipe will carry this water, which will next pass 
through the Coast Range by way of a 31-mile tunnel, 
broken at one point only by a river crossing. The 
next stage is one of 19-4 miles traversed by means 
of steel pipe lines, for the most part buried, but 
towards the end carried on pile trestles. The latter 
give place in turn to a steel girder bridge of 36 
spans, across a neck of the Bay of San Francisco, 
two navigable channels being crossed by means of 
siphons. The water is delivered from this point 
to reservoirs commanding most of the city. 

The temporary power plant above referred ‘to 
on Cherry Creek is run by water diverted from the 
Creek into a conduit of 3-3 miles in length, com- 
posed of 1 mile of concrete lined canal, 1-2 miles of 
tunnel, and 1-1 miles of flume. From the forebay 
the supply is taken to the power house below by 
a 42-in. pipe, 530 ft. long, the head utilised being 
345-5 ft. The generating plant consists of three 
Francis turbines, of 1,500 h.p., running at 720 r.p.m., 
direct connected to 1,000 kv.-a. generators producing 
three-phase, 60-cycle current at 2,300 volts. The 
voltage is raised by four transformers to 22,000 volts 
for transmission, the current having been at first 
mainly required for the work on the O’Shaughnessy 
dam (11 miles distant), for tunnelling, and for the 
Moccasin power plant, 22 miles distant in the 
opposite direction, supplying sub-stations on the 
way. At the dam site, tunnel adits, &c., substa- 
tions were provided for reducing the voltage to 440 
or 220, as was required by the plant in use at 
twenty-five different points. Power developed in 
excess of requirements has been sold. Two serious 
interruptions occurred in 1922 and 1923 owing to 
landslides carrying away part of the canal. While 
the damage was being made good it was possible 
to purchase electricity from a company, to which 
normally it was sold. Although the power-house 
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The present dam constitutes only one stage of 
this work. The structure now in use is about 
70 ft. high ; it is ultimately planned to have a dam 
at this site something like 150 ft. higher, the larger 
work being a rock-fill dam, of which the present 
dam will form the upstream toe. 

The present dam is shown in the view Fig. 3, 
which will be seen to be taken from the downstream 

‘side. It is thrown across the valley about one mile 
below Lake Eleanor, an provides a storage capacity 
of 9 thousand million gallons, the normal storage 
level being 35 ft. above the old lake level, or 
4,660 ft. above datum. A plan of the dam is given 
in Fig. 4, page 66, and detail drawings in Figs. 5 
to 13 on the same page. The structure is of the 
multiple arch type and is 1,260 ft. in length. 

The central portion is curved to a radius of 
611 ft., over an arc subtending an angle of 30 deg. 
at the centre. On either side is a straight length 
running out into the high ground. The ends of the 
dam are of gravity section. At one end, the left 
facing up stream, this is only about 80 ft. long. At 
the other it is about 300 ft. long. Part of the 
latter, viz., 200 ft., is arranged as a spillway. 
When designs were developed for this work, it was 
found that arches of about 40 ft. span worked out as 
the most economical form, the face being inclined 
at 50 deg. to the horizontal. There are altogether 
20 arches, eight of which are on the curved part of 
the dam. The arches are struck to a 23 ft. radius 
for the upstream face, on the horizontal, as opposed 
to the usual circular section in a plane normal to the 
face slope. With 40 ft. buttress centres this 
gives a central subtended angle of 120° 50’, which 
is very close to the best theoretical economy 
figure. 

With regard to the adoption of a circular section 
on the horizontal it is pointed out that in a plane 
normal to the face, the centre of the arch is higher 
than the haunches. This carries with it a difference 
in loading which results in the line of pressure not 
coinciding with the arch axis, with the introduction 
of unnecessary bending stresses. If the horizontal 
section is made circular, and given a constant 
thickness, the conditions for a uniform water 
pressure on the horizontal are met. This gives an 
elliptical section for the normal, with greater thick- 
ness towards the haunches. The vertical section 
given in Fig. 6 shows the thickness of the arches to 
range from 3 ft. 1 in. at the deepest part of the 
structure to 1 ft. 3 in. at the top. For the upper 
27 ft. of the dam the arch is continued up vertically. 
This has been done to obtain better support, and 
more favourable stresses and stress distribution at 
this part. Fig. 8 is a plan of part of the central 
portion showing the converging layout of the but- 
tresses. Various horizontal sections are given in 
Figs. 9 to 11, the points at which these are taken 
being indicated in Fig. 6. Two buttresses are shown 
in Figs.5and 7. The former is one of the converging 
piers of the central portion; the latter one of the 
short buttresses towards one end of the dam. The 
buttresses carry a roadway 11 ft. 8 in. wide. This 
is a continuous beam tying the whole structure 
together. In addition there are struts, 18 in. square, 
extending between the buttresses, two lines being 
arranged at the deeper part of the dam, with sloping 
braces run from the struts to lower points on the 
buttress walls, as shown in Fig. 5. 

The buttress walls are expanded at the foot 
to a width of 8 ft. 11 in. for the deepest piers, 
for which the greatest wall thickness works out 
to 4 ft. 1l in. The base is let into rock for a 
minimum depth of 3 ft. The roadway consists of 
a continuous slab 10 in. thick, with a beam of 3 ft. 
6 in. total depth under each edge. From the beam 
on the down stream side, to the base there extends 
on each side of the buttress wall a rib 1 ft. 3 in. 
thick, projecting from the wall face some 2 ft. 
at the base of the high piers, and 1 ft. 6 in. at the 
top. Details of the reinforcement are well shown 
in the figures. In the buttess walls this consists 
of }-in. rods spaced 3 ft. apart horizontally and 
2 ft. distant vertically. In the case of the arches, 
the rods vary from } in. at 12 in. centres at the top, 
to $ in. rods at 12-in. centres for the lower parts. 
The arch rods, as will be seen from the sections, 
cross those of the neighbouring arches at the 
buttresses, and, starting near the extrados at the 





springings, are brought in close to the intrados at 
the arch crown. 

The two drawings, Figs. 12 and 13, show typical 
sections taken horizontally through the buttress, 
and from the buttress upstream face through the 
arch normal to the arch slope. Fig. 12 is taken 
horizontally through the buttress at a level 
27 ft. 9 in. below the crest, being continued from 
the upstream face of the buttress in a plane normal 
to the arch. Fig. 13 is a similar compound section, 
taken through the buttress at a level 12 ft. 9 in. 
below the crest and then normally through the 
arch. This actually gives the highest complete 
inclined arch section. Above, the arch axis is 
arranged vertically, as already noted. These draw- 
ings show the approximate form of ellipse which 
was adopted as a matter of simplification. With 
drawing office work properly carried out, it is 
claimed that the elliptical normal section does not 
add to any practical extent to the trouble of con- 
structing and setting forms. 

The stresses in the dam were kept below 300 lb. 
per square inch for the concrete, and below 4,000 
lb. for the steel, reckoning water load only. Com- 
bining the stresses due to loading and to tempera- 
ture the worst crown thrust stress works out at 215 
lb. per square inch for the concrete and 3,200 for the 
reinforcement. The dam contains some 11,000 
cub. yds. of concrete. The cost was 290,000 dols. 
The storage capacity provided is 28,000 acre ft. or 
9,000 million gallons, the impounded water having 
a surface of 948 acres at full water level. Water 
is drawn off by*two 24-in. sluice gates and two 
24-in. flushing sluices. The reservoir only impounds 
a small part of the watershed run-off, and is 
filled early in the flood season. The dam was 
completed and brought into use in June, 1918. 

Transportation was a serious consideration in 
the work on the Lake Eleanor dam. The only 
means of access was a rough road from Hetch- 
Hetchy Junction, 12 miles distant. Motor lorries 
were employed, and the cost worked out to some- 
thing like 10 dols. per ton in 1919, when prices were 
practically at their highest. The road, in order 
to get out of the valley in which the railroad 
terminated, had to be laid for three miles, on a 
15 per cent. grade, and with such sharp bends 
that reversing was necessary, in some instances, 
before large lorries could get round. Easier curves 
would have greatly increased the cost. The road 
was built in three months at a cost of 6,000 dols. 
per mile. Eight lorries were used for the transport 
of the dam materials, and 16 drivers. The lorries 
were of 34 to 4 tons capacity. The haulage contract 
was on the basis of a 72-sack load of cement for 
which the price per round trip was 35 dols. 


(To be continued.) 





ETHER-DRIFT EXPERIMENTS AT 
MOUNT WILSON. 


REcENTLY Professor Dayton C. Miller of the Case 
School of Applied Science, Cleveland, Ohio, described 
at the Royal Institution the ether-drift experiments, 
in which he had first engaged in 1904 and which he 
resumed in 1921. Professor A. A. Michelson proposed 
in 1887 an experimental method to determine 
whether there was an ether-drift, a relative move- 
ment between the earth and a stationary ether 
through which the earth was supposed to pass 
freely, on the assumption that the apparent velocity 
of light should vary as the observer was carried 
by the earth in the direction of the light pro- 
pagation, or at right angles to it. Disregarding 
its slow rotational movement, Dr. Miller pointed 
out that the actual earth motion was the resultant 
of its orbital velocity round the sun at the rate 
of 30 km. per second, and of the uncertain move- 
ment of the whole solar system through space, 
in 1904 estimated to be 19 km. per second in the 
direction of the constellation Hercules ; the velocity 
of light is 300,000 km. per second. In the Michelson 
interferometer a ray of light was split by a half- 
silvered mirror, and the transmitted and reflected 
rays were, after back reflection, re-united. They 
would then interfere if the paths traversed by the 
two components were of unequal length. If con- 
ditions remained constant during the experiment, 





any gain in the path length of a ray, say, on 
its forward motion, should be balanced by a loss in 
the backward motion. For a moving observer, 
however, the directions of the rays in space, and the 
path lengths would change during the experiment, 
and there should be a (second order) interference 
effect depending—if the orbital motion were alone 
considered—upon the ratio of the squares of the 
two velocities, 30 km. and 300,000 km. ; the effect 
would thus be 1 part in 100,000,000. In the 
interferometer all the rays were parallel to the 
plane of the base of the instrument, and the rays 
would only be affected by the horizontal component 
of any drift. But the instrument rotated with the 
earth and was, moreover, turned in its horizontal 
plane during the experiment ; the apparent azimuth 
and direction of the drift would, therefore, change 
during the diurnal rotation, and the rays would 
in certain positions be parallel to the earth axis— 
which, as we shall see, is approximately the direction 
in which Dr. Miller now believes the solar system 
to travel. 

The first famous experiments, made by Professors 
Michelson and Edward Morley, at Cleveland, on 
three July days of 1887, at noon and at 6 p.m., 
had been planned solely to decide whether the 
orbital movement would produce any drift. They 
indicated a small effect, if any at all, a drift amount- 
ing probably to less than one-sixth of the orbital 
movement. To account for the apparently negative 
result, H. A. Lorentz and G. F. Fitzgerald suggested, 
in 1895, that every solid in motion would contract 
in the direction of its motion (and expand trans- 
versely), and that this contraction of the sandstone 
base of the interferometer might have neutralised 
the looked-for drift effect. In 1904 Professors 
Morley and Miller replaced the sandstone base of 
5 ft. sq. by a steel frame of cross form, 14 ft. long, 
so arranged that the optical dimensions could be 
made to depend either upon the steel frame or upon 
wooden distance pieces which might contract more 
than steel or stone. The path length had been 


‘increased by multiple reflections to 214 ft., and the 


time was selected with special regard to the space 
movement towards Hercules. No effect was 
observed, but Dr. Miller ascribed that later to his 
erroneous method of computation. In 1905 Morley 
and Miller removed the apparatus from the base- 
ment of the Case School to a hill rising 300 ft. 
above the level of Lake Erie. Here one-tenth of 
the expected effect was observed, but temperature 
influences were suspected, 

Einstein’s relativity principle of 1905, implying 
that to any observer on the earth the velocity of 
light must appear constant, had been announced 
in the belief that the Michelson-Morley-Miller 
experiments had failed to prove any ether drift. 
Professor Morley having retired, Dr. Miller could 
not resume his experiments till 1921, this time 
on Mount Wilson, near the Observatory, nearly 
6,000 ft. above sea level. The interferometer of 
1} tons weight floated as before on a trough— 
the same used throughout all these experiments— 
containing 800 lb. of mercury with such ease that 
once started it kept turning for three hours. 
Dr. Miller turned it slowly and quickly, clockwise 
and anti-clockwise; the source of light (acetylene 
or arc lamp) was outside the house, in which 
constant temperature, as much as possible the 
same as outside, was maintained. The steel frame 
was replaced by a structure of concrete, aluminium 
and brass, but finally the steel frame was re-adopted ; 
the orientation of the house was changed. All these 
modifications hardly affected the results. Re-calcu- 
lations having shown in 1924 that April was the 
best month, observations were again made in 
April, 1925, and further in August and September, 
1925, and February, 1926; altogether they involved 
about 6,500 turns of the interferometer. Each 
turn took about a minute, during which readings 
were taken once every three seconds at 16 points 
of the circumference. The observer walked round 
the circle, keeping his eye on the observation 
telescope of the interferometer, another observer 
noting down the readings. Sometimes observations 
were made by stationary observers with the aid 
of prisms and mirrors. The strain on the observers 
in the always dark room was very severe, especially 
when the rotation was continued for hours, day 
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and night. Measurements were made to 0-1 inter- 
ference fringe; a relative drift of 30 km. per 
second should give a displacement of 1-1 fringe. 
The drift should cause a periodic displacement of 
the fringes—say, first to the right, then to the 
left, with two complete periods in each turn. 
The observation dots on Professor Miller’s diagram 
looked rather widely scattered, but he showed 
that his average curves, on which his computations 
are based, were not more arbitrary than those of 
the eclipse of 1919, which had been accepted to 
confirm Einstein as to the gravitational bending 
of rays of light. 

All the results, plotted as to magnitude and 
direction, against local or sidereal time, indicated 
a real cosmical effect, not explicable by terrestrial 
disturbances (gravitation, temperature, radiation, 
magnetism, &c.) and an ether drift amounting to 
10 km. per second, independent of local time and 
constant with respect to sidereal time. This last 
point would rule orbital motion out as insignificant, 
and Dr. Miller ascribed the drift observed to a 
movement of the solar system, at the rate of at 
least 200 km. per second, towards the constellation 
Draco, about 8 deg. from the pole of the ecliptic. 
Movement at such high speeds, and indeed higher 
speeds, though directed to other points, all within 
20 deg. of arc of Draco, were assumed by some 
astronomers. When Dr. Miller’s results were 
discussed last year, it was said that a drift of 
3 km. at Cleveland and of 10 km. 5,000 ft. higher 
up, proved that the earth dragged the ether with it, 
and that this meant an end to relativity. But 
the extraordinary increase of the drag in a few 
thousand feet looked very improbable. In his 
lecture Dr. Miller did not refer to this point. He 
remarked that the drifts at Mount Wilson and 


at Cleveland did not differ greatly in magnitude, | » 


and would probably have the same value at sea 
level, and he emphasised that the Michelin-Morley- 
Miller experiments of several decades all pointed 
to the same conclusion, For some unexplained 
reason the relative motion between ether and earth 
was in the interferometer at Mount Wilson reduced 
from 200 km. to 10 km. per second. A slight modi- 
fication of the Lorentz-Fitzgerald contraction might 
help to account for it. He admitted that the accept- 
ance of the drag would involve a re-adjustment of 
ether theories and a modification of the views on 
aberration. The aberration was not really constant, 
however, and the ether drag might be influenced 
by altitude and local contour. Most remarkable 
forethought and perseverance have certainly been 
bestowed upon these experiments, but few astro- 
nomers and astro-physicists have so far expressed 
any decided opinion. 





A Wrretess INDEx.-~—For some time past the Depart - 
ment of Scientific and Industrial Research has prepared, 
for circulation among the members of its Radio Research 
Board, a monthly volume giving a very complete list, 
with brief abstracts, of all the articles on wireless tele- 
graphy and allied subjects which have appeared in any 
language during the previous month. Arrangements 
have now been completed whereby this service of 
abstracts and references will be printed in Laperimental 
Wireless and the Wireless Engineer, and the first instal- 
ment appears in the June issue of that monthly journal. 
The references are classified according to the decimal 
system, and will form a most convenient and complete 
record of contemporary progrcss in all branches of radio 
telegraphy and telephony. The publishers of the above 
journal are Messrs. Iliffe and Sons, Limited, Dorset 
House, Tudor-street, London, E.C.4. 

THE VULCAN CHAIN PIPE Wrencu.—We much regret 
that the paragraph appearing on page 612 of our issue of 
May 21, under the title “The Vulcan Chain Pipe-Vice,” 
is misleading. Messrs. J. H. Williams and Co., of 
Buffalo, whose London agents are Messrs. Benjamin 
Whittaker, Limited, Aldwych House, Aldwych, W.C.2, 
are well known as manufacturers o7 chain pipe wrenches 
and vices, &c. Reference, however, in this particular 
instance should have been made to a new size of chain 
pipe wrench, known as the No, 15}, intermediate between 
the firm’s Nos. 15 and 16. This wrench will take pipes 
from 4 in. to 16 in. in diameter, and is lighter than the 
No. 16 size, so that for much work it will be found to be a 
handier tool than the No. 16 and of lower cost. All 
chains for these vices are tested by the makers to two- 
thirds of the breaking strain, in this case 30,000 Ib. 
They are then stamped and sealed before being sent out. 
Messrs. J. H. Williams and Co. have not lately added to 
their line of chain pipe vices, their Vulcan pattern being 
made in four sizes, which cover a range of pipe diameters 
between fin. and 8in. We tender our apologies to the 


makers for the mistake m 





THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 35.) 

WE may now turn to some of the other Depart- 
ments of the Laboratory in our review of the work 
of 1925 and subsequent developments. 

Metallurgy Department. Light Alloys. Gases in 
Metals.—The work of this department has to a 
certain extent been relieved by the dissolution of 
the Glass Research Association, but in other ways 
the work has increased. The problem of the pre- 
sence of gas in metals has become very important, 
many defects in ingots and castings arising from its 
presence. When the solidification of the metal is 
rapid, no visible bubbles are formed and the casting 
will be sound and strong. When the metal is cooled 
very slowly, it will again be sound because the 
bubbles will have time to escape. At intermediate 
rates of cooling sand castings, however, any bubbles 
separating are entrapped. The trouble can be 
avoided by pre-solidification, i.e, the metal is 
allowed to cool in the crucible and furnace until it 
has just solidified ; it is then quickly reheated up 
to the casting temperature, stirred and poured. 
This method, which was described to the Institute 
of Metals by Mr. Archbutt (ENGINEERING, March 13, 
1925, page 336) has proved useful for Y alloy and 
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a few other aluminium alloys, of which large com- | 
plicated castings have been obtained, but not for | 
all of them. The method was simultaneously | 
discovered by Professor C. A. Edwards and Mr. 
W. E. Prytherch (the latter has now joined the 
Laboratory staff), and has been used industrially with 
success, but it involves considerable delay especially 
in dealing with large bulks. Another and cheaper 
way is to bubble nitrogen through the molten alloy. 
Nitrogen is much less soluble in aluminium than 
hydrogen is, and might be displaced by air, since 
the action mainly appears to be mechanical ; but it is 
not quite certain yet that the nitrogen is really 
harmless. The ageing process of sand and chilled 
castings of Y alloy which was developed in the 
laboratory, requires soaking of the casting at about 
520 deg. C. for six to twelve hours, followed by 
quenching in boiling water and subsequent ageing 
which, at room temperature, should take six to 
ten days. Dr. Rosenhain finds that this latter 
period can be shortened, or even eliminated, by 
keeping the specimen in boiling water for several 
hours. The complex age-hardening of some alu- 
minium alloys containing copper, magnesium and 
silicon has required special study. An aluminium 
alloy with 4 per cent. of copper and 3 per cent. of 
silicon has found favour in America. In the re- 
search on aluminium-magnesium alloys the rolling 
mill of the department has proved of great service ; 
the low ductility of some commercial magnesium 
alloys seems to be due to the rolling process. 

Iron Alloys.—A new 150-kv.-a. single-phase 
generator for frequencies up to 20,000 has been 





installed mainly for the high-frequency induction fur- 
naces in which pure iron and other metals are fused. 
Attempts have been made to prepare pure iron free 
from oxygen, but some oxide particles are always 
found in the electrolytic iron even when fused in 
a vacuum, The oxygen can be completely removed 
by passing a current of hydrogen over the molten 
metal, but this process is, of course, only applicable 
to small samples. Pure iron does not take up nitro- 
gen readily when red hot ; but carbon alloysdo. The 
preparation of chrome-iron alloys in the crucible is 
difficult when the chromium content exceeds 
30 per cent., partly owing to the presence or forma- 
tion of chromium oxide which attacks the crucibles ; 
crucibles of alumina without a binder will bear 
1,530 deg. C., but are friable. While both iron and 
manganese alone can be fused in magnesia crucibles, 
the two together attack the silicon in ordinary 
magnesia, so that pure magnesia has to be used. 

Minor Metals. Beryllium. Dental Alloys.—With 
the help of a rotating water-cooled steel cathode 
the electrolysis in beryllia pots at 1,300 deg. C. of 
complex fused fluorides of beryllium-sodium and 
barium, to which sodium-beryllium fluoride is added 
has been carried out. Rather brittle rods of about 25 
grammes of beryllium of 99-95 per cent. have been 
obtained in addition to larger bulks of less pure 
metal. The melting point of this metal, which does 
not tarnish, is about 1,300 deg. C., the density 1-86, 
but the Brinell hardness is 130, and it would appear 
that the small impurity diminishes the ductility, 
though it cannot be asserted yet that pure beryllium 
should be ductile. The metal does not give com- 
pact alloys with small percentages of aluminium. 
Dental alloys are more important than may be 
thought. The ageing of the silver-tin alloys, much 
used by dentists, is complicated by the apparent 
formation of Ag,Sn, though attempts to isolate 
this compound have not yet been successful ; other 
dental alloys are amalgams of mercury with tin and 
thallium. 

Silicon. Cast Iron.—Commercial silicon does not 
contain more than 95 per cent. of Si. By chemical 
treatment of this product with hydrofluoric and 

other acids, the purity has been raised to 99-7 per 
cent., the impurity being essentially aluminium, but 
the element is obtained in granular form, not in 
solid blocks. A systematic research on the ternary 
system iron-carbon-silicon and similar systems in 
which manganese or phosphorus replaces the silicon 
has been undertaken by request of the Cast Iron 
Research Association. 

Physical Structure of Metals. Elastic Deformation. 
-—In connection with Dr. Rosenhain’s views on the 
structure of metals, outlined in his Cantor lectures 
last year,* attempts were made to prepare sym- 
metrical solid solutions by the prolonged annealing, 
at the highest temperatures possible, of alloys 
of copper and nickel containing the two metals in 
atomic proportions. Crucible experiments having 
been unsuccessful, wires especially drawn by Messrs. 
H. Wiggin and Sons, of Birmingham, were sub- 
mitted to long annealing in a furnace of considerable 
length. Another problem under investigation is 
the study of the relation between the magnetic 
changes and the elastic dimensional changes. A 
solenoid, giving a field of 1,000 gauss over a length 
of 1 m. has been constructed, in which the bar of 
iron, cobalt or nickel has. to be water-jacketed to 
keep it cool. As regards the heat generated by the 
plastic deformation in wire drawing, a new apparatus 
has been constructed in which the wire remains 
outside the calorimeter both before and during the 
drawing process, but the work done on the wire is 
determined from the length and the tension of the 
wire. Work has also commenced on the determina- 
tion of the surface tension of fused metals from the 
pressure required to liberate gas bubbles from a 
capillary dipping into the metal. 

Glass Refractories.—Mr. V. H. Stott’s determina- 
tions of the viscosity of glass indicate that chemical 
composition is of much greater importance than the 
often emphasised, but rather obscure influence of the 
history of the glass. The glass is fused ina platinum 
wound resistance furnace ; a fine wire of platinum is 
immersed in the molten glass and withdrawn at a con- 
stant rate, the amount of glass adhering to the wire 





* ENGINEERING, February 20, 1925, page 233 et seq. 
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being determined. The method gives concordant 
results, and shows that the rate of heating and of 
repeated cooling do not affect the viscosity, provided 
the glass was well stirred during the first melting. 
Homogeneous glass seems at high temperature to be 
a definite material whose properties depend only 
upon the chemical composition, small changes in 
such composition having marked effects. As 
regards refractories, crucibles of pure magnesia and 
of pure alumina can be pressed in moulds in sizes 
up to 3$ in. diameter, 6 in. high. Some gum traga- 
canth may be added. In the case of alumina some 
pure magnesia or lime, or both, may also be added 
for making vitreous gastight muffles. China-clay 
crucibles containing 25 per cent. of alumina, 
previously calcined at 1,560 deg. C., were used for 
the preparation of chromium-nickel alloys; they 
were provided with sleeves, made of vitreous silica or, 
better still, of carborundum-china-clay. With the 
aid of a cellulose acetate dope, pure magnesia tubing 
for thermocouple sheaths is made by extrusion. 
The resistance to corrosion of English chemical 
glassware continued to be high, but the purity of 
some chemical reagents for analytical work appeared 
to be capable of considerable improvement. 

Aeronautical Fabrics.—In investigating and deter- 
mining the porosity of water-proofed fabrics, Dr. Guy 
Barr stretches the fabric to be tested over a cylindri- 
cal chamber connected with a water vessel. As the 
head of water in this vessel is raised, the water 
level in a vertical gauge tube rises steadily; as 
soon, however, as the water leaks through the 
fabric, the gauge shows a sudden rise. 

Physics Department. Heat.—¥or the interna- 
tional comparison of the thermocouple standards 
at Teddington, Berlin and Washington, the use of 
thermocouples of platinum with 10 per cent. of 
rhodium has been decided upon, while the couples 
used in this country mostly contain 13 per cent. of 
rhodium. These international temperature scale 
problems, which are to be settled in 1927, also 
involve the re-determination of the saturation 
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pressure of water vapour in the region 95 to 105 deg. 
C., as to which the values of Regnault, as reduced 
by Broch, are not in accord with those of Holborn 
and Henning ; a special hypsometer has been con- 
structed for this purpose. 

Thermal Conductivity. Silica, Carbon, Stampings. 
—The apparatus for the determination of the 
thermal conductivity of vitreous silica is of the 
divided-bar type. A disc of silica 4-5 cm. (1 in.) 
in diameter, is sandwiched between the ends of 
two cylindrical bars, of the same diameter, of alu- 
minium, all the surfaces in contact being optically 
flat ; the composite bar is mounted vertically on a 
thermostat. The upper end of the bar is electrically 
heated, the lower end is cooled by radiating fins of 
copper ; side losses of heat are reduced by lagging. 
The temperature gradient along the bars is deter- 
mined by means of thermocouples. Observations 
made in order to eliminate the influence of the air- 
film resistance on three thicknesses of vitreous 
silica, 0-1, 0-15, 0-2 cm., at four temperatures 
between 104 and 186 deg. C., showed an increase 
in the thermal conductivity from 0-00339 to 0-00354 
c.g.8., or a mean temperature coefficient of 
+ 0-0000018 per deg. C. The density of the silica 
was 2-204. In similar work on searchlight carbon, 
rods of pure or cored carbon, 28 in. long, 1 in. dia- 
meter, are heated by electric currents introduced 
through water-cooled terminal electrodes, while in 
an atmosphere of coal gas or a vacuum within a water- 
jacketed enclosure. The rod is provided with an 
axial bore ; by the aid of a plug placed in this bore 
and an optical pyrometer, temperature readings are 
taken; with the arrangement adopted, the heat 
flow should be radially, at any rate, in the middle 
portion of the rod. 

The apparatus devised for testing thin materials, 
paper, varnished cloth, and the laminated stampings 
used in electrical construction, is illustrated in the 
diagram, Fig. 8. Pieces of the material are applied 
in two piles to both the upper and the lower surface 
of an electric heater plate of the same diameter, 
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and the whole is clamped between two cold plates 
or boxes, kept at constant temperature by water 
circulation. The hot plate consists of a flat heating 
coil insulated with mica and clamped between two 
brass discs ; the cooled boxes are clamped between 
heavy iron plates. The thermal resistivity and its 
change with pressure are derived from measurements 
of the electricity input into the hotplate and the 
readings of thermocouples. The pressure is applied 
by means of three spiral springs and by the adjust- 
ment of the nuts of the bolts bearing on the top 
plate. 

Observations have a'so been made on the thermal 
conductivity of some composite walls, 4 in. in 
thickness, of concrete, cork, paper, &c. A very 
light concrete, prepared by injecting a frothy 
liquid into the concrete mix before pouring, has 
been found a good heat insulator, though of little 
mechanical strength. Wood used for making sun 
helmets has also been tested. The mechanical 
strength of some of these insulators is determined 
by a Brinell test, a large steel ball, 24 in. in diameter, 
being used for testing cork .slabs, for instance, 
and other materials of coarse aggregates. The 
penetration of the sphere and the recovery under 
load is measured by a dial indicator. 


(To be continued.) 








RAILWAY WAGON WEIGHING 
TIPPLER. 


Tue advantages of handling coal by tipping the 
wagons mechanically are in some cases partially 
offset by the necessity of weighing, for, if the weigh- 
bridge is some distance from the tippler, a considerable 
amount of shunting may be required. Even if both 
appliances are close together two shunting movements 
are necessary, and the combination of the tippler 
with the weighing machine has presented a problem 
for which a satisfactory solution has long been desired. 
One such solution is presented in the design which 





we now propose to describe, with the aid of 
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The 
Mitchell Conveyor and 
Holborn- 
viaduct, E.C.1, and the particular plant from which 


Figs. 1 to 15, above and on pages 69, 71 and 78. 
makers are Messrs. The 
Transporter Company, Limited, 45-50, 


the illustrations reproduced have been taken is 
situated at Preston, where it operates in conjunction 
with a ropeway transporter across the River Ribble. 

The general layout of the plant is well shown in 
Fig. 1. The weigh-house is visible at the extreme 
left of the illustration. Next to it is the combined 
weigher and tippler shown loaded with a wagon 
which has just been emptied into a concrete hopper 
velow the ground level. The base of this hopper 
vommunicates with a bucket elevator which discharges 
the coal into the carriers of the ropeway. As will be 
evident from Fig. 1, the platform of the weighing 
machine is an intrinsic part of the tippler, and the 
wagon when shunted on to it is weighed and tipped 
without further movement on the track, The empty 
wagon is pushed off the platform by the incoming 
full one, and the speed of discharging a train is really 
ultimately determined by the capacity of the hopper 
and the elevating and transporting plant. Figs. 12and 13 
on page 78 give sections of the plant, and indicate 
clearly the relative positions of the weighing mechanism 
and the electrically-driven tipping winches. With 
regard to the first, few comments are needed, the 
several levers and knife-edges differing little from 
those customarily employed in railway weighbridges, 
but the relation between the platform and the lever 
system may, with advantage, be described. 

The frame of the platform consists of two rolled 
steel 16 in. by 6 in. joists, one under each rail, connected 
at the ends by 15 in. by 4 in. channels, and at inter- 
mediate points by other sections and suitable cross 
bracing. This platform is 24 ft. 5 in. long over all, 
and is carried upon a pair of rocking gears which 
ensure proper adjustment upon the frame of the 
weighing machine itself. This arrangement is con- 
structed as follows. Under one of the main joists, 
that nearest the weigh-house, is bolted, about 2 ft. 
from each end, a foot or rest consisting of a short 
piece of joist and an angle bracket. This rests upon 
the weighing frame and is indicated in Figs. 12 and 13, 
while it is also visible in Fig. 14 projecting beyond 
the curved outline of the cradle near the top. Nearly 
under the other main joist, at the two points, there 
is a double-flanged roller, 9 in. in diameter, which 
transmits the remainder of the weight to the weighing 
frame. The axle of each roller is carried at one end 


of a pair of levers of steel plate which are pivoted in 
bearings bolted to the platform, and the other end 
of which is coupled to a compression spring, also 
attached to the platform. This arrangement is shown 
in Fig. 13. The spring acts as a buffer when the weight 
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comes on the platform and, acting through the lever 




















arms and roller, assists automatic adjustment on the 
weighing frame. The rollers make contact with the 
frame first when the platform is being brought back 
after tipping. 

From this short description of the automatic 
rocking arrangement it will be seen that it is only 
permissible to attach the platform axially to the 
tipping cradle—that is, in such a manner that it is 
free to rotate slightly on a longitudinal axis. This 
is effected by carrying it on a trunnion at each end 
supported by the cradle end frames. The axis of 
these trunnions is situated 9 in. to one side of the 
platform centre line in order to ensure that the wagon 
tilts over in the correct direction when tipping com- 
mences. Their exact position relative to the pivot 
centr2 of the end frame will be seen in Fig. 6. They 
are of mild steel 6 in. in diameter, but they are not 
an exact fit in their bearings. These bearings are 
plain box steel castings, 7 in. bore by 3} in. wide, 
bolted to the cradle end frame. The clearance between 
the trunnion and bearing is clearly shown in Fig. 14, 
and is necessary in order to ensure that the operation 
of weighing is not intefered with by pressure from the 
cradle ends and that the lateral centring is not upset. 

The cradle consists of two cantilever ends of which 
details are shown in Figs. 6 and 7, above, joined 
at the lower part by a cross beam of double channels 
and at the upper part by a somewhat similar beam 
constructed of deeper channels tapered off at the ends. 
The second beam is the wagon chock beam. It is 
indicated in Fig. 12, and is faced with strips of timber 9 
in. wide by 2 in. thick laid across it side by side for its 
full length. For a space of about 5 ft. 9 in. at each end, 
however, this timber is given a curved face and is 
padded with coiled hemp rope to prevent damage to the 
wagons. The construction of both beams will be clear 
from Fig. 15. In the middle of the upper part of the 
cradle end frames there will be seen in Fig. 6 a bracket, 
having a hole for the pin on which the cradle is pivoted. 
To understand the operation of the tippler clearly, it 
must be realised that this pivot is not held in the fixed 
framework of the apparatus, but is coupled to the lower 
end of a lever known as the sustaining arm and illus- 
trated in Fig. 2. 

The power for tipping is, however, directly applied 
to the cradle ends and may be appropriately dealt 
with at this point. The back of the cradle end 
frame is made of channel section, 10 in. by 34 in., and 
its curved outline is dictated by the necessity for main- 
taining an approximately even turning moment during 
tipping. The web of the channel is arranged outwards, 
and in it is fitted a wearing plate upon which the steel 
hauling ropes lie. There are two of these to each 
cradle end attached to a pin at the extreme top. 
Fig. 6 shows the location of this pin at the corner of 
the gusset plate carrying the chock beam, but the precise 
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manner of attachment of the ropes is best seen in 
Fig. 13. One of these is attached to each end of a double 
lever on the pin, the lever equalising the pull upon the 
two ropes should one stretch more than the other. The 
other ends of the ropes are attached, in the fashion 
shown in Fig. 11, to a cast-iron grooved barrel, the 
grooves being laid right and left handed. One barrel 
is provided for each end of the cradle; they are fitted 
with cast-steel rims bolted to an end flange. These 


‘have gear teeth which engage with pinions on a 


countershaft 4 in. in diameter. The latter runs the 
whole length of the installation and carries at its 
centre a cast-steel spur wheel. This spur wheel is 
driven by the pinion of a double-reduction gear between 
it and the motor. The arrangement of the barrels, 
gearing, shafting, pedestals, and bedplates is shown in 
Figs. 8 and 9. All the pedestals and the other 
bearings are lubricated by means of Stauffer grease 
cups. The bedplates are plain structures of channel 
iron bolted together. The details of the barrels and 
gearing are given in Fig. 10. The motor is of 20 brake 
horse-power and runs at a speed of 600 r.p.m. An 
examination of the gear train will show that at this 
speed of the motor the barrels make 1-37 r.p.m. The 
motor shaft is provided with a brake drum 12 in. in 
diameter. There are two cast-iron brake blocks lined 
with Ferodo, and pressure is applied by means of a 
solenoid, which can exert a pull of 32 Ib. at the end of 
a lever 25? in. long, the ratio of this arm to the brake 
arm being about 11-5to1. The brake blocks are kept 
up to the drum by a small weight on the solenoid lever. 
In connection with the motive power, attention may be 
drawn to the cast-iron balance weights bolted to the 
lower half of the cradle ends. These are shown in 
Fig. 14, but do not appear in Fig. 6, the difference in 
outline between the balance weights and the cradle 
end itself being clear from Fig. 13. 

The sustaining arms, which are plain levers, are, 
as will be evident from several of the illustrations, 
plain frames of angle iron and plate, connected at the 
top by the sustaining beam of double channels with 
curved wood pads in way of the wagon ends. The 
outline of one of these arms is given in Fig. 2 though 
this illustration is primarily intended to show the steel 
casting forming the centre on whichit swings. Through 
the centre of this bracket runs a shaft 4} in. in diameter, 
which is carried at each end in a bearing at the top of 
the fixed supporting end frames. The construction of 
the end frames is clear from Figs. 3, 4 and 5, and they 
need no particular description though attention may be 
drawn to the small brackets about half way up. These 
carry the guide pieces which determine the position of 
the cradle ends when weighing is being carried out. 
The projections on the cradle end framing which engage 
with the guide pieces are seen in Fig. 6, just below the 
platform trunnion. 
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Returning to the consideration of the sustaining 
arms, the lower eye in Fig. 2 is attached by a pin to the 


pivot bracket on the cradle end previously mentioned, | 


and it is upon these pins, one at each end, that the 
weight of the wagon comes during tipping. When 
weighing the wagon the cradle ends are partly supported 
by the guide pieces. This will be clear from a reference 
to Fig. 13. 

The operation of tipping can now be readily followed. 
When weighing is completed, the winding motor is 
started and pulls down the cradle, the first movement 
of which allows the platform to tilt slightly so that the 
side of the wagon lies against the chock beam. Further 
rotary movement of the cradle lifts and tilts the wagon, 
and the whole weight, acting upon the short arm of 
the sustaining levers gradually turns the long arm 
towards the wagon until the sustaining beam is firmly 
pressing on the top of it. The wagon is then rigidly 
held until the discharging ition, shown in Figs. 1] 
and 14, is reached, It should be noted that the sustaining 
beam does not come fully into action until the weight 
is off the wagon springs, due to the amount of tilt the 
latter has received, and that the degree of pressure 
exerted by the beam is proportional to the weight of 
the wagon and coal. The empty wagon is returned to 
the weighing table merely by paying out the wire rope 
from the barrels, under the control of the solenoid 
brakes. In conclusion, it may be pointed out that the 
whole of the moving part of the apparatus, apart from 
the weighing machine and motor mechanism, consists 
of three items only, namely, the platform, the cradle 
with its side chock, and the sustaining arms and beam. 

The weighing mechanism is of the Mitchell-Avery 
pattern. 





Iron AND Steet Inpustry.—The depressed condition 
to which the coal striko has reduced the iron and steel 
trades of this country continues. Lately there has been 
a fairly active demand for steel materials, but this was 
practically without exception from home consumers 
and has been satisfied almost entirely by imports of 
foreign materials and from. stocks which are rapidl 
dwindling. The number of works in this count: still 
producing finished steel to a greater or lesser gp Has 
remains about the same; but this activity is almost 
entirely confined to departments working on foreign 
coal and raw and semi-finished material. There is no 
doubt that a profitable business has been diverted to 
foreign steelmakers owing to the inability of British 
manufacturers to quote a definite period for delivery. 
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NOTES ON NEW BOOKS. 


Ir the present generation could adjourn the con- 
sideration of the smoke problem until the bituminous 
coal of Great Britain had hardened into anthracite or 
until the Meteorological Office could provide steady 
winds when needed to sweep the atmosphere clear, there 
might then be no serious fog problem left. For anthra- 
cite does not produce the sooty, tarry particles which 
make dry hazes and wet fogs a nuisance, and no fog 
can persist in a wind blowing at five miles an hour. 
But wind only carries the objectionable particles from 
the chimneys of the industrial districts further out into 
the clean country air, and the public are therefore 
undoubtedly grateful to the Meteorological Office for 
conducting systematic studies of conditions of atmo- 
spheric pollution in order to prevent what cannot well 
be cured. “ The Smoke Problem of Great Cities,” by 
Sir Napier Shaw, D.Sc., F.R.S., and Dr. J. S. Owens, 
(Constable and Co., price 22s. 6d. net), is not an official 
publication. But its authoritative character will be 
patent when it is remembered that Sir Napier Shaw was 
for many years the director and leading spirit of the 
Meteorological Office, and Dr. Owens is one of the most 
active members of the Advisory Committee on Atmo- 
spheric Pollution. Several of the stationary and port- 
able devices described for determining the value numbers 
and kinds of polluting particles, the automatic recording 
dust filter, the jet dust counter, and the settlement dust 
counter for the examination of dust clouds stirred up, 
e.g., in grain elevators, are of Dr. Owens’ design, and the 
researches he and others have made with them have been 
noticed in our columns. The carboscope, a small telescope 
for the estimation of the blackness of smoke, is another 
of his instruments, With this the smoke is viewed 
through a disc fitted with six windows, each of which 
is half transparent and half smoked to various degrees. 
In their general considerations—which are instructive, 
but not free from repetitions—and statistics the 
authors do not take alarmist views ; but they deprecate 
deep breathing in atmospheres of questionable purity. 
Dr. Owens found that the smoky, non-reducing flame 
which the heat treatment of high-class steel requires, 
could be produced without smoking chimneys, and that 
furnaces could be made smokeless if this did not involve 
alteration of much existing plant. In the authors’ 
opinion gas is found to be more expensive than raw 
coal even.in domestic heating, which sends more smoke 
into the air than factory chimneysdo. The last sections 
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on the remedy deal with furnaces, stoking, Lord 
Newton’s Committee report and with administrative 
action. The authors advocate encouragement rather’ 
than penalties. They suggest that a rebate of say, 3d. 
in the pound should be allowed for smokeless premises, 
i.e., to any ratepayer who undertakes not to create any 
smoke beyond that which results from the necessary 
burning of refuse. 





Messrs. I. H. Cowdrey and R. C. Adams, of the 
Massachusetts Institute of Technology, have produced a 
book on “* Materials Testing” [John Wiley and Sons, 
Inc., 78. 6d. net], which avowedly deals with the basic 
principles to be observed in testing materials, as dis- 
tinct from common practice in such operations, but it 
also contains much detailed information of value 
Telative to methods of precision. In addition to the 
consideration of principles underlying usual test pro- 
cedure there are chapters on test specimens and 
holders, on fractures, on measuring devices, and on 
verification and calibration of testing apparatus. The 
experience of the writers has enabled them to produce a 
manual which should be of service to those engaged in 
serious testing, the importance of which becomes the 
more apparent with fuller knowledge of the properties 
of materials, now of much greater variety than was 
once the case, and with the development of methods of 
design which take cognisance of properties at one time 
in great part neglected. 


To the ordinary mind, both space and time are con- 
tinuous, and though entirely distinct, yet inseparably 
connected. No event can be described without indi- 
cation of both the place and the time. A man may 
say that he is living either ten miles, or half-an-hour, 
from his office; the one statement is as intelligible 
as the other. But the four-dimensional space-time 
continuum of relativity and modern energy and light 
quanta are very difficult to conceive. The critical 
guidance into these obscure fundamental problems, 
which Dr. J. H. Jeans, Secretary, of the Royal 
Society, offers in his “‘Atomicity and Quanta” (Cam- 
bridge: The University Press, price 2s. 6d. net), is 
therefore most welcome. Parallel to space-time, Dr. 
Jeans argues, we have matter-energy. Matter is 
evidently atomic; relativity extends atomicity into 
energy. The “rate of exchange” between the units 
of space and time is the velocity of light c; that 
between matter and energy is c*. The addition of 
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energy E=mc* to any material system may be 
regarded as an additicn of either mass or of energy. 
The sun may be said to radiate so many tons or so 
many calories per minute; the source of the sun’s 
radiation, so much discussed, is simply its mass. On 
the classical theory, available energy was supposed to 
be transformed into radiation of infinitesimal wave- 
length. The study of cavity (black-body) radiation 
showed that the radiation of a glowing body was 
mainly in the red, not in the ultra-violet. From this, 
Planck concluded that energy emission and absorption 
could only take place in definite quanta of hv, where the 
y is the variable which adjusts itself to the respective 
energy difference, and that it is not really the material 
energy, which is atomic, but the exchange between 
matter and radiation. The ultra-violet end of the 
spectrum possesses little energy, because so few of the 


molecules of a hot body acquire sufficient energy to | p 


emit a high-frequency quantum. If that were not so, 
the universe would come to an end in a small fraction 
of a second. The quantum need, however, not retain 
its individual entity after emission. The energy might 
spread out in electromagnetic waves, or travel on in 
quanta like flying bullets. On the latter view, a star 
of the 16th magnitude would send out one quantum per 
10,000 cub. metres, and only in very rare cases could 
two of these quanta reach the same telescope tube 
simultaneously. Yet the star could give a complex 
diffraction spectrum, though every click of a shutter 
would probably halve such quanta several feet in 
length. As a way out of these contradictions, Mr. Jeans 
suggests that the quantum theory applies only to the 
interchange between energy and radiation, and the 
undulatory theory only to radiation travelling in space 
without interchange with matter. Neither the free 
hydrogen electron nor the proton can emit or absorb 
radiation ; the mechanism resides in the electromag- 
netic field, which binds them together to an atom of 
hydrogen, and that combination to an atom can only 
take place when distance and velocity satisfy the quan- 
tum relations of Bohr and Sommerfeld. ‘‘ We are far 
yet from understanding the true meaning of atomicity 
and quanta,” Dr. Jeans concludes, but his booklet—a 
reprint of his Rouse Ball lecture—will be found highly 
suggestive and instructive. 





Since 1924 the ‘‘ Deutsche Motor-Zeitschrift’’ has been 
publishing pamphlets of quarto size on types of auto- 
mobiles and their parts. Each pamphlet contains a 
number of plates illustrating a typical design of some 
particular firm, with a summary of the chief data, 
dimensions, materials, power, carrying capacity, fuel 
and oil consumption, &c. These data are based upon 
reliable information, but not accompanied by critical 
comments or statement of advantages claimed. This 
form of publication having met with approval, the 
journal has now compiled a similar pamphlet on aircraft 
and aircraft motors under the title ‘‘ Deutsche Kraftfahr- 
zeug-Typenschau. I. Luftfahrzeuge und Luftfahrzeug- 
motoren.”’ It is edited by C. W. Erich Meyer (Deutsche 
Motor-Zeitschrift, G.m.b.H. Dresden A.19, Miiller- 
Bersetstr. 17; price 2 marks). The pamphlet contains 

2 plates, 23 of which deal with flying machines and the 
rest with motors. The chief types illustrated are Junkers 
(of Dessau), represented by eight machines, all metal 
(Duralumin); Udet (Munich), represented by the 
large passenger aeroplane Kondor, and various sport 
and training craft; Dornier (Friedrichshafen), Komet 
III machine, steel and Duralumin; the Luftfahrzeug- 
gesellschaft (Stralsund), seaplanes and machines built 
in the alloy Lautal; Focke-Wulf (Bremen); Daimler- 
Motoren-Gesellschaft (Sindelfingen). There are also 
machines of German design made by the A.B. 
Flygindustrie, of Limhamn, Sweden (Junkers), and 
by the Rohrbach Metal Aeroplan Company, Copen- 
hagen (Rohrbach Gesellschaft, Berlin). The motors 
are of the Junkers, Siemens and Maybach types. 





In our issue for June 26 of last year, on page 796, 
we gave a brief review of vol. xv, “ Spinning, Its 
i rocesses and i roducts,” forming part of the series of 
dictionaries in six languages edited by Mr. Alfred Schlo- 
mann, of Munich. Vol. xvi of the same series, entitled 
** Weaving and Woren Fabrics,” and prepared on exactly 
similar lines, is now available. As its title implies, it 
deals with weaving in all its branches, the sections 
covering general terms relating to weaving, weaving 
materials, processes preparatory to weaving, weaving 
proper, details of hand and power loom weaving, special 
looms for all classes of work, counting and measuring 
devices, pattern designing, Jacquard cards, woven 
materials, cloth testing and weaving calculations. 
The book contains 447 pages of illustrated references 
in German, English, French, Italian, Spanish and 
Russian, and 261 pages of indexes, the latter being 
separate and not intermingled as was the case in the 
very early issues of the series. Vol. xvi is published by 
Messrs. Lewenz and Wilkinson, Limited, 25, Victoria- 
street, Westminster, 8.W.1, at the price of 2/. ls. net. 
It forms a natural complement to the preceding volume 





on spinning, and will be found greatly useful by very 
numerous manufacturers and traders ‘in the textile 
industries. 





ConsmpERING the great surprise caused by the 
tanks on their first appearance at the front during 
the late war, and the very severe recrimiinations put 
forward in the commencement in regard to their use, 
it comes as a surprise to learn that “the first real 
combination vehicle” was proposed in 1912 by Lieut. 
Burstyn, of the Austrian Corps of Engineers, to the 
Austro-Hungarian War Ministry, who declined to 
consider it. This statement is contained in ‘‘ Taschenbuch 
der Tanks,” which differentiates, and rightly so, the 
tank from the armoured cars built some time previous 
to the war, and adds that “ the tanks found recognition 
in 1914-1915 as an English invention.” The book is 
roduced on the same lines as those on the ‘‘ Navies 
and Air Fleets of the World,” by the same publishers, 
J. F. Lehmanns Verlag, Munich. It is divided into 
three sections, the first giving general data on the 
characteristic features of tanks, and describing their 
principal component parts and the methods employed 
for steering and for suspension, with remarks on 
the outside shape required for resisting gunfire, 
and information on armament. The second section 
contains a history of tank construction by the 
various nations. In this the various types and 
their armament are reviewed, the descriptions includ- 
ing one of the Christie amphibious tanks owned by 
the United States Navy, armed with a 1}-in. gun, 
protected by }-in. plating—capable, therefore, of 
resisting infantry fire only—and each carrying a crew 
of two or three men. The same section also gives 
reproductions of aerial photographs showing tanks 
on the road and in action. It is rather sur- 
prising to note that the appellation “tank,” a 
camouflaged name, has been adopted by several 
countries. The various chapters of the third section 
cover the use of tanks in warfare, and give various 
examples of the part they are able to play, some of 
them based upon actual occurrences during the late 
war. It also deals with some of the numerous means 
which can be taken for defeating this comparatively 
new arm. The book is profusely illustrated by line 
blocks and reproductions of photographs, and forms 
an interesting reference guide. It has been compiled 
by Engineer Fritz Heigl, a former Captain in the 
Austrian Army, and at present Professor at the Vienna 
Technical College. The price of the book is 12 marks. 








LETTERS TO THE EDITOR. 


OIL SEPARATORS FOR BILGE AND 
BALLAST WATER. 


To THE Eprror oF ENGINEERING. 

Smr,—The abridged report of the paper read by 
Dr. H. 8. Hele-Shaw and Mr. Albert Beale before the 
Institution of Naval Architects held in Belgium is my 
excuse for addressing this letter, in order to do justice 
to the “‘ Fisher ballast-water separator,”’ of which my 
firm has been granted the sole rights for sale and 
manufacture in this country. 

As early as 1921, I was consulted, both by shipping 
companies and harbour authorities in this country and 
in the United States, on the growing problem of 
pollution due to oil in navigable waters, and I paid a 
visit to the United States foc the rnrvoce of investigating 
the matter first hand and, subsequently, paid a further 
visit for the same purpose. 

I might also add that, in 1919, I introduced the first 
centrifugal oil purifier, namely, the ‘‘ De Laval,” to this 
country, where it was exhibited at the Shipping and 
Engineering Exhibition at Olympia, and the pioneer 
work which my firm did was responsible for centrifugal 
separators now forming a recognised auxiliary for the 
purification of fuel and lubricating oils in ships. 

As technical advisor for the application of centrifugal 
separators throughout the world for a period of three 
years, I may speak with some authority upon the matter 
in question, and would, first of all, like to express the 
appreciation which I feel is due to Dr. H. 8. Hele-Shaw 
and Mr. Albert Beale for gathering together the various 
information they have regarding the different types of 
ballast-water separators in use, but I do take exception 
to their contention that, in order to obtain efficiency, 
the flow should be horizontal and not vertical. 

As the authors of this paper have, to my mind, some- 
what lightheartedly classified the Fisher as coming 
under a somewhat broad heading, it is clearly evident 
that these gentlemen have not studied the basic prin- 
ciple upon which the Fisher separator operates. With 
your permission, Sir, and to save your valuable space, I 
do not propose to discuss the theory, mathematical or 
practical, of either the long-suffering question of 
“* stream-line ” or of vertical v. horizontal flow; there 
is an old saying that “‘ The proof of the pudding is in 





the eating,” and, before my company accepted the 
Fisher separator, private trials were carried out in the 
8.8. Chickasaw, belonging to the United States Shipping 
Board, in which ship the heaviest form of fuel oil has 
been used in the furnace, such oil having a specific 
gravity of up to 0-98, and the trial extended over 
eighteen months. 

While I am not at liberty to quote the actual figures 
obtained by the Bureau of Standards, both while the 
vessel was in harbour and at sea, I can, from my own 
knowledge, state that, in over 200 samples, no oil 
whatever was discovered while, in the worst sample in 
harbour, not more than 5}, of 1 per cent. of oil was 
found. 

At sea, when the ship was rolling 15 deg. from the 
vertical, the worst sample taken showed ;3,; of 1 per 
cent. and, in every case, the oil recovered was used 
for burning and the water content was never higher 
than 1 per cent. The average discharge capacity was 
between 100 and 120 tons per hour. 

I would ask you, Sir, to observe that in the Fisher 
separator no filtering media of any kind whatsoever is 
used: the Fisher separator is, to all intents and pur- 
poses, a static De Laval, and, as such, is in a class apart, 
since it is operated, as in the case of the De Laval 
centrifugal oil purifier, by means of a water seal and 
has an arrangement for regulating the height of the 
water seal in such a way that, whatever difference there 
is in the relative specific gravity of the oil used against 
the constant of that of sea water, it is capable of 
adjustment. 

While gravity is, of course, the essential feature of 
the Fisher separator, the use of discs in the form of a 
spiral bears the same relationship as the use of discs 
in the bow] of a medium-speed centrifugal separator, and, 
taken in conjunction with the feature of variable 
adjustment, there is no necessity whatever for employ- 
ing any form of filtering media. 

The fact that the Fisher separator, fitted for eighteen 
months in the 8.8. Chickasaw, has enabled this vessel 
to discharge her ballast tanks in various harbours, is, in 
itself, a guarantee of such efficiency as has never been 
attained except in cases where the final traces of oil 
have been extracted by and retained in a separate 
filter. 

The inventor of the apparatus, an Englishman, being 
himself a well-known chief engineer, has also studied 
one of the most important viewpoints of shipping 
companies, namely, that of space, and the design of the 
Fisher separator enables it to be fitted alongside the 
funnel, being arranged in the fidley casing, while the 
small breaker tank is located above. 

The floor space occupied is only a circle, 3 ft. in 
diameter, and the apparatus can easily be supported 
on a gusset bracket, fitted in the fidley casing next to the 
funnel. 

We, therefore, have an apparatus which does. not, 
occupy any space of value ; requires no additional filter 
of any kind ; is adjustable by hand in a few minutes to 
any specific gravity of fuel oil: and will function in a 
heavy sea-way. 

I have the honour to be, Sir, 
Your obedient servant, 
W. R. Coapsurn, A.M.I.N.A., 
Managing Director, 
Chadburn’s (Ship) Telegraph Company, 
Limited. 
London, July 8, 1926. 





CONTINUOUS VERTICAL GAS 
RETORTS. 


To THE EpiToR oF ENGINEERING. 

Srr,—The reported investigations of H.M. Fue 
Research Board upon the above subject, published in 
your issue of July 2, are worthy of very attentive con- 
sideration, and deserve every appreciative usage and 
detailed looking into by fuel-distillation plant makers 
and users alike. As one of the former category of 
interested parties, may I be allowed to offer you a few 
comments upon the results obtained, and also upon the 
possibilities not therein envisaged, but realisable along 
different lines of operation, such as are embodied in 
the systems indicated in Patent Specifications 136,880, 
131,105, 165,825, and 213,040, and 213,363. 

Firstly, according to the introductory remarks, it is 
conceded and admitted by the Board that the design 
of a plant at present affords very little scope for 
influence upon the yields obtainable from retorting 
practice. This is granted by the writer as quite true, 
when reference has only to be made to systems like 
the well-known W.D. G.W. and D.T. vertical retorts, 
for, as is readily understood by carbonising engineers, 
the throughput capacity of such apparatus, if measured 
in tons daily per ton standing charge, is practically 
alike for all, and in any case the smaller the retort the 
higher the results are per ton of coal treated therein. 
The differences between them, since they all comprise 
more or less rounded rectangular (or elliptical, &c.) 
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chambers, heated all around, are small and limited to the 
details of flue work heating and design and the zoning, 
and the mode of draught employed in utilising the 
producer gas for their heating. 

But the rate of heat transmission effectively available 
is definitely limited within very narrow ambits, and 
so the size of chamber cross-section equally so, given 
round about a 24 hours coking time. Nor can this 
limiting set of conditions be modified seriously, as 
regards the improvement of the results, without funda- 
mental and daring innovations such as are typified 
by the writers’ suggestions in the systems of carbonisa- 
tion enumerated above. 

The first matter for improvement is the increasing 
of the throughput by means of a much more rapid 
rate of heating, resulting as various workers, including 
Dr. Weyman, Dr. Foxwell and the writer, have shown 
in a better quality gas yield. In this respect the heat 
transmission should be resolved into its two factors, 
(a) the rate of rise of charge temperature in any 
section parallel to the heating wall, and (0) the rate of 
penetration of the average charge carbonising (maxi- 
mum) temperature through the coal strata. A second 
very important matter and perhaps more so in most 
cases of retorting conditions of the present order, is 
the ready release and the carrying off of the distiilate 
in its primary state without a high resistance and long 
distance travel through zones of either equal, or even 
about equal, much less to say any higher, temperature 
than that of their seat of origin. This is the real key to 
the low-temperature carbonisation problem, and heat 
transmission at a high temperature can be equally 
effective in producing a high gas yield of high quality, 
if carried out with a central off-take, such as is prefer- 
ably used by the writer in all his systems. The third 
important factor is that of staging the off-take release 
and so avoiding the mixing up of the very highly heated 
gases from gasification zones from commingling with 
the rich low-temperature distillates. 

The fourth, and also a very important, contributory 
factor is that of employing nascent H to augment the 
gas yield by synthesising hydrocarbons. Steaming in 
a vertical retort ordinarily effects a certain amount of 
such reactions, as previous investigations of the Board 
analytically considered reveal. But the ordinary 
vertical retort is far from an ideal medium for carrying 
out this effect, as the length of travel of the gases 
upwards from bottom to top is excessive and an earlier 
exit, very desirable. 

There are other means available which have been 
made use of, for details of which the reader is referred 
to the patent specifications concerned. 

It is, however, gratifying to know that there is 
no inherent impossibility in the proposition submitted 
by the South Metropolitan Gas Co. and that, granted 
retort design, as well as their other factors usedin the 
investigation, it is quite readily practicable and with 
greater results than demanded by them, provided 
no tar greater than the ordinary horizontal retort 
yield is required and the best gas producing sections of 
the primary tar are re-distilled by tar injection. Then 
very astonishing results can be secured at calorific 
values of 500/480, even if at 560 only about the same 
or a slightly better yield can be obtained. 

In the writers’ system, it may be added that a through - 
put capacity of some six times that of comparably 
sized vertical retorts of the ordinary kind is realisable 
at will and accordingly the above factors are not so 
cramped in their influence upon the yields. Experi- 
ments conducted during 1923 at the Staines Station of 
the Brentford Gas Co. (now the Gas Light and Coke 
Co.), proved an average throughput of four times the 
ordinary vertical retort, with six times and more 
variously and repeatedly available at will. The retort 
was a 34 tons vertical, a setting of two comprising the 
installation. : 

Yours truly, 
Wo. Everarp Davins. 
5 Tynybedw Terrace, 
Treorchy, Glam., S. Wales. 
July 5, 1926. 





TESTIMONIAL TO PROFESSOR TURNER.—We have been 
asked to draw attention to the existence of a general 
testimonial fund, initiated by the Metallurgical Society 
of the University of Birmingham, on the occasion of the 
retirement of Professor Turner from the Chair of Metal- 
lurgy. Full particulars and forms of subscription may he 
obtained from Dr. T. B. Crow, Hon. Secretary, Turner 
Testimonial Committee, The University, Edgbaston, 
Birmingham, 





“CONCRETE AND CONSTRUCTIONAL ENGINEERING ” 
PrizE.—We are informed that the “‘ Concrete and Con- 
structional Engineering ” Prize for concrete design has 
been awarded to Miss Jessie M. Greig. The prize, which 
is of the value of 251., is awarded annually by Messrs. 
Concrete Publications, Limited, 20, Dartmouth-street, 
Westminster,+London, 8.W.1, to further architectural 
interest in reinforced concrete. The designs this year 
are for a re'nforced-concrete pavilion. 





LABOUR NOTES. 

THE stoppage in the coal-mining industry unhappily 
continues, and up to Wednesday night there was no 
appreciable improvement in the position. After a 
meeting on Wednesday of the executive committee 
of the Miners’ Federation, it was officially stated that 
there had been no change of policy on the part of the 
miners anywhere, and that no consideration was 
being given to the owners’ terms for reduced wages 
and longer hours. There had been no meetings, 
Mr. Cook said, with the employers anywhere, either 
locally or in London, and there would not be any. 
Later in the day the General Council of the Trades 
Unions Congress decided to invite the executive of the 
Miners’ Federation to meet them on the following 
day. The invitation was, it was understood, tc be 
considered by the miners’ leaders when the executive 
resumed its deliberations yesterday, and there was 
said to be little doubt that it would be accepted. 
Mr. Tom Richards, one of the representatives of the 
miners on the General Council, was present at the 
meeting which decided to send the invitation. The 
precise object of the proposed conference was not 
disclosed, but it will be a more than ordinarily hopeful 
sign if the result is the re-investment of the General 
Council with power to resume the negotiation of a 
settlement. 





The Ministry of Labour states that on July 5, 1926, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,645,100, of whom 1,223,400 were men, 42,900 boys, 
332,500 women and 46,300 girls. Of the 1,645,100, 
82,400 were “ persons normally in casual employment,” 
as compared with 80,419 in the previous week. On 
June 28, 1926, the total number of unemployed persons 
was 1,639,776, of whom 1,223,615 were men, 43,032 
boys, 327,277 women, and 45,852 girls; and on 
July 6, 1925, it was 1,300,350, of whom 1,016,687 were 
men, 35,621 boys, 220,488 women, and 27,554 girls. 
“* Persons who ceased work in the coal-mining industry 
on account of the dispute” are not included in the 
total for July 5, 1926. 

In June the home branch membership of the Amal- 
gamated Engineering Union decreased from 213,490 
to 212,509, and the Colonial branch membership from 
25,857 to 25,790. The number of members on dona- 
tion benefit fell from 18,707 to 18,416 or 8-62 per cent. 
of the membership, and the total number of unemployed 
members from 30,597 to 30,117 or 13-58 per cent. of 
the membership. 





As was stated at the time in ENGINEERING, the June 
Central Conference at York “‘ failed to agree ”’ on all the 
local wages questions which were on the agenda. 
There were about 50 references, and in all, the demand 
was for a wages’ increase of 203. per week. In closing 
the discussion, Mr. Brownlie said (according to the official 
note of the proceedings) that the unions accepted the 
decision of “‘failure to agree”’; but, he proceeded, 
“* T would be remiss in my duty to those whom I have 
the honour to represent, if I did not impress upon you 
that whilst we may have to step back for the time being, 
we will organise our forces and rally our members, with 
a view to pressing forward to obtain at the earliest 
favourable opportunity, a higher rate of wages than is 
paid to the skilled engineer at present.” 





A Goole member of the Amalgamated Engineering 
Union complains in the July issue of the Society’s 
Journal that in involving the organisation in the General 
Strike, the executive Council did something which they 
were not entitled to do. The members were told in 
December, he says, that the rules would have to be 
altered before the union could legitimately function as 
a unit of the proposed Industrial Alliance. Yet, he 
proceeds, the executive Council took the decisive step 
of joining in the General Strike “‘ on their own ”’ and 
in so doing broke agreements, “‘ made the name ‘ Trade 
Union’ a thing to sneer at by outsiders,” and threw 
the movement back some years. “This can be 
remedied,” the writer declares, “if the members will 
shed their apathy. The extreme element have got 
control by being allowed first to hold local official 
positions, and then working upwards. . This 
can be obtained if the genuine trade unionists (who are 
numerically strongest)w llattend their branch meetings 
and do their duty for the principles which have done 
so much for them. In the past, Trade Unionism has 
done, and if not overun by the extreme element will 
again do, more than any, or all, of the other ‘isms’ 
have done or can do.” 





The proposed agreement on the subject of wages was 
again discussed last week at a meeting in London of 
representatives of the National Federation of Building 
Trade Employers and representatives of the National 
Federation of Building Trade Operatives. A summary 
of the provinces of the agreement was given in a recent 





issue of ENGINEERING. According to Mr. Coppock, 
the Secretary of the men’s federation, satisfactory 
progress was made with the negotiations. One of the 
men’s leaders expressed the opinion, after the meeting, 
that with the final ratification of the agreement there 
was no reason why the building industry should not 
enjoy a long spell of peace and prosperity for all 
concerned. ‘The trade was now, he added, experiencing 
a big boom, which should provide ample work for at 
least another five or six years, if not longer. 





At separate meetings held later in the week the 
executives of the unions affiliated to the National 
Federation of Building Trade Operatives, and the 
National Federation of Building Trades’ Employers 
approved the agreement. 

According to an award of the Industrial Court, issued 
on Saturday last, the railway companies in the London 
area are not under obligation to continue to pay the 
6} per cent. advance to their power-house staffs. The 
parties on whose behalf the reference was heard were, 
on the one hand, the G.W.R., the L. and N.E.R., the 
L.M. and S.R., the Southern Railway, the London 
Electric Railway, the Metropolitan District Railway, 
the City and South London Railway, the Central 
London Railway, and the Metropolitan Railway, and, 
on the other, the Electrical Trades Union and the 
National Union of Railwaymen. The contention of the 
unions was that since 1918, by custom and practice, 
any changes in the electricity supply industry had been 
extended to the railway power houses, and that the 
6} per cent. should follow this practice. The com- 
panies claimed that the advance was granted to the 
general electricity supply industry as a ‘ prosperity ” 
bonus, whereas the railways had suffered from a long- 
continued and increasingly serious depression, and 
accordingly were not in a position to give such a bonus 
to any section of their staffs. The Court decided that 
the wages of the workpeople concerned did not compare 
unfavourably with the rates paid in other occupations 
in the railway industry, regard being had to the differ- 
ence in the nature of the various occupations, and also 
to the present condition of the railway industry, which 
was not such as would warrant an advance in wages to a 
section of the employees. 





At last week’s delegate conference in Weymouth of 
the National Union of Railwaymen, a resolution was 
passed unanimously protesting against the action of 
the railway companies in violating the recent strike 
settlement by victimising a large number of members 
of the union. Speaking in support of the resolution, 
Mr. Cramp warned the companies that the time would 
come when the boot would be on the other foot, and if 
they desired good feeling to continue with their men 
they would do well to do the sportsmanlike thing. They 
were told, he said, that the future of this country largely 
depended on the creation of the public school spirit. 
If that spirit was to be observed by the working class 
it had got to be observed by the other side. The 
executive had done their bit. They had carried oct 
what was understood to be their liabilities under the 
settlement, and it was up to the railway companies to 
carry out their’s to the same extent. Mr. Thomas said 
that if the railwaymen’s genuine desire to do the right 
thing was not to be reciprocated by the companies, 
then there could be no alternative to release of the 
N.U.R. from the bargain. The resolution was not a 
declaration of war but a request that the agreement 
made should be observed and carried out by the 
companies in its letter and spirit. 





On behalf of a number of branches resolutions were 
submitted demanding the putting of an embargo on 
the movement of coal. It was pointed out in the course 
of the discussion that to do so would be likely to cause 
serious friction with the companies at a time when there 
was already trouble over the reinstatement of members 
following the general strike. It might also, it was 
added, cause great difficulties for the union and lead to 
an upheaval. The conference eventually endorsed the 
policy of the executive—which is not to interfere with 
the movement of coal. When the executive of the 
Miners’ Federation suggested a week or two ago that 
the railwaymen should stop the movement of coal, the 
executive of the N.U.R. decided to ask for a ae 
with the two other railwaymen’s unions—which ha 
already, of course, decided not to operate a coal 
embargo. The effect of the decision of the Weymouth 
conference is to render such a meeting unnecessary. 

At its closing session off Saturday, the conference 
considered demands by several branches that a new 
wage programme should be ed with; but 
eventually the decision of the executive committee that 
the time was inopportune for a movement of the kind 
was upheld. It was agreed, howeyer, to empower the 
executive committee to. refer an application to the 
National Wages Board to limit the operation of the. 
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clause of the Board’s award of December 9, 1925, with- 
holding the cost of living bonus from new entrants to 
the service and juniors reaching adult age, to twelve 
months from the date new entrants enter the service 
and juniors reach adult age. 





Following a meeting last week with the Mining 
Association and the Minister of Mines, the following 
resolution was passed by the National Federation of 
Colliery Enginemen, Boilermen and Mechanics: “In 
view of the fact that the Bill to amend the Coal Mines 
Acts, 1887-1919, is interpreted by the Mining Associa- 
tion as giving it the privilege which existed in 1919, the 
Federation declares that, while prepared to continue its 
agreement in respect of the safety of the mines, it 
instructs its members to refuse to accept the terms that 
are being posted at the various collieries in the dis- 
tricts.” 





At the annual meeting in Dover last week of the 
General Federation of Trade Unions, Mr. Hill, of the 
Boilermakers and Iron and Steel Shipbuilders’ Society, 
proposed that the Management Committee should be 
instructed to pay dispute benefit to men on dispute who 
were employed on railways, at collieries, steel works, and 
other works in connection with transport, who left 
their employment on May 4 to “ defend their existing 
wages, hours, and conditions.” Mr. Nicholson, of the 
Vehicle Builders’ Society, seconded. The General 
Federation’s rule governing the payment of benefit 
confines it to disputes invoiving some alteration of the 
wages, hours, or working conditions of the workers on 
whose behalf the benefit is claimed. Only one of the 
claimant unions, it was stated, satisfied this condition, 
its members being definitely connected with the mining 
industry. Theirs was the only case in which benefit 
was granted. The resolution was rejected by 41 votes 
to 6. 





Mr. T. E. Naylor, M.P., took »he opportunity offered 
by the discussion on the Management Committee's 
report to remind the rank and file of trade unionists 
who so often girded at their officials, of their backward- 
ness in the important matter of paying a businesslike 
contribution. The experience of the general strike 
had shown not a few unions, he said, the advisability of 
looking into the question. Although the strike lasted 
only nine days, more than one union found itself 
stranded in regard to finance. Members must be 
brought to recognise that they could not have efficieut 
trade unionism unless they highly capitalised the 
unions. His (Mr. Naylor's) own union was an illustra- 
tion of the wisdom of high contributions. Members of 


the London Society of Compositors were paying a 
minimum of 4s, 9d. weekly in addition to a 6d. levy as a 








(For Description, see opposite Page.) 






Fig. > A 








(9488.8) 


reserve against emergencies, and over and above that 
3d. on every hour’s overtime. That enabled the 
society, when the nine days’ trouble came, to pay 
members 31. weekly; 50,000/. was thus expended in 
strike pay, and yet, thanks to the high contributions, it 
left the union with 100,000/. 


A survey of 1,500 of the largest industrial concerns 
in the United States, recently undertaken by Mr. 
Abraham Epstein, research director of the Penn- 
sylvania Old Age Commission, has disclosed, the 
New York correspondent of the Daily Telegraph says, 
“almost everywhere a shift away from the union,” 
which he attributes to the fact that the ‘“‘ hopes and 
aspirations of the rank and file of labour are being 
transferred from outside the union leaders to the 
managerial forces within the various factories.” If 
the labour movement is doomed, Mr. Epstein finds 
that it is evolving in its place a new industrial order, 
growing at a great rate, which will continue, he 
believes, even under the test of an industrial slump. 
One of the cardinal principles of the American employer 
to-day, he says, is that a contented employee is the 
best asset of a prosperous business, and that production 
is far more a matter of efficient men than of improved 
machinery. Mr. Epstein gives proof of the bitter 
and implacable enmity of the unions to steps by 
employers to give a start to mutual benefit or relief 
associations, in group life insurance and sickness 
insurance, industrial and old age pensions, and stock 
ownership to employees. This new industrial unionism, 
in which the forces of labour, capital and management 
will co-operate sanely and liberally for the common 
good, Mr. Epstein thinks, is the alternative to Com- 
munistic control of industry through outright employee 
ownership. 





The report of the Associated Blacksmiths’ Forge 
and Smithy Workers’ Society for the first quarter of 
the current year states that the total income was 
23,9241. 48. 24d., and the total expenditure, including 
a final payment of 230/. 10s. 11d. to the organisation’s 
bankers, 23,8427. 15s. 9d. The trade union ‘income 
was 5,3161. 2s. 103d., and the trade union expenditure 
5,5311. 15s. 5d. : 
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Ro¥aL ScHoot or ENGINEERING, GIzEH, Eaypt.— 
We are informed that Mr. C. A. Geneve, B.Sc., 
A.M.I.Mech.E., senior lecturer in mechanical engineering 
at King’s College, London, has been appointed to the 
chair of mechanical engineering at the Royal School of 
Engineering, Gizeh, Egypt. 





THE InstrruTION oF CHEMICAL ENGINEERS.—The 
annual report of the Institution of Chemical Engineers 
shows an increase of 68 in membership, for the year 
ending December, 1925, the total on the roll then being 
320. This total was made up of five grades, the most 
important being members (164) and associate members 
(114). The Education Committee had drawn up a 
memorandum on the training of chemical engineers, and 
this had been submitted to universities and educational 
institutions. The Institution’s first examination for 
associate membership had been inaugurated, the second 
part of this being arranged for the 29th and 30th of this 
month. An appointment’s bureau was in operation 
and 73 members had registered. During the year 
covered by the report appointments of a total value of 
a 16,0007. per annum had_been made‘ through the 

ureau, 





THE RanpD WarTER Suprty.—The twenty-first annual 
report of the Rand Water Board shows the average 
quantity of water available daily amounted to 13:2 
million gallons. Of this 4-65 million gallons were drawn 
from the Vaal River impounding reservoir. The total 
amount of water distributed in the year 1925-26 was 
just short of 4,600 million gallons. Of this some 
2,070 millions went to municipalities; 1,890 millions 
to mines and 490 millions to railways. The tonnage 
milled, responsible for the demands of the mines, 
amounted to about 28 millions. The engineer’s report 
signed by Mr. C. E. Mason, M.I.Mech.E., shows that 
pumping costs per 1,000 gallons have been reduced 
considerably from 1922-3, though the last twelve months 
again show a slight rise. Maintenance costs per 1,000 
gallons have fallen slightly below the figure for the 
previous year. The first instalment of the Vaal River 
scheme has now been in satisfactory operation since 
1923, A part of the second instalment was put in hand 
during the year, including additional electrically and 
steam-driven pumps of a capacity of 11 million gallons 
per day, boiler plant, pipe lines, &c. 
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Fig. 5. 


ABSORPTION REFRIGERATOR WITH- 
OUT MOVING PARTS. 


THE ingenious and interesting type of small self- 
contained refrigerating plant which, as mentioned 
elsewhere in this issue, was on view at the Royal 
Agricultural Show at Reading, is illustrated on this 
and the opposite pages. It was developed by Messrs. 
Baltzar de Platen and Carl G. Munters of the Royal 
University of Technology, Stockholm, Sweden. By an 
application of the law of partial pressures, the inventors 
have been able to design a refrigerating plant of the 
absorption type, using ammonia as the refrigerating 
medium, in which the entire plant is hermetically 
sealed. There are no moving parts and the action 
may be carried on continuously or may be stopped at 
any time by putting into or out of action a small source 
of heat, such as an electric heater coil, a gas or an oil 
burner. The plant is made at the Luton works of 
Electrolux Limited, of 153, Regent-street, Londcn, W.1, 
who are responsible for the commercial development 
of the refrigerator. 

The plant is shown in diagrammatic form, with its 
components arranged in a single plane in Fig. 1, oppo- 
site. The arrangement consists of four main compo- 
nents : a generator, where the ammonia gas is liberated 
from the liquor by the action of heat; a rectifier 
and condenser, where the gaseous ammonia is reduced 
to the liquid state; an evaporator, where the 
liquid ammonia is relieved of its pressure and becomes 
gas again; and an absorber, where the ammonia 
gas is dissolved again for passage back to the 
generator. In considering the cycle of operations, 
we may begin from the passage of the ammonia 
liquor to the generator. This liquor is passed 
through a pipe which envelops the small heater, and 
as some of the ammonia gas is there liberated it facili- 
tates the upward movement of the liquor in the narrow 
vertical pipe. The outflow from this vertical pipe 
conveying the liquor to the generator is above the 
level to which the liquor rises in that vessel and as 
more and more enters, its ammonia content is driven 
off by the heat and the weak liquor is drawn off at the 
foot for passage back to the absorber. Within the 
generator, as in every part of the plant, a total pres- 
sure of 180 lb. per square inch is maintained. The 
liberated gas rises in the generator to the rectifier 
above, where it meets a series of baffles to catch any 
water particles it contains, and these are returned 
to the generator. Gills surround this rectifier and are 
introduced as a means of reducing the temperature of 
the gas, which is later conveyed through the condenser, 
where cooling is effected by running water surrounding 
the tubes containing the ammonia. Ultimately the 
ammonia becomes liquid and is in a state to absorb 
heat in the process of again becoming gas—the latent 
heat of vaporisation—and this is what is used to 
give the refrigeration effect. For the purpose of 
achieving this, it is necessary to run the liquid ammonia 
into a vessel maintained at a low pressure. It is at 
this stage on the cycle that Messrs. de Platen and 








Fia, 6. 


Munters fintroduce the{most novel application of 
physical laws in their whole design. 

John Dalton, over a century ago, made the dis- 
covery that the total pressure in any closed space 
containing a mixture of two or more gases at any 
temperature was approximately equal to the sum of 
the pressures which each gas occupying the same 
space would exert were the others absent. The 
individual pressures making up the total in the system 
are called “‘spartial pressures.” In the closed system 
comprising the absorber, which is water-sealed at the 
foot, and the evaporator, an atmosphere of hydrogen 
is maintained! with a partial pressure of 150 lb. per 
square inch. It is into this closed system that the 
ammonia liquid is liberated. Evaporation of the 
ammonia will result until the whole pressure system 
is in equilibrium, that is to say, until a pressure of 
180 lb. per square inch is maintained. But the pres- 
sure in the evaporator is already 150 lb. per square inch 
due to the presence of the hydrogen, and thus the eva- 
poration of the liquid ammonia can only take place at a 
rate sufficient to give a partial pressure of 30 lb. per 
square inch. It is therefore obvious that the liquid 
ammonia is allowed to pass into a vessel where its 
actual pressure is only 30 lb. per square inch, the differ- 
ence between 180 and 150 lb. per square inch. It is 
this change of the actual pressure of the ammonia 
which causes its change of state, the latent heat that 
is necessary being absorbed from whatever surrounds 
the evaporator. 

Were the outer surface of the evaporator left 
exposed to the moisture-laden atmosphere, a coating 
of ice would be produced on it and this coating would 
increase in thickness as the action continued and 
more and more latent heat was absorbed for the 
evaporation of the ammonia. In an actual refrigera- 
tion chamber, the evaporator may be used to reduce 
the temperature of the air within the chamber, and as 
the moisture in the limited air space available is soon 
reduced to ice on the evaporator, dry but cold air is 
available for preserving the temperature conditions 
at the desired values for the goods stored in the chamber. 
A mixture of ammonia vapour and hydrogen being 
specifically lighter the greater the percentage of its 
hydrogen content, it follows that the columns of gas 
in the evaporator will be heavier than in the absorber. 
In consequence of this, an automatic circulation of the 
gas takes place giving a downward flow in the evapora- 
tor and an upward one in the absorber. If a gas 
heavier than ammonia vapour were used, such as nitro- 
gen or air, the direction of this circulation would be 
reversed. As the mixed gases rise in the absorber, the 
weak liquor is passed downwards and in doing so 
dissolves the ammonia, and the stronger liquor so 
produced falls to the foot of the absorber, completing 
the cycle of operations. It will be seen that in the 
refrigerator of de Platen and Munters, the circulation 
of the ammonia liquor is obtained on the thermo- 
syphon system, the circulation of the ammonia in the 
evaporator and absorber being obtained by the differ- 
ence of density of ammonia vapour mixed with a less or 


greater quantity of hydrogen, and that the evaporation 
of the ammonia is due to its fall in pressure from 180 Ib. 
per square inch to a partial pressure of 30 Ib. per square 
inch. By employing these principles, all moving parts 
have been rendered unnecessary, and as a result the 
construction of a simple device, needing only the 
application of some source of heat, has become a 
possibility. 

The arrangement and details of the actual refrigera- 
ting unit used in the Electrolux equipment is shown 
in Figs. 2 to 4, opposite, and in Fig. 5, annexed. The 
generator and absorber are mounted side by side outside 
the actual refrigeration chamber but in a casing 
fixed on its side. Within the chamber (see Fig. 6) 
the evaporator is placed, under a cover, and as the 
cold air produced by contact with it falls, it first 
meets a series of small trays in which water is placed 
for the production of ice. The circulating air 
then enters the foot of the refrigeration chamber, 
absorbs heat from the goods, and as its temperature 
increases it rises in the chamber until it passes into 
the casing surrounding the evaporator again for further 
heat absorption to take place. The different heights 
in the chamber have, therefore, different temperatures, 
and the range necessary for dealing with a variety of 
foodstuffs is always available. 

Since it has no moving parts, the entire plant must 
be charged with ammonia, water and hydrogen gas in 
proper proportions before it leaves the works, and 
there is no possibility or necessity for any make-up, as 
everything is hermetically sealed. Within the evapor- 
ator and the absorber there are series of trays with 
raised outlets, so that the paths of the gases are 
made as long as possible, and effective contact between 
the weak liquor and ammonia gas is ensured. Every 
joint in the whole system is welded and, as thorough 
testing is carried out before the plant is charged, there 
is no possibility of leaks. Outside the absorber 
a water jacket is welded in place, and the water 
from the mains that is passed through this jacket is 
carried upwards to the condenser, which consists of a 
number of turns of concentric piping. The refriger- 
ating capacity of the standard household cooling unit 
is about 320 British thermal units per hour. For 
ease of operation, it is arranged that the movement 
of a single handle puts on the switch in the electric 
heater circuit and turns on the supply of cooling 
water at the same time. 

Tests were made recently at the National Physical 
Laboratory in which a tank around the evaporator 
in the refrigerator chamber was filled with a 50 per cent. 
mixture of water and methylated spirit. This tank 
was insulated with a layer of granulated cork, 2} in. 
thick, except on the side where it was attached to 
the wall of the cabinet. In this tank there were inserted 
a propeller for stirring the liquid, an electric immersion 
heater and a thermometer. The plant was then set 
to work and the heater of the refrigerator was given a 
controlled supply of 300 watts. The energy needed 
for the immersion heater to maintain the temperature of 
the tank and its contents at — 5 degs. C. (23 deg. F.) 
was then determined by trial. Experiments were made 
with several values of the cooling-water temperature 
after preliminary tests had been carried out to find the 
water equivalent of the tank, as far as its heat capacity 
was concerned, and the rate of heat leakage into the 








tank from the surrounding atmosphere. The tests 
gave the following results :— 
Inlet Tem- Heat ditsl- | Heat leak- | Total re- 
perature Alr Tem- toot around) %° into frigeration 
of cooling perature. evaporater tank. effect. 
water. Deg. C. Kip cals. Kilo. cals. | Kilo. cals. 
Deg. C. per be per hr. per hr. 
7°35 8-60 58-1 39°6 97°7 
11-95 8-75 47°56 40-9 88-4 
17-40 8-80 37-1 41-4 78:5 

















From these tests may be deduced the ratio of effective 
refrigeration to the heat supplied, as the use of 300 
watts in the heater of the refrigerator is equivalent to 
the supply of 258 kilogram calories perhour. This ratio 
therefore, for the cases of the three cooling-water 
temperatures mentioned in the table (corresponding 
to 45-2, 53-5 and 63-3 deg. F.) is 0-38, 0-34 and 0-30, 
respectively. These results compare very favourably 
with the published figures of tests made with the older 
types of ammonia-absorption refrigerators. Tests on 
such a plant made by Professor Denton in America, for 
instance, under conditions almost agreeing with those 
of the second test in the table above, gave a ratio 
of refrigeration to the heat supplied of 0-26. The 
results of the tests on the Electrolux refrigerator 
may be interpreted in another way to show the 
value of the new refrigerator. The actual refrigeration 
produced in the tests shows that with an expenditure 
of 3 units of electricity every ten hours, an effect 
comparable with the melting of half-a-hundredweight 
of ice a day can be obtained. It should also be noted 





that this standard refrigerator, which has a specified 
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capacity of 320 B.Th.U. per hour, actually gave 
in the N.P.L. tests, refrigeration effects of 388, 350 and 
311 B.Th.Us. per hour with cooling water entering at 
45-2, 53-5 and 63-3 deg. F., respectively. Tempera 
tures as low as 10 deg. F. have been created in the 
refrigeration chamber in normal working, which is 
much lower than is required for average conditions. 
It has also been found in actual running that suit- 
able temperatures for the preservation of foodstufis 
commonly stored in a house can be obtained in 
the refrigerator chamber without the necessity for 
keeping the plant working continuously, and it is 
estimated that a total expenditure of 3 units of elec- 
tricity a day and about 120 gallons of cooling water 
is all that will normally be required. 





THE OXFORD MEETING OF THE 
BRITISH ASSOCIATION. 


On Wednesday, August 4, H.R.H. the Prince of 
Wales, K.G., F.R.S., D.C.L., will open the 96th meeting 
of the British Association and deliver his presidential 
address in the Sheldonian Theatre at Oxford. It 
will be the fifth visit of the Association to the City and 
University of Oxford. Although Oxford enter- 
tained the Association on its second meeting in 1832, | 
there was hardly, on that occasion, a welcome by the 
University as a whole. The president, Canon William 
Buckland, of Christ Church, expressed the wish that 
ladies should not attend the meeting if it were to be 
of scientific utility, especially in a place like Oxford, as 
their presence would at once turn the thing into a sort 
of Albemarle-dillettanti meeting—a hit at the Royal 
Institution, which was then decidedly fashionable. John 
Keble, the leader of University thought, indignantly 
protested against the conferring of honorary degrees 
upon the hodge-podge of philosophers, i.e., four Associa, 
tion members, Robert Brown, the botanist of Brownian 
movement fame, Brewster, Faraday and Dalton. 
When the Association next visited Oxford, in 1847, 
under the presidency of Sir Robert Inglis, M.P. for the 
University, Lyall wrote that out of twenty-four heads 
of houses only four received the Association. At this 
meeting Joule explained his work on the mechanical 
equivalent of heat. The third Oxford meeting in 
1860, under Lord Wrottesley, led to the historical 
controversy on Darwinism between Huxley and 
Hooker on the one side and Bishop Samuel Wilberforce 
on the other. The presidential address of the fourth 
Oxford meeting in 1894, which was delivered by Lord 
Salisbury, then Chancellor of the University and Prime 
Minister, called forth an echo of that controversy ; 
Salisbury referred to natural selection and Weismann, 
and Huxley’s reply, in proposing the vote of thanks, 
was one of his last public utterances. How modern 
science now regards Darwin’s Origin of Species of 1859 
will be reviewed at the coming meeting by Professor 
H. F. Osborn, of Columbia College, New York. 

This year, practically all the Colleges will be ready to 
receive members, and that hospitality will certainly be 
needed to accommodate the 3,500 members who have 
entered their names. Some fifty distinguished scientists 
have been invited from the Dominions, the United 
States, Belgium, Denmark, France and Germany. 
They will not all be able to listen to the address on the 
relations between science and the State on which the 
Prince of Wales is expected to comment in the 
Sheldonian Theatre, at 8.30, on August 4. Arrange- 
ments have therefore been made for relaying the 
address to the Town Hall, where Professor H. H. 
Turner will take the chair, and further, to the hall of 
the Oxford Union Society. Special tickets will be 
required for the two first-mentioned meetings. Other- 
wise no difficulties with regard to accommodation are 
anticipated, thanks to the exertions of the Local 
Committee. The Oxford meetings have always been 
well attended. There is no record of the attendance 
in 1832, but at the other three meetings the attend- 
ance figures were: 1,32), 1,689 and 2,195, respectively. 
Having referred to ladies in our introductory remarks, 
we may now mention that they were first admitted by 
purchased tickets at Cork in 1848, although of the 
2,400 members present at Newcastle-on-Tyne in 1838, 
1,100 were ladies. 

The Prince Consort occupied the presidential chair 
at the Aberdeen meeting of 1359. King Edward 
became Patron of the Association in 1904, and H.M. 
King George V has succeeded him in that capacity. 
The Oxford Meeting will occupy the full week, from 
Wednesday, August 4 to Wednesday, August 11, but 
only a few of the sections, which always begin their 
discussions on the Thursday, at 10 a.m., preceded by 
committee meetings, will sit on the second Wednesday ; 
some of them, however, will not meet in the afternoon 
and none on the Saturday, which is reserved for 
excursions. The reception room will be in the Exami- 





nation Schools, as it was in 1894, and several of the 
Sections will meet in the University Museum, though 
not so many as on the last occasion, when the engi- | 





neers assembled in Keble Hall under the presidency of 
Professor Alexander B. Kennedy, who addressed them 
on the Critical Side of Mechanical Training. 

We give below the programme of Section G, Engineer- 
ing, which will meet in the Electrical Laboratory, only 
in the mornings. On Thursday, August 5, Dr. Ezer 
Griffiths and Mr. E. A. Griffiths will present a paper on 
Some Engineering Problems in Connection with the 
Transport of Apples, which is to be followed by a 
discussion on Food Transport and Refrigeration, 
and Mr. A. A. Rowse will present his paper on 
Mass Production of Motor Cars, A paper will also 
be read by Mr. E. Borlase Matthews on Electric 
Ploughing. On Friday, Sir John Snell will deliver 
his presidential address on Electricity Supply: Its 
Recent and Probable Future Development. Papers 
by Mr. J. M. Kennedy on the Distribution of Elec- 
trical Energy, and by Professor W. Cramp on Some 
Phenomena of Electric Conduction (from the electronic 
standpoint) are to follow. On Monday, August 9, 
Mr. H. E. Wimperis will read his paper on the Rotat- 
ing Wing in Aircraft, Mr. D. R. Pye will speak on 
High-Duty Compression-Ignition Engines, and Dr. 
G. D. Bengough and Mr. H. Sutton will describe 
a process for the Protection of Aluminium and Its 
Alloys against Corrosion by Anodic Oxidation. 
Stress problems will come up on Tuesday, in papers 
by Professor F, C. Lea (Recorder of Section G), on the 
Effect of Superimposing a Torsional Stress on Re- 
peated Bending Stresses, and Mr. S. Timoshenko on 
Residual Stresses in Big Forgings, and on Stress 
Concentration Produced by Fillets and Holes. The 
other two papers of that day are by Mr. Edward Hughes 
on the Influence of Voltage Harmonics on Power- 
Factor Correction, and by Mr. Edgar Morton on 
Composition and Texture of Sandstones and Lime 
Stones in Relation to Strength and Durability. Three 
papers are left for Wednesday, August 11, by Professor 
David Ellis on the Use of Sulphur Bacteria as Indi- 
cators in the Investigation of Polluted Water, and the 
Blackening of the Sand in the Clyde Estuary, by 
Mr. W. J. Kearton, on the Distribution of Pressure 
in Impulse Steam Turbines at Varying Loads, and 
by Dr. A. P. Thurston, on the Classification of Patent 
Specifications. Advance proofs from our columns of 
most of these papers, which are to be read approximately 
in the order stated, will be available in the section 
room, as in former years, 

The important programme of Section A, Mathematical 
and Physical Science, which will meet in the Clarendon 
Laboratory, is short compared with the programme 
of 1894; but there will be, as then, a mathematical 
subsection right from the beginning, and many of the 
27 papers to be taken in four days are mathematical. 
We may mention the physical papers. Communications 
on X-ray crystal examination and atomic forces are 
to be made by Professor W. L. Bragg (quantitative 
methods), by Dr. J. E. Lennard-Jones (forces between 
ions), by Professor 8. Chapman (energy calculations), by 
Sir W. H. Bragg (recent models) and by Sir E. Rutherford 
and Dr. J. Chadwick (collisions between a particles and 
light atoms). Mr. W. W. Garrett will bring up the 
problem of the transformation of the elements by 
low-voltage discharges. Solar eclipse papers will be 
presented by Dr. F. J. M. Stratton and Professor 
H. H. Turner. All these papers are for Thursday. 
On Friday there will be a joint discussion with Section B, 
and after that the report of the Seismological Com- 
mittee and a paper by Professor J. 8S. Townsend on 
the transterence of energy in collisions between elec- 
trons and molecules. On Monday, Professor A. 
Fowler, will deliver his presidential address on the 
Analysis of Spectra, which is to be followed by a dis- 
cussion, in which Professors Niels Bohr, Ehrenfest, 
Runge, Zeeman and other foreign authorities will take 
part. Electrical and optical theory will come up 
again on Tuesday in connection with papers by Max 
Born, Willy Wien (on the Compton effect and photo- 
electricity and on asymmetry and intensity of spectral 
lines split in the electric field connected with the direc- 
tion of impacts originating light emission) and by 
Mr. d’E. Atkinson (mechanism of light emission from 
atoms). An additional paper, just presented by Pro- 
fessor King, of Montreal, on the quantum theory, will 
probably produce considerable discussion. 

Section B.—Chemistry meeting in the Playhouse, 
has a short, almost entirely theoretical programme. 
On the Thursday morning, Professor Jocelyn F. 
Thorpe, the president, will deal in his address with 
the Scope of Organic Chemistry ; Professor J. Backer 
has a paper on separation and racemisation of simple 
optically active compounds, and Professor W. N. 
Haworth will discuss modern views on the structure of 
disaccharides. Friday is entirely given up to the joint 
discussion with Section A on the Mechanism of Homo- 
geneous Chemical Reactions, which Mr. C. N. Hinshel- 
wood is to introduce, and Monday similarly to a 
discussion on Tautomerism (reversible isomeric change) 
on which Professors Ingold, Lowry, Kon, Linsteads 
Thorpe and others hold divergent views. Of Tuesday’, 








papers by Professor H. ter. Meulen (use of hydro- 
genation in organic analysis), Mr. J. J. Manley (on 
the union of mercury and helium in electric discharge 
tubes) by Miss E. S. Semmens (on hydrolysis by light 
polarised by small particles) only one, by Dr. Geofirey 
Martin, on the Chemistry of Fine Grinding and Fine 
Powders, is of a technical character. 

Several of the other sections will find the usual 
difficulty in disposing of their long programmes. We 
mention the presidential address to the Geographical 
Section E, by the Hon. W. Ormsby-Gore, M.P., on 
the Economic Development of British Tropical Africa, 
and its Effect on the Native Population, and Sir Josiah 
Stamp’s address to Section F, Economic Science and 
Statistics, on Inheritance as an Economic Factor. 
The same section will also discuss the labour outlook, 
the discussion being introduced by Sir Lynden 
Macassey, as well as coal and co-partnership, in con- 
nection with a paper by Mr. J. A. Bowie. Heredity 
will also come up for discussion in several sections. 
The training for overseas life, and the public school 
system and. scholarships will be discussed in the 
Educational Section L (president, Sir Thomas Holland) 
in conjunction with other sections. The Agricultural 
Section M has arranged for discussions on cultivation 
methods, agricultural education and the linits of 
agricultural expansion, subjects which the president, 
Sir Daniel Hall, will introduce by his address. Sir 
Jagadis Chunder Bose will explain the action of alkaloid 
and of cobra-venom on the pulse beat of plants and 
animals. The Evolution of Human Races will be re- 
viewed by Professor H. J. Fleure in his address to 
Section H, Anthropology, which will also receive 
communications by Sir Arthur Evans. Dr. Langdon, 
Mr. Woolley and Sir Flinders Petrie on their recent 
explorations. 

In addition to the two evening discourses, by Pro- 
fessor Eddington on Stars and Atoms, and by Professor 
Osborn on the American Museum Expeditions to the 
Gobi Desert, there will be seven public lectures in 
Oxford and the neighbourhood. Most of the excursions 
are in charge of the various sections; even the visit 
to the Oxford Portland Cement Works at Kirtlington 
is a geological excursion. The garden parties and 
receptions, conferment of honorary degrees. and 
the visits to colleges and places of historical, arch xo- 
logical and biological interest, however, will leave 
little time for excursions to works. The Roya! Air 
Force will give a demonstration on Port Meadow on 
the Friday afternoon. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLesBRoUGH, Wednesday. 

The Cleveland Iron Trade.—There is next to no pig-iron 
available for sale in the open market, and consumers 
here and elsewhere are consequently turning their 
attention to substitutes for that pomeenodey) with the 
result that the much cheaper Continental irons are 
being more extensively used. Purchases of foreign 
pig-iron are stated to have been made for use in this 
district at well over 10s. per ton less than the price for 
which local products can be obtained. With Cleveland 
pig scarcity becoming more acute, sellers are asking, and 
securing, higher and higher prices, but quotations have 
now touched figures which consumers hesitate to pay. 
No. 1 has risen to 90s. ; No. 3 g.m.b. has become 87s, 6d. ; 
No. 4 foundry, 86s. 6d. ; and No. 4 forge, 86s. 

Hematite-—Makers of East Coast hematite have still 
unsold stocks they desire to dispose of, but stores have 
been much reduced, and the stronger statistical position 
has at length set values moving upward. Prices, 
however, are still very low in comparison with quotations 
for Cleveland iron. An advance of 2s. raises the price 
of Nos. 1, 2, and 3 hematite to 8ls.; and makes No. 1 
quality, 81s. 6d. 

Foreign Ore.—In the continued absence of transactions 
foreign ore quotations remain nominal on the basis of 
best rubio at 21s. 6d. c.i.f. Tees. 

Coke.—Consumers of coke who need supplies have to 
pay high figures for that commodity. 

Manufactured Iron and Steel.—Fairly good inquiries 
circulating for several descriptions of manufactured iron 
and steel lead to few actual sales, chiefly owing to inability 
of producers to guarantee deliveries required. Demand 
for commodities is almost entirely on home account, and 
is met chiefly from stocks which are now low, and from 
the Continent. Values tend upwards, and it is difficult 
to ascertain on what terms contracts might be arranged. 
Nominally, common iron bars are 11/. 5s. ; iron rivets, 
127. 15s.; packing (parallel), 8/.; packing (tapered), 
11l.; steel billets (soft), 71. 58.; steel billets (medium), 
71. 10s.; steel billets (hard), 81. 2s. 6d.; steel ship, 
bridge and tank plates, 71. 17s. 6d. ; steel angles, 7/. 10s. ; 
steel joists, 77. 10s.; heavy sections of steel rails, 81. ; 
fish plates, 12/.; and galvanised corrugated sheets, 
171, 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic—The collapse of the coal export trade 

is reflected in the latest official returns. During last 
month only 1,170 tons were received from Yorkshire, 
Derbyshire and North Notts, compared with 329,916 
tons in the corresponding month last year. The total 
received from Yorkshire collieries for the half-year ending 
June was 1,301,017 tons, representing a decline of 
876,000 tons compared with the first six months of last 
year. 
Iron and Steel—Despite the high cost of foreign 
coal, several steel works in this area have bought stocks, 
in an effort to alleviate the fuel shortage and maintain 
contract deliveries. Some have been successful in 
opening departments which previously were closed. But 
for the shortage of fuel supplies, it is felt that a revival 
would have been experienced locally. In some instances 
departments have more work in hand than was _ the 
case in the period preceding the stoppage. The railway 
furnishing shops, considering the circumstances, are well 
placed so far as orders are concerned, and have every 
prospect of active times when things return to normal. 
Automobile steelmakers report a slackening in the 
demand, but anticipate busier times shortly. Ship- 
building, however, is badly depressed. The implement 
trades show weak patches, though branches devoted to 
the manufacture of agricultural appliances are exper- 
iencing a fair demand in connection with the home 
harvest. Conditions in the tool trades have eased, 
except so far as the inland call for garden tools is con- 
cerned. The building trades continue to be the best 
customers of the light foundries. Electric furnaces are 
turning out a fair tonnage of stainless steel, for which 
there is a steady call. 

South Yorkshire Coal Trade.—Yhe only free coal on 
offer is that received from outcrop searms and from 
abroad. From the former source, the tonnage is substan- 
tial and realises lucrative prices when sold for manufac- 
turing purposes. A diminishing quantity is bein 
distributed for domestic consumption under Contro 
Regulations. More coke is being used to supplement 
household needs and to supply light foundries. 











THE Moror-Cak AND PxrTRoL INDUSTRIES IN THE 
UniteD Stares.—According to a recent issue of the 
Guaranty Survey, the monthly publication of the Guaranty 
Trust Company of New York, the output of passenger- 
cars and lorries in the United States and Canada reached 
the total of 446,200 vehicles during May, 1926. The 
corresponding figures for the months of April and May, 
1925, were, respectively, 455,900 and 430,200. The 
production of motor vehicles during the first five months 
of the present year totalled 2,043,600 units, i.c., an 
increase of 14 per cent. over the figure for the correspond- 
ing period of last year. The home consumption of petrol 
together with the exports of this commodity, reached 
the high total of 1,016,000,000 gallons in April of this 
year. The total consumption of petrol during the 
first four months of the present year was more than 
> er cent. higher than during the corresponding period 
of 1925. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Scottish Steel Trade.—Business in the Scottish steel 
trade i8 still practically non-existent, as few consumers 
are in the market for immediate supplies. Some pro- 
ducers report a fair amount of forward booking, but the 
volume overall is not very heavy because of the higher 
prices found necessary on account of the increased costs, 
which are more than likely to prevail after the miners’ 
strike is over. All the steel works are closed and stocks 
on hand have got very low. Inquiries are few in number. 
In the black-sheet trade, some of the establishments have 
closed down, and all except one will shut this week-end 
for the annual Fair Holidays, but the date of re-opening 
is a little uncertain because of the fuel position, stocks 
having almost run out. Order books are fairly well filled 
up, and once the trouble in the mining trade is past, a 
steady run is assured for some months. Prices for both 
black and galvanised sheets are very firm and have an 
upward tendency. The same applies to all grades of 
material, and the following are the current quotations : 
Boiler plates, 111. per ton; ship plates, 7/. 17s. 6d. per 
ton; sections, 7/1. 7s. 6d. r ton; and sheets, under 
hi in. to fin., 107. 10s. to 117. 10s. per ton, all delivered 

asgow stations; sheets (galvanized corrugated, 24 
gauge), 167. 15s. to 171. 15s. per ton, f.o.b. Glasgow. 


Malleable Iron Trade.—There is nothing doing in the 
malleable iron trade of the West of Scotland, and all the 
works are inoperative at the moment. Some of the 
works have a little fuel left to enable a restart to be made 
as soon as circumstances permit. Quotations are nominally 
unchanged, with “Crown” bars at lll. 5s. per ton, 
delivered Glasgow stations. 

Scottish Pig-Iron Trade,—Conditions in the Scottish 
pig-iron trade are unchanged and stocks on hand are 
getting gradually less. Prices are firmer and the current 
quotaticns are as follow: Hematite, 80s. per ton, de- 
livered at the steel works ; foundry iron, No, 1, 88s, to 
90s, per ton; and No, 3, 83s. to 85s. per ton, on trucks at 
makers’ yards, 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, July 10, only amounted to 316 tons, Of that 
total 227 tons went overseas and 89 tons went coastwise. 
During the corresponding week of last year the figures 
were 115 tons foreign and 50 tons coastwise, making a 
total shipment of 165 tons. 


Holidays.—The annual holidays in the Greenock and 
Port Glasgow district finish this week, but a re-start in 
many establishments will not be made on Monday next, 
as was anticipated, because of the continued scarcity of 
fuel. In the Glasgow and Motherwell area, the Fair 
Holidays nominally commence to-morrow (Thursday), 
but a great many places have been so long idle now that 
the workers would prefer to be able to commence 
work on that day. The shipyards and other plates 
which have been carrying on up till now will close 
down as above, but the usual week or ten days will, in 
many cases, extend to a fortnight, or perhaps longer, 
because of the strike at the coal mines. 





Tue Late Mr. F. Harrison GLEw.—It is with sincere 
regret that we announce the death of Mr. Frederick 
Harrison Glew, who died at Clapham on the 10th inst, 
in his 68th year. Mr. Glew was one of the earliest 
radium and X-ray workers, and persevered in those 
researches though his hands were badly affected. He 
was still attending lectures a few weeks ago, but was 
not at all well. During the war he was radium. expert 
to the Ministry of Munitions, and he made luminous 
compounds in connection with open sights for night- 
firing his particular study. He was a member of the 
Royal Institution, and of the Réntgen, Optical and 
Pharmaceutical Societies and well known as a regular 
attendant at their meetings. His name has often been 
mentioned in our columns in connection with the exhibi- 
tions of scientific apparatus at which he frequently 
showed some new simple device for radium or X-ray 
work, lately also for magnetic studies. His Mahomet’s 
coffin, exhibited a few years ago at the Royal Society 
Soirée, was a rod of cobalt steel kept floating by magnetic 
repulsion, and he devised other simple magnetic experi- 
ments. 





Tue Institute or Metats, AUTUMN MEETING.—-Tho 
programme of the Autumn Meeting of the Institute of 
Metals to be held this year in Liége has now been definitely 
drawn up. The meeting will extend from Wednesday, 
September 1, to Saturday, September 4. The programine 
includes a reception by the Burgomaster of Liége on the 
Wednesday afternoon, and the delivery of the fifth 
autumn lecture by Dr. W. Rosenhain, F.R.S., on the 
evening of that day. Dr. Rosenhain’s subject will be 
‘** Ancient Industries and Modern Metallurgy.” It will 
be delivered in the Salle Académique of the University 
of Liége. On Thursday morning a meeting will be held 
at which, after the transaction of business, several papers 
will be read and discussed. In the afternoon visits are 
to be paid to the works of the S.A. Nouvelle Montagne 
at Engis, or the S.A. John Cockerill, Seraing. On 
Friday the morning will be again occupied by the con. 
sideration of papers, visits being paid in the afternoon 
to the S.A. Union des Usines & Cuivre et Zine de Liége 
or the Fabrique Nationale d’Armes de Guerre, S8.A., at, 
Herstal. In the latter part of the afternoon the party 
will go to Chaudfontaine, where the arrangements include 
dinner, music, &c. Saturday, September 4, will be 
devoted to an all-day motor excursion to Spa with lun- 
cheon at Coo, and dinner, followed by a Soirée, at Spa, 
Further information may be obtained from the Secretary, 
36, Victoria-street, 8.W.1. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—At last, there are signs that the 
miners are becoming restive at the long period of idle- 
ness. A few men have returned to work at a colliery 
near Cardiff on the eight-hours’ day basis, and it is under- 
stood that a considerable number have expressed their 
readiness to resume work, provided they are given ade- 
quate protection. It is also reported that the Govern- 
ment has given assurances that police and military pro- 
tection will be given to men prepared to work, and it is 
expected that next week will see a definite move towards 
a drift back to work. In the meantime imports of 
foreign coal are rapidly increasing. In the’ past week, 
16,130 tons were imported into South Wales, of which 
7,360 tons came from the United States, and the remainder 
from the Continent. Of the total 13,300 tons were 
brought into Cardiff, 8,540 tons into Newport, 4,330 tons 
into Swansea, and 1,960 tons into Briton Ferry. The 
steamer Baron Fairlie is also due with 9,000 tons of 
American coal, in addition to the Pearlmoor with 7,500 
tons, and the Gaelic Prince with 9,000 tons for the Great 
Western Railway. The Tartar Prince is also bringing 
7,000 tons and the Manordilo 3,700 tons of Continental 
coal, while the Uskhaven and Vardefjeld are already in 
dock discharging 3,600 tons and 1,200 tons respectively. 
Official returns of the shipments of coal, coke, and fuel 
from South Wales in June show only too clearly the 
effects of the strike on the coal export trade of the Princi- 
pality. In April, no less than 2,294,804 tons of coal, 
fuel and coke were shipped from Cardiff, Newport, Port 
Talbot and Swansea, but in June the volume of trade 
reached only 64,719 tons, coal exports dropping from, 
2,180,199 tons to but 56,490 tons. The returns for 
April and May were as follows :— 








April. June. 
Tons. Tons. 
Coal— 

Cargo (foreign) ... 1,752,624 26,829 
Bunkers (foreign) 308,693 10,973 
Cargo (coastwise) 118,882 18,688 
Total 2,180,199 56,490 
Fuel . 107,012 8,005 
Coke 7,593 224 
Grand total 2,294,804 64,719 


Shipments in April were at the rate of 99,774 tons per 
working day, but in June had dropped to but 2,489 tons 
per working day. 

Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 14,960 tons against 11,792 tons in the 
previous week. Shipments of tinplates and terneplates 
amounted to 5,387 tons against 4,381 tons, blackplates 
and sheets to 2,384 tons against 2,778 tons, galvanised 
sheets 3,654 tons against, 2,199 tons and other iron and 
steel goods to 3,536 tons against 2,435 tons. 








TENDERS.—The Vancouver Harbour Commissioners 
are calling for tenders for the supply of three switching 
locomotives. The latest date for the receipt of tenders is 
12 noon, July 30, 1926.—The Aarhus Lighting Depart- 
ment, Denmark, is inviting tenders for a steam turbo- 
generator and boiler plant required in connection with the 
construction of a new electricity power station at Aarhus. 
Tenders must reach Aarhus on or before August 17, 
1926.—The Public Works Department, New Zealand, 
is calling for tenders for the supply of screw spikes, 
spikes, bed-plates, fishbolts and nuts for 55 lb. and 70 lb. 
flat-bottom railway rails. Tenders close at Wellington, 
New Zealand, at 4 p.m., on August 31, 1926. urther 
particulars regarding any of the above tenders may be 
obtained from the Department of Overseas Trade, 
35, Old Queen-street, London, 8.W.1. 

ConTRacts.—Messrs. Robert Dempster and Sons, 
Limited, have received an order from the County of 
London Electric Supply Company, Limited, for coal- 
handling plant, comprising two 100-ton per hour gravity 
bucket conveyors anda 25-ton per hour telpher plant over 
storage bunkers for the extensions of the electric super- 
power station at Barking. The same firm provided the 
original coal-handling plant over the bunkers, and the 
ash-handling plant for this station.—Messrs. Joseph Kaye 
and Sons, Limited, of Lock Works, Leeds, have received 
an order from the Great Western Railway Company for 
2,000 automatic wedge locks and combined cam striking 
plates.—Sir William Arrol and Co., Limited, of Park- 
head, Glasgow, have received an order for twenty-one 
Arrol-Whitaker electric power navvies for excavation 
work, which is believed to be the largest single order ever 
placed for electric shovels.—Messrs. Simon-Carves, 
Limited, of Mount-street, Manchester, announce that 
their associated French firm have recently secured the 
order for the complete pulverising plant, including 
pneumatic transport equipment for the new station of 
the Compagnie Parisienne de Distribution d’Electricité 
at Issy-Les-Moulineaux.—H.M. Admiralty has placed an 
order with the Stream-Line-Filter Co., Limited, 64; 
Victoria-street, Westminster, London, 8.W.1, for the 
installation of a 200-ton per hour stream-line separator 
for use in Devonport Harbour. The separator is to be 
fitted on a lighter and the effluent will be guaranteed to 
contain less than one part of oil in 200,000 parts of water 
—Messrs. Cammell Laird and Co., Limited, Nottingham, 
have received an order from the L. and N.E.R. Company 
for two additional Sentinel-Cammell coaches and 34 all- 
steel luggage brake vans. Messrs. Cammell Laird’s 
associated company, the Midland Railway -Carriage and 
Wagon Co., Limited, Birmingham, have also received an 
order from the L. and N.E.R. Company, for four articu- 
lated trains, comprising 32 coaches in all. 




















soils ale i alla 





Gt ‘OLA tS 


[JuLy 16, 1926. 





























ENGINEERING. 











-.0-6 --— 


SLs ean 





y 
‘$1 Oxy 





@9 NOILIIS ———— ee SS 


a 








vv 4494S ot Our 


(69 abng vas ‘uondisosaq 40g) 
| ‘NOGNOT ‘GHLINWIT ‘ANVAWOO UALYOdSNVAL GNV WOAATANOOD TIHHOLIN GHL Ad CaLOOWLSNoo 


‘AATddI LL ONIHDIGVM NODVM AVMTIVA 

















RN EERO NNO SRN Hp RO 


sow iain 











ENGINEERING, Juty 16, 1926. 








——j 


6-TON COMPOUND STEAM WAGON AT TuH#ROY. 





5 
SS) 


RS 


# | 

Coty 
at 
--—T 












































C {| ae, oars 
Me Ws! 
fe 


(9073.0) 




















(9673F) 























PLATE VIII. 








THHROYAL AGRICULTURAL SOCIETY'S SHOW. 


4m WAGON COMPANY, ENGINEERS, LEEDS. 


ATENT 











. 7 a 








Page 81.) 


Deser' 
14. 
~ 
























































ENGINEERING 











a4 













































































z 
« 
= 
it 
F 4 
z 


4: eaccnenes 
iG omeces 





9 
Z << 












Ny 
S 
S 
iS 
N 
y 


R 
N 
Rteesegheeceeas 


4G Wiccet W oreaz eee, 
Sa ESS SST ES 








NZ] 


VI 
~~ . 
ZZ 





ok 
UA yezezg peor 


aN 


a—— 


[d-B00 804900110 292 





‘SST GASES 


i 
x 


Ape 





SS 1 
’ | 
as pa 
zs 





U 

PS 
yy, ~ 
? 









































niiiiiodn 














TITTY 


























ENGINEERING, 


(9673.L) 














Feet 


0 


Scale for Figs 14 to 16 & 18 to 20 


3 


SS Se 


6 





| 


% 9 













































21. 


Fig. 


Fie. 17. 























Jury 16, 1926.] 


ENGINEERING. 


79 








ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
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THE DISPOSAL OF TOWN REFUSE. 


Tue Minister of Health stated at the Congress of 
the Royal Sanitary Institute last week, that the death 
rate per thousand inhabitants, and the death rate 
per thousand infants under one year of age, had 

each been reduced in this country by one-half in the 
last fifty years. This is clearly a remarkably satis- 
factory record, and suggests that there is little amiss 
with our sanitary methods. It would be unwise, 
however, to decide that we had done so well in the 
past that we could afford to leave things at the 
stage they have now reached. Sanitary science and 
the whole of preventive medicine must progress 
if it is not to stagnate, and stagnation must always 
mean retrogression. Apart from this broad aspect 
of the matter, which is a commonplace in every 
arena of human activity, as long as 75 out of every 
1,000 children born in this country die in infancy, 
and 120 per thousand in some towns, we cannot 
well feel that we have yet achieved the best that 
can be done. 

Probably, the three vital factors in the mainten- 
ance of a good standard of health in a large town are 
the water supply, the sewage system, and the method 
of dealing with house and factory refuse. Which is 
the most important, would be a useless argument, 
but it is probable that as things are in this country, 
the latter has most effect on the infant death-rate. 
The disposal of refuse in a large town is a matter of 
some complexity, and, as suggested by Mr. Edwards, 
the Borough Engineer of Brighton, in a paper read 
before the Sanitary Institute last week, which we 
report on page 80, cremation in a destructor is 
probably the most satisfactory. This method is, 
however, by no means the only one employed, and 
from a report presented to the Borough of Shoreditch 
by Mr. Newton Russell, the late Borough Electrical 
Engineer, it would appear that out of 31 boroughs in 
the Administrative County of London, only 12 have 
refuse destructors, 

In addition to, or in place of, cremation in a 
destructor, town refuse may be carried out to sea 
and tipped. This method is naturally only possible 
for towns on the seaboard. The method is relatively 
cheap, and if proper care is taken in the choice of a 
tipping area appears to be unobjectionable. A 
further method is tipping on waste lands. This would 
seem to have little to recommend it, but in many 





small towns it is probable that no alternative appears 





to offer itself as an economic possibility. Some- 
thing has also been done by putting the refuse 
through a disintegrator and selling it, or more 
probably giving it away, as & crude manure. This 
disintegration results in an almost odourless, easily 
handled and non-sticky mass. Mr. Newton Russell, 

in his report to which we have referred, states that 
two companies were formed in France to pul- 
verise the refuse and sell it as manure, but that their 
experience was not encouraging as, without sub- 
stantial grants from the municipalities, they would 
have had to close their works. It is clear, however, 
that a system may be a satisfactory one for disposing 
of town refuse and at the same time may not be 
able to show an overall profit. A company-operated 
destructor would hardly appear an attractive invest- 
ment if it had to make its income by selling clinker. 
The pulverising system is, we believe, being used 
in some of the towns of England and Wales. 

In the main, however, and for large towns, the 
methods of burning or tipping at sea must be looked 
on as the normal procedures. Mr. Newton Russell’s 
report is concerned only with refuse disposal in 
London and it is somewhat remarkable that he does 
not even mention tipping at sea. London is clearly 
not the most favourably situated port in this country 
from this point of view, and a considerably longer 
voyage from the loading berth}to the tipping area 
is necessary than for instance in the case ot Liverpool. 
The method, however, can hardly be neglected in 
a general consideration of the whole question as 
it affects the Metropolis. Mr. Russell, however, 
concerns himself only with the question of burning, 
his proposal being, briefly, that large central 
destructors should be built to deal each with the 
refuse from a large area. It is suggested that four 
would be sufficient for London, but this is only a 
tentative number and might be added to when the 
scheme was worked out in detail. 

It would appear that this idea of central 
destructors serving large areas would greatly 
increase the total amount of transport which is now 
done. This point is, however, not neglected in the 
report. The proposal is that local authorities should 
continue to collect the refuse from their own areas 
and deliver it to a receiving station. Here it would 
be loaded in barges or into 10-ton or 12-ton trucks 
for transport to the destructor. It is suggested that 
the trucks should utilise the tram rails and should 
make their journey between midnight and 5 a.m. 
The cost of transit from the local authorities’ depot 
to the nearest receiving station is estimated at 
10d. a ton, and further transport to the destructor 
at 2s. 6d. per ton. The total cost of destroying the 
refuse, these charges being included, is put at 4s. 11d. 
per ton. This cost is higher than it works out at 
present for some boroughs which have no destructor 
and cart their refuse to tips, but Mr. Russell points 
out that, with the growth of London, the length of 
haul and the cost of tips will rise, and that these 
favourable conditions are not likely to last for any 
great while. 

The proposed central destructors would each be 
capable of destroying 1,000 tons of refuse each day 
for a six-day week, and it is estimated that each 
would be able to generate 30 million units of elec- 
tricity per year from the steam raised. Taking 
these as sold at 0°4d. per unit, gives an income of 
50,0001. a year, which is brought up to 56,0001. by 
the sale of clinker for road-making, and oldiron. The 
total annual cost of the plant, including interest 
and repayment of capital, is 133,000/., the difference 
between this figure and the revenue, accounts for 
the 4s. 11d. as the cost of destroying a ton of refuse. 
The present cost of destroying refuse by burning in 
the London area is about 9s. a ton. We are not 
clear why Mr. Russell proposes that the plant | should 
run only six days a week. This might fit in well 
with the collection of house refuse, but there must 
be some storage capacity at the site and more 
favourable terms are likely to be obtained for the 
purchase of the electricity generated if an all-week 
supply is available. 

It will be clear from what we have said that the 
proposal of the report is that all the refuse shall be 
burnt, without any effort being made to remove 
anything except pieces of iron and tins. In this 
proposal Mr. Russell is likely to have much support, 
but if refuse is to be dealt with on the scale he 
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suggests in entirely new plant, it would appear that 
the possibility of some sorting, if only of an elemen- 
tary nature, should be looked into closely. He 
deals with this question, but does not follow up his 
examination with any proposals. He points out 
that sorting is carried out in a very thorough manner 
in Birmingham, the material being passed over a 
long travelling belt. Tin cans are recovered, 
stripped of their tin and pressed into billets, the tin 
being salved. Waste paper is sorted and bundled. 
Manure is made from the refuse of the fish and meat 
markets, grease from waste meat is used for candle 
making and lubrication purposes, and pig food and 
poultry food are made from waste meat and 
butchers’ refuse. This sounds a very complete 
recovery system, and if it is carried out without the 
necessity for any great elaboration in the plant, 
should certainly be examined very carefully if any 
large central destructors are to be built in London. 
Mr. Russell, unfortunately, gives no information 
about the financial side of this Birmingham plant. 
If it reduces in any way the cost of dealing with town 
refuse it may well be copied ; if, howevcr, it increases 
the cost, it can hardly be considered seriously else- 
where in spite of a certain sentimental satisfaction 
in salving waste products. 

It is not possible to say if Mr. Russell’s valuable 
report will be acted on in any way, but it has been 
considered by a large number of local authorities 
in London, and at a conference held at the Shoreditch 
Town Hall in April it was resolved to forward a 
copy of the report to the Ministry of Health. Some 
action may possibly follow, as the Minister of Health 
has appointed an inspector to investigate and report 
on the whole question of the disposal of house refuse 
in the Metropolis. The Shoreditch meeting re- 
quested him to convene a further conference as soon 
as his inspector’s report had been made. 





COMBINED STEAM AND HYDRAULIC 
POWER PLANTS. 

Joun Ruskin possessed in a superlative degree the 
not wholly admirable Oxford knack of being able to 
write readably and copiously on subjects of which he 
knew little or nothing. In one of the many books in 
which he discussed economic questions with a curious 
lack of knowledge and insight, he maintained that we 
ought to derive our power from the wind, which, he 
observed, cost nothing, instead of from coal, won 
only by elaborate and expensive mining operations. 
The wind, however, bloweth not only where it 
listeth, but also when it listeth, and this erratic 
characteristic has not only almost banished sailing 
craft from the ocean, but, in combination with the 
high establishment costs involved, has made it 
quite impossible to use wind power for electro- 
chemical or electro-metallurgical operations. Water 
power has less marked disadvantages and _ has, 
accordingly, been developed on a very considerable 
scale in many parts of the world. In most countries, 
however, capital costs are high, owing in part to the 
necessity of expensive impounding and regulating 
works, but also in part to the fact that in most cases 
the available head is not great. Hence the machin- 
ery employed must be cumbrous and its weight large 
per unit of output. Much has been done of late 
years to reduce this latter disability by the intro- 
duction of new types of turbine, capable of running 
efficiently at speeds much higher than would have 
been considered practicable a generation ago. 

At the best, however, it is impossible for the 
hydraulic power plant to compete successfully in 
this regard with steam. Moreover, even for metal- 
lurgical operations, water power is not always 
cheaper than steam. At one time Carville was 
selling current for electro-chemical operations at 
less than the Niagara figure, and even to-day it is, 
all things considered, more economical to conduct 
certain electro-smelting operations at Sheffield 
rather than at a Highland hydro-electric station, 
though, as the electric energy needed per ton of 
product increases, the advantage passes to the 
hydraulic plant. Hence, for most work of this kind, 
steam is at a disadvantage, and for other types 
of load the relative value of the hydro-electric 
station increases as the load factor rises. 

Practically all water-power plants are, however, 
subject to the drawback attaching to the variability 








of the precipitation. In this country the rainfall in 
the wettest year is about 50 per cent. greater than 
the mean, whilst in the driest year it is only two- 
thirds of the mean. This variability greatly com- 
plicates the successful development of hydraulic 
power, since either much water must be run to waste 
in wet years, or steps must be taken to supplement 
the water power in the dry years. In any case, 
owing to the high establishment costs, a good load 
factor is essential to financial success. 

It is, in fact, the extraordinary load factor which has 
rendered commercially feasible the very remarkable 
hydro-electric system of power distribution which 
has been developed in California. Some of the 
transmission lines there are over 200 miles in length. 
At Shanghai the load factor is 53 per cent., but in 
Great Britain the highest figure for any large station 
is 32 per cent., which has been attained both at 
Manchester and Liverpool. On the other hand, the 
annual load factor of the Pacific Gas and Electric 
Company far exceeds the best of the above figures, 
as it ranges between 60 and-64 per cent. Hydraulic 
power suffers, however, from the drawback of being 
subject to seasonal variations, and hence it is fre- 
quently necessary to supplement it by steam. The 
conditions which make this necessary and the 
considerations governing the capacity of the steam 
plant required are discussed by Mr. A. H. Markwarts 
in a paper read by him at the recent summer 
meeting in San Francisco of the American Society 
of Mechanical Engineers. 

The calculations made by Mr. Markwarts indicate 
that, in the conditions ruling in California, the 
minimum annual cost would be obtained if 20 per 
cent. of the peak load were carried by steam. In 
this case the hydraulic plant would be operated with 
a load factor of 82-3 per cent. and would produce 
very nearly 90 per cent. of the total energy generated 
per annum. 

Whilst a proportion of this nature gives the least 
net cost, it can be varied through a considerable 
range with very little difference in the net result, 
and nearly equally low costs could be obtained if 
25 per cent. of the peak load were taken by the 
steam plant. With this proportion the hydraulic 
station would operate with a load factor of 85-4 
per cent. and would be responsible for 95-23 per cent. 
of the total annual output. There are, however, 
other considerations which make it desirable to 
increase the capacity of the steam plant much beyond 
this limit. 

It is very important that there shall be no 
cessation of supply in metropolitan areas, and 
Mr. Markwarts considers that steam plant capable 
of taking 75 per cent. of the metropolitan peak loads 
shoud be provided. Such a proportion will also 
suffice to cover shortages of water in dry years, 
which experience in Northern California shows 
will require steam plant with a capacity of 40 per 
cent. of the total peak load. Owing to the high 
establishment costs almost invariably associated 
with hydro-electric developments, Mr. Markwarts 
considers that with present fuel prices steam could 
compete successfully in California either with 
hydraulic plants pure and simple or with combined 
systems, but, out of consideration for posterity, it is 
obviously desirable to generate as much power 
hydraulically as the conditions allow rather than by 
the consumption of a wasting asset. As regards the 
size of unit to be installed in steam stand-by 
plants, Mr. Markwarts appears to favour moderate 
capacities, since the losses to be carried under stand-by 
conditions increases with the size of the unit. It is 
not, he states, practically possible to operate a 
35,000-kv.-a. unit on less than 3,000 kw., and the 
experience of the Pacific Gas and Electric Company 
shows that their steam stand-by plants never 
generate less than 3 per cent. of the total maximum 
output. 

A considerable extension of steam stations is 
anticipated in the future, since many of the newer 
hydraulic plants use water which is primarily 
impounded for irrigation purposes, and which must 
therefore be run off or conserved according to the 
needs of the agriculturalist, rather than by the 
demand for power. California has of late had a 
succession of unusually dry years, and this has 
tended to enhance the importance of the question 
of the provision of steam stand-by plants. 








THE CONGRESS OF CHEMISTS. 


THE holding of a Congress of Chemists which, 
under the patronage of H.M. the King, is to deliberate 
in London next week from Monday, July 19, to 
July 23, in connection with the annual meeting 
of the Society of Chemical Industry, marks the 
recent efforts made to promote co-operation between 
the many and varied societies and bodies interested 
in the progress of pure and applied chemistry. A 
British Chemical Plant Exhibition, to be open all 
next week, from 10 a.m. to 8 p.m., in the Central 
Hall, Westminster, has been organised by the British 
Chemical Plant Manufacturers Association ; -inter- 
national interests will also be represented. The 
seventeen co-operating bodies comprise chemical 
engineers, the new fuel section, societies of biologists, 
miners, metallurgists, coke, oil and colour and leather 
manufacturers, petroleum technologists, and rubber 
manufacturers. The headquarters for the discussions 
will be in the Hotel Great Central, Marylebone, 
but there will also be functions at the Central 
Hall, where Sir Frederick Nathan is to give 
the first address of the Congress on industrial 
efficiency and the elimination of waste, and where 
Sir Max Muspratt will open the exhibition, on 
Monday morning; Lord Balfour is to deliver 
the Messel memorial lecture at the Mansion House 
on the same afternoon. The chief subjects for 
discussion are corrosion of metals; the hormones, 
natural drugs of the body of which insulin is perhaps 
best known or most discussed; the Chemistry 
House, the national chemical headquarters to be 
established in London ; power alcohol; sugar from 
wood ; influence of particle size in the paint and 
rubber industries ; and fat extraction by solvents. 
Mr. W. J. U. Woolcock, president of the Society 
of Chemical Industry, and general manager of the 
Association of British Chemical Manufacturers, will 
retire from the former office during the congress, 
and will be succeeded by Mr. F. H. Carr, a director 
of British Drug Houses, Limited, distinguished in 
bio-chemical research. Mr. C. 8S. Garland, M.P., is 
chairman of the London Section. 


THE ROYAL SANITARY INSTITUTE. 
(Concluded from page 50.) 

In concluding our account of the proceedings 
of the annual Congress of the Royal Sanitary 
Institute, which was held in London from the 5th 
to 10th inst., we will confine ourselves to the papers 
read before the Section devoted to Engineering 
and Architecture, which met on the 8th and 9th 
inst. 





DisposaL oF House REFUSE. 

As we reported last week, a description was given 
to the Conference of Engineers and Surveyors by 
Mr. Sutcliffe, of the manner in which town refuse 
is handled in the Borough of Woolwich, and a paper 
by Mr. David Edwards, borough engineer and 
surveyor of Brighton, on ‘‘ House Refuse Disposal,”’ 
was read to the Section of Engineering and Archi- 
tecture. Like Mr. Sutcliffe, Mr. Edwards urged 
the advantage of destructors over other methods of 
disposal. The steam-raising capacity of average 
refuse is variable, but, as a rough approximation, 
it is mentioned that per pound of refuse 1-5 lb. of 
steam at 160 lb. per square inch is a common figure, 
and 3 lb. is sometimes attained. Recently, also, satis- 
factory results have been obtained in using refuse 
for gas production, large quantities of gas being 
produced from comparatively small weights of 
garbage. In some plants, the refuse is sorted 
minutely before cremation, so as to salve anything 
of commercial value, and, as an average drawn 
from a large number of sources, over a third of the 
refuse is said to consist of large cinders. The com- 
mercial value of thus salving refuse, a process that 
at best can only show a small credit margin, is 
questioned in many quarters, but that of cremation 
has been enhanced within the last few years by 
the remarkable growth of road traffic, and the 
utility of the clinker that is the end-product of 
the destructor. It is semi-vitreous, not disin- 
tegrated by atmospheric influences, hard, homo- 
geneous, dense and heavy, with a rugged and pitted 
surface to which asphaltic or bituminous com- 
pounds will adhere tenaciously. Broken and 
graded to size as required, it is an excellent 
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aggregatein the manufacture of concrete paving slabs, 
as of many other ‘articles that ordinarily would be 
made in natural stone. Both in quality and quan- 
tity its production may be considered uniform, 
and under good management the yield would be 25 to 
30 tons per 100 tons of refuse cremated; much the 
same figure, it may be remarked, as Mr. Sutcliffe 
obtains at Woolwich. The installation of a destructor 
is therefore recommended not only as dealing 
efficiently with the disposal of refuse, but as being an 
economical investment, with an inexhaustible outlet 
for its clinker in the many and varied requirements 
of public works construction. : 


StupGE-DIGESTION PLANT. 


Mr. F. P. Sissons, the City Engineer of Bath, 
described the construction and operation of the 
sludge-digestion plant that was added three or four 
years ago to the sewage-disposal works. The plant 
was intended originally to work by precipitation 
with lime, and six Dortmund tanks, of 1,500,000 gals. 
aggregate capacity, were provided for the purpose. 
The peculiar nature of the Bath sewage, however, 
made this and other precipitation methods unsatis- 
factory. The sewage was often septic before it 
arrived at the works, and the sludge from it was 
difficult to handle and offensive. The Dortmund 
tanks are accordingly now used only as sedimenta- 
tion tanks, the tank effluent passing to sprinkler 
filters, and afterwards through humus tanks direct 
to the River Avon. The sludge-digestion plant, 
designed by Mr. David Edwards, then City Engineer 
of Bath, after consultation with Mr. F. R. O’Shaugh- 
nessy, of Birmingham, consists of two primary and 
nine secondary digestion tanks, with a series of ash- 
drying beds, which at present provide a square yard 
of drying surface for every four inhabitants, and are 
being extended to a ratio of one to three. The 
primary digestion tanks have a total capacity of 
2,200 tons of wet sludge, and the secondary tanks 
of 2,000 tons. On starting the plant, the supply of 
active sludge was first established in two of the 
Dortmund tanks, in which about 200 tons of sludge 
was allowed to accumulate. The supply of fresh 
sludge was then shut off, and the contents of the tanks 
allowed to germinate, with the addition of a very 
small quantity of fresh sewage every day. In this 
way a body of highly-active sludge was obtained, 
which was pumped into the primary digestion tanks. 
The fresh sludge from each Dortmund tank is pumped 
every day directly into one of the primary tanks until 
it is full, and is not pumped into the secondary 
tanks until the next primary tank is nearly full. 
In warm weather, digestion proceeds so rapidly that 
water separates even in the primary tanks, but it is 
found best to pump it into the secondary tanks 
together with the sludge. Some 2 ft. of active 
sludge are always left, both in the primary and the 
secondary tanks, to inoculate the incoming sludge. 
Water separating out in the process of secondary 
digestion returns by gravitation to be mixed with 
the incoming sewage, with which it passes through 
the purification works. The sludge that remains 
after the digestive action has died down and the 
separated water has been drawn off, is run off by 
gravitation on to the sludge-drying beds to a depth 
of 9 to 12 in., the water from these beds being 
carried away by underdrains to be mixed with 
the sewage on its road to the purification works. 
In from four to six weeks, the sludge has shrunk to 
a thickness of about 2 in., which, in dry weather, 
looks like a porous cake of soil. The complete 
plant, excluding the capital cost of the primary 
digestion tanks, cost 10,0007. 

The working of the plant is very satisfactory. 
About 70 tons of sludge is handled daily without 
nuisance. All pump deliveries are at the bottom of 
the tanks. Except for a slight local tarry odour in 
warm weather, the liberated gases are practically 
inodorous, and are allowed to escape. On the average 
of three working years, the volume of sludge is 
reduced by 46 per cent. through removal of the 
separated water without mechanical assistance or 
chemicals. The resultant sludge is inactive, quick- 
drying and easily handled, and is readily disposed of 
to farmers for manure. Some 66,000 tons of new 
sludge have been treated in the plant, and less than 
100 tons of dry sludge remained on the works. The 
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passed through the digestion tanks without inter- 
fering with their operation, and the addition to the 
in-coming sewage of the water separated from the 
sludge is found to assist. the working of the sedimen- 
tation tanks. 

Even in very cold weather it has been found 
unnecessary to use the provision that has been 
made for warming the new sludge by steam. The 
design and shape of the digestion tanks was found 
to be of vital importance to the efficiency of the 
process. In particular, the secondary tanks must be 
so proportioned that they can be filled in the shortest 
possible time and left undisturbed. The depth of 
the sludge must be uniform and sufficient to maintain 
an equal temperature throughout its mass. That 
the proportions used at Bath are correct may be 
inferred from the fact that the activity of the process 
increases when the depth of the sludge in the 
secondary tanks is increased. 


Marin SEwWERDEsIGN. 


Mr. F. Wilkinson and Mr. F. Waymer Brown, 
the engineer and deputy-engineer to the Willesden 
District Council, contributed “‘ Notes on the Design 
of a Main Sewer.” The purpose of this paper was to 
indicate some ways in which accurate data could be 
provided to regulate the design and construction of 
main sewers, instead of the haphazard methods that 
have often been used. The notes are derived from 
methods the authors have themselves employed 
with success, and refer to the size and shape of the 
sewer, its depth, the type and materials of con- 
struction, and the point at which it should be 
constructed in tunnel. 


The partially separate system, in which the sewer 
has to accommodate the sewage and the rainwater 
from the roofs, is taken as the most difficult to 
calculate, and the calculation is illustrated by 
reference to an actual case with a gross drainage area 
of 2,614 acres. The gross area being defined and 
carefully planimetered on one map, a second map is 
prepared to show the drainage areas served by 
sub-main sewers, all areas being further subdivided 
according as they are developed, undeveloped, or 
probably never to be built on, and measured 
accurately to total the gross area. The maximum 
intensity of rainfall to be accommodated must then 
be estimated by the study of systematic records over 
a period of, say, twenty years, and in schemes carried 
out by the authors in the neighbourhood of London 
has, with the approval of Government, been taken 
at lin. per hour. The run-off Q in cumins from a 
gross area a on a slope s per 1,000 under a rainfall 
of C inches per hour is calculated by the Burkli- 


‘i 
Zeigler formula as Q = K xC 9 fs x 60, K being 
a 


a constant varying with the type of area from 0-31 
to 0-75. In the authors’ instance, K was taken at 
0-75 and s at 20. On these data, a graph can be 
prepared to show for various areas the run-off per 
unit area. 

The effect of such a graph, in the case in 
question, was to show that the rainfall of 60-5 
cumins per acre, which corresponds to | in. per hour, 
is reduced for 100 acres to a run-off of 30-09 cumins 
per acre, and for 2,000 acres to 14-23. The figure 
for developed areas, in which only the rainfall from 
roofs and hard paved surfaces has to be considered, 
may, in a lay-out of, say, 17 houses per acre, be 
reduced to one-third, and the product of these figures 
by the appropriate figures on the graph expresses the 
total run-off to be accommodated. The much 
smaller volume of sewage may be taken at 30 gallons 
per head per day, with a maximum of 1-6 times 
that amount at about noon, or, say, 50 gallons ; and, 
in the instance in question, an allowance of 17 houses 
per acre and 6-5 persons per house gives a figure of 
0-61 cumins per acre to be applied to those of the 
gross developed areas and added to the run-off from 
the rainfall in order to give the total expected run-off 
from the developed areas. Undeveloped areas can 
be treated similarly. 

The depth and gradient of the sewer and its 
invert line can be determined by levels and sections, 
so as to give a free outfall to all tributary sewers, 
take the drainage from any point in its area, and 
deliver to the required point of outfall the position 








whole of the humus from the purification plant is 





of which is generally unalterable. 





THE ROYAL AGRICULTURAL SHOW 
AT READING. 
(Concluded from page 53.) 

WHEN describing the exhibits at the Cambridge 
show in 1922, we gave an account of a 7-ton steam 
wagon exhibited by the Yorkshire Patent Steam 
Wagon Company, of Hunslet, Leeds. Illustrations 
and a description of the machine will be found on 
page 40 of our issue for July 14, 1922. In the 
Reading show, the same firm showed a new model, 
which is claimed to be capable of high road speeds 
with a low fuel consumption, and at the same 
time to be suitable for the more onerous duties of 
general contracting work, for which wagons of the 
slow-speed type are generally selected. We give 
a general view of the new vehicle, together with a 
line elevation and plan, in Figs. 7 to 9, page 82. 
Details of the engine and transmission gear are 
shown in Figs. 10 to 21, Plate VIII, and a general 
view of the engine and front axle assembly is given 
in Fig. 22, page 83. 

Before describing the design in detail we may say 
that the makers claim that, under ordinary service 
conditions, the wagon is capable of taking a load of 
6 tons up an incline of 1 in 6, or with 6 tons on the 
wagon and 4 tons ona trailer, a gradient of 1 in 8 can 
be climbed. That these are conservative figures is 
shown by the fact that, on an actual test, the wagon 
with a trailer, under the conditions of loading 
stated, successfully climbed a gradient of 1 in 5. 
The maximum speed on the level with a full load 
is well over 20 miles per hour, hence there is a good 
reserve of power at normal speeds. The machine 
has been on test over a considerable period, so that 
in addition to ordinary bench trials, it has been 
subjected to many thousands of miles of ordinary 
service. During these tests it was proved that the 
wagon would work satisfactorily in difficult places, 
such as in quarries, but that, on the other hand, it 
was exceptionally economical on the road, over 
20 miles for a hundredweight of fuel having been 
obtained. As will be clear from the illustrations, 
the wagon is built up on the unit system, each 
part, such as the engine and boiler, being mounted 
independently so as to be free from stresses set up 
by frame deflection. The more important units 
are carried on three-point suspensions. 

The boiler is of the maker’s double-ended loco- 
motive type, generally similar to that fitted in the 
7-ton wagon which we have already described. 
The main alteration is a rearrangement of the 
fittings to suit the driver. The working pressure 
is 215 lb. per square inch. The heating surface, 
including the superheater, is 84 sq. ft., and the 
grate area 3-4 sq. ft. The superheaters are in a 
very accessible position immediately behind the 
smoke-box doors, and there is therefore no difficulty 
in sweeping the tubes. They are of ample surface 
to give a high degree of superheat. The boiler is 
lagged with asbestos and sheet steel. In addition 
to an injector, the wagon is fitted with a gear- 
driven boiler-feed pump, which can be used when 
the wagon is either running or standing. 

The engine, illustrated in Figs. 10 to 13, is of the 
vertical compound type, the cylinders being, respec- 
tively, of 44 in. and 7 in. bore, by 8 in. stroke. It 
develops 60 brake horse-power at 450 r.p.m., 
corresponding to a vehicle speed of 12 miles per 
hour. As shown in Figs. 10 and 11, piston valves, 
actuated by Joy radial valve gear, are fitted. It 
will be recalled that the earlier model of engine 
was fitted with Hackworth gear. The crankshaft 
is machined from a solid-steel stamping, and is 
fitted with a balance weight between the two 
cranks. The balance weight is shown in Figs. 10 
and 11, and the former of these figures also shows 
the outside flywheel on the front end of the shaft. 
Both the big end and main bearings are of the die- 
cast white-metal type. The working parts of the 
engine do not call for particular mention, with the 
exception of the pistons, which, as will be clear from 
Figs. 10 and 11, are forged in one piece with the 
piston rods. An interesting feature of the engine is 
that the gear box is integral with the crank case. 
Details of the gearing are shown in Fig. 12, from 
which it will be seen that the normal transmission 
is by spur wheels of equal size from the crank to the 





transmission shaft. The gear wheels for this 
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purpose are at the front end of the box, and at the 
opposite end there is a second pair giving a 3 to 1 
reduction, The second-motion shaft is splined 
along the central portion, and carries a sliding 
member, with a dog clutch at each end, for engag- 
ing the higher or lower gear. The wagon is capable 
of taking all main road hills on the higher gear, 
the lower gear only being necessary when it is 
required to bring loads out of awkward places or 
over soft ground. The gear wheels are made from 
heated-treated steel, and as will be evident from the 
illustrations, they are of ample size. The lubrica- 
tion of the engine is of exceptional interest, as the 
design has been worked out with a view to avoiding 
emulsification of the oil by water which may have 
percolated into the crank case. This is effected by 
avoiding churning in the main body of the oil, 
thus allowing the water to separate out. Referring 
to Fig. 11, it will be seen that a vertical oil pump is 
fitted in the engine sump. This pump is driven by 
an eccentric mounted on the high-speed wheel of 
the second-motion shaft. Theeccentric without the 





accessible. From Fig. 20 it will be seen that the 
spider is carried on two trunnions recessed into 
the {end of the chain-sprocket shafts, and that 
the final bevels are formed in one piece with 
the latter. The bevels throughout, and also 
the shafting, are made from chrome-vanadium 
steel. The casing is carried in spherical seatings 
on the chassis frame, and its accessibility is 
shown by the fact that it can be removed from 
the chassis in ten minutes, while it can be opened 
up for inspection and completely dismantled in 
half an hour. The final drive to the rear axle is 
by roller chain, the sprockets fitted giving overall 
reductions between engine and road wheels of 44 to 
l and 12 to 1 on top and second gears, respectively. 
Adjustment is provided at the forward end for taking 
up stretch in the chain. 

A photograph of the back-axle is reproduced in 
Fig. 17, and the axle is also shown in section in 
Fig. 14. The axle itself, which is, of course, of the 
dead type with chain transmission, is of Siemens- 
Martin heat-treated steel. The wheels are of cast- 




















Fie. 22. Srezrmna Grar anp Front AxtE For 6-Ton Wagon; Tue YORKSHIRE PATENT 
Steam Waagon Company. 


sheave can be seen at the right-hand end of the 
second-motion shaft in Fig. 12. The pump delivers 
the oil, through the horizontal pipe, visible in Fig. 11, 
into trays situated beneath the big ends, surplus 
oil draining over suitable lips on the trays. The 
oil passes through the strainer shown in Fig. 10 
before passing to the pump inlet. The oil in the 
trays is picked up by dippers on the connecting 
rods, by which means it is fed into channels which 
supply the main and other bearings. It will be 
seen from the various views of the engine that the 
valve gear, crossheads, and gear-box shaft are 
totally enclosed in the engine casing, and as the 
latter contains an oil mist created by the action 
of the dippers, these parts are all efficiently lubri- 
cated. The cylinders are separately lubricated from 
a mechanical lubricator on top of the engine. This 
can be clearly seen in Fig. 13. Before leaving the 
description of the engine, it may be mentioned that 
the boiler-feed pump is worked by an eccentric 
on the transmission shaft. It is mounted hori- 
zontally, and can be seen at the left-hand end of 
the shaft in Fig. 12. 

Turning now to the transmission, the general 
arrangement of the various parts is clearly seen in 
Figs. 8 and 9. The differential gear is contained in 
an intercasing about midway along the chassis fram- 
ing. The casing is shown in section in Figs. 19 and 
20, and a general view is givenin Fig. 21. The inter- 
casing is connected to the engine transmission shaft 
by means of a flexible fabric joint shown in the latter 
figure. The design of the differential gear is un- 
usually compact, while at the same time it is very 





steel, with easily-cleaned tubular spokes, and run 
on floating bronze brushes. The fabric-lined 
brakes are of ample dimensions, two being provided 
side by side on each wheel. Details of the brakes 
are given in Fig. 15. The springs are of suffi- 
cient length to give easy riding over the roughest 
roads. As will be clear from the illustrations, there 
are no radius rods, the thrust being taken through 
the springs themselves. 

The front axle and Ackerman steering gear are 
illustrated in Figs. 16,18 and 22. These figures are 
self-explanatory, and hardly call for comment. It 
may be mentioned, however, that the axle is made 
from 40-ton steel, and that the cast-steel wheels 
are centrally pivoted, and run on long bronze bushes. 
The jaws of the stub axles are held in solid eyes, 
the bottom arm of the main axle being bolted and 
keyed to the axle stamping proper. The steering 
is of the nut and screw type. All the steering 
rods are fitted with universal joints. 

In concluding our description of the wagon, we 
may say that we were particularly impressed by 
the attention that had been given to the comfort 
of the driver. The cab is exceptionally roomy, 
and is very fully protected. It is fitted with a 
door on each side. The position of the various 
controls has been carefully thought out, and they 
are all in convenient reach of the driver ; the instru- 
ments have also been grouped so that they can be 
observed without difficulty. The bunker is con- 
structed so that the exposed surface of the coal is 
not in the cab, and this tends to greater cleanliness. 
Foot control is provided for the throttle valve, 





and provision is made for locking this in cases 
when the driver prefers to work on the hand throttle. 
The wagon shown at the Show was equipped with 
a C.A.V. lighting set, but we understand that this 
is an extra. The tank capacity is 190 gallons, 
sufficient for a run of from 25 to 45 miles fully 
laden. The bunker will hold 8 cwt. of coal. The 
overall length of the wagon is 22 ft., the overall 
width 7 ft., the wheelbase 12 ft. 6 in., and the track 
5 ft. 7in. The turning circle has a radius of 25 ft., 
and the unladen loading height is 3 ft. 114 in. 

In general, unless some type of throttling device 
is used, the power absorbed by a centrifugal pump 
tends to increase as the head diminishes. As a 
result, when such pumps are used for dealing with 
large quantities of water at a low head, which is 
itself variable, the engine driving the pump may be 
heavily overloaded. Such conditions are quite 
likely to occur in fen drainage, where, until the suc- 
tion level is reduced by pumping, it may be very 
near to that of the discharge. Very similar conditions 
are encountered when the pumps are employed for 
emptying dry docks. To overcome these difficulties, 
Messrs. Hathorn, Davey and Co., Limited, of the 
Sun Foundry, Leeds, have introduced a new type of 
pump, known as the Helivane. The pump was 
shown in operation at the Show, where it was em- 
ployed to raise the water from a large tank at ground 
level to the top of a tower about 10 ft. high. A 
weir was fitted to the upper tank, and the water 
flowing over this formed a very spectacular exhibit. 
The pump was driven by a small National oil engine, 
and a Venturifmeter fitted in the pipe line showed 
that it was delivering about 100,000 gallons per hour, 
against the head mentioned, when running at 1,600 
r.p.m. 

The pump, which we illustrate in Figs. 23 to 25, 
page 84, is built on a combination of the centrifugal 
and screw principles, and is so designed that the 
curve showing the relation between the brake horse - 
power and head slopes in the opposite direction to. 
that of an ordinary centrifugal pump. In other 
words, the power required to drive the pump falls 
off with the head. It follows from this that if the 
initial head is small, no difficulty occurs in starting 
up the pump. 

A second point arises when pumping is to be 
carried out over some form of dyke, arranged so that, 
in normal working, the head is reduced by syphon 
action in the down pipe. In this case, a com- 
paratively large head is required until such time as 
the syphon can be started. The maximum head 
produced by an ordinary centrifugal pump is not 
greatly in excess of its normal running head, but the 
Helivane pump is capable of giving three times its 
normal head without any increase in speed, though 
naturally with a greatly reduced delivery. This was 
clearly shown on the plant at the Show, where, on 
partially closing the valve on the outlet side of the 
pump, the gauge fitted indicated a head of 30 ft. 
without any sign of labouring on the part of the 
engine. The construction of the pump will be clear 
from the illustrations, which are self-explanatory. 
It will be seen that the water passages are large, so 
that there is little risk of choking due to solids 
carried in with the water. The high speed at which 
the pump runs has already been mentioned, and it 
follows from this that, when electric drive is em- 
ployed, the motor will be smaller and therefore 
cheaper than that required for an ordinary centri- 
fugal pump. 

There were a very large number of paraffin 
engines at the Show, the great majority of which 
we have already dealt with in our columns in the 
past. As far as we are aware, the only new 
designs of engine of this type which were on 
exhibition were a 16-b.h.p. Lister vertical 
engine and a 10-b.h.p. horizontal single-cylinder 
engine shown by Messrs. Bamfords, Limited, of 
Uttoxeter. We illustrate the latter engine in 
Fig. 26 on page 84. The engine operates on 
the four-stroke cycle, and has overhead valves 
as shown in the illustration. The valve gear is 
of very simple design, only one cam and valve rod 
being required for both valves. It is arranged 
so that the operating rod is in tension while the 
exhaust valve is open. As the exhanst valve 
spring is stiffer than that on the inlet valve, this 
arrangement enables a lighter valve rod to be 
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employed, and also eliminates any tendency for 
the rod to buckle or vibrate. The half-time shaft 
is parallel with the crankshaft, from which it is 
driven by 2 to 1 spur gearing. It carries an 
eccentric for actuating the magneto, and a single 
cam for operating the valves. The cam roller is 
on one end of a bell-crank lever, the other end being 
connected to the valve-operating rod. A spring 
working against a collar on the valve rod holds the 
roller in contact with the cam. The engine is 
fitted with a centrifugal governor, the two arms of 
which, connected by a spring, can be seen passing 


10-H.P. HorizontaL PaRaFFIN ENGINE; MEssRS. 
Bamrorps, LrmitTep. 





through the flywheel in the illustration. The 











governor operates a sliding cod piece in the usual 
way, and the motion is conveyed to the throttle by 
a vertical shaft, connected at the bottom to link 
gear passing through the bedplate of the engine. 
The combustion space is hemispherical, and is 
free from pockets. The valves are inclined, and 
both the valves and their guide are surrounded by 
large water spaces for efficient cooling. The induc- 
tion passage is directly heated from the combustion- 
head face, and, in addition, the mixture is arranged 
to impinge on to a hot spot, adjacent to the exhaust 
valve, before entering the cylinder. The combus- 
tion head is detachable, the removal of five nuts, 


Fig. 27. 


16/18-H.P. VerticaAL PARAFFIN ENGINE ; 
Messrs. R. A. Lister anpD Co., Lim1tTED. 


enabling the combustion chamber to be opened up 
for inspection. Ignition is by a Wico high-tension 
magneto of the reciprocating type, which, as stated. 
is operated by an eccentric driven from the half- 
time shaft. The engine is made in two sizes, 
developing 8 h.p. and 10 h.p., respectively. 
Probably no firm has done more to develop 
agricultural machinery than Messrs. John Fowler 
and Co. (Leeds), Limited. The firm was founded in 
1860, but several years before that date Mr. John 
Fowler had been working on a steam ploughing set 
and other implements. He was born on July 11, 





1826, and the centenary of his birth thus practically 
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coincided with the Reading Show. To celebrate 
this fact, a bust of Mr. Fowler was exhibited on the 
firm’s stand. 

Messrs. John Fowler and Co.’s_ products have 
justly earned an international reputation, and 
they have been described so frequently in our 
columns that they will doubtless be familiar to all 
our readers. The firm exhibited examples of 
their compound steam ploughing engines, motor 
cable ploughing engines, compound steam road 
rollers, steam wagons, concrete mixers, and a four- 
shaft turning discer. The latter implement has a 
working width of 12 ft., and is fitted with discs 
24 in. in diameter. It is designed to give a double 
discing operation at each passage over the land, and 
has been successfully used for working up to 10 in. 
deep in light and medium soils. A special feature of 
the implement is the arrangement provided for 
quickly reducing the overall width from 12 ft. 
to 9 ft. for transport purposes. The conversion 
can be carried out very quickly, and is particularly 
suitable for English conditions, where a relatively 
large amount of moving has to be done from field 
to field. 

The firm of Messrs. R. A. Lister and Co., Limited, 
of Dursley, Gloucestershire, are amongst the best- 
known manufacturers of petrol and paraffin engines, 
and their standard ranges will be familiar to the great 
majority of our readers. As already mentioned, 
they exhibited a new paraffin engine at the 
Show, the engine being entered for the Society’s 
Silver Medal. As it differs in several important 
particulars from previous models, a description 
is likely to be of interest. It is illustrated in 
Fig. 27, page 84, from which it will be seen 
that it is of the vertical, twin-cylinder type. 
It develops 18 brake horse-power on petrol and 
16 brake horse-power on paraffin, and is suitable 
for a wide yariety of applications, including electric 
lighting and power production in factories. The 
valves are of the overhead type, operated by push 
rods from a camshaft in the crank-case, and as the 
whole of the mechanism is totally enclosed, the 
engine may be used in dirty and exposed positions, 
such as occur in stone crushing or in concrete 
mixing. In the majority of paraffin engines, there 


crankcase by fuel leaking past the piston rings, 
and, as a consequence, it is necessary to change the 
contents of the crank-case fairly frequently. In 
the case of the 16-horse-power Lister engine, this 
difficulty has been entirely overcome by arranging 
pump lubrication to all the. main working parts, 
and allowing any surplus oil in the crank-case to 
overflow into the fuel tank. With this arrange- 
ment, it will be evident that a certain amount of 
lubricating oil passes into the fuel tank after leaving 
the bearings, but the proportion of ‘oil in the fuel 
at any time is so small as to be quite unobjection- 
able, and has, in fact, a useful effect in giving top 
lubrication to the pistons. The lubricating oil and 
fuel pumps are both of the vertical plunger type, 
and are mounted side by side, so that they can be 
driven by a single tappet operated by an enclosed 
cam on the camshaft. The lubricating oil. is fed 
into a distributing box. from which it is delivered by 
pipes to the main bearings, to a banjo feeding the 
big-end bearing, and to a groove in the cylinder 
barrel. A trip bar fitted with a rachet wheel passes 
through the distributor box. The pawl. engaging 
with the rachet is operated by an eccentric, fitted 
on the outer end of the camshaft. The trip bar 
carries a series of fingers dipping into the oil, and 
these serve to throw the latter into’a number of 
pockets, from which it is delivered to the different 
bearings. The amount of oil supplied to the bear- 
ings can be varied as a whole or individually. The 
lubricating pump is arranged to deliver an excess 
of oil to the box, a constant level being maintained 
by an overflow pipe which allows the surplus to 
drain back to the main tank. The arrangement of 
the fuel system, vaporiser and magneto is generally 
similar to that on the firm’s older designs, and does 
not call for particular comment. 

Messrs. Lister also exhibited a variety of dairy 
implements, such ~as cream separators, churns, 
and a butter worker. A number of their different 
engines were shown in operation, either as separate 
units, or forming part of lighting plants, pumping 
sets, &c. 

Messrs. Blackstone and Co., Limited, Stamford, 
exhibited a number of examples of their well-known 
spring-injection engines of the cold-starting type. 





is a certain amount of dilution of the oil ‘in the 





Full descriptions of these engines will be found on 
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page 21 of our issue for July 4, 1924, page 60 of 
our issue for July 11, and page 638 of our issue for 
November 7 in the same year. The firm were also 
showing petrol and hot-bulb engines, together with a 
wide range of agricultural implements. The latter 
included the Stamford mower, which was awarded 
the Silver Medal at Chester in 1925, and also swath 
turners, side-delivery rakes, and a double-action 
haymaker. | Details of the mower were given in our 
issue for July 17, 1925, page 72. 

Another of the leading engine makers showing 
a representative range of models was Messrs. Crossley 
Brothers, Limited, of Openshaw, Manchester. The 
exhibits of this firm included horizontal and vertical 
heavy-oil engines, horizontal paraffin engines, 
lighting sets, a 5-ton locomotive, an agricultural 
tractor, and a weed-cutting launch. We have dealt 
with the various types of Crossley engine from time 
to time in our columns, our most recent description 
being of their semi-Diesel two-stroke engine, which 
on page 231 of our issue for February 19, last. A 
deseription of the small. lighting set made by 
Messrs. Crossley will also be found on the same page. 

Messrs. Petters, Limited, of Yeovil, showed 
an 18 to 21 brake horse-power vertical crude-oil 
engine, a 12 to. 14 brake horse-power horizontal 
engine of the same type, various lighting sets, and 
other typical exhibits. The crude-oil engines were 
fitted with the firm’s patent cold starter, details of 
which will be found on page 673 of our issue for 
November 27, 1925, in connection with a description 
of a 20 brake horse-power cold-starting engine of 
their manufacture. Reference may be made to 
page 70 of our issue for July 17, 1925, for 
particulars of the firm’s portable horizontal oil 
engine, and to page 119 of our issue for July 24 in the 
same year for details of their 10 brake horse-power 
semi-Diesel engine. = 

In our issue of July 7, 1922, on page 11, we de- 
scribed a harrow manufactured by Messrs. J. and 
F. Howard, Limited, of the Britannia Iron Works, 
Bedford. The firm again showed this implement, 
together with a large variety of ploughs of different 
types, beet lifters, and other agricultural machines. 
Amongst these a new potato digger attracted 
considerable attention, and as this machine embodies 
anumber of novel features, we illustrate it in 
Fig. 28, above. The machine was entered for the 
Royal Agricultural Society Silver Medal as a new 
implement. As will be clear from the illustration, 
the digger is provided with two tine wheels, and as 
a result of this arrangement and other features of 
the machine, it is claimed that the crop is lifted 
with a minimum of damage, as the potatoes are 
loosened and then lifted gradually out of the 
ground without coming into contact with the 
points of the tines. Owing to the employment of a 
second tine wheel, the labour of picking is greatly 
reduced, the potatoes being delivered to the rear 
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of the machine in a path about 3 ft. wide. Both 
tine wheels work in a semi-horizontal position, 
as shown in the figure, the first having vertical tines 
in pairs, and rotating slowly behind the loosening 
share, while the second wheel is provided with 
horizontal backward-curved tines and rotates at; 
a slightly higher speed, delivering the crop to the 
rear. Both wheels are driven by enclosed bevels 
from a cross-shaft mounted on the frame at the 
back of the machine, the motion being conveyed 
from the wheels to the shaft by a chain, as 
shown in the illustration. The chain sprockets can 
be changed to give any desired speed of rotation, 
and suitable sprockets for two speeds are supplied 
with the machine. The bevel wheels with their 
shafts are carried in self-contained independent 
brackets, so that it is impossible for the alignment 
or depth of mesh of the wheels to be affected by the 
movement of the machine, or by defective adjust- 
ments. The tines on both wheels are readily 
renewable by simply slackening off one nut, and the 
depth at which they work can be altered by moving 
the whole wheel up or down on its spindle, after- 
wards securing it by a set screw and pin. The 
distance between the two wheels can be varied 
several inches in order to obtain the best results 
with any particular crop. The main sprocket wheel 
is operated by both side wheels, which are equipped 
with rachets so that the tines can only be driven 
in one direction. The driving gear can be dis- 
engaged by means of a simple clutch, consisting of 
two large-diameter pins engaging with corresponding 
holes in a plate. 

The whole implement is balanced on the main 
axle, the depth of working being adjusted by raising 
or lowering the coulter as with an ordinary plough. 
This is effected by a movement of the lever shown in 
the figure. The lever is fitted with a catch working 
in a quadrant, and three notches are provided to 
allow of small adjustments in working. The travel- 
ling wheels are adjustable to suit widths of rows 
from 26in.to30in. They are fitted with detachable 
spuds, which are held in position by a standard bolt 
and nut, so that should a thread be stripped, they 
can be replaced without trouble. 

We illustrate another potato digger, shown on 
the stand of Messrs. Boeke and Huidekoper, of 
Haarlem, Holland, in Fig. 30, page 86. The special 
feature of this machine, which is known as the 
Mélotte, is that the lift is entirely operated by 
the forward motion of the horses. As will be 
clear from the illustration, the gearing is enclosed 
in a dust-proof casing. It consists of a pair of 


bevels and a cam, the former serving to transmit 
the power from the main wheel to the tines, and 
the latter to perform the lifting operation when 





required. There is a single tine wheel mounted 
on a horizontal shaft, the drive being transmitted 
through a clutch, totally enclosed in the shaft 
casing. When it is required to lift the share, the 
hand lever shown above the machine is moved 
horizontally. The end of the lever is in contact 
with a pin sliding through the side of the casing, 
and the movement of this pin brings the cam into 
operation, so that the whole of the rear part of 
the machine is lifted with the share. When this 
occurs, the clutch is automatically disengaged, and 
the tine wheel ceases to rotate. The depth of the 
share is adjustable by letting out or drawing in 
the chain visible in the figure. This is effected 
by turning a handle, through which a screwed 
spindle passes, the chain being anchored on the 
end of the spindle. The tines are also adjustable 
to render the machine suitable for light, medium 
or heavy soil. A screen to prevent the potatoes 
from being scattered can be provided if required. 

The firm of Messrs. Barford and Perkins, Limited, 
of Peterborough, showed a representative selection 
of their products. These included a number of 
road rollers driven by internal-combustion engines, 
an independent road scarifier, corn mills, and 
dairy equipment. We have described motor rollers 
manufactured by this firm on more than one 
occasion in the past, and may refer our readers 
for typical examples to page 9 of our issue of 
July 7, 1922, where we described a 40-h.p., three- 
wheeled roller fitted with a scarifier. An independent 
scarifier is illustrated on the same page. A 12-ton 
motor roller, also manufactured by Messrs. Barford 
and Perkins, was described on page 60 of our issue 
for July 11, 1924. All these machines were on 
view at the show, and in addition the firm showed 
several new products, including an “ Electrolux” 
refrigerator, a milk-bottling machine, and a com- 
bined corn grinding and crushing mill. A descrip- 
tion of the ‘‘ Electrolux ” refrigerator will be found 
on page 75. 

We illustrate the corn grinding and crushing 
mill in Fig. 29, page 85. Two independent mills 
are incorporated in the same machine, one suitable 
for crushing oats, malt, linseed and so on, and 
the other for grinding barley, wheat and other 
cereals. The mill shown on the firm’s stand was 
also fitted with a separator, enabling it to be used 
for preparing flour for domestic use, or for extracting 
fine meal when grinding for farm purposes. The 
main spindle of the mill carries the back crushing 
roller, and is extended through the casing into 
the grinding box, where it also carries the rotating 
grinding plate. One of the plates is shown separately 
in the illustration at the base of the machine, and 
the arrangement of the grooves in the face can 
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be seen. The front roller of the crushing mill is 
carried in bearings which slide in suitable guides, 
and the rolls are pressed together by means of 
a leaf spring. The latter is visible in the figure, 
and it will be seen that the pressure can be regulated 
by a handwheel keyed to a screwed spindle, the 
end of which bears on the centre of the spring. 
The ground material falls into the chute which 
can be seen below the handwheel. 

The door of the grinding box is hinged, and is 
clamped in position by wing nuts, so that the box 
can be quickly opened for examining or cleaning 
the plates. The latter are reversible. The material 
is fed to the centre of the discs by a spiral on the 
main shaft. Delivery is normally through the side 
outlet shown on the box cover, but bottom delivery 
can also be given if required. The separator is 
driven by belt from the main shaft, and consists 
of a helical brush rotating in an enclosed casing 
A flexible connection delivers the corn from the 
outlet on the grinding box to one end of the 
separator, and the helical brush then carries it 
along over screens of different méshes, through 
which it is delivered into suitable receptacles. 

When describing the exhibits of Messrs. Marshall, 
Sons and Co., Limited, on page 52 of our last issue, 
we omitted to mention their flax-scutching machine 
which we may now refer to in concluding our account 
of theShow. This machine, illustrated in Fig. 31 on 
this page, is of the semi-automatic type, the makers 
claiming that better results are obtained if the worker 
retains a certain degree of control over the operations. 
The work to be performed by the operator, however, 
does not require any particular skill, though he is 
able to regulate the scutching to suit different 
grades of flax straw. As will be clear from the 
illustration, the two end frames of the machine 
support a slotted metal table, under which two 
beating drums are carried in self-aligning ball 
bearings. In using the machine, the operator 
holds a strick of broken straw at one end, and 
inserts the other end in the end of the slot. The 
hand comes above the slot and is drawn along 
the surface of the table with a gradual lifting action. 
Marks on the table indicate where the strick should 
be entirely withdrawn. When one end has passed 
through the machine, the strick is reversed and the 
operation repeated. 

The beating drums are driven by spur gearing 
from a fast and loose pulley at one end of the 
machine, and consist of an axle carrying a series 
of beater bars made alternately of mild steel and 
of seasoned English walnut. The barsare stepped 
so that at different points in their length there is 
an alteration in drum diameter. The extent of 
the engagement of the bars, and the corresponding 
action on the flax, is thus varied. The machine 
occupies a floor space of 4 ft. 5 in. by 2 ft., and 
is 2 ft. 6 in. high. It requires about 1 brake horse- 
power for driving purposes. 
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CONSTANT-SPEED AND VARIABLE- 
SPEED GOVERNORS. 


From the time that James Watt first employed the 
centrifugal governor to control the speed of his steam 
engines, this important detail of practically all prime- 
movers has attracted the attention of inventors to a 
greater extent, we should imagine, than has any other 
individual engine component. The many more or less 
successful designs produced can be divided into two 
main classes, one of which is intended to give a truly 
isochronous governor, which will maintain the engine 
speed constant irrespective of the variation of the load, 
while the object of the other class is to permit the 
speed to be varied over a considerable range, but to 
maintain a constant speed at any particular value 
within that range, in spite of alterations in the load. 
Many governors of the first-mentioned class will be 
familiar to engineers, such, for instance, as the 
Galloway parobolic governor, the Hartnell governor 
in which weights on bell-crank levers are opposed by 
a spring, the Proell governor, also of the spring-opposed 
type, and the Hartung, in which the weights were 
directly opposed by springs without the intervention 
of levers. In all the spring-controlled isochronous 
governors, the weights move in an approximately 
radial path and the centrifugal force on them, being 
proportional to the radius, is more or less exactly 
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balanced by the compression of the spring. In practice, 
however, they are found to be unstable, the weights 
flying from one extreme position to the other with 
relatively small variations in the speed, the effect being 
usually to cause the engine on which they are fitted 
to tend to hunt. 

In the governor designed by Mr. F. O. L. Chorlton, 
of Bury, Lancashire, and illustrated in Figs. 1, 2 and 3 
on this page, the difficulty above referred to appears 
to have been overcome in a satisfactory manner. This 
governor has been designed primarily for controlling 
the speed of small and medium size internal-combustion 
engines and small steam turbines running at high 
speeds, and has, therefore, been constructed through- 
out of mild steel with the wearing parts hardened. 
Fig. 1 shows the general appearance of the governor 
when stationary, and, in Fig. 2, the various com- 
ponents are shown dismantled ; Fig. 3, however, illus- 
trates its construction most clearly. From Fig. 1 it 
will be seen that the general contour of the governor 
somewhat resembles an inverted tulip placed above 
a cylindrical body. Actually the four weights forming 
the tulip-shaped portion, shown separately in Fig. 2, 
are cut from a bar turned to a suitable contour and 
when the governor is running, the surface is so nearly 
continuous that it is possible to touch the weights 
with the hand without injury. 

The weights, it will be understood, are carried by 





the body on hardened knife-edge fulcrum pins and 
seats, shown in the foreground of Fig. 2, and their 
movements, under the action of centrifugal force, are 
transferred through toes of gear-tooth form to a 
central spindle. This is guided at the top and bottom, 
and from the top the motion is taken by means of a 
non-rotating collar, working between ball thrusts, and 
suitable levers, to whatever gear it is desired to control. 
Where the central spindle passes into the body of the 
governor, a collar, with a spherical recess, is provided, 
and a correspondingly-shaped shoulder on the spindle 
fits into the recess, as will be clear from Fig. 3. The 
collar is spigoted into the top of the spring, so that 
the latter is compressed as the weights fly outwards 
moving the spindle downwards. The lower end of the 
spring, however, bears on a piston fitting in the governor 
body, which is filled with oil, and in the space below 
the piston a second spring is provided. It will thus be 
understood that while the upper spring is directly 
compressed by the spindle, the piston, forming a 
dashpot, controls the rate of compression of the lower 
spring. A small hole drilled in the stalk-like extension 
of the piston is provided for the passage of the oil from 
one side to the other. 

As the springs are designed to balance the centrifugal 
force on the weights at the correct governor speed, it 
will be obvious that, if the piston could move freely, 
the governor would have the same characteristics as 
an ordinary spring-controlled isochronous governor and 
would be liable to hunt. On the other hand, if no 
hole were provided for the passage of the oil, so that 
the piston remained stationary, all the compression 
would take place on the upper spring. The effective 
length being thus reduced, the upper spring alone 
would be much stiffer than the two in tandem, giving 
the governor great stability. A wide variation in 
speed would thus be necessary to give the full travel— 
far too wide, in fact, for satisfactory governing. 
Between these*two extremes, however, it is obviously 
possible to select a hole of such a size that sufficient 
stability to prevent hunting is secured without render- 
ing the action at all sluggish. In actual practice, we 
are informed, no slowing is discernible and the stability 
is remarkably high. For certain purposes, we under- 
stand, governors are supplied which actually control 
the engines to which they are fitted at a lower speed 
on no load than on full load. In large governors, the 
passage for the oil through the dashpot piston is made 
adjustable, but, as it is generally found unnecessary 
to alter the size after the adjustment has once been 
made, it has been thought to be an unnecessary com- 
plication to make this provision on the smaller sizes. 
We may also mention that the sliding collar for the 
connection of the external levers can be fitted below 
the governor body, if desired. 

In some industries, the second class of governor 
referred to at the outset, viz., that permitting a varia- 
tion in the running speed, is of considerable importance. 
In paper making, for instance, governors of the variable- 
speed type are particularly useful, as the thickness of 
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the paper made is largely controlled by the rate at 
which the machine is run, and, to avoid breakages, 
with consequent loss of production, it is necessary 
that the speed, when once set, should be very accur- 
ately maintained. Other applications of variable- 
speed governors are in connection with cloth printing 
and metal rolling, and for the control of winding engines, 
marine engines, certain types of air compressors, ex- 
hausters and blowing engines. The main difficulty in 
designing a variable-speed governor is that the centri- 
fugal force on the weights increases as the square of 
the speed, so that a governor of the ordinary design, 
if required to work over a speed range of 4 to 1, for 
example, would be 16 times too powerful at the maxi- 
mum speed if just sufficiently powerful at the lowest 
speed. If of the spring-controlled type, moreover, 
the springs must be designed to oppose a force 16 times 
as great at the highest speed as at the lowest, which is 
obviously a somewhat difficult matter. 

In the governor illustrated in Fig. 4, also designed 
by Mr. Chorlton, the difficulty has been overcome in a 
simple and effective manner, the arrangements being 
such that the load on the spring is constant throughout 
the whole speed range. In working, the power of the 
governor, the travel, and the no-load to full-load speed 
variation are approximately the same over the speed 
range, which may be as high as 6 to 1 if required, 
although, in the case of the governor illustrated, it is 
4 to 1, which is sufficient for most purposes. Referring 
to Fig. 4, it will be seen that the governor is mounted on 
a vertical spindle running in ball bearings fitted in the 
top and bottom of the casing, the spindle being 
extended through the bottom of the casing for driving 
in any convenient manner. The casing, it will be seen, 
is provided with a flanged base for support by the usual 
pillar or by the framework of the engine to which the 
governor is attached. On the spindle is mounted a yoke 
carrying two bell-crank governor weights supported on 
fulcrum pins with ball bearings. Toe-lever extensions, of 
gear-tooth form and having hardened faces, transmit 
the movement to a sleeve, also having hardened faces 
and sliding on the spindle below the yoke. By means 
of a non-rotating collar, located between ball thrusts, 
the motion of the sleeve is transmitted to two levers 
passing through openings in the casing, the outer end 
of the levers being connected to vertical links between 
which the controlling spring is situated. A crosshead 
fitted between the vertical links forms the abutment 
for the upper end of the spring, the lower abutment 
being formed by a projection from the side cover 
of the casing, as will be clear from Fig. 4. The 
links, as shown in the figure, are extended upwards 
above the upper end of the spring and are con- 
nected to a lever mounted on a _ crogs_ shaft, 
from which a connection is made to the trip gear, 
throttle valve or other control mechanism required to 
be operated by the governor. The movement of the 
links, it should be mentioned, is limited by stops at the 
lower end, the stops only permitting the amount of 
travel for which the governor is designed ; this move- 
ment is only a part of the total governor travel. 

Returning now to the two levers which transmit the 
vertical motion of the sliding sleeve to the external 
links, it should be explained that the fulcrum for these 
levers is movable. The levers slide in recesses formed 
in the ends of a pin, which runs in ball bearings mounted 
in a rectangular block. The latter works in an inclined 
slide, and its position can be adjtisted in the slide by 
means of the screw and hand wheel clearly shown 
in Fig. 4. It will be evident that when the block is 
moved by the screw, the effect is not only to alter the 
ratio of the lever arms but also the radial position of 
the governor weights. Actually the inclination of the 
slide is such that, when the block is at the end nearest 
the spindle, the weights are at the minimum radius, and 
vice versa. Obviously, when the weights are at the 
minimum radius and the lever ratio at the same time 
is such that the compression of the spring is a maximum 
for a given movement of the sleeve, a greater speed will 
be required to effect a movement of the governing 
mechanism than will be the case under the opposite 
conditions. It is thus possible, by altering the position 
of the sliding block, to cover a very wide range of 
speed with the same compression of the spring. As 
already stated, the speed ratio, in the case of the 
governor illustrated, is 4 to 1, and “he maximum working 
radius of the governor weights is four times the minimum 
radius. The lever ratio is 1 to 2 in one extreme position 
and 2 to 1 at the other extreme, and it is easy to see 
that, with these proportions, the pressure exerted on 
the spring is the same in all positions. To give equal 
movement of the spring it will be understood that four 
times the radial movement of the governor weights is 
required at the outer, or slow-speed, position of the 
sliding block as at the inner, or high-speed, position. 
From the fact that the movement of the weights bears 
the same ratio to their distance from the axis of rotation 
at any time, it follows that the no-load to full-load 
variation of the governor, or the governor characteristic, 
remains approximately constant over the whole speed 





range; this is obviously a very important feature of 
the governor. 

Both types of governor described above are made in 
various sizes, being manufactured by the Monovel 
Governor Company, Limited, Woodhill-road, Bury, 
Lancashire. The workmanship and finish appear, in 
all cases, to be quite up to the high standard required 
in these components. 





THE INTERPRETATION OF THE 
MACROSTRUCTURE OF CAST 
METALS.* 

By R. Genpers, M.B.E., M.Met., F.I.C. 
In all metals the primary dendritic growths which 


occur during the transition from the liquid to the solid 
state, and the crystal boundaries which differences in 


orientation produce, prc vide automatically an historical | po 


record, more or less complete, of the combined condi- 
tions present during solidification. Generally, the 
large size of the primary crystals renders it possible to 
view large areas of structure, and sections cut from 
castings, etched to reveal the macrostructure and any 
accompanying cavities, form a valuable source of 
information both to the investigator and to those 
engaged in practical foundry work. This method of 
studying effects produced by variations in casting 
methods has already been extensively used in the 
large amount of experimental work by which the present 
high standard of steel casting has been attained. 

This paper deals principally with the influence of 
factors which need to be taken into consideration to 
bring the interpretation of the macrostructure of 
non-ferrous alloys into line with that of steel. In 
sand castings the high degree of heat insulation afforded 
by the mould considerably simplifies the conditions 
under which the metal solidifies. Whilst the generali- 
sations made later apply equally to any conditions of 
casting, their importance is related mainly to castings 
in moulds of conductive material where time effects 
and temperature variations are greater than in sand- 
castings. 

The solidification of metals is of such wide im- 
portance that a large amount of literature is available 
dealing with or including some reference to the subject. 
The results of earlier work have been exhaustively 
surveyed in the first report to the Beilby Prize Com- 
mittee of the Institute, by C. H. Desch,t who has 
also dealt experimentally with some fundamental 
aspects of the solidification of metals from the liquid 
state.t 

The Macrostructure of Ferrous Alloys.—Macro- 
structure, like many other subjects, has been studied 
originally in connection with ferrous alloys, and has 
become especially important in view of the fact that 
in steel the outlines of the primary cast structure may 
persist throughout severe mechanical and thermal 
treatment, giving useful information even at a late 
stage of manufacture. The characteristics of steel 
ingots and the manner in which macrostructure is 
related to physical properties and casting conditions 
are described in the book by A. W. and H. Brearley,§ 
who carried out a large number of experiments, partly 
with steel and partly on a small scale with wax. While 
the disadvantages of the imitative method are recog- 
nised by these authors, they are able to show that a 
broad analogy between wax and steel ingots can be 
accepted. 

Some of Brearley’s conclusions from the above 
work have been criticised, and Fletcher,|| in work 
on steel ingots, has put forward a number of sug- 
gested explanations, dealing largely with the effect of 
gases. The broad principles governing the crystalli- 
sation of a steel ingot, as summarised by Brearley 
from the work of earlier investigators and his own 
experiments, are, however, believed to be generally 
accepted, and are summarised below as a basis for later 
discussion in the light of results obtained from experi- 
mental work on non-ferrous alloys. 

When a mould is filled with liquid metal, heat is 
dissipated from the metal by conduction to and through 
the mould, and temperature gradients are set up. 
Accordingly, solid crystals are first formed in contact 
with the mould and grow inwards approximately at 
right angles to its surface. As long as the interior 





*Communication from the Research Department, 
Woolwich, read before the Institute of Metals, London, 
on Wednesday, March 10, 1926. Abridged. 

+ C. H. Desch, “ First Report to the Beilby Prize 
Committee of the Institute of Metals on the Solidifica- 
tion of Metals from the Liquid State,’’ ENGINEERING, 
1914, vol. xevii, page 437. 

tC. H. Desch, ‘‘Second Report to the Beilby Prize 
Committee of the Institute of Metals on the Solidifica 
tion of Metals from the Liquid State,” ENGINEERING, 
1919, vol. eviii, page 612. 

§ A. W. and H. Brearley ‘“‘ Ingots and Ingot Moulds,” 
Longmans, Green & Co., 1918. 

|| J. E. Fletcher, ‘“ Cooling of Steel in Ingot and Other 
Forms,” ENGINEERING, 1918, vol. evi, page 342. 





of the ingot remains completely liquid the crystals first 
formed at the surface continue to grow towards the 
centre, and, because each is confined laterally by 
other similar crystals, their shape becomes columnar ; 
these are known as “chill crystals.’ Should the 
casting temperature be sufficiently low or the rate of 
solidification slow enough, isolated centres of crystal- 
lisation may be formed in the fluid interior and grow 
radially to form roughly equiaxed (“free”) crystals. 
The relative proportions of columnar and “free” 
crystals in a steel ingot give definite indications 
regarding the initial temperature of the metal and 
the rate of cooling, which latter is determined. by the 
temperature, dimensions, and properties of the mould. 

Defects in steel ingots which are intimately connected 
with the macrostructure consist of irregular-shaped 
interdendritic cavities due to shrinkage, and planes 
of weakness due to the solidification of low-melting- 
int impurities between the dendrites ; these also 
occur along diagonal junctions which are formed by 
the convergence of chill crystals growing from adjacent 
faces of the mould, and at the bottom of the ingot on 
pyramidal planes. Blowholes due to the liberation of 
gas on freezing are in general distributed throughout 
the casting; one type of blow-hole, however, found 
near the cast surface of ingots, may be considered as 
related to macrostructure, since it is produced in 
top-poured ingots by interaction of carbon in the steel 
with the oxide formed on metal splashed against the 
mould wall. It is generally recognised that the most 
desirable macrostructure is one consisting entirely of 
equiaxed (free) crystals, and accordingly, the lowest 
possible casting temperature is used, especially for 
some alloy steels, ingots of which are particularly 
liable to crack along diagonal planes during cooling. 
It is fortunate, in this connection, that the properties 
of ferrous alloys will permit slow casting, even through 
several feet of fireclay runner, with a superheat of 
less than 50 deg. C. In the casting of very large ingots, 
where the rate of cooling is comparatively slow, a high 
casting temperature is, however, permissible, and 
possibly advantageous as regards the elimination of 
suspended inclusions of non-metallic matter. 

The Macrostructure of Cast Non-Ferrous Alloys.— 
Accepting that the same mode of solidification is 
followed by all metals, it might be assumed that the 
indications to be gained from steel ingots apply directly 
to cast specimens of non-ferrous alloys. This is true, 
however, only to a limited extent, and numerous 
examples have been met with in which it has not been 
possible on these lines to reconstruct from the macro- 
structure the conditions of casting. Particularly in 
alloys consisting largely of copper, variations in the 
distribution of chill and free crystals and in crystal 
size may occur in a single specimen. An example is 
shown in the macrographs of sections of an ingot of 
70:30 brass (Fig. 1). In chill-cast ingots of small 
cross-section or of slab form, two specimens cast under 
apparently similar conditions may possess macro- 
structures of totally different types, even when the 
specimens are small, This difficulty has been noted 
also in work on copper by Hanson, Marryat and Ford,* 
who record that in high-oxygen copper a radial structure 
of chill crystals was not avoidable by the use of moulds 
having relatively low thermal conductivity, and that 
at different ends of the same test-piece the macro- 
structure was not always of the same character. 

It is a generally observed fact that copper-rich 
alloys solidify in chill moulds with great rapidity. This 
can be illustrated by inverting (‘‘ bleeding”) an 
ingot immediately after filling the mould. Only a 
small quantity of liquid is removed by the process, 
leaving a nearly complete ingot very different from 
the relatively thin shell produced by similar treatment 
of a steel ingot. The factor which is responsible for 
this speedy solidification, apart from outside influences 
which in chill-casting are only slightly variable, is 
apparently almost solely the high thermal conductivity 
of the copper alloys. It would be expected that the 
effect of high thermal conductivity would be in the 
direction of producing a strong tendency to the forma- 
tion of columnar crystals, due to the fairly constant 
temperature gradient in the liquid and to the relatively 
small convection effects, both resulting from the rapid 
rate of cooling. In many ingots of brass and other 
high-melting-point copper alloys, however, no actual 
tendency of this kind is found, the ingot section 
frequently showing a large area, sometimes nearly the 
whole, consisting of the equiaxed type (“free ’’) 
crystal. 

It is evident, therefore, from this observation and 
from the confused distribution of structure previously 
noted, that a new factor is concerned, which in metals 
of low thermal conductivity is rendered negligible 
during the relatively long period of solidification, but 
which in metals of high conductivity becomes of 





* D. Hanson, C. Marryat, and Grace W. Ford, “‘ Investi- 


gation of the Effects of Impurities on Copper. Part I,” 
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primary importance in governing the mode of crystalli- 
sation. There can be little doubt that this factor is 
the flow of metal within the mould and its effect on 
temperature variations throughout the ingot during 
solidification. Since the speed of solidification of a 
small ingot of brass is such as precludes any measure- 
ment of temperature variation, the experimental work 
described below was carried out with the aim of deter- 
mining the manner in which the ingot is built up by 
the fluid stream, and deducing from that information 
an impression of the temperature variations existing. 

Experimental Work.—Preliminary experiments made 
on 70:30 brass by casting ingots under standard 
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two alloys, similar as regards freezing-point and 
density, and of the same order of thermal conductivity, 
but possessing different colours. These requirements 
were most nearly met by a copper*zinc alloy containing 
90 per cent. copper, almost copper-red in colour, and a 
nickel silver containing 50 per cent. copper, 30 per cent. 
zine, and 20 per cent. nickel, a practically white alloy. 
The liquidus was 1,050 deg. C. in each case, and the 
solidus approximately 990 deg. C. and 950 deg. C. 
respectively. 

Casting Methods—-The mould adopted for the 
experimental casting was of cast iron, 1 in. thick, giving 
an ingot 12 in, long, 6 in. wide, and 1 in. thick, weighing 
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conditions, varying only the rate ofpouring, showed 
clearly that the influence on the macrostructure of the 
rate at which the ingot was built up from the stream 
was considerable. A very slow rate of pouring pro- 
duced a macrostructure consisting almost entirely of 
columnar crystals meeting on the central plane. 
Increase in the rate of pouring resulted in the appear- 
ance of shorter columnar crystals enclosing a central 
area of ‘‘free” crystals. Extremely rapid pouring, 
approaching instantaneous filling of the mould, pro- 
duced again a structure consisting mainly of columnar 
crystals. The path of a stream of liquid being poured 
into a mould can be illustrated by pouring successive 
amounts of coloured liquids into a mould of glass. 
Such illustrative methods are, however, unsatisfactory 
in that they take no account of the important factor of 
cooling proceeding concurrently with pouring, even 
when waxes or low-melting-point metals are used. 
Experiments on the actual type of material being 
studied are therefore in this case, as in many others, 
the only satisfactory means of obtaining reliable 
knowledge. 

The method used was the preparation of ingots from 





about 21 lb. Two crucibles were employed, containing 
the two alloys at a temperature of 1,200 deg. C. Sus- 
pended above the mould was a carborundum trough or 
tundish, 6 in. long, in one end of which was fixed a 
circular nozzle through which the metal passed into 
the mould. The two crucibles were held, one on each 
side of the trough, and the brass was poured first, the 
“nickel silver ’’ following before the last of the brass 
left the trough. In this way ingots were prepared from 
an unbroken uniform stream of metal, while the alloy 
comprising the stream could be changed at any pre- 
arranged stage by varying the amounts of metal in 
the two crucibles. Several sets of casting conditions 
were used, covering most of the methods used indus- 
trially, and for each set of conditions three ingots were 
made containing the two alloys in the proportions 
25:75, 50: 50, and 75: 25 respectively. Each ingot 
was sectioned by cutting a longitudinal central slice, 
and making transverse cuts dividing the remainder 
into eight equal parts. On polishing and etching the 
sections, three zones of colour could be distinguished, 
red, yellow, and white, the yellow zone (and possibly a 
portion of the adjacent white zone) representing regions 


in which mixing of the liquid alloys had taken place. 
Reproduction of sections photographically was not 
satisfactory, since no suitable method of etching, either 
by liquid or gas, could be found, and the illustrations 
required were too numerous for colour photography to 
be considered. The sections were accordingly drawn 
to scale, the red alloy being shown black, the mixed 
region dotted, and the. white-alloy regions left blank. 
By this method of reproduction it was possible to add 
a section through the central plane at right angles to 
the central slice, constructed from measurements on 
the central slice and the transverse sections. 

Method A.—The mould was vertical and the stream 
of metal was directed down the centre, avoiding the 
mould faces. The rate of pouring was 0-8 in. rise of 
metal in the mould per second. Solidification was 
complete within a few seconds after completion of 
pouring. The: distribution of the two alloys in the 
ingots is shown in Fig. 3. It is apparent from these 
results that the motion of the metal within the mould 
has produced a formation of the ingot and resulting 
mode of solidification markedly different from the 
conception previously held. No evidence is seen of 
the building up of the ingot by successive layers. 
Particularly striking features are that the metal poured 
in after the mould was three-quarters full penetrated 
nearly to the bottom of the ingot, and that traces of the 
metal forming the first 50 per cent. of the melt poured 
were found adjacent to the faces of the mould at the 
top of the ingot. 

Reconstructing the sequence of events in the forma- 
tion of the ingot, it would appear that the process is one 
of .continuous displacement, occurring concurrently 
with the rapid extraction of heat from the surfaces. 
The metal first entering the mould commences to 
solidify and the temperature of the liquid central 
region falls towards the freezing point. This region is 
penetrated by the incoming stream, and the metal 
formerly occupying it is displaced upwards and out- 
wards to the faces of the mould. Some mixing of the 
metal in the stream with the cooler metal in its path 
occurs, and this mixture, cooler than the stream, is 
in turn displaced in the same manner as pouring 
proceeds, forming a rapidly chilled outer layer or skin, 
which, in view of the conditions governing its forma- 
tion, would be likely to consist of exceedingly small 
crystals. This outer layer may be observed on most 
sections of top-poured brass ingots (see Fig. 1), and, 
incidentally, the crystals composing it might more 
appropriately be termed chill crystals than the columnar 
type. The general level of the liquid rising within the 
chilled layer permits the growth from the solid surface 
of columnar erystals of normal type, but the approach 
of these crystals towards the centre of the ingot is 
continually hindered by the constant penetration 
between them of hot liquid metal. At the end of the 
pouring period, therefore, there is in the middle of the 
ingot a mass of liquid metal, most of which is very near 
its freezing point, and probably contains solid crystal 
particles. The tendency is therefore for crystallisation 
to develop throughout this zone from independent 
centres, giving equiaxed crystals, and with them a 
certain amount of interdendrital unsoundness, since 
the contraction cavities have no access to liquid except 
near the top of the ingot. The confusing variations 
in structure and crystal size sometimes found in 
wide slab ingots, which are often poured with a split 
stream, are evidently due to irregularities in the 
directions of the streams and the complicated turbulence 
so set up. 

Method B.—The metals are formed under conditions 
similar to those of Method A, but with the mould 
leaning at an angle of 15 deg. to the vertical as in 
general industrial practice. While on the transverse 
sections there was no great difference from the former 
series, the longitudinal section showed that the path 
of the stream down the back surface of the mould was 
occupied by a portion of the last metal poured, and the 
displacement of liquid up the surface of the mould 
by the stream was more marked on the opposite face. 
These features explain some of the irregularities in 
macrostructure found in ingots which have been cast 
by similar methods. 

Method C.—The casting conditions were the same 
as for Method A, except that the pouring trough was 
provided with five small holes spaced along its length 
in place of the single nozzle. This method of pouring 
is widely used in America, but, so far as the author is 
aware, the claims made for its superiority over direct 
pouring are not detailed or definite. Since the division 
of the stream into a number of smaller streams must 
reduce the impetus of the liquid metal collectively, it 
would appear that there are grounds for its being 
considered beneficial in view of the information derived 
from the present experiments. The composite ingots 
showed distinctly less penetration of the liquid in the 
mould by the incoming stream. Although the type of 
ingot formation is generally similar to that produced 
by Method A, it appears justifiable to assume that the 





trend of solidification will more nearly approach the 
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best conditions, and that the ingot will be freer from 
contraction cavities. This is confirmed to some 
extent by the fact that in ingots cast with a multiple 
hole tundish the structure is generally more columnar 
than in ingots cast with a single stream. 

Method D.—In this series the ingots were bottom-cast, 
using a vertical fireclay “ trumpet” and a horizontal 
runner of the same material provided with five holes. 
The formation of the ingots, illustrated in Fig. 6, is 
similar to what might be predicted from the results of 
the former top-poured ingots, assuming the impetus of 
the stream to be somewhat reduced by friction. The 
first portion of the metal to enter the mould solidifies 
to a certain thickness on the mould faces, and the 
remainder is mixed with the incoming stream. Pene- 
tration by the stream and further mixing continues 
as pouring progresses, and the last 25 per cent. of 
metal poured forms the middle region and part of the 
top of the ingot. ; 

In a bottom-cast ingot the liquid surface rises 
smoothly without the projection of metal up the faces 
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of the mould. Under these conditions no surface layer 
of extremely fine chill crystals is formed. Steel ingots 
which have been bottom-poured show a_ parallel 
feature, namely, the absence of sub-surface blow- 
holes. 

The Effect of Freezing Range.—In the course of the 
frequent examination of specimens of cast alloys it 
has been observed that the character of the macro- 
structure is profoundly influenced by the length of 
range between liquidus and solidus possessed by the 
alloy. Ingots of 70 : 30 bras», which has a relatively 
long range of solidification, may show a proportion 
of equiaxed crystals, while a similarly cast ingot of 
60 : 40 brass, which has a very short range, consists 
entirely of crystals of columnar form. This effect has 
been noted by Hanson, Marryat, and Ford, and by 
Guillet, Galibourg and Ballay.* In a mass of alloy 
such as exists in the central region of a solidifying 
ingot poured at a considerable superheat, or comprises 
the whole of an ingot poured at a temperature very 
little above the freezing point, the temperature 





*L. Guillet, J. Galibourg, and M. Ballay, ‘ Les 
Retassures intercrystallines (microretassures),”’ Rev. Mét., 
1925, vol. xxii, page 253. 











gradient may be assumed to be small. Assuming 
diffusion to be slow relative to the rate of cooling, 
it is to be expected that adjacent to the boundary 
of the solid phase there may exist a layer of liquid 
whose concentration is low enough to maintain it in 
the liquid state, while in the immediate region beyond 
it there is a sufficient degree of undercooling to reach 
the labile range and so permit independent crystallisa- 
tion. 

Experiments were made with the object of deter- 
mining the nature of the boundary between the solid 
and liquid in a partially solidified ingot, and its 
relation to the range of freezing of the alloy. Ingots 
of 70: 30 and 60: 40 brass were bottom-cast in a 
12 in. by 6 in. by 1 in. mould, as in Method D, and, 
immediately after filling the mould, the vertical runner 
was struck off to allow the liquid portion of the ingot 
to drain away rapidly. This method is more satis- 
factory than the inversion of a top-poured ingot, 
as, in the “ bleeding” operation, the surfaces of the 
cavity formed are not affected by the flow over them 
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of the extracted liquid. The ingot of 70 : 30 brass 
possessed a macrostructure partially equiaxed, and 
showed in places the bridging of the cavity by 
projecting dendrites. The upper portion of the surface 
of the cavity was irregular, and numbers of well- 
formed octahedra projected from it. On stroking 
this surface with the finger it appeared to consist 
of a mass of sharply-pointed crystallites, of small but 
appreciable length. In the ingot of 60 : 40 brass the 
structure consisted entirely of columnar crystals, and 
no bridging of the cavity had occurred. The cavity 
surface was perfectly smooth, both visibly and to the 
touch. It would appear, therefore, that the explanation 
given above concerning the commencement of inde- 
pendent crystallisation is in agreement with experi- 
mental fact as regards the conditions present at the 
boundary of the liquid and solid phases. 

Incidentally, the ingot of 60 : 40 brass showed some 
additional interesting features. These were the 
absence of uniformity in the outline of the cavity, 
which confirms that the temperature differences 
within the ingot are as complicated as was inferred 
from the work on composite ingots, and the appearance 
in the top half of the ingot at one side of the cavity, 
of abnormally large crystals, occupying the whole 





thickness of the solid shell for considerable distances 
along the ingot length. In the discussion of the 
First Report to the Beilby Prize Committee by C. H. 
Desch, it was stated by Stead that in an ingot of 
silicon steel he had observed an outer layer of fine 
crystals enclosing inner crystals of columnar type, 
and suggested that the columnar crystals were sur- 
vivals of those of the fine crystals which were orientated 
vertically to the surface. If such were accurately 
the case it would be anticipated that the vertically 
orientated crystals would combine their lattices to 
form one single crystal. Such accurately parallel 
orientation would be likely to occur only very rarely, 
but has apparently been the cause of the abnormal 
crystals in the 60 : 40 brass ingot. No other similar 
case has been observed by the author. 

Properties Connected with Macrostructure.—In the 
case of steel it is known definitely that columnar 
crystallisation is harmful as regards the mechanical 
qualities of the ingot, and steps are usually taken, in 
manufacture, to avoid the conditions which produce it. 
A similar view concerning non-ferrous alloys is held by 
some investigators, but so far as the author is aware 
no direct evidence has been put forward. The results 
published dealing with copper appear to indicate that 
the occurrence of columnar crystals is not a source of 
weakness. Between portions of the boundaries of 
equiaxed crystals there must exist contraction cavities, 
since solidification is not directional. In steel such 
cavities weld during working, but in brass and other 
non-ferrous alloys it is doubtful whether the influence 
of ingot cavities can be eliminated once they are 
formed. Sand castings of non-ferrous alloys, which 
frequently consist mainly of equiaxed crystals, are in 
general weaker than chill castings, in which, owing to 
the directional nature of the cooling, any cavities are 
localised. It would thus seem that the columnar 
type of crystallisation need not necessarily be feared 
in all alloys. This subject is capable of wide discussion. 
Beyond the above notes, however, it is not proposed 
to go further, pending the completion of work dealing 
with the question. 








THE OPTICAL SOCIETY. 


At a meeting of the Optical Society held at the 
Imperial College of Science and Technology on Thursday, 
June 24, 1926, a paper entitled “* Joseph Fraunhofer 
and the Development of Optical Instruments,’ was 
presented by Professor M. von Rohr. In this paper 
the position of high-grade optical work at the beginning 
of the 19th century was discussed at some length in 
order to show up inits true light the worth of Fraunhofer’s 
contribution to the advancement of the optical 
industry in Germany. The chief cause of the trans- 
ference from England to Germany of supremacy in 
telescope construction at that time was shown to be 
the appreciation in the latter country of the importance 
of fundamental research to the industry. The develop- 
ments which took place in Munich and later at Bene- 
diktbeurn due to Fraunhofer’s activities were detailed, 
and some of the more important instruments produced 
under his direction were described. 

A paper on ‘“ The Light Transmitted and Reflected 
by a Pile of Plates,” by Mr. T. Smith, was also read. 
In this, the properties of a series of media or of a pile 
of plates which absorb and scatter light, and the inter- 
faces of which may also absorb and scatter as well as 
transmit and reflect light, were investigated without 
assuming that any of these factors are independent of 
the direction in which the light travels. It was shown 
that in general: (a) the ratio of the transmissive 
factors of a pile of plates in the two directions is 
independent of all reflective properties of the surfaces 
and of the order in which the plates are arranged ; (b) 
the transmissive factors in the two directions are equal 
if the individual transmissive and absorptive factors 
ar2 the same for the two beams ; (c) the ratio of the light 
transmitted without reflection to the total light trans- 
mitted are equal in both directions; (d) the reflective 
properties of the pile depend upon all the factors of the 
system, and the ratio of the two reflective factors is 
not independent of the order in which the plates 
are placed. In non-absorbing systems (e) the sum of 
the intensities of the reflected and transmitted beams 
is equal to the intensity of the incident beam, and the 
ratio of the intensity of the reflected to that of the 
transmitted beam is equal to the sum of the corre- 
sponding ratios for the component plates or surfaces 
of the pile. Such a pile evidently forms an exception 
to the rule (d) that the reflective coefficients depend 
on the order in which the plates are arranged. Formule 
for computing the transmissive and reflective factors 
for the pile were given. 

A “Note on the Immutability of Transmissive 
Factors with Reversal of Light,” by D. S. Perfect, 
stated that direct experimental evidence had been 
obtained that the transmissive factor of the surface 
separating two media was unaltered if the direction in 
which the light travels was reversed. 
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MODERN FLOUR MILLING 
MACHINERY .* 
By Lieut.-Colonel F. W. Turner. 
(Concluded from page 58.) 

Reduction Rolls.—From the purifiers the different 
classes of material, further separated into grades by 
the purifier sieves, go to the reduction rolls which are 
lettered from A downwards, according to the number 
of reductions installed. This number varies according 
to the size of the plant, from about six for quite a small 
plant to 10 or 12 for the larger ones. The roller mills 
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the top roll has the tendency to keep it quite free from 
adhering particles. 

Centrifugal Machine.—This machine has not changed 
recently, except that now it is generally fitted with 
ball-bearings. As to the relative merits of this machine 
and the plansifter, there is little doubt that the latter 
is becoming more popular year by year, and that as 
new mills are erected or old ones reconstructed and 
remodelled, most of the centrifugals will be ousted 
and plansifters will take their place for the dressing 
out of the flour as well as for the scalping of the 
breaks. The arguments are all in its favour except 
one, which, it must be admitted, is an important one. 
It will be realised that the centrifugal is, what might 
be termed, a single-purpose machine, which has only 
one feed inlet with a comparatively small amount of 
material coming to it, so that if by any chance (and 
such things will happen sometimes even in the best- 
regulated mills) a stray bolt, nut, nail, or screw gets 
into it and damages the silk cover, it is a comparatively 
easy matter to locate the seat of the trouble, throw off 
the belt, put a patch on the cover, and restart the 
machine. But the plansifter with its 4 feeds and 
24 sieves is a much more complicated matter, and in 
the case of a damaged cover the whole mill must be 
stopped in order to make the necessary repairs. The 
risk is a somewhat remote one, and whilst some millers 
think that, with the consequent saving of power and 
space, the fewer drives, the less number of elevators 
and conveyors, and the somewhat freer dressing of the 
stocks, it is worth while, others contend that these 
advantages do not make up for the loss of time and the 
upset of the continuity of the run of the mill which 
may possibly occur. 

Elevators and Conveyors.—In a flour mill the con- 
nection between one machine and another is made 
by means of wood spouts wherever it is possible. 





The elevators used are invariably of the bucket type 
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for reductions, as well as for breaks, have already been 
described, and nothing more need be said except that 
for reductions scrapers must be fitted to the rolls, 
-and these are rather important, as a defective scraper 
will completely spoil the work of that particular pair 
of rolls. An efficient type of scraper is shown in 
Fig. 22, and may be described as follows :— 

The lower scraper, supported on brackets attached 
to the sides of the mill frame, rests by its own weight 
on the bottom roll, and owing to its special shape 
allows the material as it comes from the roll to collect 
on it, and gradually fall over the top edge of the plate 
into the delivery hopper. Until it falls over it is in 
-constant contact with the revolving top roll, and as the 
material, which is mostly flour, is in continuous motion 
as well as the roll, this system has the result of keeping 
the particles of flour chafing against one another, thus 
breaking up any small flakes which may have been 
made on the rolls and delivering it in the best possible 
condition for dressing on the dressing machine. With- 
out this type of scraper it is sometimes found necessary 
to interpose a small machine called a detacher between 
the rolls and the dresser, purely for the purpose of 
breaking up the flakes, which is done by churning the 
flour by means of a revolving disc. A small scraper 
is also fitted to the top roll, but this has little to do, 
as the friction of the flour on the lower scraper against 
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fixed on bands and enclosed in dust-tight wood trunks. 
Conveyors are avoided as far as possible, and every 
effort is made so to place the machines that the material 
will fall by gravity through the spouts. 

Redler Conveyor.—When conveyors are required 
they have been almost invariably of the spiral or worm 
type, either broken bladed or continuous. Recently, 
however, a new conveyor has been introduced, and 
this has already come into very general use not only 
in flour mills but also in other factories and stores 
where conveyors are needed for all sorts of purposes. 
This conveyor was invented by Mr. Arnold Redler, 
after many years of research work and experimenting. 
It consists of a skeleton link chain running in an 
enclosed trough and travelling over sprocket discs 
at each end. Notwithstanding that the links are 
quite open, the bars, which are about 3-in. deep 
and as thin as the strength of metal will allow, being 
about 4 in. apart, it will carry a mass of material in 
bulk on the chain running along the bottom of the 
trough for any required distance. The chain travels 
at the comparatively slow speed of about 60 ft. per 
minute, and as it will carry a load equal in height to 
the width of the chain, the capacity in comparison 
with the size of the trough is large. Thus a box only 
2 in. wide inside will carry 2} tons of wheat per hour, 
or 1? tons of flour. 

The slow speed means only a small expeaciture of 
power for the load carried, and the smallness of the 
box required means a saving of space, which is often 
of great value. At the same time the fact that the 





bulk travels without any disturbance of the material 
itself is an advantage in cases where it is essential 
that there should be no abrasion of the material. An 
illustration of this conveyor is shown in Fig. 23. 

Motive Power.—The power required for driving the 
machinery in the mill itself, including all the shafting 
and accessories, if the flow is well arranged and the 
total length of roll contact, including both breaks and 
reductions, is in the neighbourhood of 100 in. per sack, 
is generally reckoned at about 10 h.p. per sack of 
flour produced per hour, a sack weighing 280 Ib., 
and for the wheat cleaning about 24 h.p. per sack of 
flour. These figures apply generally, whether the mill 
is of large or small capacity, the larger plant making 
practically no difference in the proportion of power 
required. There are many instances of mill plants 
(without wheat cleaning) taking less than 10 h.p., 
some even as low as 6 h.p., but this would not be 
reckoned as a safe calculation when estimating the 
power required. 





CATALOGUES. 


Milling Cutters.—Messrs. Haynes Stellite Company, 
30, East 42nd street, New York, U.S.A., have sent us a 
copy of a catalogue calling attention to the advantages 
of Stellite over high-speed steel for milling cutters. 
It contains much useful information based on records 
of work done in metal cutting at high speeds and feeds. 


Electrical Machinery.—The A.E.G. Company, Berlin, 
have forwarded copies of a monthly journal containing 
articles on their products and on technical questions. 
Circulars dealing with small ventilating fans, vacuum 
cleaners and small self-regulating hydro-electric gene- 
rators have also been received. They are all carefully 
prepared, well-illustrated and printed in English. 


Pyrometers.—A leaf catalogue of pyrometer protection 
tubes made by the Industrial Welded Products Company, 
of Newark, N.J., U.S.A., has been received from their 
agents, the Louis C. Eitzen Company, 280, Broadway, 
New York. The tubes are stated to be suitable for 
constant work at 2,100 deg. F., and for occasional use 
at 42,300 deg. F. Lists of sizes and prices are given. 


Concrete Moulding Press.—A press for moulding 
building blocks, bricks, tiles, &c., is illustrated in a 
catalogue received from the makers, Messrs. Ransome 
Machinery Company (1920), Limited, 50, Victoria-street, 
London, 8.W.1. It is operated by three men for filling, 
pressing, and removing the products. The pressure is 
applied through gearing fitted with a flywheel and rotated 
by hand, Specimen products and small buildings con- 
structed from them are illustrated. 


Mining Electrical Machinery—We have received a 
catalogue dealing with underground electric drives, and 
describing an automatic system of protection for coal- 
cutting machines, coal conveyors and trailing cables 
from the Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, as well as a catalogue 
of electric winding engines. In both cases the technical 
and practical aspects of the subjects are discussed in 
detail and in a manner that mining engineers will find 
helpful. 


Railway Signalling—The Westinghouse Brake and 
Saxby Signal Company, Limited, 82, York-road, King’s 
Cross, London, N.1, have sent us a pamphlet illustrating 
and describing their position-light railway signals. 
In these signals, 9 electric lamps, all of the same colour, 
are mounted on a disc, and by lighting groups of three 
lamps in vertical, horizontal or diagonal lines, four 
signal indications can be given. For shunting, four 
lamps mounted on a quadrant are employed, any two 
lamps being lighted to give four distinct indications. 


Mechanical Stokers.—A very complete review of fur- 
naces, mechanical stokers, coal and ash convering, plant, 
&c., is given in a new catalogue issued by Messrs, Edward 
Bennis and Co., Limited, 28, Victoria-street, London, 
S.W.1, and numerous successful installations are illus- 
trated. The same firm have sent us a copy of a pamphlet 
containing evaporation tables for deterniining boiler 
outputs, efficiencies, fuel consumption, &c., compiled 
by Mr. G. A. Rossetti, with an introduction explaining 
the principles of testing the results of boiler operation. 


Engineering Plant.—The Deutsche Maschinenfabrik 
A.G., of Duisburg, have sent us a copy of their cata- 
logue in the form of a bound volume of over 500 pages 
quarto. It deals with rock-drilling and excavating 
machinery for docks, bridge foundations, and similar 
work ; machines for large scale engine, and plate girder 
work; slewing, travelling, transporting and bridge 
cranes; and all the mechanical equipment for handling 
cargo in docks, Like other catalogues of its kind it 
indicates the relatively increasing importance of lifting 
and conveying machinery. 

Lathes.—The fifteenth edition of the lathe catalogue 
issued by Messrs. John Lang and Sons, Limited, John- 
stone, near Glasgow, shows a full range of various 
standard lathes, of from 64 in. to 18} in. centres. 
All these tools have been re-designed to withstand the 
heaviest cutting at high speeds, and to bring all the 
operating levers within easy reach. Vee guides have 
been entirely superseded on the beds in favour of a 
narrow square guide in front and a flat under guide at 
the back. The general principles have been adopted 
for all lathes, so that any length of bed may be ordered. 
All the components are illustrated with full descriptive 
text. Brassfinishers’ lathes, capstan lathes and special 
machines for cutting off, centring, nut facing, &c., are also 
shown, together with several gearing cutting machines. 
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PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views in the Specification Drawings is stated 

‘90h “he F ody mentioned the Specification is not 


illustrated. 
Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in italics. 
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LIFTING AND HAULING APPLIANCES. 


244,187. Head, Wrightson and Co., Limited, 
Thornaby-on-Tees, and H. Clark, Westminster, 
London. Pulley Blocks. (8 Figs.) September 15, 
1924.—The invention relates to pulley blocks of the 
type known as Moore’s blocks. ‘To each side of the 
frame 10 of the block are fixed internally toothed rings; 
11, 110, there being one more tooth on the ring 11. 
than on the ring 110. Mounted on the frame are two 
burden wheels 12, 120, connected to internally toothed 
rings 13, 130, respectively, the ring 13 having fewer 
teeth by one than the ring 130. 14 is a central shaft 
which is turned by a hand chain wheel 15, and on the. 
central shaft are eccentrics 16, 160, set at 180 degs. to 
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each other, and on the eccentrics are pinions 17, 170, 
respectively, each gearing with the internal teeth of 
the rings 11, 13 and 110, 130, respectively, propelling 
the burden wheels 12, 120 in opposite directions. The 
burden wheel 12 is so arranged that it can slide on a 
gudgeon 121 attached to the frame 10 and is provided 
with claws on each side which engage with recesses either 
in the frame 10 or in the revolving wheel 13, so that the 
speed and power used can be varied. The burden 
ein 18 is crossed over the burden wheel 12, 120, and 
snatch blocks 19, 20 are placed in its loops. The hand 
chain wheel 15 is operated by a chain 21, and on each 
side of the block is a safety locking device. (Accepted 
December 23, 1925.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


245,291. D. Tood, Greenhead, Glasgow, and 
R. and J. Dick, Limited, Greenhead, Glasgow. 
Driving Belts. (4 Figs.) January 29, 1925.—The 
invention has reference to driving belts. According to 
the invention, a belt consisting essentially of a band a 
formed of canvas impregnated with gutta-percha, balata 
or the like, and folded to form a number of layers in 
combination with a series of blocks 6 secured on the 
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inner face thereof and likewise formed of or covered with 
canvas impregnated with gutta-percha, balata or the 
like, is provided with a flexible metal band f, preferably 
of steel secured to or incorporated in the belt so as to 
extend longitudinally thereof. The band f is incorpo- 
rated between the layers of canvas a forming the band 
to which the blocks 6 are securad.| (Accepted January 13, 
1926.) 


MINING, METALLURGY AND METAL- 
WORKING. 


244,505. S. R. Hlingworth, Radyr, and The 
Illingworth Carbonization Company, Limited, 
Manchester. Drying or Pre-heating Coal. (18 Figs.) 
September 9, 1924.—The invention relates to apparatus 
for drying or pre-heating coal. According to the inven- 
tion, the apparatus consists of a retort setting 1 of re- 
fractory material and flue tubes 4 of refractory material, 
each tube forming a unit so that it can be easily mani- 
pulated, that is to say that a damaged tube can be easily 
removed and replaced. Within the retort setting are 
metal retorts 5 either built wp of plates which may be 
of H section or of tubes. The metal retorts preferably 


have a taper from the bottom to the top. Vents are 
provided for the escape of steam or gases from the coal. 
The steam and gases passing out through the vents pass 


Fig. Fig.2/ 


fr 



























































di 

fr Fee 2 

0; iis) - WY 
4 al Yar qy 
ior at ret : 
soe el QA 
baat be j 44it} 
tof ; ; 

- ; | rT 
my A | ¥7 ss YY 
He : i aZ 








wow 
XA 


X 
\ 














(244 505)" 








into the retort setting and from thence to a chamber 11 
at the top of the retort setting, having an off-take to which 
suction can be applied. (Sealed.) 


244,185. J.L. Holman, Camborne, and A. T. 
Holman, Camborne. Rock Drills. (3 Figs.) Sep- 
tember 15, 1924.--The invention relates to rock drills. 
According to the invention, the machine cylinder 10 of 
the rock drill is so arranged‘ within an outer sleeve 26 
that the machine cylinder 10 constitutes a double- 
acting plunger within the sleeve. Means are provided 
in orin connection with the sleeve 20 to admit and exhaust 
driving fluid to the space 31 between the cylinder and 
sleeve. By regulating the admission and exhaust of 
the driving fluid the machine cylinder 10 can be moved 























in either longitudinal direction within the sleeve 20 
to move the machine up to or away from the work 
upon which it is to operate. The machine cylinder and 
sleeve are provided with annular ribs 21, 23, respectively, 
projecting from both the parts so that the ribs on each 
part engage with the opposed surface of the other part 
anddivide the annularchamber 31 into two compartments 
or two series of compartments. The driving fluid is 
admitted at will to either one of the compartments or 
series of compartments, and also at the same time 
driving fluid is released from the other compartment or 
those of the other series. (Sealed.) 


244,280. J. H. Lloyd, Edgbaston, Birminghain, 
Cc. M. Walter, Four Oaks, Birmingham, and J. 
Palser, Highgate, Birmingham. Muffles or Fur- 
naces. (1 Figs.) January 3, 1925.—The invention 
relates to muffles or furnaces for the heat treatment of 
metals. The invention comprises a furnace or muffle 
in which a horizontal or inclined heated chamber a 
has at one end an extension k of curved or elbow form ter- 
minating in a depending lip which dips below the surface 
level of the liquid in a quenching bath m. A sliding 
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and rotating tray arranged within the extension receives 
the articles to be treated, the tray being adapted to be 
advanced into the heated chamber a and subsequently 
withdrawn and inverted to scatter the articles thereon 
into the liquid in the quenching bath m. An inert gas, 
or if desired, a gaseous carburising medium, is fed into 
the extension at r and s and filling the furnace or muffle 
escapes at ¢t adjacent to a charging door g through which 
the articles to be treated are introduced. (Sealed.) 


MOTOR ROAD VEHICLES. 


244,805. H. Salter, Chelsea, London. Leaf- 
Springs. (4 Figs.) June 25, 1924. The invention 
has for its main object to provide an improved form of 





anti-friction bearing between the leaves of the leaf 





springs so that wear of the leaves is reduced and a spring 
of increased flexibility and smoothness of action is pro- 
duced. According to the invention, there is provided 
a leaf-spring having a number of rollers 7 interposed 
between the leaves with their axes transverse to the direc- 
tion of the sliding movement of the leaves, which is charac- 
terised in that alternate rollers 7 are provided with end 
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flanges 12 which overhang the edges of the leaves and 
also overhang the ends of an intermediate roller or rollers 
whereby the rollers are maintained in position against 
lateral displacement. In this manner all the rollers are 
freely disposed and are held in their operative position 
between the leaves without the aid of cages or bearings or 
slots in the leaves. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


244,930. T. Clarkson, Westminster, London. 
Steam Generators. (4 Figs.) January 16, 1925.- 
The invention relates to steam generators of the kind 
comprising an annular water chamber A from which 
closed-ended water tubes or thimbles B radiate inwards 
into a heating space through which hot gases flow from 
an inlet passage, liquid-fuel burner or other source of 
heat at one end of the generator to an outlet at the 
other end thereof. According to the invention, a 
central outlet A4 is provided tor the hot gases at the 

















UL sadist daca tt 
(24.33) 


upper end of the steam generator and a substantially 
cylindrical baffle or plug E3 is arranged centrally in the 
heating space with its wall adjacent to the ends of the 
thimbles B so as to cause substantially all the hot 
gases to flow over and between the thimbles. The 
baffle or plug E3 may be formed either partially or 
wholly of refractory material or may be formed entirely 
of metal. Further, the baffle may be either rigidly or 
loosely supported solely by a rod F extending from”a 
bridge-piece F1 at the top of the generator. (Sealed). 


245,431. W. J. W. Bruce, Wallasey. Relief 
Valves. (8 Figs.) September 3, 1924.—The invention 
has reference to apparatus for effecting a silent action 
in blow-off or relief of steam from steam generators, and 
it relates more particularly to that type in which the 
blow off is discharged into the sea below water level. 
In apparatus according to the invention, between the 
automatic blow off valve 4 and the point of discharge 8 

















under water, an ejector condenser 6 is employed, to 
which water from the sea is supplied through a supply 
branch 7 at a point oa the steam generator side of the 
aforesaid discharge so that the steam passing from the 
blow off valve 4 through the ejector 6 with the 
water, is condensed more or less, and the combined 
fluids are ejected into the sea through a. discharge valve 
without noise. (Sealed.) 
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STRESS AND STRENGTH. 


Tue general trend of the numerous experiments 
on fatigue which have been made during the past 
few years has been to discredit entirely the elastic 
limit as a basis for fixing factors of safety, or for 
specifying working stresses. So far as our ordinary 
structural materials are concerned, the evidence 
appears quite conclusive that the endurance under 
pulsating or alternating stresses is much more 
closely correlated to the ultimate strength than 
it is to the elastic limit. Of course, this has long 
been recognised as true so far as static stresses are 
concerned. The experiments of Mr. J. S. Wilson 
and Professor Haigh on the endurance of a per- 
forated steel plate showed that the same rule held 
good in the case of pulsating stresses, and since 
then other experiments have proved that even under 
alternating stresses the endurance of mild steel is 
much more nearly proportional to its ultimate 
strength than to the elastic limit of the material. 
One interesting series of tests which establish this 
fact very conclusively is described in a pamphlet 
entitled “‘An Investigation of the Fatigue of 
Metals due to Locally Concentrated Stresses,” 
published by the Svenska Bokhandelcentralen A.B., 
Stockholm. The author is Mr. Ragnar Liljeblad, 
who made his experiments with a series of flat 
plates which were subjected to an alternating 
bending test. The plates measured 92 mm. by 
10 mm. in cross section. <A single hole ranging in 
size from 1 mm. to 25 mm. in diameter was drilled 
through 21 of the specimens and five more were 
left unpierced and tested as they were, in order to 
provide a standard of reference. The fatigue limit 
was taken to be the stress of which the specimen 
could endure 10 million repetitions without failure. 

The following results were recorded :-— 








Fatigue Limit. 





Maximum stress 
as calculated 
from the theory 
of elasticity. 


Specimen. Stress as 


averaged over 
whole section. 





Ib. per Sq. in. | Ib. per sq. in. 
31,000 31,000 


‘Unpierced bars .. 





Bars with 25mm. hole .. 24,240 54,900 
. 10mm. ,, 21,080 60,130 
7 at Wm 21,470 63,710 








In an accompanying series of static tests the 
pierced bars had an ultimate strength (reckoned on 
the net section) of 59,430 lb. per square inch, whilst 
the corresponding figure for the unpierced bars 
was 55,730 Ib. per square inch. As the figures 
show, the safe stress as calculated on the hypo- 
thesis that the strength is fixed by the elastic 
limit of the material is not merely far above this 
elastic limit but is in certain cases even greater 
than the ultimate strength of the material as 
determined in the static tests. The average stress 
over the net section is much more nearly constant, 
and it is evident that a factor of safety fixed on the 
ultimate strength would give results far less in 
error than one based on the elastic limit. Actual 
experience is wholly in agreement with this, but some 
engineers unfortunately resemble that popular 
school of politician which prefers to rely on a logical 
deduction from a plausible theory than to under- 
take the study of recorded facts. It is therefore 
probable that many of those who have hitherto 
accepted the view that the elastic limit is all- 
important will still adhere to this opinion. It is, 
of course, quite possible that with other metals 
than mild steel different results would be obtained. 
So far as ordinary structural materials are con- 
cerned, however, the evidence seems conclusive, and 
show how truly scientific has been the procedure of 
Lloyd’s and the British Engineering Standards 
Association in omitting all reference to the elastic 
limit in their specifications for ordinary ship steel. 

In another series of experiments Mr. Liljeblad 
notched his plates. In this case the calculated 


limiting fatigue stress came out at no less than 
176,300 Ib. per square inch, whilst the value, as 
averaged over the whole section, was 10,800 lb. per 
square inch. He points out in his paper that this 
result shows that though a sharp fillet is a source 
of danger this is not nearly so great as theory 
would indicate. This result is the more curious 








since Professor Coker’s photo-elastic experiments 
indicate that up to stresses nearly approaching the 
yield point the stress distribution in static tests is 
in satisfactory agreement with theory. Experi- 
ments made by Messrs. Moore and Jasper in 
America, however, are in accord with Mr. Liljeblad’s 
results. These observers showed that the endur- 
ance of a specimen might be increased by as much as 
20 per cent. by subjecting it to 100 million cycles 
of stress just below its normal endurance limit. 
We believe similar results have also been recorded 
at the N.P.L. Such observations are difficult to 
explain. Mr. Liljeblad suggests that there must be 
some kind of plastic strain below the fatigue limit 
which allows the molecules of the metal to readjust 
themselves so as to reduce the effective elastic 
modulus in the regions where the strain is greatest. 
This would lead to a transfer of load to the less 
highly stressed material. 





TEMPERATURE STRESSES IN 
BRAKE WHEELS. 
By A. J. Surron Preparp, D.Sc. 


An accepted method of measuring the power of a 
prime mover is to use a brake of the rope, belt or 
Prony type on the rim of the fly wheel or of a special 
brake wheel, thus converting the energy into heat. 
In this note the temperature stress effect in the case 
of a brake applied direct to the rim of a flywheel 
having straight spokes is discussed. In some cases 
the flywheel rim itself is water-cooled, but even when 
this precaution is taken the rim experiences a rise 
of temperature: when no cooling arrangements 
are provided, the rise may be considerable even in a 
comparatively short run. 

The heat developed at the rim is transmitted very 
slowly to the spokes of the wheel which are moreover 
kept cool by their motion through the air, so that 
during such a test the rim may be at a considerably 
higher temperature than the remainder of the 
wheel. This unequal heating effect causes the 
rim to expand proportionately more than the spokes, 
with the result that the latter are subjected to tensile 
loads and the rim to bending moments and direct 
compressive loads. 

The writer has recently had occasion to analyse the 
stresses induced by this cause, and as the results 
were unexpectedly large it was thought that the 
method of calculation might be worth putting on 
record for those engineers who are responsible for 
such tests, particularly as such wheels are generally 
made of cast iron. 


Let N be the number of spokes in a brake wheel, 
26 the angle between adjacent spokes, 
R the radius of the rim measured to the 
centroid of section, 
R, the radius to the inside of the rim, 
1 the length of spoke between hub and rim, 
I the moment of inertia of the cross section 
of the rim, 
the area of the cross section of the rim, 
the area of the cross section of one spoke, 
the modulus of elasticity of the material, 
the coefficient of expansion of the material. 


In the first place suppose that the spokes and the rim 
are not connected to each other and that heat is 
applied to the rim. It will expand, and there will be 
a gap B between it and the end of each spoke. If 
equal and opposite forces are now applied to 
the rim and the spokes, acting along the direction 
of each spoke, such forces being just sufficient to 
bring the spoke and rim into contact, the stresses 
in the wheel will be the same as if the rim and spokes 
were initially connected and the rim heated. 

The problem therefore reduces to that of a redun- 
dant framework in which certain members are 
initially too short to fit into their proper places 
without strain: when such members are forced into 
position the frame is in a self-strained condition. 
The second theorem of Castigliano in its most general 
form allows us to estimate the forces necessary to 
bring these members into correct position. This 
theorem states that 

aU op 
oT 
where U = strain energy of the structure under any 
load system, 
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8 = initial lack of fit of a member. 
T = load in that member. 


if 8 = 0 this reduces to the well-known principle of 
least work. 

If the only forces acting on the frame are the 
self straining forces, then U is the strain energy due 
to these, and T is the load required to make the 


member fit into the frame. 
In the particular case under discussion therefore, 
if the strain energy of one segment of the rim and 
one spoke be differentiated with respect to the load in 
that spoke and the resulting expression be equated 
to g, the gap which would be formed if the rim and 
spokes were separate, the value of T is found in 
terms of 3. The writer has already shown in an 
earlier paper* that the expression obtained by 
this operation is 

dU _T . R35, R 

iT "E [ ae 6 i cot @) (A + i) 

R ! 

-tz]-6 a) 

If, then, the magnitude of the gap can be calcu- 
lated, we can substitute it in the above expression 
and evaluate the arm tension. 

We will suppose that the rim experiences a rise 
of temperature ¢ and that the arms remain at their 
initial temperature. 

The original length of the inner circumference of 
the rim = 27 R,. 

The final circumference of the rim (inner) = 
2m R, (1 + at). 

The final radius of the rim (inner) = R, (1 + af). 

The increase in the inner rim radius is therefore 
R, at and since the temperature of the spokes is 
assumed to be unchanged, this is the amount by 
which the rim and spoke would separate. 

Hence 


8 = Ri, at. 
And from (1) 
ee ER, at 


« @) 
R> , 

6 cosec2 6 té@ +. 

(@ cosec? @ + co (a 
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The assumption that the rim is heated but that 
the spokes remain at their initial temperature is 
extreme, but a rough experiment showed that 
it was a fairly reasonable one to make in calcu- 
lations. If it is assumed that there is a linear 
rise in temperature along the spokes from zero at 
the hub to ¢ at the rim, equation (2) is modified by 


the substitution of (R,— : for R,;. This case is, 


however, too favourable, and actual conditions 
are much better represented by the first assumption. 

Having found the magnitude of T, the resultant 
actions at various points of the wheel can be calcu- 
lated from the formulas given below, which are 
developed in the paper previously cited. 

Tension in spoke due to temperature rise in 
rim = T. 

Compression in rim at arm section = } T cot. . 

Compression in rim at mid section = 4 T cosec @. 

Bending moment at arm section of rim = } TR 
(cot 6— my) 

We) 
Bending moment at mid section of rim = } TR 
A 

(cosec 6 — v7): 
where A’ = A + w 
Since for most wheels R is large A’ = A very nearly. 

The stresses found from the above resultant 
actions must be added to those caused by the rota- 
tion of the wheel as set out in the paper previously 
quoted. 

As an example consider the case of a wheel with 
the following characteristics :— 


for symmetrical rim sections. 


R = 19 in. 
R, = 17-5 in. 
I = 12 in. units. 
A = 15 in? 
a = 6 square inches 
26 = 60 deg. 
l= 15-0in 
t = 50 deg. C. 
a = 10-2 x 10-§ per deg. C. 


108 Ib. per square inch. 
Substitution in equation (2) gives a value of T = 





* “*Stresses in a Uniformly Rotating Flywheel,” 
Proc. Inst. Mech. Eng., January, 1924. 
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12-15 tons or a tensile stress in the spoke of 2 tons 
per square inch. 

The rise in temperature taken in this example is 
not very large, and considerably higher ones might 
be reached with correspondingly higher stress. 
The proportions of the wheel also affect the results 
obtained and the stresses in some cases will be found 
to be very high. In view of these big stresses the 
degree of risk in flywheel brake testing appears to 
be by no means negligible, and it would be a matter 
of great interest to learn if any actual failures of 
such wheels have occurred during test. The writer 
has had personal experience of one failure of this 
type when a very small high speed wheel cracked 
through the rim while a brake test was in progress. 








THE HETCH-HETCHY WATER SUPPLY 
OF THE CITY OF SAN FRANCISCO. 
(Continued from page 67.) 

TsE largest single work of the Hetch-Hetchy 
scheme for providing San Francisco with water 
from the Sierra Nevada, is the reservoir formed by 
what is now officially known as the O’Shaughnessy 
dam. We illustrate this important work in Figs. 14 
to 51, on this page and pages 95 to 97, and on 
Plates IX to XI. As already explained (see 
page 64 ante) this reservoir will ultimately provide 
storage for 113,000 million gallons. As a first stage, 
the work has been carried far enough to impound 
67,000 million gallons. At the site selected for the 
dam, a view which is given in Fig. 14, the Hetch- 
Hetchy valley, through which the Tuolumne River 
flows, narrows down to a gorge, making possible a 
large storage capacity with a high but relatively short 
dam. The granite rock through which the gorge is 
cut furnished excellent foundation, though pot holes 
of considerable size and some fissures had to be dealt 

with. 
The dam is of the gravity arch type. With the 
stream bed at the site at El. 3,500, the first stage now 


lower part, changing to 1 on 0-544 for the top 
part. For the raised dam, the top part of the down 
stream face will be struck to a radius of 69 ft., the 
curve running out into the vertical on the one hand, 
and into a tangential slope of 1 on0-45 below. From 
this slope the face will be gradually flattened out 
until a slope of 1 on 0-8 is attained for the lower 


cross sectional dimension of 8 ft. becomes a normal 
figure of 4 ft. The down stream syphon limb 
consists of a 1 on 0-68 slope, followed by a shoulder 
after which comes a slope of 1 on 0-24. The lower 


Figs. 20 and the views Figs. 25 to 28, Plate X, which 





show the reservoir full, and the spillway in operation. 
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completed provides a crest level at El. 3,726, the 
normal water level in the reservoir being at El. 3,720. 
At the present height the length of the dam crest is 
605 ft. Future extension will carry the water 
level to El. 3,800, and the crest level to El. 3,812, 
when the length of the crest will be about 900 ft. 
The present crest has a width of 15 ft., and the 
greatest width of the foundations, about 100 ft. below 
the stream bed level, is 298 ft. This is the full width 
which will be required for the completed dam. The 
present structure is much smaller, from stream bed 


level upwards, as will be seen from the section given | 


in Fig. 17, Plate IX. A plan of the present struc- 
ture is given in Fig. 15. 

The arch is struck to a radius of 700 ft. This 
is the curve of the upstream crest face. The up- 


stream face of the dam is battered to 1 on 20. 
The down stream face of the present structure 
is stepped to facilitate bonding when the extra 
height and thickness are added. 
stepped face 


The present 


is sloped, from 1 on 0-7 for the 
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portion of the structure. The body of the dam is 
built of cyclopean concrete. The total height from 
the foundation proper to the present crest is 306 ft. 
or 326 from bottom of the cut-off trench to crest. 
These heights will be increased in the finished dam 
to 395 ft. and 415 ft. respectively. 

The spillway of the present dam is of the syphon 
type, and is illustrated in the plan Fig. 44, page 95, 
and in Figs. 20 and 21, Plate IX. It consists 
of eighteen syphons arranged in three groups, 
which come into action at three different levels, 
as the water rises. The syphon mouths are 
rectangular and 8 ft. high. They vary in width 
according to position. One group of four has 
clear openings 10 ft. 11} in. wide with the lower 
lip at El. 3,703-5. A central group of seven open- 
ings with the lower lip at El. 3,703-75 has five 
mouths 10 ft. wide and two 9 ft. 2in. The third group 
with lip at El. 3,704, has also five openings 10 ft. wide 











and two 9ft.2in. The syphon openings are rapidly 
reduced from the mouth inwards so that the vertical 
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The whole of the cover wall of the syphon is 
strengthened by reinforcement, which for the most 
part consists of }-in. and l-in. rods at 12-in. 
centres. The spacing is reduced to 6 in. at 
the mouth. Ties project past the syphon passages 
to near the surface of the present deck, as shown in 
Fig. 21. For each syphon there are two airvents, 
each 2 ft. wide by 1 ft. high, carried through 
the up stream face on the syphon level. As soon 
as these are sealed by rising water level, the air 
remaining in the syphon becomes automatically 
evacuated, and the syphon starts operating. The 
spilluay capacity is sufficient for a flow of 15,000 
cusecs. Both the syphon mouths, and the air 
vent openings are protected by grids of 2} by 
bars spaced 4 in. er. to er. The syphons will be 
filled with concrete when the height of the dam is 
increased. 

At the part of the dam in which the discharge 
valves are placed, the work has been carried out to 
the full section. This will be clear from the small 
plans, Figs. 15 and 44, and is also evident from the 
views reproduced in Figs. 25 to 28. We revert to 
the valve arrangements below. The dam was built 
with a number of contraction joints. The location 


mouth terminates on the stepped face, as shown in . 
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THE O'SHAUGHNESSY DAM AND HETCH-HETCHY RESERVOIR; 
CALIFORNIA. 


(For Description, see Page 94.) 
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of these is shown in Fig. 44. These joints were 
arranged with a number of interlocking keys 12 in. 
deep and 15 ft. wide, extending from stream level 
vertically almost to the surface of the concrete. 
Each joint had, moreover, a cut-off key 2 ft. deep 
and 2 ft. 5 in. wide, set back about 15 ft. 6 in. from 
the up-stream face. A detail of this key is shown in 
plan in Fig. 18, Plate IX. Across the down-stream 
face, normal to the dam radius, is placed a yy in. by 


Fig. 44. |g measur tele ars 
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Fig. 45. Two oF THE 


15 in. continuous vertical copper strip. To provide 
similar protection when the dam is raised a con- 
tinuous strip ys in. by 24 in. is let partly into the 
concrete in a trench below the present crest, as 
shown in Fig. 19. This strip is folded in a box 
covered with concrete blocks. On the height being 
increased, the blocks will be removed and the copper 
strip straightened out and embedded in the added 
concrete. 

A very complete system of drains and inspection 
galleries was carried out. These are indicated in 
Fig. 16. From this it will be observed that there is 
a main gallery 5 ft, by 7 ft. under the crest, with a 
second at El. 3,500. The two are connected by 





Location of Contraction Joints in Dam: 








sloping galleries on each side, one being zig-zagged. 
The sloping galleries are provided with steps. 
There are besides five inspection wells at the vertical 
construction joints. These wells are 3 ft. 6 in. 
square inside. Below the lower gallery these are 
continued as wells 3 ft. square. A large number of 
vertical drains are carried at intervals through the 
structure, leading into the lower inspection gallery. 
From this a reduced number are carried on to the 
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sub-drain laid in the cut-off trench. All these 
vertical drains are 15 in. square with walls of 
porous concrete blocks, which are also used in the 
drain laid in the cut-off trench. The cut-off trench 
was about 20 ft. wide and ranged from 20 ft. deep in 
the centre of the dam to 10 ft. or less at the upper 
parts at the sides. 

In the centre of the dam a temporary 18 ft. by 
20 ft. tunnel was left in the concrete, with floor level 
at El. 3,500. The purpose of this is explained below. 
In the same position a permanent drainage tunnel, 
5 ft. by 7 ft., was constructed leading from the 
bottom inspection gallery horizontally through the 


|'dam towards the down-stream face, where it was 


plugged by a 5-ft. bulkhead of concrete through which 
passes a connection to drainage pumping plant. 

Fig. 15 shows the position of the outlet valves 
and pipes. Of these there are twelve inall. Six are 
5-ft. pipes and valves, and six are 36-in. pipes and 
valves. The 5-ft. valves are intended for the 
control of the flow of water to the Turlock and 
Modesto irrigation district, to whose prior claim on 
water of the Tuolumne River reference was made in 
our last article. The 36-in. valves are intended for 
regulating the supply to the city. All these valves 
are of the Larner-Johnson type, constructed by the 
William Cramp and Sons Ship and Engine Building 
Company, of Philadelphia. 

In front of each of these valves is a rectangular 
sluice valve, and in front of each of these again is a 
steel shutter for isolating purposes so that inspection 
and repairs can be carried out when necessary. The 
large Larner-Johnson valves are placed in pairs at 
elevations of 3,575, 3,625 and 3,675. The smaller 
valves are arranged in sets of three at elevations 
3,508 and 3,625. Their positions are shown in Fig. 16. 
The section Fig. 47 is taken through the larger 
valves. The plan Fig. 46 shows the arrangement 
at elevation 3,625, at which there are five valves, 
three small and two large. The arrangement of 
both the 5 ft. and the 3 ft. valves at ‘the other 
levels is similar. 

The 5 ft. valves are placed 23 ft. apart and about 41 
ft. 10 in. from the upstream face of the structure at 
this part which stands out to that extent from the 
axis of the dam. The valves are fed from supply 
wells to which the flow is through curved passages, 
the mouths of which are in a vertical wall at right 
angles to the arch face. There are three pairs 
of supply pipes, arranged in each case below a 
pair of valves. On the level of the valves and 
between these supply wells and the structure face, 
is in each instance an operating chamber, as shown 
| in Figs. 46and 47. Access to these is possible through 
|a well fitted with ladders. In each supply pipe 
is arranged, 12 ft. 3 in. from the supply pipe mouth 
face, a 47 in. by 90 in. hydraulically operated sluice 
gate, the operating cylinder and control gear of 
which are placed in a chamber common to a pair of 
valves. As already stated further protection is 
provided by means of steel shutters which can be 
let down in slots 2 ft. 3 in. behind the mouth. These 
| are worked from the deck level. The supply pipe 
| mouths are protected by a semi-circular, reinforced 
| concrete screen rack tower shown in plan in Fig. 46, 
| and well seen in the view, Fig. 45. These screen 
{racks are dealt with again below. 

The two sets of smaller valves are similarly pro- 
| vided, but have separate screen rack towers. The 
| difference in level of these valves is 117 ft., and 
| while the upper set are supplied through openings 
|in the face of the dam, the lower set are situated 

{in a low level tunnel in the rock below the dam. 
This tunnel ends up stream at a point some 
| distance from the dam structure and consequently 
the screen rack tower is in this case independent of 
| the dam itself. The et my _ the 3 ft. valves 
| is shown in elevation in Fig. 22, Plate IX, the 
| upper set being shown in plan in Fig. 46, and the 
| lower in plan in Figs. 23 and 24, Plate IX. All 
| these valves are of the free-discharge type. They 
|are supplied by 3 ft. 6 in. pipes, which are pro- 
| vided with 33 in. by 42 in. sluice gates towards 
| the upstream face and can also be closed for repairs 
| &c., by steel shutters working in slots, as in the 
case of the larger valves. The high level valves are 
set in the concrete of the body of the dam, on 
the down stream face. These valves are operated 
from a valve house built over them. The sluice 
gates are worked from a chamber built in the dam 
itself. The low level valves are set in a concrete 
plug filling the tunnel already referred to, and are 
placed so as to project into the downstream portion 
of the tunnel. They, and the sluice gates are 
worked from two chambers placed over the pipes as 
indicated in Figs. 22 and 24. 

The three screen rack towers are substantially of 
similar design, except for the fact that that for the 
large valves and one of those for the smaller valves 
are vertical, the other being slightly battered. De- 
tails of the towers for the smaller valves are given 
in Figs. 29 to 43, Plate XI. The upper tower, Figs. 38 
and 39, is semi-circular. and consists of a series of 
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five columns, 1 ft. 6} in. by 2 ft. 6 in., connected by 
circular ribs, 2 ft. 6in. wide and 1 ft. 8 in. deep, 
spaced 5 ft.2 in. apart. This tower is 57 ft. 11 in. high, 
and it contains 48 rectangular openings, in which are 
placed the rack screens. The top is submerged, and 
is also arranged with rectangular racks carried on 
three beams, and by the extra deep circular rib 
shown at the top in Fig. 38. The arrangement is 
similar for the tower for the large valves, but the 
height of this is 112 ft. 7 in., and it accommodates 
96 screen panels. The low-level tower, which is 
illustrated in detail in Figs. 29 to 34, is 88 ft. 5 in. 
high, and, while for the lower part it is semicircular 
and built up against the rock face, for the upper 
portion it is circular, and stands away from the 
rock from which it is supported by three ribs. 
These ribs are 16 in. thick, and run out into a heavy 
concrete wall let into the rock and standing some 
6 ft. above its surface, as shown in Figs. 30 and 
31. This tower has about 90 rack panels. In 
addition to the standard columns, which in this 
tower are | ft. 3 in. by 2 ft. 6 in. section, on a 
diameter at right angles to the rock face the 




















head past the stem and into the body of the 
plunger. This water escapes from the interior, 
past the pilot valve and down the hollow stem. 
If the pilot-valve is closed or throttled by advancing 
it by means of the screw gear, pressure builds up 
inside the plunger, and this consequently moves 
forward, and throttles the discharge. If the main 
plunger is on its seat, and the pilot valve is with- 
drawn from its seat, the pressure falls inside the 
plunger. The excess then acting on the annular 
surface outside, moves the plunger off its seat. 
The travel of the plunger is 2 ft. 5 in., and the 
relative travel of plunger and pilot valve 2% in. 
The reduction gear is arranged in the operating 
chamber, so that the pinion can be withdrawn from 
the main spur. The object of this is so that the 
valve may be operated direct when the well is 
empty by means of a handwheel rim bolted to the 
main spur. As already explained, these valves are 
arranged not far from the upstream face, and each 
discharges into a 5-ft. conduit. At the outlet of 
the valve casing there is a perforated ring, through 
which air is supplied from an air inlet gallery, 





two stops. These are fitted with balance weights 
and an operating lever and rod. Normally, the 
stops project from the back shutter face, but can 
be drawn in by pulling on the operating rod from 
above. The shutters for the smaller valves are 
4 ft. by 5ft. 44 in. overall. These again have facing 
plate of § in., but are backed with side channels and 
joists 8 in. deep only. One stop is furnished, 
designed of lines similar to those of the larger shutters. 

The contract for the construction of the O’Shaugh- 
nessy dam was placed in August, 1919, and the 
undertaking was completed in May, 1923, occupying 
rather more than the actual contract time. {The 
first work was the driving of a diversion tunnel to 
take the flow of the Tuolumne River round the 
site. This tunnel was 23 ft. by 25 ft. in cross section, 
and about 900 ft. long. It was intended to have 
a capacity sufficient to take the worst flood flow 
likely to occur, estimated at 12,000 cusecs, 
and proved able to meet ail requirements. The 
next work consisted of the construction of a 
diversion dam extending diagonally across the 
gorge a distance of 100 ft. to 300 ft. above the 


Fig. 47. VERTICAL SECTION THROUGH SUPPLY WELL 
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columns are made twice this width, viz., 5 ft. (Fig. ; shown in Figs. 46 and ™ g — 
34), and are connected at the top by an extra deep|47. This provision is ae 6 bate Valves 
central beam, details of which are given in Figs. 32|made to prevent the | rr 
and 33. Fig. 3] is a plan of the top of this tower. | formation ofa vacuum ~ j 
All parts of these towers are heavily reinforced] at the contraction of a 
with square, deformed bars, the details of the|the jet, to minimise eaeeeo 
steelwork being shown in the drawings Details| disturbance and ero- aa 2 o 50P. Pe 
of the rack panels are given in Figs. 40 to 43.| sion, &c. a 
These were precast, and measure 6 ft. 0$ in. by| The 36-in. valves 


5 ft. 7in. The ribs are 44 in. wide, and spaced 
about 3,5 in. apart. They are reinforced by 
three }-in. square rods, with }-in. stirrups at 8-in. 
centres. These screens were placed in position 
as the towers were built. On the upper side of 
each circular rib a groove was formed, and in this 
the bottom edge of the screen panel was set. When 
correctly placed, the forms for the next circular 
rib above were built, and the concrete poured so 
as to embed the top edge of the screen panel in the 
rib. The bottom of the panel was then grouted 
into the lower rib. The actual spaces to be filled 
measuring about 6 ft. 74 in., when the screen panels 
were set a 3}-in. space was left on each side between 
them and the columns. 

Details of the 5-ft. balanced Larner Johnson valves 
are given in Figs. 48 and 49, page 97. The valve 
itself is shown to the right in Fig. 48 while to the 
left, and in Fig. 49 is shown the operating gear in 
a chamber separated from the well by a concrete 
bulkhead 6 ft. 1} in. thick. The valve consists of 
a plunger, working in a casing. The body of the 
plunger is a good deal larger than the valve seat, and 
the pressure of the water on the annular face thus 
provided is utilised for moving the valve off its seat. 
Inside the plunger is a hollow stem extending back 
to a stem casting bolted to the plunger, and pro- 
vided at this part with a valve seat. A dart-shaped 
pilot valve working in a bushing can be closed 
down on to this seat, or drawn away from it by the 
spur reduction and screw gear in the operating 
chamber. The main plunger stem works in a 
bushing in a casing, the head of which is perforated. 
These perforations admit water under the working 





used for discharging the water for the San Francisco 
supply are all down-stream free-discharge regulators 
—that is to say, they are fitted at the ends of con- 
duits supplying them, instead of asin the case of the 
5-ft. valves being placed at the up-stream end of 
conduits into which they discharge. These valves 
are illustrated in Figs. 50 and 51. They are designed 
on the same principle as the 5-ft. valves, with a large 
plunger operated by excess pressure acting on the 
outside, or building up on the inside. In this case 
the pilot valve is operated by a rack and pinion 
inside the valve, from a handwheel and worm 
in the operating room. The pilot valve and seat 
are close to the point of the valve in this design, 
while a }-in. hole in a cap at the left-hand end 
(Fig. 51) of the inner casing admits water under 
the working head to the interior. In this case 
again, if the pilot valve is closed down, the main 
plunger will be forced towards its seat by excess 
pressure accumulating inside. On such pressure 
being relieved by parting the pilot valve from its 
seat, the plunger will be withdrawn from the 
discharge aperture. In these valves the plunger travel 
is 124 in., and the relative movement of plunger 
and pilot, 4 in. An auxiliary pressure supply is 
provided by means of the connections shown, to 
act on the annular plunger face and the interior 
should it be necessary to apply additional force 
to work the valve. 

The shutters for the large valves are 5 ft. 2 in. by 
9 ft. 8 in. overall, and consist of $-in. facing plate 
backed with two side channel verticals and twelve 
horizontal 10-in. by 25-lb. joists. They are handled 
by means of a single eye bolt, and are fitted with 
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site. This was a timber crib structure built over 
a cut-off of steel piling. The piling was driven 
to a depth of about 8 ft., and the dam was 40 ft. 
high. The 12 in. by 12 in. cribbing was filled 
with rock and the up-stream face finished with 
a double layer of 3-in. planking, separated by 
tarred burlap. Fine material was placed in front of 
the dam. A backwater dam was also constructed 
just above the tunnel outlet. 

Until the excavation work reached a level 63 ft. 
below that of the foundation of the diversion dam, 
the up-stream material was not held back in any 
way. Before going deeper a concrete retaining wall 
30 ft. high was built in a trench to keep the up- 
stream material from sliding into the pit. The top 
of this wall was 58 ft. below the diversion dam 
foundations. A small concrete dam 31 ft. high 
was also built on the down-stream side. Excavation 
proved to be necessary to a maximum depth of 
146 ft. below flood-water level, but for the most part 
good rock was found at a depth of about 100 ft. 
A number of large pot holes were encountered, 
some of them 30 ft. in diameter. All water-worn 
surfaces were cleaned off and roughened by sand 
blast, drilling and blasting, or other means. The 
rock was granite of an excellent type. The 
seams found were inconsiderable in depth, and 
could be cleaned out without difficulty. The 
grouting necessary was of very limited amount. 
The general character of the granite may be 
gauged from the fact that no seepage occurred 
from the diversion tunnel into the excavation. 

The water, finding its way into the excavation at 
the up-stream end, was pumped from the lowest 
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level into a large pot hole, and from this to a high- 
level sump, whence it was pumped into the diverted 
stream. Down stream the worst conditions re- 
quired a 6-in. and a 14-in. pump, the discharge 
being turned into the diversion channel. From 
above the diversion dam construction lines of rail- 
way were run down both sides of the gorge coming 
within range of all the derricks, except one placed 
in the middle of the site, from which the material 
had to be handled twice. The rock debris as shot 
was handled by a chain-track shovel, which delivered 
into 4 cub. yard dump cars. At first trains of 
these were handled by locomotives. Subsequently, 
as the depth increased, they were hauled up inclines 
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average the equivalent of 200 barrels per hour. 
From the storage hopper, screw conveyors took the 
cement to the main storage bin, with a capacity of 
13,000 barrels. From this another conveyor trans- 
ferred the cement to a weighing hopper. The latter 
discharged it down slanting pipes to the mixing 
plant. The sand and rock aggregate were brought 
to the mixer plant in 4 cub. yard cars and dumped 
into bins. Two 2-cub. yard mixers were employed, 
the materials being fed to them through hydraulic- 
ally-operated gates. The mixed concrete was 
delivered to a tower 375 ft. high, partly visible in 





Fig. 45, from which it was discharged by two 
chutes to different parts of the site. 


by hoisting engines. Later still the shovel delivered | In concreting, the down-stream edge of the work 


direct to derricks. 
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excavation the derricks operated alone. In the 
excavation work about 101,296 cub. yards of solid 
rock had to be removed, and 106,000 cub. yards 
of loose material. In the deeper parts the steep- 
ness of the sides made it dangerous for men to work 
at more than one level, so that the force employed 
was at times limited. Similarly, although three 
8-hour shifts were worked, it was found inadvis- 
able to attempt some of the work except under 
daylight conditions. The excavations for the foun- 
dations occupied twenty months. 

The amount of concrete used in building the 
present structure amounted to some 398,516 cub. 
yards, and the arrangements made for placing this 
at the rate of 1,600 cub. yards in two 8-hour shifts 
per day were very carefully planned. The maximum 
amount placed in 16 hours was 2,000 cub. yards. 
Cement was delivered in bulk in box cars, lined with 
paper when they were not tight, at a high level 
Teceiving hopper. The cars were emptied by means 
of a scraper worked by cable by a small motor on 
the hopper building. A gang of three men were 
able to unload seven cars in nine hours, or on the 
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up-stream, so that if any lack of bond should occur 
between the different batches, the plane of weakness 
would be in the least dangerous direction. As an 
extra precaution 5-ft. risers were at times intro- 
duced, by means of vertical forms. Before placing 
fresh concrete the old surface was wire-bushed 
and well watered by hose. Depths of 5 ft. were 
placed at a time and plums handled by derricks 
were deposited on the freshly-formed concrete and 
allowed to sink in. Some 8 per cent. by volume 
was to consist of plums up to 5 tons in weight. 
The forms were standard 5 ft. by 8 ft. panels, held 
in position by wires and temporary struts which 
were removed while the concrete was fresh. 

As a precaution against having to contend with 
a very wet season, a tunnel, already referred to, was 
left in the dam at stream bed level, in case the 
diversion tunnel proved inadequate. This tunnel was 
12 ft. by 12 ft., expanding to 12 ft. by 13 ft. at the 
up-stream dam face. The stream flow during one 
dry season was passed through this in order to place 
in the diversion tunnel the concrete plug required for 
the setting of the three low-level 36-in. valves, shown 


in Figs. 22 to 24. After these had been placed, and 


brought into use, the temporary tunnel in the dam 
itself was closed as one of the last operations, by a 
plug 32 ft. in length. 

The proportions adopted for the concrete were 
1:3:6 for the body of the dam, with a 1:2$:5 
mixture for the 5-ft. nearest the up-stream face, 
for the down-stream face of the spillway, the plug 
in the diversion tunnel, &c. For the reinforced 
concrete screen towers, &c., the mix. was 1:2: 4. 
A }-in. gunite coating was applied to the up-stream 
face. The drains in the body of the dam were 
formed of specially-made concrete blocks, 3 ft. 3 in. 
square by 3 ft. high, and with a 15-in. square cored 
hole in the centre. These blocks were made of 
1:1:8 mix, with rock aggregate of from }-in. to 
l-in. size. The weight per cubic vard of these blocks 
was 3,440 lb.; the strength of the concrete 994 lb. 
at 28 days. They were strong enough to be handled 
by grab hooks from the derricks. The blocks were 
so porous that they passed all the water from a 
2-in hose held close against them. In cold weather, 
i.e., below 20 deg. F., hot water was used for mixing 
the concrete and no pouring was done at zero tem- 
perature. 

In placing the 5-ft. needle valve casings, these 
were not embedded directly in the mass concrete, 
as it was poured. Instead, in order to avoid distor- 
tion due to the load of concrete, a large space was 
left round each casing setting to be filled in later, 
when the mass had set firmly and after the casing 
had been finally aligned. 

Timber was cleared from the ground to be sub- 
merged in two operations. The first was in 1915 
when the lower parts were dealt with, the higher 
being taken in hand in 1921-1922. The area 
amounted to 18,000 acres, and 22,000 cords of wood 
obtained in this manner were used in the construction 
of the dam. Contracts were given to small bidders 
for plots of from 3 to 30 acres. The prices tendered 
by firms willing to undertake large sections proved 
to be much higher. In addition to the contract 
price, an allowance was made for selected timber. 
Some 86 contracts were let, but four were abandoned. 
The timber was prepared for construction purposes 
at a mill erected for the purpose at Mather. 


(To be continued.) 





Motor Taxation.—The Minister of Transport recently 
furnished us with figures relating to the number of licences 
for motor vehicles issued during the period from Decem- 
ber 1, 1925, to May 31, 1926, and the value of the tax 
collected, in that period, in Great Britain, as returned by 
local authorities, together with the approximate number 
of licences current on May 31, 1926. The total gross 
receipts shown in these returns amount to 15,112,9097. 
Rebates allowed in respect of pre-1913 engines amount 
to about 70,0007. Approximately 94,0007. was refunded 
in respect of the surrender of 12,066 licences under 
section 18 (1) of the Finance Act of 1924, and the gross 
receipts are subject to further adjustment as regards 
other refunds. The total number of motor vehicles, 
excluding tramcars and various other categories, in 
respect of which licences were current on May 31, 1926, 
may be taken as 1,582,000. This figure includes 627,000 
motor cars taxed on horse-power, 586,000 cycles, 244,000 
commercial goods vehicles, 92,000 motor hackneys, 
14,000 motor ploughs, and 1,400 motor tractors. The 
average receipt in respect of a whole year licence was 
141, 17s. Od., for motor cars taxed on horse-power, 
21. 148, Od., for cycles, 211. 0s. 6d., for commercial goods 
vehicles, and 337. 18s, 6d. for motor hackneys. 





STaNDARD SPECIFICATIONS FOR Brass BARS AND 
Sections.—The British Engineering Standards Associa- 
tion has now issued specifications for brass bars for high- 
speed screwing and turning work, and high tensile brass 
bars and sections. These are numbered 249-1926 and 
250-1926, respectively. The copper content in the high 
speed screwing material is specified to be between 56 
and 60 per cent. and the minimum tensile strength 20 
tons per square inch with an elongation of not less than 
20 per cent. In the high tensile brass, two grades of 
which (A and B) are specified, the copper content is 
required to be between 54. and 62 percent. The minimum 
tensile strength of the first grade is 30 tons per square 
inch with a proof stress of 15 tons per square inch and a 
minimum elongation of 25 per cent. In the lower grade 
the minimum tensile strength is 35 tons per square inch 
with a proof of stress of 18 tons per square inch and a 
minimum elongation of 20 per cent. Tables giving the 
margins of manufacture for round, square and hexagon 
bars, whether extruded, rolled or drawn (after extrusion 
or rolling), are included as appendices to both specifica- 
tions. Copies of these new publications can be obtained 
from the British Engineering Standards Association, 
Publications Department, 28, Victoria-street, London, 
S.W.1, price ls. 2d., each post free. Specifications cover- 





ing naval brass bars and sections are in preparation. 
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Principles of Electric Power Transmission and Distribution. By 
L. F. Wooprvurr. New York: John Wiley and Son, Inc. 
London: Chapman and Hall, Limited. [Price 20s. net-] 

Tus volume differs from most of the recently 

published treatises on electric-power transmission, 

in that it does not deal specifically with the economics 
of line design and construction, but takes the form of 
an advanced text book on the scientific principles 
involved. A great amount of literature, chiefly of 
American origin, in connection with the prediction 
of the operating characteristics of long lines and the 
results obtained in practice, is to be found scattered 
in scientific papers and in the proceedings of various 
engineering institutions. The work of Mr. Woodruff, 
who is in charge of power transmission courses at 
Massachusetts Institute of Technology, apart rom 
its own intrinsic merits, performs a most valuable 
service in providing for the student the general 
ground work from which so much of this specialised 
work has proceeded, and in co-ordinating the results 
obtained in recent developments. The service which 
the book renders, however, is directed to the engineer 
and not essentially to the mathematically curious. 

At no stage is this forgotten, for all the fundamental 

principles developed are extended and illustrated 

by numerical examples and problems embodying 
present-day practice in actual transmission lines 
and networks. 

In the first few chapters, after a reasoned expo- 
sition of the tendencies in electrical developments 
towards interconnection and consolidation of gene- 
rating systems and networks, the general theory of 
the electro-magnetic circuit upon which a transmis- 
sion system depends is worked out. Inductance and 
capacitance of single conductors and of symmetrical 
and unbalanced three-phase lines and cables are 
deduced and the voltage regulation of short lines 
with lumped constants (nominal T and nominal 7 
transmission lines) is calculated both by vector 
algebra and by simple graphical methods. Problems 
of alternating-current distribution in, and skin- 
effect resistance of, round wires and stranded con- 
ductors are considered, formule are derived, and 
tables of skin-effect resistance ratios are calculated. 
The most recent information available with regard 
to corona effect is given together with the relevant 
calculations of potential gradient and corona loss. 
These calculations are based upon empirical for- 
mule derived experimentally. 

Of particular interest is the chapter on insulator 
design. Here, again, the treatment is perforce 
confined to accepted experimental data relative to 
breakdown. Our knowledge of gaseous ionisation 
and breakdown is comparatively satisfactory, but 
no theory yet advanced of breakdown in solid insu- 
lation satisfies all the observed phenomena. The 
study of the distribution of voltage stress in insulators 
has, however, produced designs giving larger factors 
of safety and increased economy, due to measures 
taken for the equalisation of potential gradient. 

A long line is defined as one in which the current 
through the insulation and capacitance of the line 
is an appreciable fraction of the rated load current. 
Such lines demand hyperbolic solutions for calcu- 
lating the current and voltage distribution. The 
complete solution of this problem is here obtained, 
assuming the resistance and inductance of the lines 
and the capacitance and leakance between them to 
be uniformly distributed. The treatment is extended 
to the analysis of the performance of such lines and of 
more complicated networks, taking into account the 
characteristics of generators and accessory apparatus 
such as synchronous condensers. The importance 
of inductive interference of power lines with com- 
munication circuits is emphasised and the several 
causes of such interference are explained. 

In the operation of lines and machines, transients 
are of considerable importance. The mathematical 
theory is developed and applied to transmission lines 
and forked circuits. The reader is also assisted in 
obtaining a clear physical conception of these con- 
ditions by the author's admirable explanatory 
style and a number of calculated curves and oscillo- 
grams in the text. Throughout the chapters 
numerical examples are given, the answers to which 
are expected to be published during this year, and 
appendices contain collected formule and mathe- 








matical tables which include hyperbolic, exponential 
and Bessel* functions. 

It is by means of treatises such as the one now 
under notice that the important subject of trans- 
mission and distribution will take its rightful place 
in electrical engineering. 





Molybdenum, 
H. W. Grttert, and E. L. Mack. 
Chemical Catalog Company, Inc. 

A LARGE number of works dealing with alloy 
steels, in a general way, have been published in 
recent years; they have undoubtedly accom- 
plished a useful purpose, and some of them, at any 
rate, will remain standard treatises for many years 
to come. As a result of the research work which 
is being continuously conducted in all parts of the 
world, however, fresh data on special steels are 
continually coming to light. It is becoming more 
and more apparent that the subject, as a whole, 
cannot be dealt with adequately in the space of 
one volume, and books, written by specialists for 
specialists, and devoted to the consideration of one 
class of alloy steels only, are being produced in 
increasing numbers. Messrs. Gillett and Mack’s 
work on molybdenum, cerium, and related alloy 
steels, is an example of a book of this kind. 

The effect of additions of molybdenum on the 
properties of various steels has been investigated 
by Guillet, Arnold and Read, and many other 
metallurgists ; the metal has generally been found 
to have a beneficial effect upon the ductibility and 
toughness of the material of which it is a con- 
stituent. Up to the present, however, and speaking 
quite generally, molybdenum has not been given a 
leading place among the various alloying elements. 
The authors state frankly that the possibilities and 
limitations of molybdenum must be more fully 
understood before the metal can be assigned its 
true place as a constituent of steel. Their aim has 
been to supply data on the endurance, impact, 
and other mechanical properties of the various 
molybdenum steels, which data, they state, is at 
present lacking ; with this end in view, they have 
conducted a series of exhaustive experiments. 

A considerable portion of the early part of the 
book is devoted to the classification and correlation 
of published information ; this section of the work 
has been particularly well carried out. The results 
of their own work have proved so satisfactory that 
the authors make the suggestion that molybdenum, 
of which there are plentiful supplies in the United 
States, may be called upon to replace or to supple- 
ment in part, metals such as nickel, chromium and 
vanadium, which are at present imported into the 
country. They state, for instance, that when heat- 
treated molybdenum steels are compared with other 
alloy steels, on the basis of tensile strength or 
Brinell hardness, their behaviour, when subjected 
to repeated-impact or single notched-bar tests, is 
identical with that of other special steels. Further- 
more, the endurance properties of molybdenum 
steels, again compared with other alloy steels on 
the basis of strength or hardness, are substantially 
the same as those of other alloy steels. Broadly 
speaking, the effect of about 0-40 per cent. of 
molybdenum in a given steel appears to be very 
nearly equivalent to that of about 0-20 per cent. 
of vanadium—when both steels are heat treated 
and tempered to the same hardness. In high-speed 
steels, or in normalised materials, molybdenum, they 
state, is not an equivalent substitute for vanadium. 
In heat-treated steels, considered from the point 
of view of the engineer, however, molybdenum 
appears to be an efficient substitute for vanadium. 
All their conclusions are substantiated by experi- 
mental evidence and a mass of figures is given, 
together with a large number of diagrams 

A relatively small portion of the book only is 
devoted to the effect of cerium as an alloying 
element in steel. This subject has been introduced 
merely because the experimental work on 
molybdenum and cerium was conducted simul- 
taneously. The authors have come to the con- 


Cerium and Related Alloy Steels. 
New York : 


By 
The 


clusion that cerium appears to have no true alloy- 
ing effect on the steel ; furthermore, it gives rise to 
inclusions and is, therefore, probably harmful. 
They are of opinion, however, that the metal might 
possibly be used as a scavenger to eliminate or: 





control the sulphur, if means could be found to 
prevent the accompanying inclusions. 

The book, although primarily intended for 
American readers, will be read with interest by 
engineers and metallurgists in all parts of the 
world. The volume comprises some 300 well- 
printed pages containing a large number of clear 
graphs and diagrams; the photo-micrographs 
included are, on the whole, quite good. The 
authors are full of enthusiasm for their subject, and 
are very optimistic concerning the future develop- 
ments of molybdenum-bearing steels. 





Crystalline Form and Chemical Constitution. By A. E. H. 
TutTton, D.Se., M.A. (Oxon), F.R.S. London: Mac- 
Millan and Co., Limited. [Price, 10s. 6d.] 

Wuen Dr. Tutton commenced his systematic 

investigation of the relations between crystalline 

structure and chemical constitution in 1890, it had 
been understood for nearly a century from the 
geometrical work of Haiiy that to every definite 
chemical substance there appertained a characteristic 
crystalline form, and, from the chemical work of 
Mitscherlich in 1821, that closely related compounds, 
such as the sulphates and selenates and the phos- 
phates and arsenates, solidified to isomorphous 
crystals. Much other brilliant work had also been 
done since, but there were not many, and not very 
concordant, data on the exact goniometrical effect 
of the replacement of one metal by another in 
a series of isomorphous salts. Dr. Tutton found 
the Fuess goniometers to be excellent instruments 
reading to seconds of arc, but he had no satisfac- 
tory instruments for grinding prisms from hard 
crystals accurately to 60 deg. or section plates 
for refraction and extinction researches, until 

Messrs. Troughton and Simms, now Messrs. Cooke, 

Troughton and Simms, constructed a cutting and 

grinding goniometer for him. This instrument, as 

well as Dr. Tutton’s monochromatic illuminator, 
interference dilatometer, elasmometer, torsometer 
and universal interferometer are described in the 
volume under review. The fiducial mark of his 
interferometer is composed of 5 lines, ,5,355 in. 
apart, ruled by the late Professor Grayson of Mel- 
bourne, with a diamond on speculum metal ; 

Grayson ruled up to 150,000 lines to the inch, while 

the markings on the diatom amphipleura pellucida, 

used in microscopical resolution tests, are t30/o50 in. 
apart. 

Like Mitscherlich, Dr. Tutton first studied the 
rhombic sulphates and selenates of the alkali metals, 
selecting potassium, rubidium, and _ caesium 
because the atomic weight of rubicium, 84-9, is 
almost exactly half the sum of the two other 
atomic weights, 38-9 and 131-9; the corresponding 
salts of ammonium, (in which the NH, group 
behaves like a metal) and thallium were added. 
Subsequently the monoclinic hexahydrated double 
sulphates and selenates containing one of the metals 
mentioned and magnesium, zinc, nickel, manganese 
or copper, etc., were investigated, as well as other 
series. Both the first two series were found 
to be isomorphous. The slight differences, starting 
with a few minutes of arc, in the interfacial angles 
showed regular progression. The same progressive 
character held for the axial ratios, the volumes 
and edge dimensions of the unit cells of the space 
lattice, the dimensions of the optical ellipsoid, the 
refractive index, the amount of double refraction 
and the cubical coefficient of thermal expansion, so 
much so, indeed, that Dr. Tutton adopts Linck’s 
term of eutropic crystals to distinguish the perfect 
isomorphism of the inner set of alkali salts from the 
isomorphism of the ammonium and thallium salts. 
But the changes involved are small even in the 
double sulphates. In chromates, chlorides and other 
series, however, the progressive regularity may 
appear disturbed. The relations might be cleared 
up if certain missing double salts, like magnesium- 
alum, could be prepared, such salts probably being 
only stable under certain temperature conditions. 
The thermal stability may change in a series with 
important consequences; thus the alkali haloids 
appear to have a low-temperature and a high- 
temperature form, and the unit cell of caesium 
chloride contains only one molecule, whilst the other 
alkali chlorides have four molecules to the cell. 

The cell dimensions deduced have been confirmed 
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by X-ray investigators, who would have groped in 
the dark without the previous work of crystallo- 
graphers. Dr. Tutton, whose volume is based upon a 
series of lectures delivered at Cambridge, proceeds 
to discuss the phenomena of parallel growth (e.g., 
of sodium nitrate crystals on calcite), mixed crystals, 
polymorphism and isomerism, enantiomorphism 
(right and left-handed quartz) and optical rotation, 
and liquid crystals. We are not sure that Dr. 
Tutton is entitled to state generally, at present, that 
aromatic compounds contain the hexagonal benzene 
ring of graphite, whilst the carbon of the fatty 
compounds has the structure of diamond. His 
summary from the electronic standpoint of atomic 
structure and of Fedorov’s crystallochemical analyis 
does not yet suggest any answer to the question: 
why does this particular crystalline form exist in 
the case of an unconnected substance ? 





Waterworks Administration. By W. H. Parsons. London 

P. 8. King and Son, Ltd. [18s. net.] 

THERE are many books dealing with the engineering 
side of waterworks practice, but Mr. Parsons has 
broken new ground in his work on waterworks 
administration, which deals especially with the 
managerial, secretarial and accountancy branches. 
The author’s experience during his thirty years’ 
service in the Water Department of the Birmingham 
Corporation, in which he occupies the position of 
Chief Revenue Officer, fully qualifies him for the 
production of this treatise, and he has performed 
his task in a very masterly manner. 

His thorough and special knowledge of water- 
works law and administration gives undoubted 
value to his proposals for the amendment of the 
former, and his comprehensive treatment of the 
latter adds weight to his suggestions and recom- 
mendations with respect to the procedure and 
organisation requisite for the efficient carrying on 
of a waterworks undertaking. Throughout the 
book frequent references and suggestions are made 
with regard to amendments necessary, or advisable, 
in the general statutory provisions with respect 
to water supply, and the author draws attention 
to the inadequacy of these provisions in such 
matters as common communication pipes and the 
payment of rates for joint supplies, procedure for 
prevention of waste, powers of the consumer with 
respect to repairs of communication pipes and their 
repair by the undertakers at the cost of the con- 
sumer, the laying of mains in undedicated streets, 
the definition of domestic uses, cutting off supplies 
from premises temporarily vacated, cutting off 
within private premises, definition of the person 
liable for repairs of fittings and other important 
matters. The subjects dealt with by the author 
include the laying of mains and communication 
pipes, the nature of supplies for various purposes, 
waste and misuse of water, cutting off and other 
legal remedies, common communication pipes, 
rates and charges for various types of supply, 
their payment and collection, forms of returns, 
books and registers, assessments, accountancy 
statistics. 

A chapter is devoted to a brief summary of the 
author’s suggestions and recommendations, and 
an appendix is added containing a most compre- 
hensive and useful set of forms, returns, notices, 
circular and standard letters, forms of agreement, 
and type pages for book entries. 

It is evident that the author has spared no 
pains in compiling a comprehensive treatise covering 
the special features of waterworks practice, with 
which he is eminently fitted to deal, and he is to 
be congratulated on the production of a book 
which is likely to become a standard work on 
waterworks administration. 





MoTor-Lorry TrIAts In SourH Arrica.—In the 
recent three days’ reliability trials, organised by the 
Transvaal Automobile Club, Messrs. John I. Thornycroft 
and Co., Limited, of Thornycroft House, Smith Square, 
London, were awarded the Stanton trophy for their 
“A 1” type of motor-lorry, which obtained full marks in 
efficiency, reliability and hill-climbing. The lorry in 
question was a standard machine of a type accepted by 
the British War Office under their subsidy scheme, and it 
is interesting to record that the same trophy was secured 
by — Thornycroft commercial vehicle in the trials 
© ae 

















THE PRODUCTION AND USE OF 

VARIABLE-FREQUENCY CURRENTS. 
By N. S. Japotsxy and S. A. Press, 
(Continued from page 33.) 

WE may now consider the question of the use of 
variable-frequency currents for operating percussive 
machines and other appliances in which a recipro- 
cating motion is required. For the purpose of 
driving the striking part of percussive machines, 
a magnetic field created by polyphase current 
is applied. A field of this kind, irrespective of 
whether it is moving along the circumference of 
a circle or a straight line, has been called a magneto- 
fugal field.* The apparatus creating the magneto- 
fugal field have been called ‘“‘ magnetofugues,” 
the stator of an induction motor being an example 
of a magnetofuge. A scheme of two magneto- 
fugues M, and M,, producing a magnetofugal field 
moving in a straight line, is shown in Fig. 11. 
One of the momentary positions of the field is 
indicated in dotted lines. The magnetofugues M, 
and M, consist of a core of laminated iron in the 
slots of which, at the surface facing the air gap, 
a polyphase winding is located. 
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The velocity of the magnetofugal field is such 


that 
M1=r~r. F a C (4) 


where »v is the frequency of the current supplied, 
and A the wave-length which is equal to the double 
pole pitch of the polyphase winding. J is the 
runner, in which the field induces currents and this 
runner is pulled by the magnetofugal field in the 
direction of its movement. A typical scheme of 
conductors in the runner is shown in Fig. 12. 
The transverse conductors c are located perpen- 
dicularly to the direction of the movement of 
the field, and are connected by means of solid 
conductors AA, and BB,, which are located in 
the line of movement of the field. The field itself 
should be: perpendicular to the plane of the paper 
in Fig. 12. 

In magnetofugal percussive machines the runner 
is the striking part, 7.e., the part which has to be 
rapidly accelerated, first in one direction and then 
in the other. This requirement makes it very 
inconvenient to apply a moving magnetic field of 
constant speed created by the usual multiphase 
current of constant frequency for the purpose of 
driving the runner. Let us suppose that the 
velocity of the field v,, remains constant. In this 
case when the velocity of the runner v, = 0, and 
generally when v, differs considerably from v,, 
a large slip occurs, and therefore a considerable 
phase difference takes place between the currents 
and e.m.f’s. induced by the magnetofugal field in 





* See N. Japolsky “‘ Ueber Magnetfelder mit verander- 
licher Bewegungsgeschwindigkeit.’’ Archiv fiir Elek- 
trotechnik, Band XIV, Heft 1. 








the runner. As a result, only a small moving 
force is developed and a considerable amount of 
heat is generated in the runner and the windings. 

In order to avoid these unfavourable conditions 
the speed of the field in magnetofugal percussive 
machines is rapidly, though continuously, varied 
with the velocity of the runner, in such a manner 
that the velocity of the slip does not exceed the mini- 
mum value necessary for creating a corresponding 
moving force. For this purpose the frequency v of 
the current supplied to the magnetofugues should 
rapidly though continuously vary from zero to 
a maximum. With a variable frequency, the 
time variation of the flux density B at some 
point of the working surface of the magnetofugue 
is not expressed in accordance with the simple 
sine law. Imagine the flux density B as a pro- 
jection upon the fixed axis of a rotating vector, 
so that 

B= Bocos 7 oe Oe 
where B, is the amplitude of the flux density 
or the length of the vector, and y the momentary 
phase or angle between the vector and fixed axis. 
Then, if the velocity of the magnetofugal field is 
constant, i.e., the frequency v is constant, 
y=2rvi+¢ 

wheré ¢ is the initial phase for the given point, 
and ¢ is the time. If, however, the velocity of 
the magnetofugal field is variable, 7.e., if the 
frequency v is variable, 


t 
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In Fig. 13 is shown a curve of the variation of B, 
for the case when the velocity of the field v,,, and 
therefore, the frequency », varies in accordance with 
a linear law, i.e., v,, = at where a is the constant 
acceleration of the magnetofugal field. If the 
amplitude B, is constant the e.m.f. E induced by the 
moving magnetic field in a given conductor of the 
magnetofugal winding is in proportion to v,,B 
i.e., (in accordance with formule (4) and (5) ). 

E=kvXBcoosy=Egcosy . 2. ten 
where E, = kv) B, and & is a constant factor. As 
may be seen from this formula, if y is variable, the 
amplitude E, of the e.m.f. also varies in proportion 
to v. A diagram showing the variation of E in the 
case of constant amplitude B, and velocity of the 
field varying in accordance with linear law, is shown 
in Fig. 14. 

Owing to lack of space we will not here consider 
the movement of the runner in a magnetic field of 
variable frequency, more especially as this theory has 
been previously given in detail by N. 8. Japolsky.* 
Here we will give only one example of the acceleration 
of the same magnetofugal runner in two cases :— 

(1) The magnetofugal field has a constant speed 
v,, = 2,500 cm./sec. The curve of time variation of 
the velocity of the runner v, and the velocity of the 
slip v = v,, — v, is shown in Fig. 15; the diagram 
on the right in this figure represents the last stage 
of variation on a larger scale. 

(2) The magnetofugal field is uniformly accelerated 
and the acceleration a equals 4,000 cm./sec.2._ The 
curves of the velocity of the field v,,, the velocity of 
the runner v,, and the velocity of slip » = vy, — », 
are shown in Fig. 16. In this case, the left hand 
diagram represents the initial stage of variation on 
a large scale. 

In both cases we assume a constant resistance in 
addition to the inertia. This resistance is capable 
of producing an acceleration of 1,000 cm./sec.? 
in the direction opposite to that of the movement 
of the field. From these diagrams it is not difficult 
to see that, in the second case, the acceleration is 
very much more rapid. Moreover, if we calculate 
the energy lost in the magnetofugal runner during 
the period af acceleration, until the runner reaches 
the velocity of 24-5 m./sec. (i.e., the maximum 
velocity of the first case) we shall find that the losses 
in the second case will be only 1-3 per cent. of those 
in the first case. This example clearly illustrates 
the advantage of the system. 

A uniform acceleration is most suitable for 
magnetofugal percussive machines, and, in this 
case, the force moving the striking part is constant. 





* See N. Japolsky, Archiv. fiir Elektrotechnik loc. cit. 
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If we keep the flux in the magnetofugues constant, 
the e.m.f. created by the magnetofugal field, as we 
have seen above, is proportioned to the frequency, 
and therefore, the variable frequency voltage should 
also be approximately in proportion to it. This will 
correspond more or less to condition (2) of Table I 
(page 32 ante.). The system may be applied to all 
kinds of percussive machines, such as forging ham- 
mers, stamps both for metal work and for mining*, 
rock drills, pile drivers, etc. 

The problem of an electrical drive for these, and 
many other percussive machines, has been engaging 
the attention of inventors for a considerable time 
past, and, in this direction, a number of different 
construction have been put forward.j Leaving the 
earliest designs out of consideration owing to their 
various faults, we should mention the electrical 
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hammer of Trombetta,} which is a developed 
squirrel-cage induction motor. Trombetta’s ham- 
mer is operated by an alternating current of constant 
frequency, and this is the main difference between 
the method of operating Trombetta’s hammer, and 
the method of operating magnetofugal percussive 
machines. 

As stated above, the application of a variable- 
frequency current may result in a considerable 
increase of efficiency. Owing to the very small 
frequency of the current and negligible value 
of the magnetic losses in the runner, it is quite 
possible to construct a magnetic core for the runner 
of the magnetofugal percussive machine which 
does not consist of laminated iron, as in Trombetta’s 
hammer, but of solid and massive iron parts, in the 
form, for example, of a strong steel frame with 
copper bars forming a short circuited system of 
conductors resembling a developed squirrel cage, 
(see Fig. 12.) Only astrong and massive construction 
of this kind can safely withstand the heavy condi- 
tions of percussive work. 

A general arrangement scheme for a magnetofugal 
hammer, or similar percussive machine, is shown 
in Fig. 17. The last exciter is here a rotary con- 
verter, which is so small that it can accelerate and 
stop in a fraction of asecond. When the percussive 
machine is working as a single-acting machine, the 
last exciter, or manipulator, is rotated in one direc- 
tion only, corresponding to the lifting of the runner, 
which drops freely. When the percussive machine is 
double acting, the manipulator is rotated alternately 
first in one direction then in the other; that is, it 
has actually an oscillating motion. If the manipu- 
lator is rotated slowly in the direction corresponding 
to the downward motion of the runner, the latter 
can be lowered at any speed, however small, and 
also kept stationary in any position. It should be 
noted that the hammer regenerates energy when 
the runner moves faster than the magnetic field. 

The manipulator may be driven by different 
means. For slow work it may be rotated by hand by 





* See Professor B. Holman, South African Mining 
and Engineering Journal, vol. xxxvi, part Il, No. 1774. 
t For more detailed information see 8.A. Press ‘‘ Appli- 
cation of Electricity to Percussive Machines, Techniko- 
Ekonomicheski Vestnik, 1923, No. 2. 
me See P. Trombetta, Journal of the A.I.E.E., No. 4, 
79 











means of a handle ; for faster work it can be driven 
by a special small motor which could be rapidly 
started and reversed. If the brushes are in a suit- 
able position on the commutator, the manipulator 
can move by itself without any external assistance, 
as has already been mentioned. This method is 
illustrated in Fig. 17, where the exciting and 
armature windings of the manipulator are con- 
nected in series. The starting, stopping and 
reversing of the manipulator may either be done by 
hand, or automatically if the percussive machine is 
working as a self-acting machine. The automatic 
control of the manipulator may be purely electrical, 
by means of a system of relays, or mechanical, by 
connecting the manipulator shaft to the moving 
parts of the percussive machine itself. 

The magnetofugal percussive machine has a com- 
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magnetofugal hammer as compared with steam 
and pneumatic hammers, namely, the total absence 
of stuffing boxes. The latter, it is well known, are 
the weakest spot of every hammer installation, 
requiring constant supervision, attention and 
repairs and being often the cause of breakdowns. 
In addition to the above-described percussive 
machine with the straight-line motion, it is possible 
to construct magnetofugal percussive machines with 
squirrel-cage induction motors of the usual cylin- 
drical form. As an example of a machine of this 
kind we may mention a screw stamping press. 
These, of course, are now usually driven by friction 
gearing, but if the rotor of an induction motor with 
a vertical shaft be substituted for the friction wheel, 
by rotating the magnetic field of the motor alter- 
nately first in one direction and then in the other, it 
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paratively high efficiency. If we compare, for 
example, a magnetofugal forging hammer with a 
steam hammer, we may expect a considerable 
increase in efficiency. According to calculations, 
this efficiency for the whole hammer installation, 
including motor, generator and hammer, under 
ordinary smithy conditions, may equal 50 per cent., 
with respect to the utilisation of the electrical energy 
supplied, while the overall efficiency from fuel to 
hammer is about 5 per cent. The efficiency of a 
steam hammer is much lower and does not as a rule 
exceed 1 per cent. 

The comparatively high efficiency of the magneto- 
fugal hammer is combined with a very high degree 
of regulability and control. By means of the 
manipulator it is possible to obtain a fine and 
accurate regulation of the speed, force and character 
of the blows and therefore the magnetofugal hammer 
may be used, in the same way as a steam hammer, 
asa universal forging machine. It is here necessary 
to draw attention to an important advantage of the | 








Magnetofugal Hammer 
is possible to drive the press and easily control its 
work, The conditions of work, scheme of connec- 
tions and methods for controlling the squirrel-cage 
motor, working at a variable frequency, will be the 
same as those for the straight-line percussive 
machines described above. 

Every large magnetofugal percussive machine 
requiring individual regulation should, in accordance 
with the above, be provided with a separate motor 
generator. To a certain extent, this increases the 
cost of the installation, but, on the other hand, it is 
desirable from the point of view of equalising the 
electrical load on the network, as percussive machines 
may make heavy momentary peak demands for 
current. A motor generator with a high inertia 
is the best means of flattening out these peaks. 
For small percussive machines, it is possible to 
install one common commutator generator which 
would supply current to a whole group of smal! 
tools. 

(To be continued.) 

















Jury 23, 1926.] 





IorI 





ENGINEERING. 





THE EOTVOS TORSION BALANCE. 


Tu ordinary instrument for determining the intensity 
of gravity is the pendulum, a combination of four half- 
second pendulums frequently being used. For the 
surveyor and prospector, however, who may wish to 
ascertain whether there are any ores of relatively 
high density, or coal, oil, or salt of low density, hidden 
somewhere in the ground, the intensity determina- 
tion in the usual way is not very useful. Supposing 
a prismatic block of rock salt of density 2-2, 3,000 m. 
wide and 1,000 m. thick, were buried at a depth of 100 m. 
in ground of an average density of 2-5, the value of g, 
as determined by the pendulum, would only be altered 
by 0-0001 cm. per sec. per sec. at a spot situated above 
the middle portion of the block, and only by 0-00004 cm. 
above the edge of the deposit. If accidental observa- 
tions ,or drilling should have disclosed the presence 
of salt, pendulum observations would not convey any 
clear indication of the extent of the bed. 


In 1888, Baron Ronald Eétvés, Professor of Physics’ 


at the University of Budapest, introduced a torsion 
balance in order to measure, not the intensity of 
gravity, but its variation from point to point, or, 
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more exactly, the second differential of the gravi- 
tational potential. The gravity variations deduced 
from the observations indicate the deviation of 
the gravitational force from its normal direction 
towards the centre of the earth at points only inches 
apart. A relatively heavy mass to the right of the 
instrument would deflect the beam of the balance to 
the right, and a series of observations at different points 
would indicate the gravity gradients at different points 
and thus the locality of a material of disturbing density. 
The balance proved capable of measuring within one 10-9 
¢.g.8. unit ; in the case mentioned, the gradient above 
the edge of the rock salt would be 88 of these units, a 
quantity well determinable. Laboratory tests, indeed, 
showed the new torsion balance to be so sensitive that 
practical men looked askance at an instrument which 
it was thought would be more affected by irregularities 
of the surface, by tremors and temperature variations, 
than by the minerals hidden below the surface ; but the 


high scientific standing of Eétvés secured fair trials 
for his balance. Following Eétvés’ own observations, 
the geologist H. von Bickh, determined synclines in the 
Hungarian plains ; Professor 0. Hecker, director of the 
Geodetic Institute of Potsdam, took observations with 
an Eétvés balance of his own construction, partly in 
conjunction with Professor Kénigsberger, of Fresburg 
in Baden; Professor Soler studied gravity anomalies 
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south of the Alps, and in 1913, Colonel H. G. Lyon, 
director of the Science Museum, South Kensington, 
ordered a balance from the Hungarian Government 
Mechanical Institute where nearly all the Fétvés 
balances had been made. This balance arrived after 
the war in good condition. It was experimented with 
by Captain H. Shaw and Mr. E. Lancaster-Jones, 
first in the basement of the Science Museum and 
then in the field; they described their investigations 
in two papers before the Physical Society in 1923. 
The balance having been found extraordinarily sen- 
sitive, yet technically useful, Messrs. L. Oertling, 
Limited, of Turnmill-street, E.C.1, took up the manu- 
facture in conjunction with the investigators. 

The principle of the instrument is quite simple. Since 
the earth is not flat, two neighbouring plumb lines are 
never truly parallel to each other, even if they are only 
6 in. apart. As a matter of fact, owing to the departure 





of the earth from the true spherical form, to its lack of 








homogeneity and to local attractions, two such plumb 
lines will not only not be parallel, but will not, in general, 
even lie in the same plane. The two, in short, will not 
point to exactly the same centre and will fail to intersect. 
If, however, the one plumb line be taken as axis of 
reference, then the tension in the neighbouring line can 
always be resolved into two components of which one, that 
may for convenience be called the “vertical ’? component, 
is parallel to the axis of reference, and the other, or “ hori- 
zontal” component, lies in a plane at right angles to this 
axis. This horizontal component can in its turn be resolved, 
in the general case, into a radial component which passes 
through the axis of reference and a tangential component 
at right angles thereto. Were the earth a perfectly 
uniform sphere, this latter component would always be 
zero since both plumb lines, if produced, would then pass 
through the centre of the earth. As matters actually are, 
however, this is seldom the case, and it is this tangential 
component that the Eétvés balance is designed to 
measure. The force to be measured is, of course, extra- 
ordinarily small, but the balance is sojsensitive that 
accurate determinations can nevertheless be made. 
The instrument is illustrated diagrammatically in 
Fig. 1, and consists of a horizontal arm A B, supported 

















Fig. 7. 


at the centre by one plumb line OW, whilst the other 
plumb line is secured to one end of the horizontal arm 
AB, the weight of the bob m being balanced by a 
counterweight m! at B. The gravitational force on this 
counterweight m!' at B has, in general, also a tangential 
component about the wire O W, but this is practically 
never exactly equal and opposite to the tangential com- 
ponent of the tension in the plumb line Am. Hence 
there is a resultant torque on the suspending line O W, 
and the arm A B comes to rest in a position in which 
the elastic resistance to twist of the suspending wire 
O W just balances this torque. A torsion head at the 
top of the suspending wire provides means by which the 
position of A B can be adjusted into agreement with 
some fiducial mark in the frame or casing of the instru- 
ment. This done, and the reading of the torsion head 
noted, the instrument casing and all, is turned bodily 
about its vertical axis, through an angle of say 60 deg. 
In this new orientation, the position of the arm A B will, 
in general, no longer be in agreement with its fiducial 
mark and an adjustment of the torsion head will be 
necessary. This new reading having been recorded, 
the instrument is turned through another 60 deg., and 
a new adjustment made. ing in this way, the 
variation of the tangential component of the gravitational 
force can be mapped out round the complete circle. 

In addition to the gravitational force, the weights m 
and m! are also both acted on by the centrifugal force 
due to the earth’s rotation. If the line of the suspending 
wire OW passed through the earth’s axis of rotation, 
the centrifugal forces on the bobs m and m! would have 
no tangential component tending to twist the suspending 
wire, but in practice the line of suspension never does 
pass accurately through the earth’s axis, and there is 
therefore a tangential component due to the centrifugal 
forces as well as one due to the gravitational forces. 

Whilst simple in principle, very careful design and 
workmanship is necessary, in order to secure the requisite 
delicacy of response and freedom from external disturbing 
factors. Of these, the most important are convection 
currents in the air surrounding the beam, wires and 
bobs. These are minimised by the use of double or treble 
walled chambers, the intervening space being generally 
packed with rubber sponge. 

The instrument is mounted on a hollow vertical 
column, provided at the foot with levelling screws, as 
indicated in Figs. 2 and 7. This column supports, at 
its upper end, the two parallel plates a and 6, which 
are equivalent to the parallel plates of an ordinary 
theodolite and, like the latter, are guided by 
coned bearings, but the weight on 6 is transferred 
to the lower plate through a ball bearing. The 
plate a can be clamped in any desired position by 
the split cone and nut and hand wheel d, shown in 
Figs. 2 and 3. Relative motion of the plates‘a and 
b is secured by a wheel and pinion located in the 
interspace between the two. The instrument proper 
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is mounted on top of the plate b. The main suspension 
wire is shown at w, whilst the horizonta] arm is in- 
dicated by f. The second plumb line and its bob can 
be seen on the right of Fig. 2. It is enclosed, as shown, 
in a treble-walled chamber intended, as already 
explained, to minimise troubles from convection cur- 
rents. An enlarged view of this chamber is reproduced 
in Fig. 5, which shows at the bottom the provision made 
for securing the weight for transportation purposes. 

The arm f is enclosed in a shallow trough forming the 
inner element of a triple-walled chamber and having a 
movable bottom, which, when the instrument is to be 
transported, can be raised up so as to support the arm f 
completely, thus relieving the suspension wire of the 
weight. A vertical rod serves to connect f with its 
suspension wire, and on this rod is mounted a mirror m, 
which is used to observe the position of the arm. To 
this end, a small electric bulb is provided at the top of 
the instrument, the light from which is sent vertically 
downwards through the collimating lens shown and 
a. translucent scale at h, Fig. 2. This beam of light is 
passed on to the mirror m by a reflector (not shown), and 
back along the path indicated by the arrows to the 
mirror k, which reflects it out through the casing to the 
eye of the observer or to the camera, which is indi- 
cated by the dotted lines at . The observer sees the 
image of the scale hf and of a fiducial line. 

For securing the lower end of the torsion wire during 
transport, provision is made for clamping the stem on 
which the mirror m is fixed by means of the fingers 
shown at p, Fig. 4. The torsion wire is also enclosed 
in a triple-walled chamber. A view of the torsion 
head with its tangential screw and scale is reproduced 
in Fig. 9. In service the instrument is housed in a 
double walled hut of aluminium, a section through 
which is illustrated in Fig. 8. 

Referring back to Fig. 2, it will be noted that there 
is a second plumb bob chamber on the left-hand side 
of the instrument. In fact, as made, there are two 
distinct balances of which the horizontal arms lie in 
independent troughs side by side, and there are, of 
course, also two suspending wires and torsion heads. 
The position of both arms can be read simultaneously 
on the scale h as viewed at k. 

The rotation of the instrument bodily from position 
to position can be effected by hand, but provision is 
also made for this to be done by clockwork. The 
two clocks are represented at gi and g. in Fig. 6, 
which is a view of the aluminium hut with the access 
door open. In use, the hut in which the instrument 
is housed is erected on a wooden platform on levelled 
ground. After erection, about one hour must elaps: 
before steady conditions are secured. Observations 
are best made at night, and two observers are required. 
The hut is not entered but the scales are viewed through 
sight holes provided in the walls of the hut. The total 
weight of the instrument is 140 1D., and it is 6 ft. 3 in. 
high. The hut weighs 180 Ib. 

It is usual to take three sets of observations at each 
station. In a test of the instrument made in Cumber- 
land last year, Messrs. Shaw and Lancaster-Jones 
failed to detect an ore deposit which had been disclosed 
by drilling, but this turned out to be an insignificant 
pocket. They did, however, discover a limestone hill 
embedded in made ground. 





Wortpd PowrrR CONFERENCE, BALE, 1926.—We are 
informed that 33 States are sending official delegates 
to participate in the forthcoming World Power Conference 
at Bale. Some 70 reports emanating from 18 countries 
are in the hands of the authorities of the Conference. 
Each report will be printed in the original language, and 
a summary in English, French and German will be added. 
These, together with the general report of the Conference, 
will be published in the form of one octavo volume, 
containing some 2,000 pages ; it will be fully illustrated 
and will bear the title ‘‘ Transactions of the Bale Sectional 
Meeting of the World Power Conference.” The price 
of the book will be between 125 and 150 Swiss francs, 
and will be definitely fixed by the official committee 
of the sectional meeting before the volume is issued. 





THe Whuirworta Socrety.—The Third Summer 
Meeting of the Whitworth Society was held in Manchester 
on Wednesday, the 14th inst., when, by the courtesy 
of Mr. Chas. Day, about 40 members visited the 
works of Messrs. Mirrlees, Bickerton and Day, Limited, 
at Stockport, and there inspected the construction of 
various types of Diesel engines. Lunch was provided 
in the canteen. The party afterwards visited the Open- 
shaw Works of Sir W. G. Armstrong Whitworth & Co., 
Limited, and were welcomed by Mr. C. G. Falkner, 
the local secretary. They were shown round the works, 
and entertained to tea. In the evening, the president 
Mr. Wm. Sisson, received 44 members at the Engineers’ 
Club, Albert-square, Manchester, where they dined 
together. Dr, F. P. Purvis, the president elect, was 
unable to be present through ill-health, but his address 
was read from the chair, and it is hoped that he will be 
present at the December dinner. The roll of the Society 
now includes 497 names, and full particulars may be 
cbtained from the Hon. Secretary, Whitworth Society, 
c/o The Institution of Mechanical Engineers, Storey’s 
gate, Westminster, 8S.W.1. 
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THE VENTILATION AND HEATING 
OF FACTORIES. 


Born experience and many investigations have shown 
that not only the comfort but the efficiency of factories 
is affected by their ventilation and heating. The 
design of adequate arrangements for these purposes 
is, however, often difficult, owing partly to imperfect 
information as to what goes on in the complex inter- 
changes of air and heat throughout a ventilating and 
heating system, and partly to more or less incalculable 
variations of conditions during work. On a lower 
plane of temperature it presents, indeed, the same sort 
of indeterminate problems as are found in the design 
of furnaces, and both classes of practice still await the 
definition of final standards. In the meantime, data 
continue to be accumulated by which light is thrown 
on the operation of existing systems, and two sets of 
such data have now been published by the Industrial 
Fatigue Research Board, some particulars of which 
will be found of interest.* 

The report of Dr. Vernon and Mr. Bedford gives 
the results of an investigation extending over two years, 
during which systematic observations were made in 
winter and in summer on twelve out of a large number 
of factories that the authors visited, choosing as 
far as possible “the most up-to-date factories avail- 
able.”’ These included premises ventilated naturally, 
with and without artificial extraction, and onthe plenum 
system, with and without natural ventilation, each of 
these having some system of heating. So far as con- 
cerns the physical side of the matter, with which 
ventilating engineers are primarily concerned, the 
observations, though very numerous, appear to have 
been made mainly on an empirical plan. As in so 
much else of the Board’s work, it is to be regretted that 
a scientific engineer was not associated with the plan- 
ning and execution of the investigation, so that some 
advance might have been made in the theory regulating 
the design of ventilation installations, which at present 








*Report No. 35. A Physiological Study of the Ven- 
tilation and Heating in Certain Factories. By H. M. 
Vernon, M.D., and T. Bedford, assisted by C.G. Warner. 
H.M. Stationery Office. [3s. net.] 

Report No. 37. Fan Ventilation in a Humid Weaving 
Shed. By S. Wyatt, assisted by J. A. Fraser and 
F. G, L. Stock, HM. Stationery Office. [ls. 9d. net.] 
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is incomplete and uncertain. The first table, for 
instance, records, among other results, the changes 
of air per hour in a room ventilated partly by exhaust 
fan and partly by open windows; but though the 
temperatures and velocities of the air in the room are 
stated for each set of conditions, no similar measure- 
ments seem to have been made of the temperatures and 
velocities of the external air. It is difficult, again, to 
attach a meaning to the statement that, in the experi- 
ence of the authors, the effect of artificial extraction on 
the mean velocity of the air currents in the work- 
rooms is negligibly small at all times, “though it is 
well known that other artificial aids to ventilation, 
such as fans and jet tubes, may be of considerable 
influence,” since, a couple of pages earlier, the extraction 
in the room of which the ventilation is under discussion 
was said to have been by fan. The numerous figures 
of the report must, in fact, be taken to apply mainly 
to the particular installations examined, under such 
unrecorded conditions as may happen to have been 
present at the times of observation. This does not 
deprive them of interest, and may be as much as is 
to be expected in a physiological study ; but it seems 
a pity that they should not have gone a little farther, 
and possibly led to some more general and previously 
unrecognised conclusions than cen now be drawn. 
A general observation worth quoting is the suggestion 
that the systematic determination of the temperature 
gradient from foot to head level might, with advantage, 
be used more often in estimating the efficiency of a 
heating system. It is only fair to point out that the 
report does not claim ‘to cover the whole subject 
of industrial ventilation and heating,’ but aims at 
discovering ‘‘ the best conditions obtainable, in the hope 
that they may serve as a standard for factories erected 
in future.” It is, however, the hope of obtaining such 
standards that creates the need to co-ordinate results 
in a more comprehensive theory than is at present 
available. 

Attention may be directed to the many measurements 
on the cooling power of the air, which are the more 
important because this quantity is now thought to 
have particular importance in the total effect of 
ventilation. As will be remembered, it is measured 
most conveniently by the use of Dr. Leonard Hill's 
Katathermometer, in which an alcohol column is 
allowed to cool from 100 deg. F. to 95 deg. F., and the 
time occupied in the drop is noted. By determining 
the water equivalent of the instrument, a factor is 
obtained, which represents in millicalories per square 
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centimetre the amount of heat required to raise the 
thermometer from 95 deg. F. to 100 deg. F., and this 
factor, which is determined for each instrument by 
the maker, being divided by the number of seconds 
that the thermometer takes in falling through this 
range of temperature, gives a result expressing in 
millicalories per square centimetre per second the 
cooling power of the air in the conditions of measure- 
ment. The report contains determinations of cooling 
power at foot and head levels in 21 workrooms, showing 
most frequently figures of 5 to 7 in the winter and 4 to 6 
in the summer, except one well-ventilated factory, 
which maintained a figure of 6 throughout the year, 
so long as the outside temperature was not above 
70 deg. F. To what extent the cooling power is 
affected by the hygrometric condition of the air does 
not seem to have been determined. On the results of 
the room that seemed to be best ventilated, a cooling 
power of 7 in the winter and 6 in the summer is recom- 
mended. The temperature and velocity of the air are, of 
course, factors affecting the cooling power, each with its 
own tolerable limit, and must be regulated and suitably 
combined to give the desired cooling power. Some 
prima facie evidence was obtained from factory records, 
showing appreciable differences in health, as measured 
by time lost through sickness, apparently caused by 
moderate differences in atmospheric conditions, notably 
by either too high or too low temperatures. 

The practical recommendations contain little that 
is new, the chief conclusions being to recommend heating 
surfaces of low temperature placed near or below the 
floor, and to avoid the plenum system where possible. 
The chief disadvantage of the plenum system is said 
to be that it causes wide differences in temperature, 
which at a height of 10 ft. from the floor may be as much 
as 11 deg. F. to 21 deg. F. above the floor temperature. 
How far this is a necessary consequence of the system, 
not to be remedied by appropriate design, seems 
questionable. The authors seem, moreover, to attach 
much less importance than is customary among engi- 
neers to the dust-collecting properties of ducts. 

The report of Mr. Wyatt and his colleagues is con- 
cerned mainly with the effects of fans on the tempera- 
tures and degrees of humidity necessary for weaving 
purposes in humid sheds, and their effect on the workers 
and their output. The main experiments were done 
with three pairs of electric fans of the gyrating type 
suspended at a height of 10 ft. above the floor level, 
the body of the motors moving in an elliptical path 
through a sweep of 105 deg. horizontally and 45 deg. 
vertically. Supplementary experiments were made 
with small fans fixed about 3 ft. above floor level 
at a slight angle to the vertical, so as to throw the air 
towards the weaver, and with a two-bladed fan fixed 
to a beam 13 ft. above floor level, the electric circuit 
of which was so interrupted as to produce a periodic 
variation in the number of fan revolutions with a 
period of 133 seconds. The experiments appear to 
have been planned with care, and showed appreciable 
gain from the fans in the cooling power of the air, the 
comfort of the operator, and the output. In particular, 
it enabled output to be maintained or increased at 
temperatures and humidities that were found to 
reduce it when the fans were not running. Each type 
of fan was highly satisfactory for its experimental 
purpose, but the report points out that there may be 
room for a special design of air agitator for this par- 
ticular service—possibly as an attachment to the 
looms, which would localise the air currents to the 
working area of a single operative, and be switched on 
or off as the weaver might desire. Curves are given 
for the velocities of air necessary to produce the cooling 
effects that were found desirable. These velocities 
increase as the temperature of the shed rises, and it is 
suggested that a system of fans might be so arranged 
that their speeds would be controlled automatically 
according to the temperature of the shed. Many sheds 
have no electric supply, and with large sheds the capital 
cost. of fitting electric fans would be considerable. 
It seems, therefore, that an opening worth considera- 
tion exists for a mechanically driven fan attachment, 
and the data on the results it should give can be 
derived from the excellent report under notice. 





THe Motor Yacut “CHeusea.”—A_ twin-screw 
motor yacht, named the Chelsea, has been built at 
‘Troon by Messrs. Ailsa Shipbuilding Company, Limited, 
for Mr. John F. Harris, of New York, to the designs of 
Messrs. G. L. Watson & Co., Glasgow, and delivered 
to her owner after trials on the Firth of Clyde. The 
Chelsea, which has béen constructed under the special 
survey of Lloyd’s Register of Shipping, has an overall 
length of 133 ft. and a tonnage of 300 (Thames measure- 
ment). The propelling machinery consists of two sets 
of Polar Diesel engines supplied by the Atlas Diesel 
Company, Limited, of Stockholm and London, and 
installed on boerd by the Ailsa Company. On trials 
on the Skelmorlie measured mile, a speed of 11-39 
knots was obtained. The contract speed of 11 knots 
was maintained over a continuous run of more than 
two hours. All the trials and tests proved highly 


EXPLOSION OF A BLOW-DOWN 
TANK AT BRADFORD. 


In accordance with the provisions of the Boiler Ex- 
plosions Acts, 1882 and 1890, a preliminary inquiry 
has been conducted by the Board of Trade surveyor 
at Hull, with reference to an explosion from a blow- 
down tank, which occurred on February 27 last, in 
the boiler house of Messrs. Joseph Dawson’s Cashmere 
Works, Bradford. The tank which failed was used 
to receive the drainage from the waste steam 
pipes from the safety valves, and the hot water dis- 
charged from the boilers through the blow-out valves, 
before being run into the sewer. It was rectangular 
in shape, 9 ft. in length, 3 ft. in width, and 3 ft. 6 in. 
in depth, and was constructed of steel plates -in. 
thick. The boiler plant at the Cashmere Works 
comprises three units of the Lancashire type, having 
safety valves adjusted to lift at a pressure of 140 lb. per 
square inch; each boiler is approximately 30 ft. long 
and 9 ft. in diameter. The blow-down tank in question 
rested on a brickwork foundation in front of, and below, 
the firing floor of No. 3 boiler. Over the tank was the 
reinforced concrete firing floor; this contained suit- 
able openings, covered by steel plates, giving access 
to the tank and blow-down valves. 

On February 27, it was ascertained that the safety 
valve of No. 3 boiler was leaking, and orders were 
given for the fires to be drawn in order that the valve 
should be opened up and repaired. This was carried 
out; the ashes were shifted away from the boiler front 
and the stokehold plates covering the blow-down valve 
removed. A short time afterwards, when the boiler 
pressure stood at 80 lb. per square inch, the blow-down 
valve was, it is thought, opened slightly. Almost 
immediately afterwards the foreman mechanic 
approached the valve and opened it to its full extent. 
The immediate result was that the blow-down tank 
burst with a loud report and steam filled the stokehold. 
The side of the tank opposite the inlet from No. 3 
boiler blow-down valve was forced outwards, and the 
welding of the cover of the tank failed. The top was 
blown off, and, after wrecking the concrete floor form- 
ing the stokehold platform, came to rest in a vertical 
position against the side of the stokehold. Various 
portions of the mechanical-stoking arrangements were 
damaged and some brickwork in front of the boiler 
displaced. The windows of the building were shattered 
by pieces of flying concrete and the contents of the 
boiler were discharged into the stokehold. Unfortu- 
nately, two men, the foreman mechanic, who is said 
to have operated the blow-down valve, and a fitter 
who was standing beside him, were killed. Three other 
workmen were scalded or struck by flying fragments 
of concrete. 

The tank was evidently unable to withstand the 
severe stresses to which it was subjected on the rapid 
opening of the blow-down valve, whereby water at a 
great velocity and pressure was admitted into it. The 
report states, that while definite instructions were 
not issued in regard to lowering the boiler pressure 
before opening the blow-down valve, it seemed to be 
generally understood by the firemen that boilers should 
not be blown down at a pressure exceeding 35 lb. per 
square inch. In order to prevent a recurrence of the 
disaster, notices to the effect that under no circum- 
stances must boilers be blown down at more than 
20 Ib. pressure, have been affixed in the boiler house. 
In the course of his observations, the Engineer Surveyor- 
in-Chief makes the remark that it is the duty of owners 
not only to see that the internal pressure is reduced to 
20 lb. per square inch before a boiler is blown down, 
but also that the tank into which the water is dis- 
charged, is fit to resist safely that pressure, and that it 
is maintained in a proper state of repair. 





Borter Exerioston, Ponterract: Format INQUIRY. 
—We have been informed that the formal investigation, 
ordered by the Board of Trade in connection with the 
boiler explosion at the Co-Operative Wholesale Society’s 
fat and bone works, Baileygate, Pontefract, Yorkshire, 
has been fixed for hearing in the Town Hall, Pontefract, 
on Wednesday, July 28, next, at 11 a.m. 





Sanp-Cast AtumtIntuM-CoBpatt ALLoys.—The re. 
searches of Mr. Samuel Daniels, of the United States 
Air Service, McCook Field, Dayton, Ohio, published in 
Industrial and Engineering Chemistry for July, do not 
promise well for aluminium-cobalt alloys, In the 
range up to 10 per cent. of cobalt, he found no useful 
casting alloy. The a of 0-5 per cent. of cobalt 
increased the solidification shrinkage greatly, and with 
more than 1 per cent. the fracture became crystalline, 
while the pouring temperature also rose. Even with 
the optimum proportion of 0-5 to 1 per cent. of cobalt, the 
tensile properties of the alloy were inferior, and they were 
not improved by heat treatment. On the other hand, the 
corrosion was less than in aluminium-copper alloys. 
The influence of cobalt was also distinct in ternary 
alloys. The alloy aluminium-copper-cobalt, 95 : 4 : 1, 
had fair tensile properties, but shrank considerably; this 
could, however, be remedied by adding small amounts 





successful. 


of silicon to the alloy. 





THE NEW COAL-HANDLING PLANT 
AT FULHAM GAS WORKS. 


AppiTions to the gas-making and coal-handling plant 
at the Fulham works of the Gas Light and Coke Com- 
pany which were brought into use yesterday by the Right 
Hon. Sir Philip Cunliffe Lister, K.B.E., President of 
the Board of Trade, afford a particularly interesting 
example of progress, as they can be directly compared 
with the old plant working side by side with them. 
Certain new parts, however, are isolated, and we 
propose to commence a brief description of the re- 
construction by a reference to the increased facilities 
provided for the landing of coal for which a fresh site 
has been chosen. Formerly the coal was delivered in 
barges into a basin at the end of a creek of the 
River Thames, having been transhipped from the 
Company’s works at Beckton. This arrangement 
is still to be maintained as a stand-by, but a new 
quay, 300 ft. in length, alongside of which the 
Company’s own colliers can berth, has now been 
made on the river bank. This quay is shown in Fig. 1, 
page 104, from which it will be seen that reinforced- 
concrete piles have been used for it. These piles are 
18 in. by 16 in., and are 33 ft. long. The river bottom 
has been dredged about 7 ft., and now ships up to 
16 ft. draught and carrying 1,800 tons of coal can be 
easily brought alongside. 

Discharging is effected by means of two travelling 
Toplis level-luffing cranes by Messrs. Stothert and Pitt, 
Limited, Bath. These are electrically operated and 
run on a track of 20 ft. gauge. They are designed for 
a 74-ton load, and are supplied with Barnard grabs of 
4 tons capacity. The hoist motors are of 150h.p. The 
cranes deliver into a reinforced-concrete bunker of 
2,000 tons capacity. This is provided with a hopper 
bottom, and the front is lower than the back so that 
colliers may be unloaded at any state of the tide with 
a minimum lift. The length of the bunker is 135 ft., 
its width 38 ft., while the height’ at the back is 41 ft. 
The bottom is provided with 13 doors, under which run 
two electrically-operated, three-speed mechanical belt 
feeders, which can regulate the discharge on to @ con- 
veyor belt below at 80, 150, or 250 tons per hour, as 
desired. The belt is of,rubber, 3 ft. wide and 180 ft. 
long from centre to centre of the end pulleys. It runs at 
a speed of 260 ft. per minute, and at this rate can deliver 
250 tons per hour. The driving motor is of 5 h.p. and 
the belt discharges, below the ground level, on to a 
second conveyor at right angles to it. This is inclined 
gently for some distance, and then runs at a somewhat 
steeper angle to a point near a public road which passes 
through the works. Here the conveyor is carried on a 
protective bridge. The total length, between centres, 
of this conveyor is 670 yards, and its speed is 280 it. 
per minute. The driving gear is situated at the top of 
the incline and is of 22 h.p. This portion of the whole 
conveyor, that is, the second portion, can be seen on the 
right-hand side of Fig. 1. 

A third portion of the conveyor commences at the 
end of the road bridge previously mentioned, the second 
conveyor delivering on to it at this point. The third 
conveyor is seen above the coal store at the right hand 
side of the view reproduced in Fig. 2. It is 500 ft. long 
between centres and is driven by a 15h.p. motor. Like 
the other belts, it is 3 ft. wide and has a capacity of 250 
tons per hour. It runs at a speed of 300 ft. per minute. 
The height above the ground is 26 ft., and it is supplied 
with a travelling throw-off machine and loading hopper. 
The latter is shown in the illustration. |The crane which 
feeds the hopper is not shown in this view, but the 
track upon which it runs is to be seen in the foreground, 
This track, of 10 ft. gauge, is laid out in the form 
of a large U, in the centre of which is the conveyor. 
The crane is an electrically-operated travelling jib 
crane fitted with a grab and made by Messrs. J. M. 
Henderson and Co., Aberdeen. It has a radius of 
60 ft. and can handle 150 tons per hour. It is used, of 
course, for loading the belt when coal is being drawn 
from the storage heap instead of from the bunker; 
40,000 tons of coal can be stored within convenient 
handling range on this site. 

At the end of the central coal heap, at the right 
of Fig. 2, the third conveyor discharges into two 
Jeffrey crushers, each having a capacity of 150 tons per 
hour. These break up the coal into cubes of about 
l-in. side and discharge it on to a fourth conveyor, 
which passes under the crane track. This conveyor 
has a length of 340 ft. between the centres, and its 
path can be traced from a point near the crane track 
at the centre of the illustration to a tower at the left 
hand. The belt is 30 in. wide and runs at a speed of 
350 ft. per min. A 10h.p. motor is provided in this 
case. At,.the tower, the direction is changed, and a 
fifth conveyor, 420 ft. long between the centres, arches 
over the old retort house seen on the left, to the new 
retort house, indicated in Fig. 2 only by a row of 
ventilators on its ridge. This fifth conveyor has a 
belt only 24 ins. wide. The speed is 400 ft. per 
minute and the driving motor is one of 20 h.p. The 
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Fie. 1. Untoapina WHARF AND ReEcEIvING HopPErR. 


maximum: height at the centre is 90 ft., sufficient 
clearancefover the old retort house being allowed 
so that it can be ultimately increased to the same 
height as the new house. The building in the centre 
of Fig. 2 is another old retort house with the original 
set of coke hoppers in front of it, these having | 
their own conveyors. The structure to be seen in 
front of the fourth conveyor is a new coke washer. All | 
the conveying plant was provided by Messrs. The | 
Mitchell Conveyor and Transport Company, Limited, 
45-50, High Holborn, E.C.1. 

Turning now to Fig. 3,a portion of the fifth con- 
veyor is to be seen in course of construction and also 
the new retort house in the background. The coal is 
automatically weighed before delivery to the bunkers. 
The foreground is occupied by older buildings to which 
no reference is needed. The new retort house contains 
sixteen settings of eight Glover-West vertical retorts, 
each 33 in. by 10 in. at the top, 39 in. in diameter 
at the bottom, and 25 ft. deep. Itis designed to 
carbonise 450 tons of coal per 24 hours, producing 
seven million cubic feet of gas. The retorts are 
provided with four Spencer-Bonecourt waste-heat 
boilers having a total evaporative capacity of 2,640 
gallons per hour. At the time of our visit, these 
boilers were operating with inlet gas at 880 deg. C. 
and outlet gas at 210 deg. C., generating steam at 
130 lb. per square inch pressure with a superheat 
of 100 deg. C. They are equipped with turbine- 
driven induced-draught fans, and supply steam for 
the whole of the power plant. The latter consists of 
two steam turbine generating sets, with two gas-engine 
sets as a standby, and is capable of supplying | 
alternating and direct current, both being used in| 
the works; a motor-generator set provides the alter- | 
nating current. It may be noted here that inter- 
locking electrical control of the several conveyors is 
fitted, so that one cannot outrun the other. The water- 
gas plant is also provided with waste-heat boilers, 
these being supplied by Messrs. Humphreys and’ 























Fic. 2. Coat-StoRAGE YARD AND CONVEYORS. 


Glasgow, Limited, 38, Victoria-street, S.W., the makers; them is a Mitchell wagon tippler. Coke can be dis- 
of the producers. charged into barges from these hoppers or from other 

Near the retort house some new coke hoppers have | parts of the works from railway wagons. A conveyor 
been erected alongside the creek basin. Underneath | discharges into these hoppers, and the coke can also be 
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Fie. 3. New Retort Hovusrt anp Coat Conveyor. 
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Fie. 4. Purirrer Hovusr 1n Course oF ERECTION. 


retort houses It consists of a battery of atmospheric 
condensers and two water-tube condensers. The for- 
mer were constructed by the company and the latter by 
Messrs. W. C. Holmes and Co., Huddersfield. Adjoin- 


delivered, after being automatically weighed, to the 
water-gas plant, or to another series of hoppers for the 
retail trade. 

The new condensing plant is situated near the new 
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ing them is the exhauster house which has been 
reconstructed. In this there are three steam- 
driven Bryan-Donkin exhausters, each having a capa- 
city of 175,000 cub. ft. per hour. There are also several 
pumps for liquor and tar, and a small Waller air 
exhauster for the purifiers. 

Two rotary washers for ammonia extraction have 
been supplied by Messrs. The Whessoe Foundry and 
Engineering Company, Darlington. Each has a 
capacity of 7,000,000 cub. ft. per day. Two Livesey 
washers, made by Messrs. Edward Cockey and Sons, 
Limited, Frome, each of 3,500,000 cub. ft. capacity, 
are provided for tar removal. One of the most 
interesting features of this part of the new plant is the 
purifiers. We give a view of these, during construc- 
tion, in Fig. 4. The main structure here is of reinforced 
concrete, It is 143 ft. long by 102 ft. wide, and is 36 ft. 
high fromthe ground to the top of the parapet of the 
oxide preparation floor. There are eight purifier boxes, 
each 50 ft. long by 35 ft. wide by 6 ft. 6 in. deep. The 
tops of the boxes are shown in Fig. 4, in the foreground 
of which illustration are seen the four tar and ammonia 
washers above referred to. 

In the background, at the right-hand side, is seen 
the water tower provided in lieu of a _ tank 
displaced by the purifiers. This tower is of rein- 


forced concrete. It was designed by the com- 
pany. The capacity is 60,000 gallons and _ its 
height 77 ft. Beyond the purifier building is a 


new four-lift, spirally-guided gas-holder of 4,000,000 
cub. ft. capacity. It is 203 ft. in diameter and 
can rise to 128 ft. The contractors for this were 
Messrs. R. and J. Dempster, Limited, Manchester. 
Two new meters, each of 250,000 cub. ft. per hour 
capacity and supplied by Messrs. W. Parkinson 
and Co., Limited, Birmingham, complete the main 
features of this interesting piece of reconstruction 
work, of which we have been able to give only 
a comparatively brief account owing to limitations 
of space. 





106 


ENGINEERING TRAINING AND 
EDUCATION. 

T'he Institution of Electrical Engineers.—The Council 
of the Institution of Electrical Engineers have informed 
us that they have revised and extended the list of 
qualifications which procure exemption from the 
associate-membership examination. Full particulars 
regarding these exemptions may be obtained from the 
secretary of the Institution, Savoy Place, Victoria 
Embankment, London, W.C. 2. 

Science Scholarships Examination, 1927.—The Board 
of Education, Whitehall, London, 8.W.1, hold an 
annual examination for Royal Scholarships and Free 
Studentships, tenable at the Imperial College of Science 
and Technology, London. The awards are confined to 
British subjects of either sex who have not previously 
studied at the College or have not been students there 
for more than a year. The examination will begin on 
the evening of April 27, 1927, and will continue on each 
evening, excepting Sunday, until May 7. Intending 
candidates must make their applications for admission 
to the examination on the prescribed form, copies of 
which may be obtained from the Board, not later than 
February 1, 1927. Particulars of the number, value, 
and tenure of the awards to be offered in 1927 will 
be found in the Science Awards Regulations, 1926. 
The main subjects included in the examination will be 
divided into five groups—namely, Engineering, Physics, 
Chemistry, Biology, and Geology. No practical 
examination will be held in any of the subjects included 
in the several groups. Laboratory note-books, signed 
and certified by teachers, must, however, be submitted 
for inspection. Applications by candidates in Scotland 
should be addressed to The Secretary, Scottish Educa- 
tion Department, Whitehall, London, 8.W.1; by 
candidates in Northern Ireland to The Secretary, 
Ministry of Education (Northern Ireland), Parliament 
Buildings, Belfast; and by candidates in the Irish 
Free State to The Secretary, Department of Education 
(Technical Instruction Branch), 64 and 65, Merrion- 
square, 8., Dublin. The syllabus of the science scholar- 
ships examination, 1927, may be obtained from H.M. 
Stationery Office, Adastral House, Kingsway, London, 
W.C. 2, price 4d. net. 

Regulations for Whitworth Scholarships.—The Board 
of Education, Whitehall, London, 8.W. 1, has informed 
us that the regulations for the examination for Whit- 
worth Scholarships, held in 1925, will continue in force 
for 1927, with the exception that paragraph 3 (a) should 
read as follows: ‘The candidate must not have 
completed the twenty-se:ond year of his age on May 1, 
of the year in which he competes (e.g., for the compe- 
tition of 1927, he must have been born on or after 
May 2, 1905) ” 

National Certificates in Naval Architecture —The 
Institution of Naval Architects and the Worshipful 
Company of Shipwrights, in conjunction with the 
Board of Education, are prepared to approve schemes 
submitted by technical schools or colleges for the 





award of certificates in respect of part-time grouped 
courses under approved conditions. Under the 


agreement which has been reached, ordinary and | 


higher certificates will be issued 
Institution, the Company, and the Board on the 
successful completion of approved courses. The 
Worshipful Company of Shipwrights will also offer 
for competition each year, among students obtaining 
higher certificates, a gold, a silver, and a bronze medal. 
The examination for this competition will be separate 
from, and in addition to, any examinations set for the 
higher certificates. Candidates will be selected by the 
principals of their technical colleges or schools. Condi- 
tions of the award may be obtained from the Clerk to 
the Worshipful Company of Shipwrights. Further 
particulars regarding the higher certificates may bo 
obtained from the Secretary, the National Certificates 
Committee, Institution of Naval Architects, 5, Adelphi 
Terrace, London, W.C. 2. In the case of the ordinary 
certificates, further particulars may be obtained from 
the Clerk to the Worshipful Company of Shipwrights, 
4, New London-street, London, E.C. 3. 


jointly by the 





‘Tne Farapay Socrety.—Friends of the late Mr 
Frederick 8, Spiers, being desirous of establishing a mem- 
orial to the late secretary of the Faraday Society and of the 
Institute of Physics, a committee headed by Sir William 
H. Bragg and Professor A. W. Porter, president and 
honorary secretary of the Institute, is inviting sub- 
scriptions. The proposal—provisionally of a memorial: 
lecture-—is supported by influential members of the 
Faraday, Microscopical, Optical, Réntgen and Physical 
Societies, which are, in a measure, affiliated with the 
Institute of Physics. The assistant honorary secre- 
tary of the Memorial Fund is Miss Margaret Parsons, 
who was Mr. Spiers’ assistant throughout his activities. 
Mr. G. S. W. Marlow, B.Se., F.I.C., has been appointed 
successor to Mr. Spiers both in the Faraday Society and 
in the Institute of Physics; he was assistant secretary 
of the Institute of Chemistry from 1919 to 1925, and is 
connected with the Association of British Chemical 
Manufacturers. 
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THE LATE MR. JOHN SMITH. 
Tue profession of naval architecture has lost one of 
its ablest exponents through the death, which occurred 
on Tuesday, July 20, of Mr. John Smith, who was 
general manager of the Woolston yard at Southampton, 
of Messrs. John I. Thornycroft & Co., Ltd., and was a 
director of the firm. Although he was only 52 years of 
age at the time of his death, he had already achieved 
great distinction in his calling and was for many years 
a member of Council of the Institution of Naval 
Architects. 

His training began in 1889, when he entered on the 
Admiralty courses of instruction at the Dockyard 
Schools, Portsmouth, later proceeding to the Royal 
Naval Engineering College at Keyham and the Royal 
Naval College, Greenwich. In 1897, he joined the 
Royal Corps of Naval Constructors and after several 
years on the staff of the Director of Naval Construction, 
he became professional secretary to Sir William White 
and later held the same post with Sir Philip Watts. 
In 1903, Mr. Smith was appointed Instructor in Naval 
Architecture at Greenwich, which post he held for 
three years, when he returned to the design service of 
the Admiralty in charge of light cruisers, but still 
devoted, until 1910, some time to instructional work. 
He then became Admiralty overseer, superintending 
battleship construction on the Clyde, but retained this 
position for only one year when he joined the staff of 
Messrs. J. Samuel White and Co., Limited, of East 
Cowes, Isle of Wight. Four years later he became 
managing director of the firm, and in 1919 he was 
appointed general manager and a director of Messrs. 
John I. Thornycroft & Co., Ltd., which positions he 
held up to the time of his death. 

In 1909, when he was in the Royal Corps of Naval 
Constructors, Mr. Smith contributed to the Institution 
of Naval Architects a paper on “‘ Launching Calculations, 
with Special Reference to the Effect of Camber,” which 
gave a complete account of practically every calculation, 
which might arise in connection with launching arrange- 
ments, and demonstrated a method by which the 
effects of any variation of declivity and camber could be 
obtained from the simple case of a ship sliding down a 
straight launching way. Since 1916, Mr. Smith has 
served his fellow members well as a member of Council 
of the Institution of Naval Architects. During the 
entire period of the European War, he was a 
member of the Naval Architects’ Committee of the 
Board of Inventions and Research. A firm believer 
in continued education after entry into industrial life, 
Mr. Smith established a special welfare department at 
the Woolston yard, for which the firm built a very fine 
institute. He was president of the South Coast 
Engineering and Shipbuilding Employers’ Association 
and a member of the Southampton Harbour Board. 
He was also a member of the Technological Education 
Committee of the University College of Southampton, 
and showed his great interest in the young engineering 
and shipbuilding students in training there by accept- 
ing the presidency of the College Engineering Society. 





Stone Dustinc In Mines.—In connection with the 
dusting of mines with the object of preventing coal- 
dust explosions, it is pointed out that dust containing 
sandy or inflammable material should not be used. 
Dark-coloured dusts are undesirable, as it is not feasible 
to judge of the amount applied. Light-coloured dust 
also tends to improve illumination. The materials which 
appear to meet with approval are limestone, gypsum and 
anhydrite. These give white dusts, not thjurious to 
miners, and in many districts they are cheap. Shales are 
used in Jingland, and chalk in France. 





Tests or Dust Resprrators.—Work has been con- 
ducted for some time at the Pittsburgh experimental sta- 
tion of the United States Bureau of Mines, with industrial 
dust respirators. 'The tests were made by passing air, 
containing either tobacco smoke or suspended silica dust 
in minute particles, through the respirators at varying 
rates. A small stream of the air that escaped from the 
respirator was viewed in a beam of light in a dark box. 
An equal stream of unfiltered air was viewed alongside 
the first stream, and the unfiltered stream was diluted 
with measured , aap pad of pure air until the two 
streams reflected light of equal intensity. In restraining 
tobacco smoke, the efficiencies of industrial dust respira- 
tors were found to range from 5 to 33 per cent. when air 
was passing at a rate of 32 litres per minute. A gas mask 
canister with two filters of absorbent cotton showed 63 
per cent. efficiency. A flat, felt filter was most efficient, 
the figures, in this case, being 97 per cent. In tests with 
silica dust, the efticiencies ranged from 9 to 70 per cent., 
the particles being about four times the dimension of the 
tobacco smoke particles. While the use of respirators, 
the Bureau of Mines reports, should be encouraged among 
workers in dusty industries, the tests showed that they 
could not be regarded as a final safeguard. Efforts 
should be continued in mines and other industrial works 
to prevent the formation and distribution of dust into 
the air. Further details of these tests may be found in 
“Tests and Characteristics of Dust Respirators,” by 
Messrs. 8. H. Katz, G. W. Smith and E. G. Meiter, copies 





of which may be obtained from the Bureau of Mines, 
Department of Commerce, Washington. 
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New Ramway WorksHors, NEw ZEALAND.—As 
already announced in our issue of June 25 last, on 
page 759, as well as onseveral previous occasions, 
the New Zealand Government Railway Department 
has launched a scheme for the construction of extensive 
railway workshops in New Zealand. The High Commis- 
sioner for New Zealand has informed us that a number of 
contracts have already been placed in this country and 
that his Government hope that virtually the whole of 
the necessary material will be obtained in Great Britain. 
Four workshops are included in the scheme, and, at 
present, tenders are being invited for a new car and wagon 
workshop at Otahuhu, Auckland. Plans and specl- 
fications are on exhibition at the Chambers of Commerce 
at Glasgow, Manchester and Birmingham, at the offices 
of the British Engineers’ Association, the Board of 
Trade, London, and the Office of the High Commissioner 
for New Zealand, 415, Strand, London, W.C.2. A sum 
of 1,500,000/. is involved in the generalschemes. Tenders 


are also being invited for re-modelling undertakings at 
the workshops at Addington (Christchurch) and at 
Hillside (Dunedin). 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wedyesday. 


The Cleveland Iron Trade.—There is next to no Cleve- 
land pig-iron available for sale. The small stocks held 
by makers are considerably oversold, and with merchants’ 
holdings having dwindled to almost vanishing point, 
virtually the only iron coming on the market is a portion 
of the output of the two blast furnaces that are still 
working. Under such conditions, values show further 
upward tendency, though consumers protest that they 
cannot follow the rise. Business has been put through 
this week at 87s. 6d. for No. 3 g.m.b. Cleveland pig, but 
Messrs. Bolekow, Vaughan and Co., the only firm of 
producers in a position to offer iron, are now asking 
up to 90s. for the ruling quality. 

Hematite—A much firmer feeling in hematite is notice- 
able. In this branch also only two furnaces are in 
operation. Makers still have unsold stocks, but these 
are being steadily drawn upon, and the gradually 
strengthening statistical situation is stiffening prices. 
Nos. 1, 2 and 3 are now realising 8ls.; and No. 1 is 
quoted sixpence above mixed Nos. 


Foreign Ore.—Inactivity still characterises foreign ore. 
Nominally best rubio remains at 21s. 6d., c.i.f. Tees. 


Coke.—Sellers report that they experience no difficulty 
in realising high figures for coke. 

Manufactured Iron and Steel.—Inquiries for finished 
iron and steel on home account are quite good, particu- 
larly for some descriptions of the latter, and if manu- 
facturers could fully comply with customers’ requests as 
regards delivery, a considerable business might be done. 
Producers of several commodities are, however, unable to 
guarantee early supply. Sales recorded are made after 
individual bargaining, and it is not easy to fix quota- 
tions definitely. Common iron bars may be put at 111. 5s.; 
iron rivets, 127. 15s.; packing (parallel), 8/.; packing 
(tapered), 117.; steel billets (soft), 7/. 5s.; steel billets 
(medium), 71. 10s. ; steel billets (hard), 8/7. 2s. 6d; steel 
ship, bridge and tank plates, 7/. 17s. 6d.; steel angles, 
71. 10s.; steel joists, 77. 10s.; heavy steel rails, 81. ; 
fish plates, 12/7.; and galvanised corrugated sheets, 171. 


Ironstone Miners’ Wages Advanced.—The Cleveland 
Tronstone Mineowners Association met the miners’ 
representatives at Middlesbrough this week, and agreed 
upon an advance of 3 per cent. in ironstone miners’ wages, 
to take effect from the 26th inst. 





NOTES FROM THE NORTH. 


GuLascow, Wednesday. 


Scottish Steel and Iron T'rades.—As the annual holidays 
are now on in the Glasgow district,there is practically 
nothing doing in the Scottish steel and iron trades this 
week. In one or two establishments, certain departments 
have been kept running, but, in general, the number of 
menemployed is very small. The industrial position, on the 
whole, has not changed and, indeed, cannot be expected 
to change until the miners’ trouble is settled one way or 
another. The amount of fuel coming in from America 
and the Continent is steadily increasing, and it is esti- 
mated that round about 55,000 tons has already come 
into the Clyde since the present dispute started. Much 
of this has been for the essential services, but the price 
demanded for supplies of foreign coal is far beyond what 
the steel and iron trades could afford to give, because the 
price of the finished article would make it unsaleable. 
There is little business passing in local products, and sales 
effected are at firm prices. Dealings in Continental 
material are taking place both for near and forward 
delivery, as many consumers are desirous of getting their 
own works started as soon as possible after the ininers 
commence work. At the present moment, however, there 
seems little prospect of an early settlement. Some of the 
steel makers have recently booked quite a number of 
orders for delivery at the earliest possible date, and pro- 
ducers of black and galvanised sheets are well booked 
forward also. Prices all round are firm, and are as 
under :—Boiler plates, 111. per ton ; ship plates, 71. 17s. 6d. 
per ton ; sections, 7/. 7s. 6d. per ton ; sheets (under + to 
4 in.), 102. 10s. to 111. 10s. per ton; and Crown bars 
112. 5s. per ton, all delivered at Glasgow stations. 


_ Scottish Pig-Iron Trade.—No change has taken place 
in the Scottish pig-iron trade, and with stocks gradually 
disappearing, and production at a standstill, the position 
is very unsatisfactory. Prices are firm and current 
quotations are as follows:—-Hematite, 80s. per ton, 
delivered at the steel works; foundry iron, No. 1. 
88s. to 90s. per ton, and No. 3, 83s. to 85s. per ton, on 
trucks at makers’ yards. 


_ Scottish Pig-Iron Shipments.—The shipments of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, July 17, amounted to 651 tons. - Of the total, 
581 went to foreign destinations and 70 tons coastwise. 
For the corresponding week of last year the figures were 
640 tons foreign and 62 tons coastwise, making a total, 
shipment of 702 tons. 


Bridge Building Contract.—It is announced that the 
Yarmouth Port and Haven Commissioners, who are 
jointly concerned with the Corporation, have accepted 
the tender of Messrs. Sir William Arrol and Co., Limited, 
Glasgow, for the reconstruction of the Haven Bridge. 
This involves the construction of :a temporary wooden 
opening bridge to be used while the old bridge is being 
demolished. Messrs. Arrol’s tender amounted to 
162,062. The Yarmouth Corporation concurred in the 
acceptance of the offer. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The engineering trades continue to 
hold their own, there being no further extension of the 
setback caused by the coal stoppage. Though the 
fuel shortage remains acute, the position has eased 
by the importation of more foreign coal and an increased 
output of outcrop coal. In consequence, several mills 
and allied departments have resumed. Open-hearth 
furnaces are still out of action, and are likely to be 
idle until collieries in the district resume operations. 
How gravely the production of basic steel has slumped 
can be gauged from the latest official figures. In May, 
only 11,900 tons (composed of 5,800 tons acid, 2,600 
tons basic, 600 tons acid Bessemer, and 2,900 tons of 
other descriptions) were produced in Sheffield and 
district, compared with an average monthly output of 
round about 100,000 tons in normal times. The June 
figures, when available, are expected to show a further 
decline, as 90 furnaces have since been out of commission, 
The number of inquiries in circulation for engineering 
products strengthens the belief that active conditions 
will be experienced when normal supplies of fuel are 
available. Railway furnishing departments continue to 
be well occupied both on home and overseas contracts. 
Shipbuilding demands are suffering from the paucity 
of British steel. Supplies are on order from Germany, 
but there is serious delay in delivery. The call for 
automobile steel, castings and fittings, continues to be 
substantial. Overseas requirements of implements and 
machinery have diminished, though the home harvest 
has accounted for a steady call for agricultural imple- 
ments. Considering the difficulties of the present 
position, the lighter trades are fairly well employed. 
The Admiralty have placed orders with local firms for 
tube expanders, well-boring apparatus, steel milled 
bars, and steel tools, while the Air Ministry have ordered 
carbon steel. Files, rasps, saws and edge tools are good 
lines, but shovels, spades and farm tools are not in 
such active request. Electric furnaces continue to turn 
out fair tonnages of stainless steel, for which the cutlery 
trades are good customers. 

South Yorkshire Coal Trade.—The extension of coal- 
getting operations at outcrop seams in and around 
Sheffield is proving a factor of increasing importance 
in enabling the local industries to continue to funcfion. 
According to one of the leading coal merchants in. the 
district, the use of outcrop coal is assisting manufacturers 
to retain the services of 50,000 operatives who would 
otherwise be idle. One of the principal outcrops is 
realising an output exceeding 100 tons a day, and is 
serving several steel firms and a neighbouring gas-making 
works. In another instance, 50 miners, working 13 small 
shafts, are producing an average of 1 ton per man per 
day. Dutch fuel is being used for coke production in 
Derbyshire. Applications for permits for house coal 
supplies are being keenly scrutinised owing to the 
exhaustion of local colliery stocks. 





Tue [ron AND STEEL INstirvTeE: AUTUMN MEETING. 
—The programme of the Stockholm meeting of the 
Iron and Steel Institute, has now been drawn up. The 
meeting will commence on Thursday, August 26, at 
8 p.m., when a reception will be held in the House of 
Jernkontoret. The business meetings will take place 
on the mornings of August 27 and 28 in the Hall of 
Nobles (Riddarhuset) ; papers will be read and discussed. 
On the evening of August 27, a banquet by invitation of 
Jernkontoret, will be held. In the afternoons, visits 
will be paid to works and places of interest in and around 
Stockholm. A steamer excursion among the Islands 
has been arranged for Sunday, August 29. Two three- 
day excursions, commencing on Sunday evening, August 
29, have been arranged. The first will include visits 
to the Griangesberg Mines, the works of Stora Koppar- 
bergs Bergslags A.B., the Hofors steel works, the 
Sandviken steel works, and the Dannemora mines. The 
second excursion will comprise visits to the Bofors steel 
and gun works, the Hiillefors steel works and the Fagersta 
steel works. Members will return to Stockholm on 
September 1, and are due to arrive at 7 p.m. 





Contracts.—Messrs. Ransome Machinery Company 
(1920), Limited, Windsor House, 42-50, Victoria-street, 
London, S.W.1, have secured an order for two 
more No. 3 size (1 cubic yd.) Ransome rotary-drum 
concrete mixers, electrically driven, for the Sutlej 
Valley irrigation project, India. This now makes a 
total of 14 No. 3 size concrete mixers, that the firm 
have supplied for this scheme.~-An order has been 
received by the British Thomson-Houston Company, 
Limited, Rugby, for six electric motor-driven centrifugal 
blowers. These will be used on two motorships which 
Messrs. John Brown and Co., Limited, Clydebank, are 
building for the New Zealand Shipping Company, 
Limited ; each blower will have a capacity of 42,500 
cub. ft. of free air per minute, against a pressure of 
2°17 lb. per square inch gauge. The electric driving 
motor for coils ite unit is rated at 600 h.p., 220 volts, 
2,900 r.p.m.—Messrs. Worthington Simpson, Limited, 
London and Newark-on-Trent, have secured an order for 
a vertical triple-expansion pumping engine which will be 
capable of delivering 5,000,000 gallons a day against a 
total head of 200 ft. The order includes a Lancashire 
boiler, piping, and accessories. 'The complete plant is 
to be erected on site for the Howrah Water Works, 
India. Messrs. Worthington Simpson have also received 
an order for a horizontal .Uniflow surface-condensing 
steam pumping engine, with direct-acting pumps, to 
deliver 360,000 gallons a day against a head of 1,100 ft., 
for the Ali Musjid pumping station, Khyber Pass, India. 
This plant is a duplicate of one previously supplied. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Although there are ample indica- 
tions that a large proportion of the Welsh miners desire 
to resume work, and are willing to accept the terms of 
the offer of the coalowners for an eight-hour day, constant 
watchfulness on the part of the extremist miners, and 
demonstrations by the extremists and their wives, have 
prevented any general resumption of work. Few men 
are working in levels and drifts in isolated areas. Some 
scores of men have gone to work at the new Taff-Merthyr 
Colliery, which is opening out its underground workings 
and producing about 120 tons daily, but strikers are 
endeavouring to persuade these men to stop producing 
coal. Proceedings are being taken against 48 persons, 
who are alleged to have taken part in recent attacks on 
the Tylorstown pits, when the fires were raked out 
and safety work stopped. The Miners’ Federation 
Executive Council have issued further instructions that 
efforts are to be made to induce men to refrain from 
going to work and from loading up small coal lying on 
the pit banks for removal to patent fuel works or other 
purposes. Workers are urged not to continue such 
work, and cause irritation which may mar the peaceful 
character of the strike up to date. The Welsh Miners 
Executive have also passed a resolution urging the 
National Executive Council not to discuss the terms of 
the Church leaders or others which are in opposition to 
the Conference decisions, pending the holding of a 
national conference to discuss the matter. 

Meanwhile imports of foreign coal are steadily increus- 
ing, and are assuming considerable proportions. Imports 
at Cardiff in the past week were 28,400 tons, of which 
3,020 tons came from Belgium and 25,380 tons from the 
United States. Imports at Newport were 11,190 tons, 
of which 3,980 tons were from Belgium and 7,210 tons 
from the United States. Imports at Port Talbot were 
1,190 tons from Belgium. Many vessels are due with 
coal from America and the Continent, and it is expected 
that the arrivals in the current week will exceed 50,000 
tons. The bulk of the coal is for the Great Western 
Railway Company, and the balance for various indus- 
trial undertakings. The British Government has 
arranged for American supplies. 

There is naturally much concern in South Wales as 
to the Egyptian State Railway contract for 150,000 
metric tons of Monmouthshire coal for delivery over 
August and September. In view of the continuance 
of the national strike of miners, the Egyptian authorities 
asked for offers of American and Continental coals, 
in addition to Welsh, by July 17. Welsh offers could 
only be made for shipments to commence ten days after 
the resumption of work in the coalfield. The Egyptians 
are understood to have purchased some American coul 
as @ precautionary measure to ensure supplies for their 
most urgent needs, but have deferred a decision for u 
few days as regards the bulk of the business, awaiting 
developments. Unless the strike is quickly ended, it 
is probable that the whole order will go to America. 
Messrs. Watts Watts and Co., who secured the bulk of 
the contract placed last December, are understood to 
have put in the lowest tender. Prices submitted are saicl 
to range about 34s. 6d. per ton c.i.f. Alexandria, for 
Welsh coal, and 36s. for American. Several South 
American railway and other contracts are stated to 
have been placed with the United States extending over 
several months. The loss of contracts for periods is 
serious, because it means that when workiis resumed in the 
district it will be months before the trade can be regained. 


Iron and Steel.—Exports of iron and steel products 
from South Wales in the past week dropped sharply, 
amounting to only 6,997 tons, as against 14,960 tons 
in the previous period. The shipments were wholly 
from Swansea, and consisted of 492 tons of tinplates and 
terne plates, against 5,387 tons; 320 tons of black 
plates and sheets, against 2,384 tons; 1.690 tons of 
galvanised sheets, against 3,654 tons; and 66 tons of 
other steel, against 3,536 tons. 





PrERsonaL.—Messrs. Newton, Chambers and UCo., 
Limited, Thorncliffe Ironworks, near Sheffield, have 
acquired the plant and sole patent rights of the Hurst- 
Ball centrifugal casting process from Messrs. Centrifugal 
Castings, Limited, Kilmarnock.—Three new directors 
have been added to the board of Messrs. Sir W. G. Arm- 
strong, Whitworth and Co., Limited, viz. Mr. J. D. Siddeley, 
Mr. J. Hawson, and Mr. J. P. Davison. Mr. J. F. Taylor 
has been appointed vice-chairman of the board and chair- 
man of the executive committee, and Mr. J. D. Siddeley 
becomes managing director (senior) and chairman of the 
committee of management. In order to make the ship- 
building branch of the business self-contained, a manage- 
ment corporation has been formed, of which Sir Eustace 
Tennyson d’Eyncourt will be chairman and Mr. James 
Stewart managing director.—The Electric Construction 
Company, of Wolverhampton, have acquired the electrical 
business of Messrs. Sandycroft, Limited. Mr. L. J. Hunt, 
M.Inst.C.E., M.I.E.E., 4, Broad Street-place, London, 
E.C.2, has entered into an agreement with the Electric 
Construction Company to act in a consulting capacity to 
them for the design and sale of cascade induction and 
a lg motors and self-paralleling alternators.— 

essrs. R. and W. Hawthorn Leslie and Co., Limited, 
have removed their London office from 3a, Dean’s Yard, 
to 54, Victoria-street, London, 8.W.1.—Mr. A. Cartwright 
has been appointed a director, and Mr. G. G. Sim, 
secretary, of Messrs. Vickers, Limited—Mr. B. S. 
Bernstein, late governing director of Messrs. Rapid 
Cobalt Company, Limited, Nebula Steel Works, Sheffield, 
has now severed his association with that firm. 
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15,000-H.P. DIESEL-GENERATOR SET; NEUHOF POWER STATION, HAMBURG. 


CONSTRUCTED BY MESSRS. BLOHM AND VOSS, HAMBURG, AND SIEMENS-SCHUCKERTWERKE, BERLIN. 
(For Description, see Page 117.) 
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ACCURACY IN. IN DUSTRIAL 
RESEARCH. 


LABORATORY experiment differs from works prac- 
tice in being able and bound to exercise a far greater 
control over its conditions. Its ideal is to keep 
all factors constant except the phenomenon under 
investigation, and when its results are applied to 
practice, much allowance must often be made for 
circumstances that cannot be controlled in a works 
as they can be in a laboratory. Though this is 
doubtless unfortunate, the practice of a well-con- 
ducted works can usually find means at least to 
mitigate the misfortune. Constant observation of 
the process in question under the variations that 
occur in the works, the skilled eye, the trained hand, 
may lead to results regular enough for the purposes 
in view, and bridge the gap that separates the final 
result from the point beyond which the process 
cannot be controlled by objective measurement. 
The work may be highly accurate in effect, but an 
essential part of the accuracy may not be measurable. 

Strictly speaking, it is misleading to regard such 
work as necessarily of a lower order of accuracy 
than that which can be measured objectively 
throughout the entire process ; but it is important 
to remember that it can be accurate only if it is 
done with the knowledge and skill by which objec- 
tive measurement has sometimes to be replaced. 
Laboratory methods do not depend on such know- 
ledge and skill, and, except in its own arts, laboratory 
experience cannot supply them. Scientific accuracy 
means such degree of exactness as is necessary and 
sufficient for the purpose in view, and when this 
is sought in laboratory experiment, the workers 
must not be presumed to have the knowledge and 
skill that accumulate in a works. As a rule they 
are unlikely to have it, but for the purpose of a 
research it would be irrelevant even if they had. 
Their object is to provide a measured and objective 
basis for practice and progress, and no measurable 
part of the investigation should be left unmeasured 
if their work is to command the confidence of those 
for whose information,it is made. 





This condition of industrial research is not always 
recognised. It seems sometimes to be. thought 
that, because a laboratory investigation is made 
with an industrial purpose, and its results are meant 
to be applied in the complex conditions of practice, 
less accurate methods will be sufficient than would:be 
used in purely scientific work. The importance ‘to 
experimental science of working to no higher 
precision than is necessary for the purpose in view 
is beyond question. The economy of scientific 
energy and money that is thus to be obtained 
may, however, be turned into disaster, as well as 
sheer waste, if the work is done with less than 
scientific accuracy in the sense defined above. 
There is always more work for scientific men to do 
in the laboratory than there are men to do it, and 
doubtless the temptation is great to deal with the 
Gordian knot of the industrial circumstances, in 
which an investigation is implicated, by cutting it 
free from the obligations of scientific accuracy that 
would be recognised in a research on pure science. 
In the interests both of the works and of the labo- 
ratory, this temptation must be resisted. The 
understanding on which the aid of scientific men is 
sought in industrial matters is that they shall treat 
them with scientific accuracy. 

Technical industry and the scientific laboratory 
have of late years come to understand each other 
better than they did, and many of the highest hopes 
of industry are based on the prospect of their 
intimate co-operation. If this co-operation is to he 
fruitful, and, indeed, if it is not to be directly 
mischievous, it is indispensable that those who 
undertake laboratory investigations into industrial 
matters should deny themselves some of the apparent 
latitude that may be permissible in a works. 
As a fact, the latitude is more apparent than 
real. What is necessary in works and: laboratory 
alike is the assurance that the precision of the 
process is sufficient for the purpose in view. In the 
works this is obtained by using objective measure- 
ment as far as it will go, and relying for the rest on 
accumulated knowledge and individual skill. This 
supplementary aid to measured accuracy is not at 
the disposal of the laboratory. The purpose of the 
works is to produce, and it is fulfilled if its products 
are satisfactory. The purpose of the laboratory is 
to help others to produce, and before its results car 
be accepted as ground for industrial action they must 
be known to have been reached by methods of 
recognised accuracy. 

It may well be admitted that industrial workers 
do not always recognise the distinction between the 
two kinds of research, and illegitimate criticism may 
sometimes be heard—at the meetings of the Insti- 
tution of Mechanical Engineers, as an example—to 
the effect that what is, and is intended to be, purely 
a laboratory investigation, employs methods which 
are not possible in the workshop. The opposite 
mistake is, however, as we have suggested, some- 
times made, and laboratory workers are led to 
assume that an investigation undertaken mainly for 
workshop ends may be conducted with less care than 
is devoted to ‘‘ pure” research. This is the mis- 
taken point of view to which we wish to address our- 
selves for the moment. To select an individual re- 
search to illustrate it would be invidious if the choice 
might be held to imply the scientific incompetence 
of the author, and it is necessary therefore to 
choose one of which the criticism cannot be open 
to such a construction. A paper recently presented 
to the Iron and Steel Institute by Dr. Rosenhain 
and two of his colleagues in the National Physical 
Laboratory, on “ The Effect of Mass in the Heat- 
Treatment of Nickel Steel,” may, in the particulars 
to which we shall call attention, serve to illustrate 
the misconceived methods of industrial research 
to which our observations apply. Such an example 
has the advantage of avoiding any possible reflection 
on either the eminence of the institution at which 
the work was done or the competence of the 
authors. Both in this country and abroad, 
Dr. Rosenhain’s reputation as a metallurgist is 
established too firmly to be impeached by the 
shortcomings of an. incidental paper, and the 
remarks that the present one suggests are directed 
against a view of industrial research too often 
adopted in other countries as well as our own. 

An abstract of the paper was-given on page 705 
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of our last volume, and of the discussion to which 
it gave rise on page 715, in our issues of June 
1] and 18. The authors purport to investigate 
how on heat treatment the mechanical properties 
and micro-structure of 3} per cent. nickel steel 
vary with the size of the object treated. The 
method adopted consisted essentially in comparing 
the results of various treatments—chiefly hardening 
and tempering at different temperatures—on round 
bars of diameters varying from 2 in. to 10 in. 
The heating is stated in the paper to have been 
conducted in a recuperative furnace so arranged 
as to give ‘good uniformity” of temperature 
from one end of each bar to the other. This 
uniformity was said to have been secured by 
reference to the temperatures at each end of a 
dummy steel bar 22 in. by 4 in. diameter, measured 
by thermo-couples in axial holes drilled 2 in. 
to 3 in. deep from the centre of each end. 
The temperature of the bar under treatment 
was measured by means of a third thermo-couple 
in a radial hole near one end, and kept at about 
the same temperature as the dummy bar. The 
temperature of the bar under treatment was said 
to be maintained at the desired quenching tem- 
perature for about 20 minutes after it had been 
attained by the thermo-couple in the interior of 
the bar. In the experiments with 2 in. and 4 in. 
bars either eight or two bars were heated at a 
time, their temperature still being measured by 
that of a single thermo-couple. No evidence is 
given that the temperatures attained by the 
thermo-couple, when only one bar was_ being 
heated, had in fact been reached throughout the 
mass of the metal, either when the thermo-couple 
reached it or within 20 minutes afterwards, nor 
that the temperatures throughout the eight or 
two 2-in. and 4-in. bars were in fact indicated 
correctly by the single thermo-couple that purported 
to measure them. In the particulars, indeed, of a 
typical experiment it is said that the difference 
in temperature in the 18 in. to 20 in. between the 
thermo-couples in the dummy bar was 20 deg. C., 
but this figure does not, of course, express what 
may have been the differences between the 
temperatures of the dummy bar and of the bars 
under treatment. In itself, however, 20 deg. C. 
is said to be much in excess of what is allowed 
not in laboratory experiment, but in industrial heat- 
treating furnaces 18 ft. long, or more. That the 
differences between assumed and actual tempera- 
tures in these experiments must have been quite 
outside those of practice seems clear when the 
regularity of hardness with which bars are manu- 
factured is contrasted with the remarkable irregu- 
larity in that and other mechanical properties 
obtained by the authors. These irregularities are 
to be found erratically throughout the reported 
figures. An extreme instance is that of a broken 
notched-bar test piece of the standard section 
(10 mm. by 10 mm.) cut from a 7-in, bar. In its 
5 in. of length it gave Brinell hardness numbers 
varying from 248 to 360. 

The experiments in general seem therefore to 
suffer from the fatal weakness of uncertainty 
about the temperatures that were in question. 
Those that relate to tempering show in addition 
two grave defects in the scheme on which they were 
devised. In the experiments to determine the effect 
on hardness produced by tempering at various tem- 
peratures, no precaution seems to have been taken 
to make sure that the bars were of the same hardness 
before they were tempered, and as a fact the 2 in. 
bars were far from being so. It is, therefore, impos- 
sible to say whether the differences in hardness that 
appeared after tempering were due to the heat 
treatment or to the hardness of the bars before 
being treated. In the treatment, again, of the 7-in. 
and 10-in. bars, it was desired, if possible, to 
avoid the expense of preparing test pieces from 
the large number of samples that would be required 
if the bars were tempered whole, and the authors 
therefore made preliminary experiments to see 
whether, after all, mass had any notable influence 
on the results of tempering. For this purpose they 
compared the results of 4 in. bars tempered whole, 
as measured on small test-pieces cut from the tem- 
pered bars, with those of similar test-pieces cut 
from untempered bars and tempered afterwards. As 





a result of these tests they suggest that the effect of 
mass on tempering was relatively unimportant. Their 
figures, however, include many that seem quite 
inconsistent with this conclusion. To bear it out 
the mechanical results of bars tempered whole 
should have been the same as those tempered in the 
test piece. As a fact, however, few of them were. 
Bars tempered whole at 700 deg. C., for instance, had 
both at the outside and in the centre of the bar a 
limit of proportionality over 50 per cent. higher than 
that of the material tempered in the corresponding 
test-pieces, a 25 per cent. higher percentage 
elongation, and something between 10 and 20 per 
cent. greater reduction of area; while the Izod 
figures were also greater by amounts varying from 
5 to 60 per cent., except in a single instance, in 
which they were equal. The only figures given for 
hardness are those of the bars tempered whole. 
The results, therefore, of these experiments on 4 in. 
bars, though they were certainly erratic, seemed 
to show that mass had exercised influence on at 
least some of the results of tempering. 

The authors, in fact, would appear to have allowed 
themselves a latitude which deprives their results 
of serious value, and which it is difficult to imagine 
them allowing if the investigation had not been 
into an industrial matter. In common with the 
other work of the National Physical Laboratory, and 
indeed of the Research Department in general, the 
paper has the fundamental scientific virtue of 
disclosing its facts frankly, without regard to 
whether they do, or do not, support the conclusions 
to which the authors are inclined. The insufficient 
accuracy that they show was tolerated doubtless 
in order to economise the cost of the investigation. 
The event has shown that the economy was extrava- 
gant. 





TRADE WITH CHILE. 


Or all the South American republics Chile was 
perhaps the best known to the Britain of the 
Victorian Age, this being due doubtless to the 
romantic exploits of Admiral Lord Cochrane in 
the war of Chilian and Peruvian Independence 
during the first quarter of the nineteenth century. 
British capital, together with mining and engineering 
ability and enterpris: certainly contributed 
largely to lay the foundations of the industrial 
and commercial life of that country, and thereafter 
did much to maintain and develop it, other 
nationalities playing more subordinate parts. 
That this pre-eminent position is no longer ours 
is a matter for regret and serious consideration. 
In Chilean coal mining the last British interest 


disappeared a few years ago. The copper 
industry is under the control of American 


companies, and large sums are being spent by the 
capitalists of the United States in opening up 
new mines. Their interests in the nitrate industry 
are expanding; not only are they buying new 
lands, but the purchase of the Anglo-Chilean 
Nitrate and Railway Company, Limited, indicates 
that their activities are extending in other 
directions. British capital at the present time 
represents only 13 per cent. of Chilean investments, 
while the United States of America holds 30 per 
cent. The former is steadily decreasing ; the latter 
is growing rapidly. Of the remaining capital 50 per 
cent. of the total is native. 

The steady increase of investments in a commer- 
cially expanding country needing capital is bound 
to result in an increase of imports from the country 
providing the financial backing. This may be 
noted at present in connection with trade with 
Chile. Coincident with the shrinkage of British 
capital the imports of mining machinery and 
accessories have fallen off. Those of the United 
States of America, on the other hand, have increased 
and are likely to do so still further, as American 
investments in Chile amount to 99,000,000/., 
which is more than that country has in the whole 
of the other South American republics put 
together. It can hardly be said that the falling off 
in British imports of mining machinery is due to 
a decrease in demand, for, in addition to specifically 
native requirements, a considerable amount of 
plant for use in the Bolivian tin mining industry 
is ordered through Chile, which country has some- 





thing like 20,000,000/. invested in the Bolivian 
mines. The demand for mining and other plant is 
dealt with in a recent report by Mr. W. F. Vaughan 
Scott, issued by the Department of Overseas 
Trade, entitled “‘ Report on the Industrial and 
Economic Situation in Chile, September, 1925.’’* 
In this report it is stated that the market in Chile 
is growing for such mine equipment as steam boilers, 
steam engines, gas engines, water turbines, electric 
motors, crude oil engines, crushers, concentrators, 
compressors, converters, hand and power pumps, 
motor and steam transport wagons, &c. In 
connection with the nitrate industry the mule cart 
as a means of transport for raw material is being 
rapidly replaced by the petrol motor, and it is 
likely that suitable steam lorries would have an 
even wider popularity. The question of portable 
petrol]-driven compressor sets for the pneumatic 
driJls used in boring shot holes for the raw material 
is worth attention, as well as that of electrically- 
driven sets for use in areas provided with that 
power. 

Success in Chile, as no doubt in other South 
American countries, is apparently directly propor. 
tional to the missionary activity, in the commercial 
sense, of the vendors. British goods still hold the 
palm for quality, and because of this prices are apt 
to be high. It should be understood, however, that 
in most of the markets price is the main factor, and 
even outstanding quality will not secure an order 
where too big a difference exists between competitive 
prices. Nor is excellent quality an asset in areas 
to which even the knowledge that Britain is able to 
supply the desired goods has not penetrated. The 
measures to be taken, as indicated in this report, 
are more extensive advertising backed by personal 
study of local conditions and also »y effective 
salesmanship. Our competitors periodically detach 
men from headquarters to find out at first hand the 
exact needs of the country and to support and 
stimulate their local agents. It is advisable to 
employ as travellers competent technical men able 
to discuss in colloquial Spanish the machinery 
offered. This is really essential, especially in the 
agricultural machinery trade, where business is 
often done on the farms themselves. Demonstra- 
tions are invaluable, particularly in such branches 
as goods vans and lorries, the use of which appears 
to be increasing rapidly. Added to this, co-opera- 
tion in manufacture is desirable if only to effect a 
reduction in prices through mass production. The 
main thing to be realised is, however, that the day 
of the catalogue and circular letter as selling agents 
is definitely over. 

The argument for new methods is the more 
cogent as Chile has quite recently set herself in line 
with the most advanced industrial nations. The 
Constitution of 1833 was replaced in October, 1925, 
by one which it is considered will stimulate the 
country to increased energy, and a general awakening 
in the activities of public bodies is already apparent. 
Considering that the index of the cost of living for 
the first eight months of 1925 was 211, as compared 
with 100 in 1918, and that serious labour troubles 
were experienced last year, it is a good indication of 
the country’s stability that the exchange rate 
steadied about a year ago. It is true that the new 
industrial and social legislation has resulted in much 
heavier burdens being laid upon employers, but the 
concessions made in the interests of employees may 
present compensating advantages by the removal 
of grievances. 

The mineral wealth of Chile has, as yet, scarcely 
been touched. The resources of the country are 
immense. In one field only is she threatened. In 
nitrate of soda Chile holds a monopoly, but synthetic 
processes in other countries are now resulting in 
competition. Various measures are being taken to 
keep down the costs of preparation of the natural 
product, and a Research Department, under the 
charge of a distinguished English professor and a 
well-known German scientist, has been founded to 
keep the industry abreast of modern requirements. 
The annual cost of this department is estimated at 
50,0001. Chile is the second greatest copper-pro- 
ducing country in the world, and the present output 
will be increased within the next year or two by 
190,000,000 Ib., as the result of works extensions 
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financed in the United States of America. Nearly 
all the output now finds its way to North America 
in the absence of modern copper-melting and refining 
works in Europe. Efforts being made to improve 
the native coal industry have already had some 
success, being assisted in this by the high prices of 
fuel oil now current. Here, again, modern ideas 
are being introduced and a Belgian mining engineer 
and an expert in coal distillation have been engaged 
to investigate the practicability of producing 
metallurgical coke from Chilean fuel. 

As regards iron, developments are expected in the 
near future. The Government are hoping to stimu- 
late production by the concession of premiums on 
pig iron and steel made from local ore and are, more- 
over, guaranteeing interest and sinking fund on 
bonds which are to be issued abroad by a native 
iron and steel company. As stated above, the main 
interests hitherto in this industry in Chile are those 
of the United States, but a French Company has 
recently been awarded as a result of litigation the 
largest known deposits of iron ore in Chile, amoun- 
ting to over four hundred million tons. The winning 
of other minerals is expanding. A new company is 
being formed to work extensive marble deposits 
near the western entrance to the Straits of Magellan, 
whence export to Europe is feasible, and the manu- 
facture of calcium carbide on the site is also being 
contemplated. Another company has _ recently 
set to work in the northern part of the country to 
exploit large deposits of aluminium sulphate and 
has already commenced to export. 

Trade imports are still large and are likely to 
remain so for some time. Inagricultural machinery 
and accessories, German and American competition 
is very keen. Both countries quote lower prices 
than ours, but British heavy machinery is still 
superior in design and quality. There is, it would 
appear, a good market for a reliable tractor of the 
same power as the “ Fordson.” Purchases of petro- 
leum as fuel oil are said to be decreasing since, 
owing to high prices, there is some reversion to coal 
firing. There are certain physical difficulties in 
developing the native industry in the oil-fields of 
North Chile. As regards heavy chemicals, prospects 
are good for British alkali. Sulphuric acid is now 
being made in the country itself to such an extent 
that this particular market has disappeared. Gener- 
ally the conditions of trade are not unsatisfactory, 
but local interests are endeavouring to get a tariff 
barrier raised. The condition of the State railways 
is unsatisfactory, no new work worth comment 
has been carried out lately, while the running costs 
have increased owing to the new social laws invol- 
ving additional wages and income tax. The Ameri- 
can Financial Mission says that the State railways 
present the gravest problem in the public affairs 
of Chile. They account for more than half the 
public debt and both the development of industries 
and the general progress of the country are, in conse- 
quence, seriously handicapped. Possibly remedies 
will be found if the new Government will give 
consideration to the matter. 








NOTES. 


Tue Watron Firtration Works AND PuMPING 
STATION OF THE METROPOLITAN WATER BoarD. 
On Monday last the new filtration works and 

pumping station of the Metropolitan Water Board 

at Walton were inaugurated by the Right Hon. 

Neville Chamberlain. The proceedings were 

pleasantly informal and the guests were few in 

number, the assembly consisting mainly of members 
and officials of the board. Mr. Chamberlain was 
received by Sir Christopher George Musgrave, and 
other leading members of the board, with whom 
were Mr. H. E. Stilgoe, M.Inst.C.E., the Chief 

Engineer, and Sir Alexander C. Houston, K.B.E., 

Director of Water Examination. The party first 

ascended the steps of the reservoir on the south side 

of Hurst Road, whence a view of the whole works 
is obtainable. A tour was then made of the recent 
additions, a visit being paid first to the new primary 
filter house, then to the secondary filters, the chlori- 
nation and meter house, and the engine house, 
finishing up with the boiler house. In the engine 
house Mr. Chamberlain started up the large triple- 
expansion reciprocating pumping set and also the 


turbine centrifugal set. Subsequently luncheon was 
taken at Hampton Court, when some short but 
excellent speeches were delivered. The new works, 
which have been carried out to the designs of Mr. 
H. E. Stilgoe and constructed under his supervision, 
were fully described in our issues of June 2 and 9, 
so recently, in fact, that repetition of particulars is 
hardly necessary. 


Trish Free State PATENts. 


It is well known that the condition as to the 
protection of industrial and commercial property 
in the Irish Free State is unsettled, but apparently 
the Irish Court is taking a decided view as to the 
non-effect of British Patents in the State. The 
British Thomson-Houston Company, Limited, re- 
cently brought an action to restrain infringement 
of their well-known gas-filled lamp patent by 
manufacture or sale in the Irish Free State on the 
basis of lamps made in accordance with that British 
patent. The British patent, it will be remembered, 
was upheld by the House of Lords in this country 
some years ago. Judgment has now been given by 
Judge Meredith in the Court of First Instance in 
the Irish Free State, and it has been held that the 
British patent does not run to the Irish Free State 
and, therefore, no infringement has been com- 
mitted. This is a serious matter, because if the 
decision is upheld it means that no rights now exist 
in respect of British patents in the Irish Free State, 
notwithstanding the fact that when those: patents 
were granted, the Irish Free State was not in exist- 
ence and the patents were granted to cover the 
United Kingdom of Great Britain and Ireland, 
including the Isle of Man. The decision is subject 
to appeal to a Court of Appeal in Ireland, and a 
further appeal can be lodged to the Judicial Com- 
mittee of the Privy Council in this country. It 
appears that the ground on which judgment was 
given is that an order in Council made at the coming 
into force of the Irish Free State provided that the 
words “Great Britain and Ireland” in statutes 
generally should be taken as referring to Great 
Britain and Northern Ireland, excluding the Irish 
Free State, except in connection with certain 
matters specified in the schedule to the order. 
Apparently, that Order in Council does not parti- 
cularly specify the Patents and Designs Acts by 
virtue of which the above and many other patents 
were granted. The Judge, therefore, held that 
reference to Ireland in the grant of the Letters 
Patent which came into question must be reference 
to what may be termed the British part of Ireland, 
and not to the Irish Free State. There is at the 
present time under consideration a Bill for the pro- 
tection of industrial and commercial property in 
the Irish Free State, and apparently, if that Bill 
should mature into an Act in its present form, 
British patents could be made of force in the Irish 
Free State if they are registered within a certain 
period. There is, however, at the present time no 








means of effectively enabling this to be done because 
no Patent Law appears to be in existence in the 
Irish Free State. If, therefore, the judgment re- 
ferred to above is upheld, it means that holders of 





British patents have no redress against piracy of 
their invention in the Irish Free State. 


THE WoRLD’s SHIPBUILDING AND MARINE 
ENGINEERING. 


The shipbuilding returns of Lloyd’s Register for 
the quarter ending June 30, 1926, which have just 
been published, show that the tonnage of the 
merchant shipping under construction in Great 
Britain and Ireland, namely, 841,338 tons, is 
only 1,732 tons less than the figure for the previous 
quarter. Unfortunately, however, the present 
totals are the lowest recorded since September, 
1909, and are 1,049,000 tons below the average 
tonnage building during the twelve months imme- 
diately preceding the war. There has been an 
appreciable decline in the tonnage commenced 
during the quarter ; the figures for the first and 
second three months of 1926 were, respectively, 
193,121 tons and 168,483 tons. Furthermore, the 
shipping launched during the quarter under review, 
amounting to 171,725 tons, is some 19,000 tons 
less than that launched during the previous three 
months. The vessels under construction in British 








and Irish shipyards at the close of the quarter 
ending June 30, last, numbered 200; 142 of these 
were steamships, 50 were motorships, and 8 were 
sailing ships and barges. It is interesting to note 
that the tonnage of the motorships now building 
is equivalent to 53-8 per cent. of the steam tonnage 
under construction. Of the 200 merchant vessels 
under construction in Great Britain and Ireland, 
no less than 155 are intended for owners residing 
in the British Empire. The total merchant tonnage 
under construction in other countries, namely, 
1,129,349 tons, is about 38,000 tons less than that 
in hand at the end of the previous quarter. Italy 
still retains her leading position with 287,346 tons, 
France is second with 153,955 tons, and Germany 
third with 148,851 tons. During the quarter under 
review 163,233 tons of shipping were commenced 
abroad and 204,064 tons were launched, a decrease, 
as compared with the previous quarter, of 31,110 
tons in the tonnage commenced, and a decline of 
65,804 tons in the tonnage launched. The total 
horse-power of the marine engines building or 
being installed on board vessels at the end of June, 
1926, amounted to 1,552,550 h.p. Out of this total 
Great Britain and Ireland supplied 635,538 h.p., 
Italy 170,250 h.p., France 146,504 h.p., Germany 
142,750 h.p., and the United States 137,100 b.p. 
In conclusion, it should be pointed out, that the 
tonnage figures quoted are gross tons and that 
no account has been taken of vessels of less than 
100 tons gross. 


THE FrRicTIONAL RESISTANCE OF ANNULAR 
PIPES. 

In a paper read in June at the San Francisco 
meeting of the American Society of Mechanical 
Engineers, Professor D. H. Atherton described 
a series of experiments in which he measured the 
friction of annular waterways formed of concentric 
pipes. Four sizes of pipe were used, the largest 
being of 24;-in. bore. The other three pipes had 
respectively external diameters of 1-85 in., 1-049 in. 
and 0-840 in. respectively. By combining them 
in different ways annuli of three different proportions 
were obtained. The loss of head was measured 
with a Chattock tilting manometer. It is usual 
in hydraulic engineering to assume that the frictional 
resistance of two waterways will be similar when 
the hydraulic radius is the same for both. This 
hydraulic radius is defined as the area of a channel 
divided by its wetted perimeter, and is thus equal 

D P ‘ : D—d 
to { in the case of a simple circular pipe, and to —;— 
in the case of an annulus having inner and outer 
diameters equal to D and d respectively. The 
experiments showed that this rule gives too low 
a result, both when the flow is viscous and when 
it is turbulent. In turbulent flow the friction was 
26 per cent. higher than for a circular pipe with 
the same hydraulic radius, and below the critical 
velocity, when the flow becomes viscous, the 
friction was 36 per cent. higher for the annulus. 
This latter case, it may be added, can be dealt 
with mathematically, but the author does not 
enter into this. If, however, u be the mean velocity 
of flow and p the coefficient of viscosity of the 
fluid, then for viscous. flow and a simple circular 
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pipe the pressure gradient 7. is equal to — ai 


whilst the corresponding expression for an annular 
pipe is 
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From this it follows that for viscous flow the 
increase of friction for the annuli experimented 
on should have been 49 per cent. for the narrowest 
and 43 per cent. for that formed with the smallest 
pipe as core. The experimental value averaged 
as stated 36 per cent. The difference is possibly 
due to slight errors in centring, since it is known 
that with narrow annuli and a stated difference 
of pressure, the flow obtained with the core touching 
the outer wall is two and a half times as much 
as with the core concentric. For very narrow 
annuli of this kind the assumption that the passage 
can be treated as equivalent to a circular pipe of 
the same hydraulic radius leads to enormous 
errors. 
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THE CONGRESS OF CHEMISTS. 


As announced in our last week’s issue,’on page 80, 
the Congress of Chemists, arranged in connection 
with the annual meeting of the Society of Chemical 
Industry, commenced on Monday last and will 
conclude to-day. The discussions were held in the 
Hotel Great Central, Marylebone, but a number of 
functions, including an exhibition of chemical plant 
organised by the British Chemical Plant Manufac- 
turers’ Association, took place at the Central Hall, 
Westminster. The pressure on our space prevents 
us from reporting the meetings in full, but we 
propose to give below a brief account of those 
parts of the proceedings likely to be of interest 
to our readers, 


EFFICIENCY AND THE ELIMINATION 


oF WASTE. 


INDUSTRIAL 


The first communication brought before the 
congress was Sir Frederic Nathan’s presidential 
address to the Institution of Chemical Engineers, 
delivered on Monday at 10 a.m. The three chief 
components of the actual cost of manufacture, which 
Colonel Nathan distinguished, were labour, material, 
and general charges; to thes: interest on capital 
and profit allowance had to be added. It was fal- 
lacious to attempt to reduce the cost of a commodity 
by lowering wages; in America high wages 
went together with low cost of production. But 
economy of labour for a given output was different 
from lowering wages. The maximum prosperity of 
the employees should be the principal object of the 
employers ; the interests of the two classes were not 
antagonistic. In America great advances had been 
made on lines advocated by Taylor and Gilbreth. 
These systems, however, had been confronted over 
here by the conservativeness of employers and the 
distrust of employees, and little had been achieved 
by them except at Port Sunlight and at the Bourne- 
ville factories. The National Institute of Industrial 
Psychology of 1921, the outcome of fatigue inquiries 
of war-time, had studied all the many sides of the 
problems, including work distribution, interest in 
work, lighting, &c. At the Ardeer explosives factory, 
Sir Frederic himself remembered, the girls had, 
fifteen years ago, worked a 44 hours’ shift ; they were 
viven a quarter of an hour in each shift for relaxation, 
and the output was increased. In America, workers 
were now not only trained and selected for special 
work, but they were medically examined as to their 
fitness. Less strain, more comfort, and more 
happiness of the workers was to everybody’s benefit. 

As regards economising in raw materials, there 
had been little systematic study. As director of the 
Propellent Supply Branch of the Ministry of Muni- 
tions, Colonel Nathan had attempted to ascertain 
the consumption of raw materials of the partial 
manufacturing processes, but he had not obtained 
reliable figures until minor plant alterations had 
been adopted for checking the operations. Very 
important savings had then become possible in 
nitrate and sulphuric acid, and later in oils and fats. 
America had now a national committee on metal 
utilisation, to prevent waste. Sir Frederick pro- 
ceeded to consider factory design and construction, 
selection of locality wivh respect to transport of 
raw materials and of products, and other problems, 
chiefly of the chemical engineer, who should be 
able to estimate the cost of all products and to 
decide on problems of industrial efficiency and 
general charges. The service of a psychology 
expert should be obtained—at any rate, in the first 
instance and in large concerns—on questions 
affecting labour. 

Presiding in the evening at the Institution’s 
dinner, Sir Frederic mentioned that the Institution, 
founded four years ago, had 320 members on the 
roll by the end of 1925. Sir Frank Heath drew 
attention to the investigations of high-pressure work 
which the Chemical Laboratory at Teddington had 
taken up under Professor G. T. Morgan. The 
building adjoins the National Physical Laboratory, 
but is separate from the latter. 


OPENING OF THE CHEMICAL PLANT EXHIBITION. 


In taking the chair at the opening of the Chemical 
Plant Exhibition, Dr. R. Seligman, president of the 
British Chemical Plant Manufacturers’ Association, 





stated that the Association, which consisted entirely 
of bona fide manufacturers, hadtbeen established in 
1920, to foster closer co-operation, irrespective of 
membership, in order that British chemicals should 
be made with British plant. The Association placed 
inquiries before competent firms, and advised on all 
matters. Fo'lowing, Sir Max Muspratt, president of 
the Federation of British Industries, in declaring the 
exhibition open, said that chemistry was advancing 
at such a rate that a middle-aged man _ felt 
antiquated. There had been a rooted antipathy 
between chemicals and metals, and _ therefore 
between chemists and engineers ; how successfully 
that antipathy was being overcome he had already 
seen in the exhibition. British chemistry had been 
built up on cheap coal, German chemistry on dear 
coal; the position was changing, and chemical 
manufacture was being studied from a different 
aspect. Sulphuric acid works were now run entirely 
by electric power, without steam power, and we 
had to adapt ourselves to doing without coal. 
In the near future, artificial textiles (not only silk) 
and high-pressure work would become of the 
utmost importance. Mr. J. A. Reavell, proposing a 
vote of thanks to Sir Max Muspratt, admitted that 
England had not advanced far in the matter of 
chemical plant, but it was no longer necessary to 
purchase it from the Continent. 


THE MrsseL MEMORIAL LECTURE. 


At 2.30 on Monday afternoon, Lord Balfour 
delivered the Messel Memorial Lecture at the 
Mansion House, the Lord Mayor, Sir William R. 
Pryke, occupying the chair, with H.R.H., the Duke 
of York, on his right. After a welcome had been 
given to the chemists by the Lord Mayor and by 
the Vice-Chancellor of the University of London, Sir 
W. Beveridge, Mr. Woolcock, president of the Society 
of Chemical Industry, briefly explained the object of 
the meeting. Rudolf Messel, born at Darmstadt in 
1848 and educated at German and Swiss Universities, 
came over to England in 1870, became assistant to 
Roscoe and a prominent member and benefactor of 
the Society, which created, after his death in 1921, the 
Messel Medal, to be awarded to distinguished men 
without restriction as to qualification. Messel, 
then a member of the firm of Squire and Messel 
(later Spencer, Chapman and Messel), which made 
fuming sulphuric acid, had observed, in 1875, that 
he could oxidise sulphur dioxide by the aid of hot 
platinised pumice stone. He adhered, however, 
to the conventional method of strengthening sul- 
phuric acid by decomposing ordinary acid and 
did not follow the new process up. The previous 
Messel medallists were Professor H. EK. Armstrong 
and Lord Leverhulme. The Duke of York 
presented the medal to Lord Balfour, who then 
delivered his address. 

The Society of Chemical Industry, Lord Balfour 
remarked, had one foot in research, the other in 
industry. Research could expect aid from the 
Government and from the Department of Scientific 
and Industrial Research, over which he presided, but 
the relation between the State and industry could 
not be laid down by formula. The assistance to be 
granted should depend upon the exigencies of the 
moment and the character of the problem. Several 
stages might be distinguished in the relation between 
science and industry. The first stage was occupied 
by men of genius, moved merely by the desire for 
knowledge and unconnected with industry. Their 
work could be stimulated only by education. In 
the second stage, men of constructive ability were 
required to put the discovery to use and to over- 
come manifold difficulties. Finally came the 
organisation for production on full scale. The 
Government could do little to further fundamental 
discoveries, and should not intrude in building 
factories or finding markets. Broadly speaking, the 
assistance of the Government should be given in the 
middle stage, where industry as a whole was con- 
cerned ; not some particular branch. If the officers of 
the Research Department mentioned reviewed the 
world industry from that standpoint, they might 
not find the position and outlook of British industry 
satisfactory. Great Britain had not failed, and 


did not fail, in fundamental discovery, but it made 
no great showing in practical application. That was 
sometimes ascribed to lack of material resources,- 





but the trend of modern industry was to reduce 
the variety of necessary raw materials, and the pro- 
duction of many valuable chemicals, such as synthetic 
ammonia and methyl-alcohol, required nothing but 
coal, water and air, of which there was no lack in 
this country. Lord Balfour emphasised this point 
strongly. Coal was also becoming the raw material 
of other fuels. The main development would prob- 
ably be less in the direction of low-temperature 
carbonisation than in the hydrogenation of coal 
and its conversion into liquid fuels, which would 
relieve industry. of the need of relying on oil fields, 
and add immensely to production and employment. 
The fact that those applications were unfortunately 
of foreign origin, suggested that there was something, 
wanting in Great Britain in the application of 
scientific knowledge to industry. British business 
capacity had played an admirable part in the econo- 
mic work of the world and those qualities should be 
combined, he pleaded in conclusion, with the special 
knowledge and the broad imaginative outlook 
which were the basis of the great industries of 
countries with whom Great Britain was in close 
relations of friendship and of competition. Votes 
of thanks concluded the proceedings, that to the 
Duke of York being proposed by Dr. E. F. 
Armstrong. 


THE Society oF CHEMICAL INDUSTRY. 


Mr. Woolcock having delivered a presidential 
address at the end of his first year of office, restricted 
himself, at the annual meeting, held on Tuesday 
morning, to business matters and a few other 
points. They had, he remarked, been able 
to secure co-operation between the many chemical 
and cognate societies, the Chemical Engineers, 
Institute of Metals, Coke Oven Managers’ Association, 
Petroleum Technologists, etc., and had approached 
the Electrical Engineers. The abstracts of pure 
and applied chemistry. formerly separate issues 
of the Chemical Society and the Society of the 
Chemical Industry, were now prepared by a joint 
bureau of the two bodies, though still issued in 
separate volumes ; this applied also to the Annual 
Reports on Progress. The journal had been modi- 
fied. A Chemical Engineering Group and, quite 
recently, a Fuel Section had been established, and 
facilities had been provided to admit young mem- 
bers. Unfortunately, the membership of the 
society, over 5,000 at present, still continued to 
decrease. 

CORROSION. 

The discussion on corrosion, held on Tuesday 
morning under the presidency of Dr. R. Seligman, 
was introduced by Mr. Ulick R. Evans, with a paper 
on the Fundamental Principles of Corrosion. We 
recently reviewed Mr. Evans’ work on page 667 
of our issue of June 4, but may add that he considers 
differential aeration affecting larger areas more 
serious than corrosion set up by currents between 
the smaller iron and carbide particles. - 

Dr. W. H. Hatfield commenced his paper on 
Resistant Sheets for Chemical Engineering: with 
a convincing experiment. He poured some nitric 
acid on ordinary steel filings, producing pungent 
brown fumes. On repeating the experiment with 
chromium-nickel steel containing 12 to 14 per cent. 
of chromium, there was no gas evolution at all. 
But, Dr. Hatfield added later, if he had diluted his 
acid (which was of density 1-20) or heated it, the 
alloy steel might have been attacked, though steel 
with 18 per cent. of chromium and 8 per cent. of 
nickel remained passive at higher temperatures. 
These Cr-Ni steels were of immense value in the 
chemical industry. They could be machined and 
used as castings, sheets, tubes, &c., but there was no 
one metal suited to all purposes. Dr. Hatfield gave 
particulars of recent studies of these steels or alloys 
in acetic acid, citric acid and a great many other 
organic acids, as well as in ammonium chloride and 
sulphate, sodium nitrite, and hydrochloric acid. He 
had proved in the case of the first two organic acids, 
in particular, that the small impurities in these and 
other reagents frequently were of great importance. 
A little sulphuric acid might be responsible for what 
was ascribed to the organic acid, yet that sulphuric 
acid might sometimes be tolerated and other 
organic compounds present might act as pre- 
servatives. Thus lemon juice would not attack 
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steel which citric acid of the same strength would 
corrode. 

The next contribution, by Mr. P. Parrish, dealt 
with the corrosion and erosion of centrifugal 
baskets and their spindles, as used in ammonium 
sulphate manufacture. Ten years ago, he stated, 
this process had been carried out under different 
conditions. The salt cake in the basket might then 
contain 3 per cent. of free sulphuric acid and Mr. 
Parrish found that this acidity was not uniformly 
distributed throughout the mass. When‘ the syn- 
thetic ammonia process was introduced, washing 
of the salts with free ammonia became necessary. 
The baskets, however, were corroded and the rivets 
attacked. The steel plates could be renewed in the 
repair shops, but the spindle corrosion was sometimes 
very serious. The spindles were made of phosphor 
bronze ; the chief other materials used were armco 
iron, steel, copper and monel metal. Of these, monel 
metal certainly corroded far less than any other mate- 
rial. Under similar conditions, the losses of weight 
amounted, in grammes per square centimetre per 
100 hours, to: copper 3-7; monel metal 0-39, 0-77; 
phosphor bronze, 2-04, 4-6; corrosion-resisting steel 
2-34; steel plate, 12-9; and armco iron, 7-4. Of the 
two figures given for monel metal and phosphor 
bronze, the smaller referred to cast metal and the 
larger to rolled metal. Mr. Parrish, however, spoke 
strongly in favour of the more uniform rolled metal, 
because of occasional bad local failures in castings. 

Mr. Parrish proceeded to give a second paper on 
chemical lead, a subject on which very little 
investigation had been done, but which required 
thorough study. There had been a tendency to 
raise the decomposition temperature of the acid in 
contact with the lead from 230 deg. C. to 280 deg. C. 
or 300 deg. C., by adding a fractional percentage of 
copper to the lead. Mr. Parrish objected to that. 
The purest lead, 99-99 per cent., was, he said, the 
best for the sulphuric-acid and ammonium-sulphate 
industries. Mr. Parrish also criticised some of the 
tests of the British Engineering Standards Associa- 
tion preferring tests under service conditions. 

The next paper was by Mr. T. G. Elliott and Mr. 
G. B. Willey on ‘‘ Chemically Resistant Steels, with 
Special Reference to Very High and Very Low 
Temperatures.”” Mr. Elliott first described the 
development of high-temperature steels in Messrs. 
Hadfield’s Hecla and East Hecla Works, Sheffield, 
known as Era and Hecla steels of various sub- 
classes. Points mentioned were stability at high 
temperatures, permitting a stress of 6-5 tons per 
square inch at temperatures up to 600 deg. C., 
their resistance to the action of gases, resistance to 
abrasion, working properties, comparison with Ni-Cr 
alloys, use as recuperator tubes, for boiler fittings, 
furnaces, for internal-combustion engines, and parts 
of turbines. He then passed on to steels of non- 
rusting and non-corroding types, known as Era/C.R. 
steels. All these steels offered great promise to 
the chemical engineer, though the high-temperature 
steels were not so easy to work as others. 

The general discussion of these papers was opened 
by Dr. Bengough who said that Mr. Evans had 
reconstructed the electrolytic theory of corrosion and 
developed it into a good working theory. Fortu- 
nately only a few of the fifteen or more factors to 
be considered were really of importance in most 
cases. As regards Mr. Elliott’s paper he expressed 
regret at the policy which lead to offering papers 
without giving information as to the composition of 
the materials; for people like Mr. Evans, Dr. 
Hatfield and himself who were trying to probe the 
corrosion problem, the information was useless. Re- 
garding nomenclature, he differed from Mr. Parrish, 
considering that the copper rivets had been 
corroded, not eroded. Dr. Rosenhain, speaking 
next, said he could understand that a burnished 
surface layer was more resistant than the body of 
the metal; but the corrosion might get under the 
skin. High resistance was generally displayed 
only by highly-polished surfaces; it would be 
remembered that the early stainless steels would 
rust unless polished. As regards casting and rolling, 
Dr. Rosenhain thought that homogeneity and 
soundness secured by heat treatment were some- 
times more important than purity, and this applied 
also to lead. British metallurgy could certainly be 
congratulated on its achievements in special 








alloys—he preferred not to call them steels; un- 
fortunately some nickel-chrome steels could not be 


hardened. 
Dr. Slade remarked that the engineer should 
insist upon having a specification with all 


materials offered, and, if possible, information as 
to the treatment it had undergone. Dr. Vernon 
recommended the distinction between corrosion 
and erosion of Dr. Newton Friend. When the 
surface layer formed adhered, he preferred to 
speak of corrosion; when it did not adhere, fell 
off, or dissolved off, he spoke of erosion. The 
meeting, however, did not altogether agree with 
him. Dr. Rhodin showed some steel with its 
black-oxide skin still intact after many years of 
exposure, and some corroded electrolytic iron. 
Mr. H. M. Ridge deprecated the reading of 
papers on secret alloys. He said Canadian lead 
could be obtained of 99-998 per cent. purity. 
Mr. S. J. Tungay, speaking as a member of the 
Chemical Lead Standard Committee of the British 
Engineering Standards Association, pointed out that 
the demand for a purity 99-99 per cent. was quite 
right, but they had had to deal with samples of 
lead which they found contained copper, and that 
lead had given satisfaction, so that a little copper 
was not deleterious. It was r ecessary to know, how- 
ever, what the missing 0-01 per cent. was. He 
agreed with Dr. Rosenhain that acceleration tests 
were not perfect, but they were indispensable. 
Mr. Crookes, of New Zealand, was glad to have 
the information on lead; they obtained their 
lead from Brisbane, and rolled it themselves, 
but were sometimes troubled with what seemed 
to be coarse crystallisation defects. The authors 
replied briefly, and Dr. Seligman said that the 
important communications called for further dis- 
cussion at some future meeting. 


(To be continued.) - 





Roaps CLASSIFICATION SCHEME.—-The Minister of 
Transport, Whitehall-gardens, London, 8.W.1, is desirous 
of reminding the various local authorities, who propose 
to apply for revision in the Roads Classification Scheme, 
that all such applications should be submitted to the 
Department as early as possible, and in no case later than 
October 1, next, in accordance with the procedure indi- 
cated in Circular No. 240 (Roads), dated June 28, 1926. 


Tue Sir Joun Cass TecunicaL InstituTeE.—The 
Governors of Sir John Cass’s Foundation have informed 
us that they have appointed Mr, G. Patchin, A.R.S.M., 
to be principal of the Sir John Cass Technical Institute, 
London, E.C.3, in place of Dr. C. A. Keane, who has 
resigned owing to illness, During the forthcoming 
session, the Institute, which specialises in physics, 
chemistry, metallurgy, petroleum technology, the 
fermentation industries, and arts and crafts, will have 
completed 25 years as a city polytechnic. 


THE GLascow CorRPoRATION TRAMWAyS—We have 
received from the general manager of the Glasgow 
Corporation Tramways a copy of the thirty-second 
annual report of the Tramways Committee of the 
Corporation of Glasgow. The report gives a statistical 
statement of the revenue earned and the expenditure 
incurred in operating the tramways, omnibuses, and 
subway of the Glasgow Corporation, during the period 
extending from June 1, 1925, to May 31, 1926. 
The result of the year’s working shows that the 
ordinary income amounted to 2,263,107/. 8s, 2d., and 
the working expenses to 1,653,525/. 17s., thus leaving 
a net revenue of 609,5817. lls, 2d. After adding 
interest on investments, the net revenue amounted 
to 659,915/. 8s, lld. After paying the loss in operating 
the Glasgow District Subway and the omnibuses, 
charges for income tax, parliamentary expenses, the 
interest and sinking fund, and the amount carried to the 
depreciation and permanent-way renewals fund, there 
was a deficit on the year’s working of 137,8501. 17s. 6d. 
On May 31, 1926, there were 130 miles of double tramway 
track and 4 miles of single track open for traffic. The 
estimated population served by the tramways was 
1,433,079, and the average number of cars in use during 
a 13-hour day was 786-93. The average traffic revenue 
per car mile during the year under review amounted to 
16-909d., and the working expenses per car mile, including 
power-works cost, amounted to 12-379d. The motor- 
bus service, which was inaugurated on December 8, 1924, 
serves a mileage of route aggregating 8-12 miles. The 
traffic revenue per bus-mile during the year ending 
May 31, 1926, amounted to 9-134d. and the working 
expenses per bus-mile to 11-697d. The number of 
omnibuses in stock is 14, ¢The Glasgow Subway became 
the property of the Corporation on August 1, 1923. 
Its length aggregates 13-12 miles, The average traffic 
revenue per car-mile during the year ending May 31, 
1926, was 19-86ld., and the average working expenses 
per car-mile amounted to 20-850d, The number of cars 
in stock is 50, 





THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 69.) 

Refrigeration.—The work of Dr. Ezer Griffiths 
on refrigeration involves an inquiry into the 
thermophysical properties of refrigerating liquids, 
data on which are defective and partly unre- 
liable. In connection with fruit storage, the 
heat evolved from respiring fruit has been deter- 
mined by the aid of differential calorimeters. 
One calorimeter contains the apples under test, the 
other holds dummy apples made of glass spheres, 
containing glass wool soaked in water ; the calori- 
meters are adjusted so as to have the same thermal 
capacity per unit volume. The differential resistance 
thermometer consists of two coils of 240 ft. of 
wax double-cotton-covered wire; one coil is dis- 
tributed among the apples, the other among the 
dummy apples, and the heat in the latter enclosure 
is, by means of a further coil, so regulated as to 
balance the heat evolution by the apples. The 
apples evolve carbon dioxide, and provision has 
to be made to keep that percentage constant. 

Humidity. Leather. Permeability to Water Vapour 
and Heat.—Different samples of leather, from 
different parts of hides, have been tested for the 
Board of Trade, to determine their expansion in air 
of different degrees of humidity. Strips, 22 in. 
long, by 3 in. wide, are marked with brass studs and 
suspended parallel to a scale in a chamber ; a small 
weight is attached to the end of the strip to keep it 
taut. The permeation of water vapour through 
building materials is tested in a simple manner. 
A tray containing calcium chloride is suspended, 
inside a cell made of the material, by a wire from 
one scale of a balance; the wire is introduced 
through a fine glass tube passing through the top 
of the cell, both ends of which are closed by 
impermeable walls. As the hygroscopic salt absorbs 
moisture its weight increases. The rate of absorp- 
tion and of the diffusion of water vapour through 
the material is found to be rapid at first. 

In heat transmission tests through walls of insu- 
lating materials the following figures were obtained, 
expressed in B.Th.U. per square foot of surface in 
24 hours for a temperature difference of 1 deg. F. 
between the two faces: London stock bricks in 
cement, 9 in. thick, 16-3 units ; composite concrete 
walls of breeze blocks with gravel concrete between, 
7 in. thick, 20-2 units ; composite cork and concrete 
(1} in. of reinforced gunnite, 2 in. of cork board, 2 in. 
of breeze concrete, } in. of breeze gunnite), total 
thickness 6-1 in., 5 to 5-5 units. 

Thermometer T'esting.—The marked increase in the 
number of precision thermometers submitted for 
tests is largely due to the specifications laid down by 
the Institution of Petroleum Technologists. The 
quality of glass is well maintained, but the divisions 
are sometimes extended to high temperatures, at 
which the glass is not satisfactory. Silica tubes 
leave something to be desired as to uniformity 
and fineness of bore. In class B thermometers an 
increased demand has arisen for incubator instru- 
ments. A warning was given last year about spirit 
thermometers containing methyl alcohol and acetone. 
The use in thermometers of commercial or redis- 
tilled methylated spirit, if only containing 0-5 per 
cent. of acetone, is altogether to be deprecated. 
Thermometers containing 50 per cent. each of 
acetone and methyl alcohol showed a fall of reading 
amounting to 14 deg. F. in two months and to 
60 deg. in 14 months. 

Sound. Methods of Measurements.—The plea of 
the Physics Department for a special building of its 
own in consideration of the fact that the work has 
at present to be carried on in portions of fiye 
different buildings, none of which was originally 
intended for modern scientific research, is urged with 
particular respect to the Sound Division. The plea 
is strongly supported by the Executive Committee 
of the Laboratory, and, as many of the problems of 
atomic physics and acoustical measurements under 
the particular care of the General Research Com- 
mittee fall to the Physics Department in the first 
instance, the erection of a Physical Research 
Building may soon be decided upon. Meanwhile, 
many of the measurements of pure tones excited 





by electric oscillators giving sine waves, have to be 
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made either in Victoria House, too near the detecting 
circuits, or in the sound-proof rooms of the base- 
ment of Bushy House, where they are disturbed by 
the powerful oscillators of the Electricity Depart- 
ment. Absolute measurements of sound intensity 
can be made by measuring the radiation pressure ; 
by measuring the air velocity with the aid of a 
Rayleigh disc; by refractometric measurements ; 
and by means of the Wien vibration manometer. 
These methods, especially the first and third, are 
being examined. 

Reflection and Transmission.—Tests on the re- 
flection and transmission of sound by materials and 
partitions are made in two rooms, both rendered 
sound-proof by ample padding of the floor, walls 
and ceiling with Army blankets and felt. The par- 
tition wall between the rooms has an aperture of 5 ft. 
by 4 ft., over which the screen of material to be 
tested is fixed. In one room there is a parabolic 
retlector, at the focus of which the source of sound 
is mounted ; in the other room a microphone is 
shifted about to measure the sound intensity at 
different points. When the intensity is plotted 
against the distance from the aperture, open or 
covered by the screen under test, parallel curves are 
obtained ; both the curves are serrated because 
there are nodes and antinodes; but the parallelism 
of the branches shows that the position of the 
nodes and antinodes is hardly changed by the inter- 
position of, say, a quilt of } in. in thickness. In the 
reflection tests a 2-in. board of mahogany is used 
as a standard surface. This board seems to be an 
almost perfect reflector, the average intensity 
being the same in the transmitted beam through 
the open aperture as in the reflected beam ; but the 
reflector is very sensitive to stray sounds. Reverber- 
ation tests of absorbing power were tried on Sabine’s 
plan, using organ pipes up to 16 in number, 
as sources of increasing intensities, but loud 
speakers have proved more satisfactory. 

Wave Photography. Ripple Tank.—The wave- 
ripple tank of Dr. A. H. Davis was illustrated on 
page 65 of our issue of July 17, 1925. Although 
the water depth is not raised above } in. in this 
tank, the apparatus is suitable for studying 
wave propagation in shallow and deep water, 
and has been much used in connection with the 
acoustics of buildings. A wooden model section of 
the room is placed in the tank, as shown in the illus- 
tration mentioned. One might expect that greasing 
the corners of the model would bend the waves, 
because it would alter the shape of the meniscus ; 
but the ripple distribution remains substantially 
unchanged, In our illustration the ripples were 
produced by a reciprocating plunger. For many 
purposes, and the study of sound waves in air, a 
sound pulse is preferable to an oscillating source, 
and this pulse is produced by an electric spark. 
The sound waves are illuminated by a second spark, 
in series with the first, but lagging behind by about 
one-millionth of a second. These features and the 
apparatus required were explained by Dr. G. W. C. 
Kaye in the first of a series of lectures on the 
** Acoustics of Public Buildings,” delivered last 
May at the Royal Institution. 

The ripple tank was used in the study of errors 
in direction finding by radio waves as observed at a 
station near the sea coast. Half of the tank was 
supplied with a false bottom, and in this shallow 
water the approximately plane waves generated 
were about 10 per cent. slower than in deep water. 
The photographs showed plainly that refraction of 
the waves took place quite suddenly at the boundary, 
and indicated how errors in direction finding 
might arise owing to the irterference from the 
internally reflected wave when the transmitting and 
receiving stations were on the same side of the 
boundary. Ripple photographs weré also taken, 
on a scale of 1/900, in connection with an investiga- 
tion by the Royal Engineer Board of the possible 
use of hangars to screen certain areas from the sound 
waves set up by the engines of stationary aero- 
planes ; obstacles, in the shape of silhouettes of the 
hangars, were used as screens to water waves origin- 
ating in their vicinity. 

Radiology—The decrease in 


the number of 


radium tests may be due to the fact that most 
radium ores now come from the Congo mines, and 
are treated and tested in Belgium. 


The ordinary 








gamma ray test requires keeping the sample sealed 
up for five weeks to reach radio-active equilibrium ; 
but three observation tests, separated by intervals 
of several days, are often sufficient. The samples 
may be kept in tubes of Monel metal or steel. 
The standards are stored in a safe of 2 in. 
of lead. Barium sulphate plaster, it appears, 
is not so good a protective material against 
X-rays at 200 kv., as it is at 100 kv., and the pre- 
parations are, moreover, not always uniformly mixed. 


The use of radiographs in capillarity studies 


was recently described by Dr. E. A. Owen and 
Mr. A. F. Dufton to the Physical Society. With 
the aid of X-rays, measurements can be made of 
the rise of mercury in capillary copper tubes or 
between copper plates joined at an acute angle and 
of the fall of mercury in steel tubes. 

The X-ray bulbs used for absorption tests and for 
crystal examination are made, in the Laboratory, of 
detachable parts. The anticathode and filament can 
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be withdrawn, and the parts of glass or porcelain 
be fixed together again with the aid of rubber 
washers. The sealing-wax joints, formerly used, 
were apt to crack the glass and not to keep vacuum- 
tight; there is no such trouble with the rubber 
washers, and the bulbs can be dismantled and re- 
assembled again in a few minutes. Dr. Owen’s oscil- 
lograph studies of the X-ray emission by Coolidge 
bulbs and by gas bulbs, both operated by induction 
coils, show that the X-rays are emitted in narrow 
bands corresponding to the volt peaks. Figs. 9 
and 10 show simultaneous records of the secondary 
currents and potential wave forms of an induction 
coil operating a Coolidge tube (Fig. 9), and the gas 
tube (Fig. 10), together with time records from 
a tuning fork. The X-ray bands emitted were 
at the top and bottom of the points. The 
bands corresponded with the current and potential 
maxima. So far as X-ray production is concerned, 
a large portion of the current is useless. Better 
efficiency is obtained with the Coolidge tube by 
cutting-off the useless current which is done by 
adjustment of the contacts in the mercury inter- 
rupter, The photographs also allow of measuring 


the frequencies of oscillation of the circuits (coupled 
as in an induction coil). The interruption frequency 
was normally 50 per second, but doubling this 
figure proved advantageous for one coil ; the X-ray 
output was directly proportional to this frequency 
up to 100 per sec. At 60 kilovolts, the maximum 
potential used in these experiments, a gas-mercury 
jet break was more efficient than a Sanax break, 
but the curves showed the same characteristics 
with the. two interruptors. 

For measurements of X-ray spectrograph, within 
a tenth of a millimetre or less, a little viewing-box 
has been constructed, in which the photographic 
plate to be examined is mounted in front of an opal 
glass window, which can be rotated in an adjustable 
frame. The setting point consists of a steel rod 
flattened out to a sheet near its fine point ; the plane 
of this sheet is used to correct for parallax. The 
pointer is carried on horizontal guides or may be 
engaged with a lead screw of 1 mm. pitch, by 
means of a half-nut ; this latter arrangement is for 
the more precise measurements. The opal window 
is illuminated by means of a Fullolite lamp. 

Optics.—S pectrophotometry. Colour Standardisa- 
tion.—Complete spectrophotometric measurements 
have been made for twelve representative glasses 
made by Messrs. Chance Brothers, and information 
has been obtained upon the effect of ageing on 
some types of glasses. The instrument for colour 
standardisation has been completed and much 
research work has been done with it. The principle 
is that the quality of a colour can be completely 
defined by the position of a point on a chart—the 
well-known colour triangle or its more convenient 
equivalent in rectangular co-ordinates—in such a 
way that when radiation inducing the sensation 
represented on the chart by a point A is received 
simultaneously with radiation which alone would 
induce the sensation represented by another point 
B, then the sensation evoked by the two simultane- 
ously is representable by a point C situated on a 
line joining A to B. Conversely any colour 
sensation corresponding to any point on the line 
A-B, should be obtainable by mixing the sensations 
A and B in suitable proportions. The visible 
spectrum is bounded on the chart!by the curved 
locus of the pure spectral colours, and the straight 
line joining the extremities of the curve. At the 
red end of the spectrum is light of 0-67 », at the 
other end the colour fades away near violet, 0-40 
p; thus it should be possible to match any colour 
by mixing extreme red with some other colour. 
Mr. J. Guild’s vector colorimeter, the instrument 
designed for this purpose, consists of a Hilger 
constant deviation wave-length spectrometer com- 
b‘ned with a Pointolite lamp, colour filters and two 
wedges adjustable in front of two collimators. There 
are many problems involved, even apart from the 
difference between monorhythmic or monoperiodic 
radiation (which denotes a physical property of the 
radiation) and the monochromatic colour sensation. 
There is, for instance, no agreement at all as to what 
is really understood by “ white light’ in different 
localities or as to the exact conditions under which 
colour should be studied. 

Electricity Department. Standards and Watve- 
meters.—The first re-measurements of the inter- 
national mercury resistance standards made since 
1912 gave the Metrology department, which had to 
determine the actual length of the bore of the glass 
tubes, a great deal of trouble. A new method 
of measuring was employed, but it looks as if 
the manganin coil standards, which were also 
re-measured, were more invariable than the mercury 
columns. Discrepancies in the International ohm 
of two or three parts in 100,000 are too large to be 
tolerated; Mr. F. E. Smith, dealing with these 
problems in his presidential address to the Physical 
Society two years ago, showed that the adoption 
of absolute electrical units defined in terms of the 
c.g.s. system would be less difficult than was 
thought. The verification of the Board of Trade 
Standards (ohm coil, ampere balance, voltmeter) 
has been quite satisfactory. In making and testing 
the self-inductance standards, which are wanted 
of large size (200 millihenry) at telephonic fre- 
quency, the stranded wire had not been waxed in 
order to keep the self-capacity. low ; it was noticed, 
however, that the effective resistance varied with 
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the humidity of the atmosphere, suggesting that 
dielectric losses in the silk insulation of the wires, 
as well as capacity effects, play an important part 
in determining the effective resistance. The residual 
inductance of high resistances of several thousand 
ohmsis very difficult to get rid of, but its value should 
be known. A standard resistance of 10,000 ohms 
and of known residual inductance has therefore been 
built up by steps of 500 ohms of manganin wire, 
0-05 mm. diameter ; to make calculations possible, 
the wires had to be arranged in a grid along the 
circumference of a cylinder surrounded by an 
earthed screen in such a way that the distance 
between the wires and the screen was not more than 
one-tenth the radius of the screen. 

The tuning fork of Mr. W. P. Dye’s multi- 
vibrator wavemeter has kept remarkably constant, 
at 999-95 cycles per second, although it is frequently 
run for six hours a day; the extreme fluctuations 
with new valves ranged from 999-93 to 999-99 ; 
the temperature coefficient is —9 x 10-° per 
degree Centigrade rise in temperature. A new 
potentiometer method has been worked out for 
determining the amplifying ratio and the phase 
displacement of the output and input voltages, 
applicable also to inter-valve transformers. With 
the aid of a shorter aerial the frequency range of 
the standard waves sent out by the Laboratory is 
to be raised, and a new code of signals is soon to be 
issued. 

Fused Quartz Insulators.—The _ high - tension 
insulators of fused quartz which the department 
adopted a few years ago, in preference to sulphur, 
apparently with the best results, have been found 
to deteriorate rapidly under certain conditions ; 
fortunately, such deterioration may be prevented. 
The quartz should be cleaned with acid, then made 
red-hot, and dropped into molten paraffin wax, the 
superfluous wax being allowed to drain off. The 
standard condensers fitted with these insulators 
have the lowest power factors of all the condensers 
of the department. 

Electrotechnics. Meters. Dielectrics —Up till last 
year the alternating-current section, under Dr. E. H. 
Rayner, was distinguished from the direct-current 
section under Mr. 8S. W. Melsom. The latter, 
one of the very early members of the staff, having 
last autumn taken up the position of research 
engineer to Callender’s Cable and Construction 
Company, that distinction is no longer observed, 
and the Wireless Section, since 1923 in charge of 
Dr. R. L. Smith-Rose, has been attached to the 
Klectrotechnics Division. Noteworthy in the 
verification work of instruments is the testing of 
the eight meters through which the bulk supply 
purchased by the Southern Railway for the 
recently-electrified Eastern Section is measured. 
The mode of testing was agreed upon with the 
companies, the consulting engineer, and the 
meter manufacturers, and the adjustments made 
on the strength of the tests would be equivalent to 
1,300/. a year in the amount of electricity recorded 
on the basis of $d. per unit, and a load factor of 
30 per cent. The verification work of large-current 
meters in particular has much increased. Different 
makes of meters may vary considerably in per- 
formance after running on full load for weeks, or 
even days. Meters for more than 20 amperes 
seem to be more affected by short circuits than 
meters for smaller currents, apparently owing to 
the larger effect on the leading-in wires ; leaks also 
tend to force the magnetic parts together, diminish- 
ing the air-gap: a short-circuit test, before final 
adjustments, is accordingly suggested. When in 
alternating-current wattmeters the needle is sus- 
pended by a single tungsten wire, the expansion of 
a wire 50mm. long, under a temperature rise of 
10 deg. C., raised the needle by 0-07 mm. in the 
2-2 mm. gap of the quadrants, which would mate- 
rially impair the sensitivity of the meter. Platinum 
and phosphor bronze have lower expansion co- 
efficients ; in both these cases the wires have to 
be annealed. With platinum this can be done in 
air; with phosphor bronze it should he done in 
nitrogen, and phosphor bronze strips may become 
stiffer by the annealing. On the whole, phosphor 
bronze is at present preferred, but tungsten is 
stronger and more homogeneous, and is still under 
trial. A new wattmeter equipment for 25,000 volts, 


made for a Dominion Government, is now under 
test. 

Much time has been devoted to the determination 
of the characteristics of insulating materials, cables, 
&e., under high alternating pressure, and of small- 
phase differences near 0 and near 90 deg. At 
commercial frequencies of 50 periods, phase angles 
of one minute become significant, and in these 
measurements high resistances are advantageously 
replaced by condensers, as instruments of reference ; 
a condenser for 30,000 volts has been constructed, 
and one for 100,000 volts is being designed. But 
high resistance and potential dividers are also 
needed, and the Laboratory has made one for 
30,000 volts of the Orlich-Schultze types ; the main 
resistance is wound on eight vitreosil tubes, each 
surrounded by a brass tube, and ‘an ancillary 
resistance is wound in parallel to the main on nine 
unshielded vitreosil tubes in order to supply suitable 
volts for the shielding tubes. 


(To be continued.) 








LETTERS TO THE EDITOR. 


THE ACTIVATED SLUDGE PROCESS. 
To tHe Eprror oF ENGINEERING. 


Str,—The note, necessarily condensed, in your issue 
of 9th instant, of my remarks on Dr. Calvert’s paper at 
the Sanitary Institute Congress does an injustice to the 
activated sludge process which I should like to correct. 
It was not my desire to question the value of the process, 
nor its applicability to a wide range of cases. My 
intention was rather to emphasise Dr. Calvert’s caution 
as to the need, in the present state of our knowledge, 
for the greatest circumspection in adopting it. Nor 
did I wish to suggest that the utility of the process was 
limited to the preparation of sewage for filtration. It 
has abundantly demonstrated its ability to complete 
the purification of ordinary sewage. Whether it is 
economical to carry the process so far is a question 
which does not admit of a general answer. 

Yours faithfully, 
ARTHUR J. MARTIN. 
108, St. George’s Square, 
Westminster, S.W.1. 
July 19, 1926. 








THE DISPOSAL OF TOWN REFUSE. 


To THE Epiror oF ENGINEERING. 


Sir,—The article on above in your issue of Friday 
last mentions the alternative of tipping at sea. This 
method was not lost sight of when writing my report, 
and should have been mentioned. I thank you for 
drawing my attention to the omission. 

I do not think that tipping at sea would be satis- 
factory for the reasons—(1) Town refuse contains very 
large quantities of articles that would float for a long 
time, 7.e., mattresses, sealed cans, bottles, &c., which 
even if tipped some miles off the coast would eventually 
be washed ashore to the annoyance of the public. 
Cases of this kind have, I believe, already occurred ; 
(2) and if tipped at such a distance from the shore that 
the articles would be unlikely to return, the cost of 
transport would be very high. 

The second point raised is, why not run the plant 
seven days per week instead of six. This could be done 
at the expense of complicating the labour arrangements, 
Six days per week can easily be worked without having 
to work overtime ; to work seven days means extra help 
which would not be required at any other time but 
week-ends. Further, there is very little demand for 
electricity during week-ends. From noon on Saturday 
until about 7 a.m. Monday, the demand is so small that 
three-fourths of the existing generating stations could, 
and many of them are now, shut down at week-ends, 
what electricity is required being supplied by the 
remaining fourth. Owing to the system of inter- 
connecting link mains, of which I have always been 
a strong advocate, this is easily done, and has long been 
the practice to a great extent in the East End by groups 
of boroughs owning electricity undertakings. 

As regards the thermal efficiency likely to be obtained 
from the burning of refuse, I would like to poinf out 
that my scheme is based upon the figure of 0-75 Ib. of 
steam per lb. of refuse. Other advocates of burning 
go much higher, and Mr. Sutcliffe gives a figure of 
1-51b. to 1 1b. This figure may be obtained if the refuse 
is graded, but this will, of course, add to the expense. 
In drawing up my report I have endeavoured to put 
forward a scheme that will not only be right technically, 
but also on a sound commercial basis. On a 1-5 lb. 
basis my units generated would be doubled, and the 





revenue from electricity raised from 50,0001. to 100,000/. 


I am afraid the higher figure is too optimistic and 
prefer the lower basis. It must be remembered, that to 
put down plant for the whole of the Administrative 
County of London will cost in the order of 2,000,000/. 
or more, and before any authority or company can be 
induced to enter upon an expenditure of that kind, it is 
essential that the scheme be sound and good for, say, 
50 years hence. 
As regards the Birmingham plant, I have not seen any 
financial results, but would like to do so if available. 
Glasgow Corporation who are putting down a refuse 
power plant at a cost of about 500,000/. have adopted a 
scheme of burning similar to my proposal. This will, 
I believe, be the largest plant of its kind in Britain. 
Iam, 
Yours faithfully, 
C. Newton RwssE.t, 
Assoc. M.Inst.C.E., M.1.E.E. 
Charta Cottage, 
Wraysbury, Bucks. 
July 17, 1926. 








THE RESISTANCE TO FLOW OF 
WATER IN A CORRUGATED PIPE. 


To tHe Eprror oF ENGINEERING. 


GENTLEMEN,—Referring to Mr. A. R. Low’s letter 
which you publish on page 636 of your May 28, 1926, 
number, Mr. Low makes the statement that “ There is 
no known solution for the turbulent flow of a fluid in a 
pipe ........’.. I should be very glad to have you call 
Mr. Low’s attention to my article “‘ A New Theory of 
Fluid Flow ” in the Journal of the Franklin Institute 
for December, 1924, in which I give a solution for 
turbulent flow in pipes which checks with test data for 
air flow and for water flow, and which may be found to 
check flow data for all fluids, 

Yours very truly, 
A: B: Cox: 
University of Pittsburgh, 
School of Engineering. 
June 9, 1926. 





To THE Epiror oF ENGINEERING. 


Str,—The writer has studied Professor A. B. Cox’s 
paper ‘‘A New Theory of Third Flow” (Journ. 
Franklin Inst., December, 1924, p. 769) which gives 
graphically observed distributions of velocity across 
pipe sections as some sort of steady mean, possibly 
root mean squares of axial components, and fits an 
empirical logarithmic curve to the experimental points. 

This curve and it surface of revolution have sharp 
peaks on the axis, and infinite negative values at the 
pipe surface, thus failing, in these regions, to agree 
with observation. Elsewhere the agreement seems to 
be fair. 

It is in no sense, mathematical or physical, a solution 
of Stokes’ equations of viscous fluid motion, and thus 
does not affect the writer’s statement that no such 
solution is known. 

A. R. Low. 
The Library, 
Air Ministry, London. 
July 14, 1926. 





THE PRopvuction or Pig Iron AnD STEEL.—On the 
eve of the coal stoppage there were 147 blast furnaces in 
operation. This number was reduced to 23 by the end of 
May, and was still further reduced to 11 by the end of 
June, The production of pig iron during the month of 
June amounted to 41,800 tons ; the figures for May and 
April were, respectively, 88,800 tons, and 539,100 tons. 
The production of steel ingots and castings during the 
month of June amounted to 32,800 tons. The output 
in May was 45,700 tons, and in April, 585,400 tons. The 
above figures are issued by the National Federation of 
lron and Steel Manufacturers, Caxton House (East), 
Tothill-street, Westminster, London, S.W.1. 


Ture OLtp Cotony Cius.—A further development in 
the great international organisation of business clubs, 
known as the Old Colony Clubs, took place on Wed- 
nesday, July 21, when the Rt. Hon. Sir Robert Horne 
opened the new club in Fore-street, Moorgate, London. 
These clubs, as was explained by Sir Walter Townley, 
the chairman of the organisation in the Eastern Hemis- 
phere, who presided at the inaugural lunch, are organised 
purely for the profit and convenience of business men 
undertaking international trade, and there are now no 
less than fifty of them established for the benefit of the 
membership of 20,000 in Great Britain, France, Germany, 
Canada and the United States of America, Every member 
in any city is a member of all the clubs throughout the 
world and efficient service is rendered to them in the 
provision of commercial information, personal and travel 
services. There can be no doubt, as was emphasised hy 
Sir Robert Horne, that the establishment of meeting 
places for the heads of business organisations, in all the 
centres of international commercial activity, is a factor 
making for the improvement of trade relations and the 





extension of overseas enterprise. 
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LABOUR NOTES. 

Beyonp the efforts of a committee representing the 
Anglican and Free Churches to compose the differences 
of owners and miners, there have been no negotiations 
lately of importance with the object of ending the trouble 
in the coalindustry. During the week-end, a memoran- 
dum was submitted to the Prime Minister embodying 
settlement terms of which the Miners’ Federation 
executive approved, . It was proposed that (1) work 
should, be resumed immediately with hours and wages 
as before the stoppage ; (2) a national settlement should 
be negotiated within four months, the subsidy to be 
continued in the interval under a scheme to be drawn 
up by the Coal Commissioners; (3) the terms of the 
reorganisation scheme and the reference to wages in the 
Report should be worked out in detai] by the Commis- 
sioners and incorporated ‘‘ as far as may be necessary ”’ 
in legislation; (4) the parts of the reorganisation 
capable of early application should be put in operation 
at the earliest moment practicable ; (5) the Government 
should carry the legislation necessary at the earliest 
possible moment ; (6) at the end of the defined period 
matters of disagreement should be settled by a joint 
board with an independent chairman, whose award 
should be accepted by the two parties. In formally 
acknowledging receipt of the proposals, the Prime 
Minister stated that the terms and conditions of work 
would have to be settled by agreement between owners 
and miners, and that no further subsidy would be 
available to allow work to be resumed on the old 
conditions. One Monday night Mr. Baldwin received a 
deputation from the Committee, and explained to its 
members the views of the Government on the subject 
discussed, 

The Ministry of Labour states that on July 12, 1926, 
the number of unemployed persons on the registers of 
employment exchanges in Great Britain was 1,644,300, 
of whom 1,222,000 were men, 43,100 boys, 333,200 
women, and 46,000 girls. Of the total number, 83,400 
were ‘+ persons normally in casual employment.” On 
July 6 1926, the number of unemployed persons was 
1,645,070, of whom 1,223,255 were men, 42,900 boys, 
332,593 women, and 46,322 girls ; and on July 13, 1925, 
it was 1,248,466, of whom 973,137 were men, 33,311 
boys, 215,008 women, and 27,010 girls. The total of 
1,644,300 on July 12 does not include ** persons who 
ceased work in the coal-mining industry on account of 
the dispute,” 

On Tuesday night the executive council of the | 
Amalgamated Engineering Union met the London | 
District Committee of the organisation for the purpose 
of. considering the local demand for increased wages 
in the light of the situation of the industry generally. 
According to an official report given out by Mr. J. T. 
Brownlie, President of the Union, who presided, 
‘‘ the proceedings were adjourned on the understanding 
that the matter should be left in the hands of the 
Executive Council in accordance with the resolution of 
the National Committee.” It was added that another 
meeting would be held to consider the matter when 
conditions were more settled. A conference of execu- 
tive representatives of the whole of the engineering 
unions which are interested in the national wages 
movement is to be held at York on August 17. 


According to the Ministry of Labour Gazette, 
employment in June continued to be seriously affected 
by the coal-mining stoppage and the consequent 
shortage of fuel and power. In most of the large 
coal-consuming industries employment remained bad, 
and in many industries—notably iron mining, pig-iron, 
iron and steel, tinplate, and pottery manufacture 
and -shipbuilding—a large number of works were 
either idle or only partially working. In the building 
trades and in agriculture, however, employment was 
generally good with skilled workers; and it was 
fairly good in certain sections of the printing and 
clothing trades. Among the workpeople (numbering 
approximately 11,900,000) insured against unemploy- 
ment under the Unemployment Insurance Acts, in 
Great Britain and Northern Ireland, the percentage 
unemployed at June 21, 1926, was 14-7, as compared 
with 14-5 at May 24, 1926, and i1-9 at June 22, 1925, 
Among the members of those trade unions from 
which returns were received the percentage unemployed 
was 12-9 at the end of June, 1926, compared with 
13-2 at the end of May, 1926, and with 12-3 at the 
end of June, 1925. The percentages 14-7 and 14-5 
include coal mining, those miners who were not 
disqualified for benefit under the Unemployment 
Insurance Acts by reason of the dispute being taken 
as, unemployed, but not those who ceased work owing 
to the dispute, In other industries (excluding coal 
mining) the percentage of unemployment at June 21 
was 15-3, as compared with 15-1 at May 24. 











In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 


rates of wages reported to have come into operation 
during June resulted in a reduction of about 17,0001. 
in the weekly full-time{wages of about 162,000 work- 
people, and in an increase of nearly 1,900]. in those 
of about 23,000 workpeople. The largest groupYof 
workpeople affected by reductions were boot and shoe 
operatives, the great majority of whom sustained 
reductions of ls. to 4s. a week in the case of time- 
workers and of 2} per cent. on list prices in the case 
of pieceworkers.. Electric cable makers sustained 
reductions of 1s, 114d. or 2s. a week in the case of 
men and of ls. in the case of women. Other important 
bodies of workpeople whose wages were reduced 
included steel sheet millmen and galvanisers in various 
districts, blastfurnace workers in Cumberland and 
North Lancashire, and workpeople in the preparing 
and spinning departments of the linen industry in 
Northern Ireland. The increases in wages affected 
principally iron ore miners in Cumberland, and workers 
engaged in civil engineering construction in Great 
Britain generally. During the first six months of 
1926, the changes reported to the Department, in 
the industries for which statistics have been compiled, 
have resulted in net increases amounting to 16,500J. in 
the weekly full-time wages of 135,000 workpeople, 
and in net reductions of 69,5001. in those of 658,000 
workpeople. 





The general stoppage of work in the coal-mining 
industry, which began on May 1, continued throughout 
June, and involved about 1,075,000 workpeople in 
that industry in a loss of about 23,350,000 working 
days during the month. Apart from this, the number 
of trade disputes, involving stoppages of work, reported 
to the Ministry of Labour as beginning in June was 
10; in addition, 21 disputes which began before June 
were still in progress at the beginning of the month. 
The total number of workpeople involved in these 31 
disputes (including those thrown out of work at the 
establishments where the disputes occurred, though 
not themselves parties to the disputes) was about 
7,000, and the estimated aggregate duration of such 
disputes during June was about 37,000 working days. 





Replying to a question asked by Mr. Ammon last 
week, the Minister of Labour stated that the net 
changes in the rates of wages reported in the industries 
covered by the Department’s statistics were as 
follows :— 


o 
Increase of 2,547,000. 


1919 
1920 ss 4,793,000. 
1921 Decrease of 6,061,000. 
1922 es 4,210,000. 
1923 cs 317,000. 
1924 Increase of 554,000. 
*1925 Decrease of 79,800. 
1926 ‘5 37,000. 


* If changes in wages of agricultural labourers were 
included, this small net decrease would have been 
converted into a slight increase. 





In the newly elected Executive Committee of the 
Miners’ Federation of Great Britain, South Wales is 
represented by Messrs. T. Richards, N. Ablett, and 
8. O. Davies ; the Enginemen and Cokemen by Messrs. 
J. Smith and J. Gillians ; Yorkshire by Messrs. Herbert 
Smith, J. Jones, and A. Smith ; Cleveland, Cumberland, 
North Wales, and Leicestershire by Mr. J. A. Smith ; 
South Derby, Forest of Dean, Somerset, Bristol, and 
Kent by Mr. C. Thompson ; Durham by Messrs. W. P. 
Richardson, P. Lee, and T. Trotter; the Midlands by 
Messrs. F. J. Hancock and W. Latham ; Northumber- 
land by Mr. E. Edwards; Kent by Mr. J. Elks; 
Lancashire by Messrs. 8. Blackledge and T. Flatley ; 
Notts by Mr. F. Varley, M.P.; Derbyshire by Mr. T. 
Hall, M.P., and Scotland by Messrs. P. McKenna and 
J. Doonan. Mr. Herbert Smith has been re-elected 
president, Mr. T. Richards vice-president, and Mr. 
W. P. Richardson, treasurer. About half of the 
members are new. 

The annual report of the Transport and General 
Workers’ Union states that the membership is nearly 
450,000. In 1924 wage advances were secured repre- 
senting no less than 4,500,000/., and a further 1,000,000/. 
could, it was reckoned, be added for 1925. The 
assets and funds of the Union stood at the end of the 
year at 500,000/., but all that had been spent in the 
miners’ struggle. Contributions during the year 
amounted to 477,284/., and 87,8301. was paid back to 
members in funeral, accident, sickness, dispute and 
other benefits, while the compensation secured for 
members totalled 142,385/. In four years the members 
had received back in cash nearly 1,000,000/.—530,2071. 
in cash benefits and 379,2791. in compensation. 





Addressing a meeting at Hanley on Saturday, 
Mr. Bevin said that they had done their best to keep 
down the importation of foreign coal, but an embargo 





on foreign coal would mean in effect another national 
dock strike. The executives agreed to the general 
strike as an alternative to the embargo. An embargo 
was tried in 1921, but it failed miserably. He felt it 
would be wrong to bring men out unless he could see a 
prospect of putting them back again in a proper manner, 
Financially they could not stand another dock dispute 
after spending their all. He could not carry out with 
success what was being asked for by the miners and 
others, and he had told them so quite frankly. 

During the first quarter of the current year the 
Amalgamated [Engineering Union’s general fund 
increased from 299,549]. 8s. 83d. to 317,314/. 15s. 24d. 
and its superannuation reserve fund from 1,508,379l. 
6s. 6d. to 1,509,915/. 9s. 8d. The comparative slight- 
ness of the increase in the superannuation fund was 
due to the fact that the payments made in respect of 
extra superannuation benefit were greatly in excess 
of the sum realised by the shilling levy imposed for that 
purpose. Arrears of contributions slightly decreased 
during the three months ; but the total amount owing 
is still high, viz., 93,7791. 12s. At the close of the 
quarter the membership was 235,300. 





At the end of June, 26,170 members of the Boiler- 
makers’ Society were ‘ signing the books,” as compared 
with 24,959 a month earlier. The expenses for May 
were 96,6137. Os. 10d.; in June they were 107,1171. 
9s. 3d. The increases are officially stated to be due 
to ‘the continuation of the mining dispute.” ‘ If,” 
the General Secretary writes, ‘“‘ we were the only trade 
union in difficulties, we would conclude that there was 
a lack of efficiency in administration, but as practically 
all trade unions are in the same position, we must 
look elsewhere for the cause and the cure. In the 
interval, however, we must, as a Society, take the 
necessary steps to balance our own budget by a very 
considerable reduction of expenditure on administration 
as well as on benefits. At the beginning of the present 
slump we had a credit balance of 834,227/., and the 
interest on this great reserve went a long way towards 
the costs of our administration. When the slump 
came, other unions either curtailed their benefits or 
cut them off. We, however, took the view that this 
great asset had been subscribed by the members for 
the rainy days, and, therefore, instead of cutting off 
or decreasing benefits, we increased benefits to meet 
the increased needs of our members. Such a policy 
was justified from past experience, as at that time we 
were able to stand a normal trade depression, and the 
depression which started at the end of 1920 had the 
appearance to most people of being a temporary 
depression.” 

The executive council of the United Society of 
Boilermakers and Iron and Steel Shipbuilders have 
instructed the branches to ballot again on the subject 
of the proposed Shipbuilding Trades Committee. 
When the members last voted, the scheme was rejected 
by 1,129 votes to 1,105, only 104 branches taking the 
trouble to make returns. That vote the executive now 
regard as “ unsatisfactory,’ and members are instructed 
to ballot again, and “ vote in favour of ” the scheme, 
at the August meetings of their branches. 





Judging from a manifesto ‘to the workers of the 
world,’’ which the Soviet Trade Unions have issued, 
Moscow is not at all pleased about the collapse of the 
general strike, ‘‘The defeat of the British worker 
we cannot but consider,” the writer of the manifesto 
says, “‘as a partial defeat for the whole international 
proletariat. That is why we consider it our duty 
openly, before the whole international proletariat, to 
declare that this defeat is a result of the treacherous 
tactics of the heroes of Black Friday, the Right Wing 
leaders of the Labour Party and the General Council 
(Thomas and MacDonald), and also the capitulation 
of its Left Wing (Purcell, Hicks and others), who are 
even more responsible for the defeat, for, possessing 
a vast influence in the General Council, they ingloriously 
dragged at the tail of declared lackeys of capitalism, 
and together with them surrendered their positions to 
the class enemy. Events have shown the correctness 
of the policy of the Anglo-Russian Conference, but they 
have equally shown the incapacity of the present 
leaders of the British workers, corrupted by the re- 
formist policy of compromise, to lead the great struggle 
of the workers against the capitalist class with all the 
necessary consistency and resolution.” 








Tenper —The Municipality of Bulawayo, Southern 
Rhodesia, is calling for tenders for the supply, delivery 
and erection of chemical admixing plant, filtration 
plant, &c., in connection with the new waterworks. 


.Tenders must reach Bulawayo on or before noon on 


August 31, 1926.. Further particulars regarding the 
above tender may be obtained from the Department ot 


_Overseas Trade, 35, Old Queen-street, Landon, 8.W.1, 


quoting reference No. A.X. 3385. 
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Speed .... = Best .. 94 Y.p.m. 7 : 
Overall length ve wee -23+4-m. (76 ft. 9 in.) 15,000-H.P. DIESEL ENGINE. 
Overall width .... a .. 4:3 m. (14 ft.) 
Height from centre-line of = . 

shaft... 10 m. (33 ft.) CONSTRUCTED BY MESSRS. BLOHM AND VOSS, HAMBURG. 
Height from bottom of crank- 

case . _ 11-8 m. (38 ft. 9 in.) 


The leu am out wet ins engine, its generator and 


the auxiliary equipment, in the Neuhof power station |. 


is shown in Figs. 1 to 4, on page 117, while the engine 
itself is illustrated in Figs. 5 to 9, on this page and the 
opposite pages and on page 108. The engine has nine 
cylinders in line and drives a direct-coupled, three- 
phase generator, made by the Siemens-Schuckertwerke 
Company, of Berlin, the generator being rated to 
give an output of 13,000 kv.-a. when the power- 
factor is 0-8. It generates at 6,000 to 6,300 volts, 
and the frequency is 50 cycles per second. At the 
end of the crankshaft remote from the generator, a 
direct drive is given to a two-cylinder, three-stage air 
compressor used for the provision of starting and 
injection air. Scavenging air, however, is provided by 
two completely independent electrically-driven pumps, 
the location of which, in line across the end of the 
power station, is clearly shown in Figs. 1, 2 and 4. 
Space, it should be noted, is available in the station 
for the accommodation of a second engine-generator 
set of the same power and dimensions. 

The principal constructional features of this interest- 
ing engine are clearly indicated in Fig. 7, while the view 
of the engine in course of erection, Fig. 5, shows how 
the components of the frame and the bedplate are 
associated. Cast-iron is used for the base plate and 
the intermediate frames. This material is eminently 
suitable for taking all the compressive stresses which 
have to be resisted, but, as the engine is double-acting, 
similarly large tensile stresses have to be dealt with. 
For this reason, greater provision for stress resistance 
must be made than is afforded by cast-iron frames 
unless they are made of much heavier section than is 
necessary to deal with the compressive stresses. 
Security against the effects of these tensile stresses is 
obtained by the introduction of long steel bolts, passing 
right through the frames; the ends of the bolts and 
the nuts on them, which serve to hold the entire struc- 
ture together, are to be seen in Fig. 7 

Inside the cast-iron cylinder, there are liners ex- 
tending towards the centre from each end. Their 
expansion is permitted to take place from the fixed 
ends inwards. To ensure that there is an effective 
liner surface for the retention of the piston rings in 
place in their grooves as the piston passes over the 
inner ends of the liners, these have alternate projec- 
tions and gaps, which allow a sufficient space for ex- 
pansion by the movement of the projections of the 
one liner within the gaps of the other. Both the top 
and bottom covers are of cast iron and are connected 
to the cylinders by a form of multiple bayonet joint. 
Effective joints are made between the covers and the 
cylinders by the insertion of copper rings. An illus- 
tration of a top cover is given in Fig. 6, while the casings 
with internal projections, in which they are accom- 
modated, are shown in the general section, Fig. 7. 
These casings complete the top part of the structure 
of the engine, and through them pass the main 
bolts, which resist the pressures in the top end of | 
the cylinder. Ports for the exhaust and for the | 
scavenging air are provided on one side of the cylinder | 
wall, those in the centre being for the admission of the | 
scavenging air supplied by the external pumps. 
These ports are uncovered and covered in turn by the | 
moving piston, so that the burnt gases of the previous 
cycle may be entirely swept out of the cylinder and | 
replaced by incoming air, which is later compressed and | 
used for the combustion of the oil in the next cycle. | 
As the scavenging air enters the cylinder, it passes 
across to the opposite side and travels towards the | 
cover and then back, sweeping out all the burnt gases. | 
This natural action of the incoming air under pressure | 
is facilitated by making the top and bottom surfaces | 
of the piston of concave form. Water for cooling is | 
introduced into the lower cylinder covers and is then | 
conducted by pipes and ports to the jackets surrounding | 
the liners and, ultimately, to the top cylinder head. | 

The pistons are built up ot end sections separated | 
from each other by a central portion, which is made | 
in two parts. These parts are held together by | 
bolts and, by the same means, are connected to the | 
piston-rod collar. Seven piston rings are accommodated 
in grooves in each end section of the piston for the pre- 
vention of leakage under the high pressures of compres- | 
sion and combustion. Within the piston there are pipes | 
connecting the top and bottom ends, for the conduction | 
of the cooling water which enters and leaves through | 
the piston rod. As the piston is almost entirely hollow, | 
ample space for the cooling water is afforded. For the | 
supply of the cooling water a connection is made to | 
the hollow piston rod by bent pipes near the crosshead, | 
the pipes being in communication with telescopic tubes, | 
seen near the foot of the cylinder in Fig. 7. 














Fig. 5. THe ENGINE IN CouRSE OF ERECTION. 
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i to enable wear to be taken up by their subsequent 
15,000-H.P. DIESEL ENGINE. removal. White metal is again used as the bearing 

mee The crankshaft, Fig. 9, is made of forged 
= open-hearth steel in three parts having flanges at 
CONSTRUCTED BY MESSRS. BLOHM AND VOSS, HAMBURG. each end, which are bolted “t ogether. At aan end, 
a flanged coupling is available for connection to the 
generator, and a further double-crank extension at 
the other end forms the air-compressor crankshaft. 
The nine main cranks are set at angles of 40 deg. 
to each other. 

In the upper cylinder cover accommodation is 
provided for a central fuel valve, mounted vertically, 
and there is also a horizontal spring-held safety valve, 
which, however, is not shown in the sectional view, 
Fig. 7. The provision of valves for the lower end 
of the cylinder is not possible in the same way as 
at the top, because of the presence of the piston rod. 
For this reason, four small separate fuel valves are 
used. There is also a safety valve in the lower 
cylinder cover, as well as a starting valve. To ensure 
‘| that the fuel-oil entering the bottom end of the cylinder 
will be delivered into the compressed air without first 
coming into contact with the metal of the cover, the 
stream of atomised oil is deflected in an upward 
direction by having the outlet from the needle valve 
set at an angle of about 45 deg. Motion for the 
operation of the fuel valves for both ends is obtained 
| from the general camshaft which runs along one side 
of the engine just below the level of the cover for 
the lower end of the cylinder. This camshaft is 
driven from the crankslfaft through a _ vertical 
‘ shaft and bevel gearing. Rollers at the ends of pivoted 
' levers take the motion from the various cams, and 
' this is taken by rods connected to suitable points 
on the pivoted levers to bell-cranks which give the 
required movement to the valve levers. Heavy 
springs ensure the immediate closing of all the 
valves, once the roller is free to return to the circular 
part of the cams. Above the camshaft, and also 
operated from it, are the fuel-oil pumps. Each 
cylinder has its separate pump and this has two 
plungers, which are used to deliver oil to the two ends 
of each cylinder. 

The control platform is at the compressor end of the 
engine. On the same level is the middle platform, 
surrounding the engine and giving access to the 
mechanism operated from the camshaft, the lower inlet 
valves, the piston-cooling devices, and the water 
outflows of all jackets, which are carried away through 
separate collecting funnels. A top platform is provided 
to give access to the cylinder heads and to the top 
fuel valves. In a central position on the control 
platform are concentrated all the pressure gauges and 
speed indicators as well as the starting and control 
levers and fuel regulators. Near by are the drains and 
regulating valves for the air compressor. Directly 
under the starting platform a lever is provided, by 
the movement of which the oil-fuel pumps may be cut 
out of action from the floor level. 

To start the engine, the fuel-regulating device is 
first put into its working position, to ensure the supply 
of fuel to the engine when necessary. The control lever 
is then moved and this ensures that the rollers which 
take motion from the camshaft to the oil pumps for the 
bottom ends of the engine cylinders are lifted from the 
cams, the necessary movement being effected by 
plungers in small pneumatic cylinders. At the same 
time, the cam rollers for the pumps for the fuel supply 
to the top ends of the cylinders remain in contact with 
the cams. Once this condition is reached, the engine 
may be started immediately, by introducing air to 
the under-sides of the pistons in the cylinders by 
throwing over the starting lever to the start position. 
When starting is effected, and it will be appreciated 
| that the top ends of the cylinders receive fuel from 
| the beginning of the operation, the throwing over of 
| the starting lever cuts off the air supply to the bottom 
jends. The control lever is then put in its extreme 
| position, when all the oil pumps come into action and 
| the engine runs normally on oil introduced into both: 
lends of the cylinders through the fuel valves. The 
governor control on the oil-fuel pumps is effected 
through the movement of an overflow valve. Adjust- 
ment of the governor may be performed by hand or 
by the use of a small electric motor. The exhaust is 
taken from each group of three cylinders and led away 
through three underground pipes laid at the side of 
the engine-room, to a masonry silencer-pit below the 
two brick chimreys through which it is delivered 
| into the atmosphere. 
| The three-phase generator coupled to the Blohm and 
| Voss engine was constructed, as has already been indi- 
| cated, by the Siemens-Schuckertwerke Company of 
atsienasics | Berlin. When running at 94 r.p.m., and when the 

| power factor is 0-8, it develops about 13,000 kv.-a. 


The motion from the piston rod is taken through the} the guides. The connecting rod is four times the| The voltage is 6,000 to 6,300, and the frequency 50 
crosshead, working in guides on one side of the engine, | throw of the crank in length, and has a forked end | periods per second. On the overhung end of th> shaft 
to the connecting rod, which is made of mild steel and | at the top and a foot for association with the big end | the armature of the exciter is mounted. This exciter 
has cast-steel ends lined with white metal. Lubrication | at the bottom. This is made of cast steel and split, | is designed to give an output of 151 kw. at 440 volts. 
is supplied to the top end of the connecting rod from| and packing pieces are inserted between the parts! The current is supplied from it to the rotor coils of 


| 
1 






-- 1036 ------ 




















eS ee Re RP erect ane ne aa re emer tenes ie aaron oer te peee enema sas aoe nee Th ANE 


SEaeneidenditereiecions Cee --- $260. ----—----- 

















I20 


ENGINEERING. 





[JULY 23, 1926. 








the} main generator in the usual way, by the use of 
bronze slip rings. The ventilation of a large elec- 
tric generator must be considered with great care, 
as has been done in this installation. Only about 
400 cub. ft. of cooling air is drawn through the venti- 
lation ducts each second due to the rotation of the 
rotor, so that additional air must be supplied. This 
is done by the installation of a separate centrifugal 
fan. Instead, however, of taking the air for cooling 
from the atmosphere through the filters and then 
discharging it back into the atmosphere, a closed circu- 
lation system is used. The hot air leaves the machine 
at a temperature of about 125 deg. F., and is cooled 
down to 82 deg. F. before being returned for further 
cooling duty. 

All the auxiliaries in the Neuhof power station are 
electrically driven. Of these, the two rotary scaven- 
ging pumps are the largest. Their capacity is such 
that each can supply the entire demands of the engine 
when working under full load, and thus one is always 
available as a reserve unit. Should a second engine 
of equal power be installed, a third motor-driven 
scavenging pump of the same size will be added to 
provide the necessary reserve capacity and permit the 
periodical inspection and overhaul of each in turn. 
The air passed into the engine is taken from the outside 
atmosphere through a filter chamber which adjoins 
the engine room, means being provided to prevent any 
rain water from entering. From the filters, the air is 
taken to the scavenging pumps in concrete conduits. 
The pumps, their motons and all the accessories of 
the scavenging system, were supplied to the station by 
Messrs. Brown, Boveri and Co., of Mannheim. It is 
customary on board ship, with large Diesel engines of 
the two-stroke type, to have direct-current motors for 
the driving of auxiliaries, such as scavenging pumps, 
but in the Neuhof station an alternating current supply 
is used for the purpose, the motors being of the asyn- 
chronous type, and driving the pumps through flexible 
couplings. Water resistances are used to start and 
control the speed of the motors. Into the water a 
series of electrodes dip, and the upward movement of 
the container for the water is used to decrease the 
resistance in each circuit and ultimately short-circuit 
them. The electrical portion of the scavenging 
pump plant was built to the rules of the Verband 
Deutscher Elektrotechniker. The full pressure, 6,000 
volt, supply is taken directly to the motors which have 
a useful output of 700 kw. and run at 2,960 r.p.m. The 
power factor is 0-875 and the efficiency 94 per cent. 





AMERICAN INSTITUTE OF MINING 
AND METALLURGICAL ENGINEERS. 


Tue American Institute of Mining and Metallurgical 
Engineers held their 133rd meeting in New York from 
February 15 to 18, inclusive, of this year. The 
activities of this Institute cover a very wide field, and 
numerous papers on a great variety of subjects were 
presented. Short synopses of some of them are given 
below. 

TRANSPORTATION OF PETROLEUM. 

Mr. Charles Fitzgerald, of Dallas, Texas, contributed 
a paper on * The Transportation of Petroleum,” in which 
it was pointed out that the oil fields of the United States 
produced, in 1924, 714 million barrels of crude petroleum 
and those of Mexico, 140 million barrels. The problem 
of transportation was consequently a big one. Tank cars 
operating on railways were used, the author said, only for 
districts where production was small, during the con- 
struction of a pipe line, or when a temporary abnormal 
production occurred. The cost of rail transport was high. 
The 70,000 oil tank cars in daily use in the United States 
were chiefly used for refined products. Transportation 
by tank steamers was the cheaper and most convenient 
method where practicable. The refineries on the East 
Coast obtained most of their crude oil from tank stea- 
mers which drew from the storage tanks on the coast of 
the Gulf of Mexico and California to which it was deli- 
vered from the wells by pipe lines. The average tank 
steamer carried from 75,000 to 90,000 barrels of oil. 
Loading was generally done by centrifugal pumps, 
the rate varying from 5,000 to 24,000 barrels per hour. 
With the latter rate, steamers could be loaded the same 
day as they arrived. Tankers were nearly all steam 
driven, but oil engines were ow being introduced. 
Per barrel of oil handled, tank steamers were lower in 
first cost and operating charges than pipe lines, and 
_ aa advantage of mobility as new markets deve- 
oped, 

The first successful pipe line, four miles long, was laid 
in 1865. In a large pipe line system, the main line 
consisted of steel pipe 6 in. to 12 in. in diameter, 8 in. 
being a common size. Branch lines were from 2 in. 
to 8 in. in diameter. Each pipe line station had 


working tanks of a capacity equal to the pumping 
discharge for 24 hours, of the preceding station. Such 
tanks varied from 10,000 to 55,000 barrels capacity. At 
junctions, and at the end of the line, a greater number of 





tanks was required than at a line station, particularly 
if the oil were handled in separate grades. A pipe line 
right-of-way was usually 16 ft. wide. All pipe lines 
were screwed together and finished above ground. 
A trench was then cut in which they were buried. 
No form of expansion joint was used. The variation 
in length from temperature changes was taken up by 
allowing some initial “slack” in the line. At first 
pipes were laid by hand, an 8 in. main line requiring a 
gang of from 65 to 75 men. Machines were now often 
employed both for joining the pipe and for digging the 
trench, thus reducing the number of men required. 
Welded instead of screwed joints had been tried, but 
this method required highly skilled men. The average 
rate of laying lines by any of the methods mentioned 
was about one mile of main line pipe a day. On 
completion, the line was tested to a maximum working 
pressure, which was generally about 800 lb. per square 
inch. Pumping stations were usually about 40 miles 
apart. The original layout formerly included a steam 
plant with the boilers placed in a separate building 
to lessen the risk of fire. Except in cases where the 
oil was of such high viscosity that it had to be heated 
by exhaust steam, oil engines were now used, the most 
recent practice being Diesel engines driving horizontal 
pumps. They ranged from a 150 h.p. engine with a 
pump capacity of 8,000 barrels per 24 hours to 700 h.p. 
and 40,000 barrels. Recent fires had indicated the 
advisability of having the engines and pumps in separate 
rooms. 

The collection of the oil from the wells was some- 
times done by gravity lines to the station; in other 
instances it was necessary to instal suction pumps. 
In handling different grades of crude oil great care 
was needed in regulation to prevent mixing. By 
pumping oil at such a velocity that turbulent flow 
was produced, it could be delivered over 200 miles 
without causing a mixture of two grades of more 
than 500 barrels. Main lines were patrolled daily, 
or every two days, to detect possible leakage or other 
faults. The greatest possible capacity of a line as 
a whole was maintained by keeping the same average 
pressure drop per mile between the successive stations. 

Another paper on a cognate subject, and one which 
we have dealt with on several occasions in these 
columns, was by Mr. J. H. Wiggins, of Chicago. It 
was entitled ‘‘ Evaporation in Transportation and 
Storage of Petroleum and Methods of Prevention.” 
The amount of petrol lost by evaporation from crude 
oil in the United States was estimated five years 
ago to be about 7} per cent. of the total volume of 
crude oil produced. The author considered that this 
serious loss had been reduced by one-half, and that 
another five years would see it brought down to 
negligible proportions. The chief loss of vapour 
occurred from the repeated emptying and filling of 
‘* working ” tanks, which might occur daily or several 
times a week. This set up an air pumping action 
which carried away a large amount of vapour, and 
in comparison with which loss by air-leakage through 
the tank structure was unimportant. With a storage 
tank a somewhat similar displacement took place 
from the variation in bulk caused by changes in 
temperature. In these tanks airtightness was important. 
Methods of prevention in storage tanks comprised 
making roofs airtight; lagging them with insulating 
material; fitting gasholders, &c. The method of 
keeping the contents cool by flooding the roof- or 
spraying tanks has been dealt with in these columns, 
the floating roof also having been described, as well 
as the function of gasholders or breathing tanks. 
Losses in working tanks were reduced by the floating 
roof, and by using tanks alternately, when the air 
displaced from a tank being filled was passed into 
a tank. being emptied. The gasholder was also 
adopted, as well as a system of pumping which kept 
the oil in all the tanks approximately at a constant 
level. In tank cars, both for crude oil and petrol, 
the means adopted to reduce evaporation losses 
included gastight filling domes, recovery of gas during 
filling, and the use of white or aluminium paint, as 
well as insulation, these last expedients being to 
keep down the internal temperature of the tank. 


THE CoRROSION OF Ort PrrE-LINEs. 


A paper on “ Corrosion of Pipe Lines and Protective 
Coverings,” was presented by Mr. F. Ray McGrew. 
This stated that about 65 per cent. of the total capital 
invested in the pipe-line industry was represented by 
underground pipes. The subject of corrosion was 
therefore very important economically. Hitherto 
it had been chiefly studied along the lines of protecting 
pipes by external coverings. With corrosion as generally 
understood, i.e., rusting, pipe-lines would last from 
35 to 40 years without protective covering. The real 
difficulty was pitting, with subsequent perforation. 
This might occur anywhere, independently of the class 
of soil, and limited the average life of an entire pipe 
line to seven years. Encasing the pipe line in concrete 


| had been found to be effective, pipes so treated showing 





no sign of corrosion after 15 years service. The 
concrete used was a 1 to 3 cement-sand mixture, 2 in. 
thick at the bottom, 1} in. at the sides, and 1 in. at 
the top. This treatment was only possible on lines 
likely to be permanent, on account of its cost, and 
then only where there were good transport facilities. 
Lead and zinc paints were considered useless. Asphalt 
paints were also ineffective and were condemned for 
clay soils, as, in dry weather, the clay contracts and pulls 
the asphalt off. Paper and wire protection suffer 
equally under these conditions. Patented paints 
and compounds had been found generally unsatisfac - 
tory. The author considered that the practice of 
carrying pipe lines underground was largely a matter of 
convention. With pipes laid above ground, the saving 
resulting from reduced corrosion, together with the 
economy in laying due to the absence of ditching and 
filling, would more than compensate, he contended, 
for increased cost in supports, road crossings and so 
forth. 
CoaL CLEANING AND PREPARATION. 


In the section dealing with coal, a process recently 
introduced for separating refuse material from coal was 
dealt with in a paper entitled ‘“‘ The Air-Sand Process 
of Cleaning Coal.’ This was by Messrs. Thomas Fraser 
and H.F. Yancey. The system described by the authors 
involved passing a continuous flow of air through a 
body of sand so that the latter was maintained in a 
condition resembling that of a fluid; the density might 
be so modified by the regulation of the air flow that 
coal would float near the surface whilst refuse heavier 
than coal would sink irrespective of the size of the 
pieces. The advantages claimed for the process in 
its application to coal cleaning were (1) dry operation ; 
(2) positive and immediate separation; (3) treatment 
of unsized coal. 

The apparatus used for experimental work in this 
connection consisted of a porous diaphragm bolted 
between two cast-iron cells, the upper cell being filled 
with 20-mesh screened river sand which was main- 
tained in motion and given a fluid-like character by 
passing air at a suitable pressure into the lower cell 
and up through the diaphragm, the latter serving the 
essential purpose of distributing the rising bubbles of 
air uniformly through the sand. Perforated metal, 
filtrous plates and porous concrete slabs had been tried 
satisfactorily for the diaphragm. With sufficient 
air to obtain a free flow through the sand, a specific 
gravity of about 1-45 for the “fluid” could be obtained, 
and, with this, coal would float, but almost entirely 
submerged. Shale, pyrites and other refuse sank to the 
bottom. The consumption of air was small, its 
purpose being merely to keep the sand in movement ; 
a pressure of 1} to 3 in. of mercury was required in the 
air chamber with silica sand. 

The results obtained by a practical test were very 
satisfactory, showing an efficiency of separation between 
coal and refuse of 87:3 per cent. In adapting the process 
to full scale plant, various problems had to be overcome, 
but no insuperable difficulties were apparent or 
appeared probable. The removal of the refuse from the 
diaphragm could be accomplished by placing a bar 
screen above it sloping towards one side at 45 deg., 
continued into an outside chute through an opening. 
The refuse falling on to this screen, gravitated on to 
the chute, the opening being sealed with sand which 
prevented escape of the air. An arrangement on these 
lines had been satisfactorily developed, and enabled 
the refuse to be removed without interference or 
interruption of the separating process. A revolving 
gate outside controlled the rate of discharge. 

Another paper on a new process of preparing coal 
was presented. It was entitled “The Mt. Union 
Sand-Flotation Plant for Preparing Bituminous Coal,”’ 
and was by T. M. Chance, of Philadelphia. This 
gave a description of the plant where bituminous coal 
was, for the first time, being cleaned by the sand flotation 
process, this having been brought into operation on 
October 1, 1925. This process has already been used 
in cleaning anthracite, a paper outlining the principles 
having been read by the same author before the 
Institute of Mining and Metallurgical Engineers in 
1918. Although, since the original construction of the 
plant at Mt. Union it had been twice found necessary 
to enlarge the capacity, a further increase was again 
required recently. The difficulty of carrying this 
out, if the hand-picking units were further extended, 
led to the adoption of the sand-flotation process for 
coal larger than 3 in. that would pass through a 4}-in. 
ring. The picking tables were retained for lump coal, 
and the fines passed through without any treatment. 
This procedure eliminated the difficulties caused by 
sludge in washing and by dust in dry processes. The 
lump coal was sufficiently clean to allow of handpicking, 
and that passing a 4}-in. ring could be efficiently cleaned 
by sand flotation without crushing. For a capacity 
of 500 tons per hour, the original 42-in. conveyors 
now carried the raw coal to a single lump shaker, 
6 ft. wide, producing 44 in. round hole undersize, 44 in. 
by 10 in. lump, and 10 in. oversize lump. 
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The 4}-in. undersize, which exceeded 400 tons per 
hour when running at full capacity, was conveyed to 
four vibrating screens, consisting of two tandem 
double-deck inclined vibrating screens. Conveyors 
gathered up the two oversizes from these screens, 
and transported them to the sand-flotation cones 
after discharging over single-deck screens. One 
separating cone was used to wash domestic coal, 
and the other for stoker coal, so that different 
densities for the different grades might be employed. 
The cones were 10 ft. in diameter, and were provided 
with 6-in. centrifugal sand pumps directly connected 
to 25 h.p. motors, and had a capacity of about 
1,000 gallons per minute, their object being to return 
the sand and water mixture used for the overflow 
of the washed domestic coal which passed to 
shaker screens to be freed from sand and separated 
into so-called ‘‘ furnace,” which was 4} in. by 2 in., 
and ‘‘range”? 2 in. by 1 in. These products were 
then discharged to loading booms. The screen at the 
other cone referred to, which treated the stoker 
coal, served to remove the sand and water and deliver 
it to the conveyor which received the undersize from 
the four vibrating screens and the 3-in. dry coal, so 
that mixing of the wet and dry stoker coal took place 
during loading by the conveyor into the railway truck. 

The refuse from the two separating cones was passed 
to a water-sealed scraper line, which elevated it to 
a separate screen for de-sanding. Thence it was 
discharged to a truck for disposal on the waste dump. 

The low densities incident on treating bituminous 
coal necessitated a comparatively large volume of 
water tending to produce upward velocities that 
prevented sand and smaller slate from falling. To 
overcome this, water for agitation was supplied through 
the classifier column, and at a number of points 
through suitable manifolds and light mechanical 
agitators driven by bevel gears and friction clutches 
through chain drives from a common jack shaft. 
About 4 to 5 per cent. of the feed was removed as 
refuse, which indicated an ash reduction on mine-run 
coal of about 2} per cent. With the previous hand 
picking, the loss was little over 1 per cent. The loss 
of fine coal in the waste water overflow was a fraction 
of 1 per cent. The total installed motor capacity was 
485 h.p., of which 240 h.p. was for washing and screen- 
ing, including the necessary power for the 30-in. feed 
conveyors and water pump, and the remainder for the 
other conveyors, lump shakers, vibratory screens and 
loading booms. 


INFLUENCE OF ASH ON THE USE OF COAL. 


A paper by A. C. Fieldner and W. A. Selvig entitled 
“ Relation of Ash Composition to the Uses of Coal” 
summarised much that has been written by investi- 
gators on the subject within the last few years. 

The authors remarked that the usual proximate 
analysis of coal stated the percentage of ash without 
giving any information as to the nature and compo- 
sition of it, which would, however, be useful for the 
efficient washing and cleaning of coal, and would further 
be desirable in studying the complete or more efficient 
utilisation of coal for various purposes. The constitu- 
ents of coal which formed ash could be divided into 
inherent—derived from the original coal-forming 
material or during sedimentation—and external which 
was present in the seam as slate, pyrites, shale, &c., 
whether as bands, partings or nodules. A test to ascer- 
tain the percentage of ash derived from the intimately 
mixed impurities could be made by placing a coarsely- 
crushed sample of the coal in a solution of zinc chloride 
with a specific gravity of 1-35, in which the coal 
would float and the impurities would sink. Some 
coals had thin packings or “‘ ankerites,”’ which consisted 
of carbonates of lime, magnesia and iron, and although 
these impurities were not intimately mixed with the 
coal substance yet they could not be separated by 
ordinary washing and screening methods. The float 
and sink test described served to show whether the 
coal could be improved by washing. 

It had been found that considerable amounts of 
sulphur might be present in coal in forms other than 
that combined with iron as pyrite or marcasite; to 
quote an example, one sample gave on analysis 1-75 per 
cent. pyritic, 0-71 per cent. sulphate, and 1-78 per 
cent. organic. In 13 out of 34 bench samples from one 
bed, the organic sulphur exceeded the pyritic sulphur, 
and in some coals the former was sufficiently high 
seriously to limit the extent to which washing could 
effect the removal of sulphur. 

A high ash content in blast-furnace coke was very 
disadvantageous, resulting in the need of additional 
limestone for slagging the alumina and silica of the 
ash, and thus also a greater quantity of coke to obtain 
the additional heat necessary. One investigator has 
stated that coke made from coal containing 1 per cent. 
extra ash is worth 30 cents a ton less for the production 
of pig-iron. 





and found the influence of ash constituents, or added 
inorganic compounds, to be of fundamental importance, 
since they can direct the course of the primary decompo- 
sition of the coal substance during coking. The addition 
of small quantities of mineral compounds caused the 
production of a larger percentage of coke from the same 
coal, and the catalysts which increased the coke also 
tended to increase the percentage of carbon. 

The increase in the size of high-power boiler and 
stoker units during recent years, had led to trouble 
with clinkering and slag formation, which was the 
result of melting of the ash constituents of the coal 
when burned at high temperatures. An experimental 
study of clinker formation is being undertaken by the 
U.S. Bureau of Mines. 

The fusibility of coal ash was affected by the ratio of 
the silica to the bases present, the bases themselves, 
and the percentage of alumina present. Ash high in 
silica was not readily fusible, and as a rule ash that was 
low in iron was highly siliceous and not readily fusible. 
Ash from coals with high pyritic content had necessarily 
a high iron content, and the ratio between the bases 
and silica was often such that easily fusible compounds 
might be formed. Coals containing much pyrite usually 
gave clinker trouble. It was, however, not the element 
sulphur but the iron which caused the trouble ; in other 
forms than pyrite the sulphur had little or no influence 
on clinkering. Extraneous impurities, such as slate, 
sandstone, &c., tended to raise the fusibility of the ash, 
although it was doubtful whether large lumps of these 
impurities had any effect on slagging. 


LABORATORY EXPERIMENTS ON CoaL-Dust 
EXPLosIons. 


A paper entitled ‘‘ Explosibility of Coal and Other 
Dusts in a Laboratory Steel Dust Gallery,” by V. C. 
Allison, described laboratory equipment, methods and 
tests designed to yield results applicable to actual 
mining conditions. The laboratory dust gallery dealt 
with was constructed of steel tubing 8 in. inside dia- 
meter and 17 ft. long, with a manifold pipe connected 
to the tube by 11 riser pipes, extending below the tube 
for the first 12 ft. At one end there was a removable 
breech for cleaning purposes, and the manifold and riser 
pipes could be raised or lowered for the same object. 
An ignition apparatus and three valves were fitted in 
the breech. The valves opened inwards under slight 
tension to admit air behind the flame so as to prevent 
any drag on the flame by the cooling and contraction 
of the combustion gases. The charge consisted of 9-3 
grammes of black rifle powder, and was ignited by a 
black powder blank cartridge (0-22 calibre) fired from 
a rifle mechanism. Each of the pipes connecting the 
manifold with the tube was provided with a -in. steel 
disc resting on a shoulder 2 in. below the tube, upon 
which the dust was placed. The back end of the 
manifold was connected to a compressed-air cylinder, 
with air at 100 lb. per square inch, controlled by a 
trigger valve. When the air was suddenly released, it 
raised the discs with the dust resting upon them to the 
level of the tube, thus creating a dust cloud in the first 
12 ft. of the tube. The flame from the powder was 
discharged into the dust cloud within 1 second after 
the latter had been created and any, flame exceeding 
11 ft., which was the average flame length with no dust 
present, showed that the dust had transmitted the 
flame. The length of flame was measured by placing 
small pieces of guncotton every 6 in. along the centre of 
the tube on a removable frame ; the burning of the gun~ 
cotton showed how far the flame had been carried. A 
formula was evolved enabling the amount of stone dust 
to be calculated which it was necessary to mix with the 
fine coal dust to render it non-explosive under experi- 
mental conditions, from the proximate analysis alone, 
with an error not exceeding + 4 parts of the stone dust. 

Other conclusions arrived at were as follow: Any 
dust which was not already in its most highly oxidised 
condition might explode if sufficiently finely divided. 
The explosibility of a dust could be divided into three 
phases: the initial explosibility, the rate of increase of 
explosibility with increase of concentration, and the 
maximum explosibility. Further, the explosibility of 
a dust could be divided into two parts : its explosibility 
as a dust, and the explosibility of that part of the dust 
made more available by the explosion flame, i.e. the 
volatile matter. The (U.S.) standard official method of 
determining the volatile matter of a coal dust gave an 
indication of the explosibility of the dust. Combustible 
volatile matter was not necessary in an explosive dust ; 
when present, however, it increased the explosibility of 
the dust. Moisture was about 2-4 times as affective 
as the ash content in reducing the explosibility of a 
dust ; this was about the ratio of their heat capacities. 
The explosibility of a dust had no necessary connection 
with the rate of combustion of the dust. 


Fan PERFORMANCE. 


Operating Characteristics of Centrifugal 


** The 


Lessing and Banks tested the catalytic effect of ; Fans and Use of Fan Performance Curves,” were the 
adding mineral constituents in the production of coke, ; subjects dealt with in a paper submitted by Mr. ; was 8,067, as against 7,112 during the previous year. 





Louis W. Huber. Though the first application of the 
centrifugal fan was in mine ventilation, little progress 
had been made in fan design until quite recently. In 
ordering fans, purchasers do not generally realise that 
to force a definite quantity of air through a mine, a 
definite pressure of air is necessary at the fan outlet, 
and that the fan will only run at its maximum efficiency 
when this particular relation is maintained. The 
common opinion that a large fan is needed to deliver 
large quantities of air was derived from obsolete prac- 
tice where, in order to obtain a high peripheral velocity 
of fan with a comparatively slow running steam engine, 
a big diameter was necessary, 25 ft. to 40 ft. being 
common, and 60 ft. not unknown. The modern electric 
motor made it possible to use smaller fans running 
at higher speeds. The four general types of fan each 
have characteristic operating curves. To take an 
example: With a 10 per cent. drop in air pressure in 
the mine, due, say, to doors being opened (a) a forward- 
curved-blade fan would cause a 26 per cent. increase in 
volume and need 28 per cent. increase in horse-power ; 
(6) with a radial-tip-blade fan there would be the same 
increase in volume but only a 20 per cent. increase 
in horse-power; (c) with a fan having straight blades, 
or blades partially curved backwards, the increase of 
volume would be 13 per cent. and the increase of horse- 
power 13 per cent.; (d) with a full backward-curved 
fan only an 8 per cent. increase of volume would 
result with a small increase of horse-power of 2 per 
cent. An increase of pressure of 10 per cent. in the 
mine would cause in (a) an 84 per cent. decrease of 
volume, and 62 per cent. decrease in horse-power. In 
(b) a 54 per cent. decrease of volume and 44 per cent. 
in horse-power. In (c) the corresponding figures 
would be 17 per cent. and 14 per cent., and in (d) 9 
per cent. and 3 per cent. These figures show that a 
fan of type (a) is not at all stable in running. A slight 
change in operating pressure results in large changes in 
volume and horse-power. Types (b) and (c) show pro- 
gressive improvement, and type (d) is almost a con- 
stant volume fan. The above figures assumed constant 
speed. The efficiency of type (d) was 15 per cent. to 
20 per cent. higher than that of the other three, for 
which types it was usual to provide a motor with an 
excess capacity of 35 per cent. With type (d) an 
overload of 6 per cent. was all that need be provided 
for. The importance of the subject was evidenced 
by the relatively large amount of power consumed in 
mine ventilation, a study of 50 mines in Illinois pro- 
viding the following results. Percentages of power 
consumption in all operations : Hoisting, 17-2 per cent. ; 
ventilation, 22-2 per cent.; pumping, 5 per cent. ; 
mining, 22-1 per cent.; haulage, 23 per cent.; and 
miscellaneous, 10-5 per cent. 





Factory AND WorKsHOP AcT: BUILDING REGULA- 
TIONS.—In pursuance of Section 79 of the Factory and 
Workshop Act, 1901, the Home Secretary has drawn up a 
number of regulations, designated “‘ Building Regulations, 
1926,” which are to apply to all premises on whieh 
machinery worked by steam, water, or other mechanical 
power is used temporarily for the purpose of the con- 
struction of a building, or for the purpose of any addition 
to the structure of an existing building. These regula- 
tions, which come into force on October 1, 1926, comprise 
51 paragraphs and the whole is divided into two parts, 
headed, respectively, ‘‘ Duties of Employers” and 
“Duties of Workmen.’’ The regulations have been 
published in pamphlet form, and may be obtained from 
H.M. Stationery Office, Adastral House, Kingsway, 
London, W.C.2, price 3d. net. 





SHANGHAI PuBLIC WorKS DEPARTMENT.—The annual 
report for 1925 of the Public Works Department of the 
Shanghai Municipal Council shows that progress has 
been made in many directions. A detailed account 
is given of works undertaken during the year. The 
Chapoo Road and the Ward Road bridges are being 
reconstructed of concrete, and extensive widenings of 
roads have been carried out. In the matter of sewerage, 
12 pumping stations have been built, eastern and western 
district treatment works have been constructed, and 
8-5 miles of sewers, varying in size from 6 in, in diameter 
to 3 ft. by 2 ft., have been laid. New roads, buildings and 
other public works have also been constructed. The new 
Chapoo Road bridge will have three spans, the centre 
span being 120 ft. in length, measured between centres ° 
of piers. The two side spans are each 58 ft. in length. 
The width of the bridge between parapets will be 60 ft. ; 
provision has been made in the design, however, for a 
possible further widening of 10 ft. on each side. The 
aeration tanks at each of the district sewage-treatment 
works are arranged in four units of four channels, with a 
total volume capacity of 1,680,000 gallons. Provision 
has been made for future extension to 5$ times the present 
capacity, namely, 22 units having a total capacity of 
9,249,000 gallons. The sedimentation tanks, of which 
there are six, work independently and have a volume 
capacity of 29,420 gallons, which represents a total 
bi capacity of 176,520 gallons. ork at Pingchiao 
Quarry has proceeded without serious interruption, and 
the total quantity of stone supplied during the year was 
89,284 tons. The number of operations completed during 
the year 1925 at the Public Works Department workshops 
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THE CALCULATION AND MEASURE- 
MENT OF AIR FLOWS IN MINES.* 


By Joun L. Hopeson, M.I.Mech.E., 
Assoc.M.Inst.C.E. 


(Concluded from page 59.) 


AT permanent measuring stations it is arranged to 
slip the Pitot tip T to a bracket or to an arm which 
can be swung into position (see Figs. 7 and 8, which 
also show the manometer and backboard M), and to 
take a single reading only—the coefficient for the 
position having been determined by previous calibra- 
tions over the whole cross-section, The arrangement 
shown in Fig. 8 is preferable, as the maximum velocity 
and the most uniform flow distribution occur in the 
middle of the airway. 

The same manometer (fitted with a different gauge- 
tube and scale) is also suitable for measuring the loss 
of pressure along a given length of roadway or mine 
passage. When measuring such losses of pressure, it 
should be remembered that if the cross-sections at 
which the pressures are measured are different in area, 
the kinetic energy of the air will have changed, and also, 
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in consequence, its static pressure. If the pressure 
holes at both measuring stations face up-stream and 
are in the same part of the cross-section, the manometer 
will measure the difference between the sum of the 
velocity and the static heads, so that the effect of any 
difference in area between the two sections will be 
automatically compensated for, and the manometer 
reading will show the head actually lost in friction. 
If any obstruction is fixed in the roadway to increase 
the velocity at the point at which the quantity of air 
passing is measured, this obstruction should be put 
on the downstream side of the measured length, and 
traverses should be taken at low as well as at high 
velocities, as the flow distribution varies with the 
velocity. Also, unless care is teken, there may be 
leakage at the sides or through the obstruction. 

A square orifice, Fig. 9, about half the width of the 
heading, and provided with a removable bottom section, 
forms a convenient and accurate air-measuring device. 
The discharge through such an orifice of area A, sq. ft. 
with edges about } in. thick and chamfered off at an 
angle of about 45 deg. on the downstream side, and 
installed in a passage of area A, sq. ft., may be calcu- 
lated from the formula following in the next column : 





* Paper read before the South Wales Institute of 
Engineers, on December 17, 1925. 
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cubic feet of air per second of density W 


Q = 18-28 





(16) 


where h is the difference of pressure in inches of water 
on the two sides of the orifice, and A, is not greater 
than about a quarter of A,. 

The author has also developed a simple device for 
recording the total quantity of air going down a pit. 
This consists of the standard Pitot tube or the Pitot 
tip shown in Fig. 5, and the ‘“‘ Balanced manometer,” 
Fig. 10. The balanced manometer consists of two 
communicating reservoirs containing oil, balanced on a 
a knife-edge and connected to the source of the differen- 
tial pressure by means of rubber tubes. It is an 
extremely sensitive instrument, and will accurately 
respond to the small heads produced by the Pitot tip. 
It can also be supplied in a form which will record 
both pressure and volume on the same chart. The 


Pitot tube, which is introduced through the side of 
the fan intake, is arranged so that it can be easily 








withdrawn for inspection and cleaning, and is cali- 





= * kinematic viscosity” = «/W. 
= frictional force in poundals per 
square foot of the surface of the 
airway. 
a, 8, 5, « = numerical constants determined by 
experiment. 
T = absolute temperature in deg. F. 
459-5 + t deg. F. 
H.P. = horse-power. 
> = symbol denoting summation; thus 
=P means ‘“‘ the sum of all the 
differential pressures, P, produc- 
ing flow.” 
R = denotes the 
VDW/p. 


v 
K 


Reynolds Criterion, 





APPENDIX II. 


The viscosity of a fluid is defined as the tengential 
force per unit area between two parallel planes unit 
distance apart in the fluid, which move past one 
another with unit velocity. 
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brated by means of traverses for the position in which 
it is finally fixed. 

In conclusion, the author wishes to thank Mr. J. R. 
Ratcliffe, B.Sc., for his care in working out the 
numerical parts of the paper; his firm, Messrs. Geo. 
Kent, Limited, for help in many directions; and his 
friend, Professor Douglas Hay, for his interest in the 
new methods and instruments, and for the facilities 
which he has provided for their testing out. 





APPENDIX I. 


The following is a list of the symbols used in the 
paper :— 


D = diameter or width of airway in feet. 
L = length of airway in feet. 
C = perimeter of airway in feet. 

A, Ao, A,, &c. = areas of airways in square feet. 


= mean velocities of air in feet per 
second. 

= critical velocity in feet per second. 

= Differential pressure producing flow 
in pounds per square foot. 

= air flows in cubic feet per second 
(cusecs). 

== pressure in pounds per square inch 
(abs.). 

= vapour pressure in 
square inch (abs.). 

) = barometric pressure in inches of 

mercury at 60 deg. F. 
h = difference of pressure in inches of 
water at 60 deg. F. 

g = acceleration due to gravity in feet 
per second per second. 

= air densities in pounds per cubic foot. 

viscosity of air in foot-pound, 

second, units (see Appendix IT). 


V, Vy, V;. &e. 
V, 
P 
Q, QoQ ke. 
Pp 


Py pounds per 


> 


W, W,, W,, &e. 


a= 









































The dimensions of viscosity are M/LT. 

To convert from viscosity in C.G.S. units to foot- 
pound second units, multiply by 0-0673 or 1/14-88. 

The ratio »/W or v is defined as the “ kinematic 
viscosity.” 

Its dimensions are L?/T,, and the conversion factor 
from C.G.S. to foot-pound second units is 0-0010755 
or 1/929-03. 





APPENDIX III. 


An alternative way of using the data given in the 5, 
VDW/xu diagram, Fig. 2, is to plot on logarithmic paper 
for various sizes of heading, and for given values of 
W and W/ux, curves correcting the loss of pressure per 
1,000 ft. of airway, and the air velocity. Such curves, 
based on the scale model tests represented by the line 
AB, are plotted in Fig. 11 for timbered square galleries 
6, 8, and 12 ft. in width for the values of W and W/x 
corresponding to air at 70 deg. F., viz.. W = 0-0748 
and W/u = 6096. 

If it is required to draw out these curves for any 
other values of W and W/u, this can be done if it is 
remembered that when 


W/u is increased by p per cent. 
and W is increased by q per cent. 


V for any point on the original curve must be 
diminished by p per cent., and 
*P for any point on the original curve must be 
diminished by (2p — q) per cent., 


and that when using logarithmic paper, a percentage 
change is equivalent to adding or subtracting a linear 
distance. 

It will be found, however, that for approximate 
work one set of curves drawn out for each type of 
passage for mean values of W and W/x are all that is 
necessary, as the position of the curves changes very 





little with variation in the values of W and W/u. - 
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THE OSWESTRY FILTER BEDS OF 
THE CITY OF LIVERPOOL WATER- 
WORKS. 


Tue water supply for the City of Liverpool is 
obtained mainly from Lake Vyrnwy, 65 per cent. 
being drawn from this source in 1925. Of the 
remainder, 31 per cent. was taken from the Riving- 
ton reservoirs, and 4 per cent. from wells. The 
Lake Vyrnwy scheme was commenced in 1882, 
the masonry dam across the valley was finished in 
1889, and the new source was brought into com- 
mission in 1892. Since that date the demand for 
water has steadily grown, and last year the supply 
drawn from the lake totalled 9,959 million gallons. 
The aqueduct will eventually consist of four lines of 
pipes. Under present conditions the two existing 
42-in. mains are barely sufficient to carry the water 
required, and work on the third main is to be 
started this year. Cross-connections between the 
mains are being introduced, which will allow future 
instalments to be added section by section, as 
and when additional quantities of water are required. 
Another point of interest in connection with the pipe- 





line is that, in the section above Oswestry, the 


under the channel through three 6-in. supply pipes, 
one of which is shown in Fig. 6. To avoid damage 
resulting from scouring, the pipes are fitted with 
two 3-in. orifices on each side, which direct the 
water longitudinally into the trough. The arrange- 
ment of the orifices is clearly shown on the pipe to 
the right of the centre line in Fig. 4. From the 
trough, the water rises through a series of rein- 
forced concrete grids into the inlet channel. The 
latter is fitted with an inclined strainer along its 
whole length, and after passing through this, the 
water finally leaves the channel over a lip, shown 
in Fig. 6, which extends the whole width of the 
bed. The copper-gauze screen has an effective area 
of 912 sq. ft., and is made up of 40 by 40 mesh gauze 
mounted on greenheart frames, each of which is held 
in position by a single quick-release clamp. When 
the channel is empty, the strainer can be washed 
by directing a jet of water against it from the top, 
as shown in Fig. 2. The flexible hose used can be 
connected at intervals to a l-in. pipe, which also 
serves as a handrail to the gangway over the inlet. 
The wash water is drawn off by a valve at one end 
of the channel, and is discharged to waste. 

By the arrangement described, the water as it 








unfiltered water is responsible for a soft deposit 
which accumulates on the interior surface of the 
pipes and reduces the delivery of the mains. This 
deposit, which is of a soft and slimy character, is 
quite distinct from the hard, nodular incrustation 
so often found in water mains. It is removed once 
a year by introducing a brush provided with whale- 
bone bristles on its periphery, at the top of the line, 
through which it is driven by the water pressure. 
The brush is fitted with rotary clappers, designed 
to come into operation if it jams, and thus to give an 
audible indication of the point where it has stopped. 
We understand, however, that the brush has 
passed through without a stoppage every time that 
it has been used. 

The growing demand for water, to which we have 
referred, has rendered it necessary to increase the 
area of the slow sand filter beds, and three new beds 
were completed in October last. The construction 
of these filters presents several novel features, but 
before describing them in detail, it may be men- 
tioned that they are situated near Oswestry, about 
18} miles below Lake Vyrnwy, and 50 miles above 
the service reservoir at Prescot. With the addi- 
tional beds, there are now 15 filters in use, and it is 
ultimately proposed to increase the number to 24. 
The area of each bed is 0-8 acre, and with one bed 
in reserve, about 28 million gallons of water are 
filtered daily at present. 

Various illustrations of the beds are given in Figs. 1 
to 17, on this and the following pages, Fig. 3 shows a 
longitudinal section through two of the new beds, 
while Fig. 6 gives a diagrammatic view of the inlet and 
outlet arrangements. The inlet arrangements are of 
particular interest, as provision is made for aerating 
the water on entry to the beds. An inlet channel, 
shown in cross-section in Fig. 6, and in plan in 
Fig. 4, runs along one end of the bed. The water 





from the reservoir above the beds enters a trough 


falls on the bed in a thin sheet is exposed to the 
action of light and air, but in order to obtain the 
greatest possible amount of aeration, a second and 
entirely independent, path is provided for the water. 
Referring to Fig. 4, it will be seen that a pipe, 
6 in. in diameter, is carried across the bed just below 
the gangway, and draws its supply directly from the 
24 in. main from the reservoir. A number of 
branches, each fitted with a cock, are taken from 
this pipe, and feed a second and smaller pipe run- 
ning above the lip. The smaller pipe is fitted 
with 540 gun-metal orifices, of approximately } in. 
diameter, at 4 in. centres. The water issues from 
these jets in the form of a spray, which, at the normal 
pressure of 40 lbs. per square inch, travels through 
the air for a distance of 12 ft. before reaching the 
surface of the water in the filter. The jets can be 
seen in action in Figs. 1 and 2. The alternative 
methods of feeding the water on to the beds affords 
an opportunity for experimental work on the effect 
of different degrees of aeration. The primary 
object of aeration is to relieve the filter beds by 
pre-oxidation of any organic matter present in the 
water and by converting ferrous into ferric salts. 
It is further anticipated that a beneficial effect on 
the colour of the water will result from the process. 
No final results of the experimental work can be 
given, as the new beds are not yet fully matured, 
but it may be mentioned that an appreciable 
reduction in the colour of the water has already been 
obtained. The Lake Vyrnwy water is of excellent 
quality in the raw state, and the colour value of the 
unfiltered water is only 6-5 as measured by the 
tintometer. After filtration through the older 
beds the value becomes 3-5, and through the new 
beds after aeration it is reduced to between 3-5 and 3. 

Turning now to the general construction of the 
beds, an important feature is that the floors and 
walls are designed to eliminate troubles due to 








temperature cracking. The concrete floors are 
8 in. thick, and are laid in sections of 10 sq. yards, 
each section being surrounded by a }-in. pitch 
joint run in hot. The whole floor thus forms an 
elastic, but perfectly watertight, foundation for the 
filtering materials. The junction of the floor and 
the wall is shown in Fig. 5, and this illustration 
also shows the cross section of the wall, which is 
proportioned so that the centre of gravity is directly 
over the centre of support. Details of one of the 
drains are given in Figs. 7 to 11, from which it will be 
noted that each drain is covered with a series of 
reinforced-concrete grids similar to those used in the 
inlet channel. The whole of the grids for both 
purposes were cast on the spot. Figs. 10 and 11 give 
dimensions of the grid openings. The sand for the 
beds has been obtained from the Glopa pit for the 
past 30 years, but this pit became exhausted 
during the summer, and a new pit, known as the 
Voel, was opened in the locality of the beds in 
September last. Until recently, a portable mechani- 
cal sand washer, made at the Corporation work- 
shops was employed for cleaning the sand pared off 
the surface of the beds. 

A new central sand-washing depot has now been 








Fig. 2. 


constructed where the dirty sand from all the beds 
is cleaned in a washer of the “ Peebles ” type made 
by Messrs. Glenfield & Kennedy, Limited. 

We described and illustrated this washer in our 
issue of June 20, 1924, page 784, but since that date 
it has been enlarged and modified. The improved 
sand-washer installed at Oswestry is capable of 
dealing with 15 cub. yards per hour. The sand is 
transported by petrol locomotives, which have been 
found particularly efficient for the severe banking 
work involved. 

We may complete our account of the filter beds 
by describing the metering arrangements, which are 
shown in Figs.12to17. The special Venturi and 
bed-resistance recorders for the new beds were 
installed by Messrs. George Kent, Limited, and are 
designed to give a chart record not only of the rate 
of flow, but also of the filter-bed resistance. By their 
means the engineer is enabled to see at a glance the 
state of the beds, and also whether they are being 
worked to the best advantage. Two of the recorders 
are arranged in one house, while the third, which 
forms the subject of the illustrations, is in a separate 
building. The three recorders are, however, 
identical. The main drain entering the recorder 
house from the bed is shown in Figs. 12 to 14. The 
water leaves the house through the Venturi tube 
shown in the same figures. The two ends of the 
Venturi orifice are connected to vertical cylinders, 
as illustrated in plan in Fig. 14, the difference of 
the water levels in these cylinders being a measure of 
the rate of flow. Floats in the two cylinders are 
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THE NATIONAL PHYSICAL 
LABORATORY. 
(Concluded from page 115.) 

Cables. Paper Insulation. Fuses.—For the buried 
cable research Mr. H. C. Booth has evolved a 
machine for testing the strength of small strips of 
the insulating paper, which are usually less than 
1 in. in width, and have been exposed to heat. 
A short length of the paper is loosely stretched by 
two pairs of clamps across a vertical slot down 
which a wire loop is pulled bya falling pendulum. 
The wire cuts through the strip and the retardation 
of the pendulum is read off on an arc and gives the 
energy in ergs per centimetre width of paper. 
Concordant figures are obtained. Fuses have been 
tested up to 600 amperes, and designs have been 
proposed for fuses of 800 amperes; this research 
is confidential Government work. 

Wireless Work. Signal Strength.—In the measure- 
ment of long-wave signal strength, so far made 
regularly at Slough, Aberdeen, Manchester and 
Glasgow, Exeter has now been substituted for 
Glasgow. It might be thought that observations at 
Aberdeen and Glasgow would be valuable because 
the climatic conditions on the east and west coasts 
of Scotland are different, but the climate affects 
only the lower 10 km. or so of the atmosphere, 
and long-wave propagation frora far-off stations 
like Nantes (wave-length 9 km.) depends more 
upon the conditions much higher up. In 1924 the 
day-to-day variation on signal strength was much 
the same at Slough as at Manchester, up till October ; 
then the two curves began to diverge strongly, 
the signals received at Slough becoming much 
stronger, those at Manchester much weaker in the 
winter months. The peculiar variations were again 
observed in 1925, and they seem compatible with 
interference effects between two waves, the one 
travelling along the surface, the other transmitted 
upward and then refracted downward. The refrac- 
tory layer of the atmosphere seems to be at an 
altitude of about 75 km., higher up during winter. 
The conclusions rest mainly on long-wave transmis- 
sion, for which conditions generally remain fairly 
steady for several hours. 

Variations of Bearings of Fixed Transmitting 
Stations.—The work done by the Laboratory under 
Dr. Smith-Rose in collaboration with the Radio 
Research Board, on determining the bearing of a 
station by long-wave observation, has often been 
noticed in our columns. Permanent errors in taking 
bearings arise from local causes such as the presence 
of metal work, trees, or mountains. The largest 
error observed amounted to. 105 deg., but in only 
3 cases out of 164,000 did the error exceed 90 deg. 
The fluctuations are much greater during day time 
than during darkness, but they are not sunset or 
sunrise effects, as sometimes suggested. The 
fluctuations seem to be dependent rather upon the 
altitude of the sun and the intensity of radiation 
in the lower atmosphere, lower atmosphere here 
meaning below the ionisation layer, not near the 
earth’s surface; rain, mists and clouds are of no 
consequence. 

The interferences between different types of 
radio transmission, radio telegraphy and telephony 
stations are being investigated by determining the 
variation of the telephone intensity of a given 
transmission with the natural frequency of the 
receiving circuit. One of the ways in which this is 
done is a method of spectrum analysis depending 
upon the small decrement of the end vibrations 
of a steel rod. The method, due to Mr. H. A. 
Thomas, is a modification of the tuning fork 
resonant system of Major Lee, of the Post Office, 
and relies on the electrodynamic attraction between 
two coils. A steel rod clamped in the middle bears 
at one end a coil joined to a local oscillator of variable 
frequency. A coil of the receiving circuit is 
brought close to this coil ; the force between the two 
coils depends upon the product of the two frequen- 
cies, which is adjusted until the steel rod vibrates 
in resonance. At the other end of the rod are the 


coil and plate of the triode valve arrangement of 
Mr. Thomas for measuring smali displacements, 
illustrated in Figs. 7 and 8 of page 653 of our issue 
of June 4 last. 

Photometry.—Some of the recent work of this 





division on gas-filled standards, photo-electric 
photometry and other matters has been noticed in 
our April issues in connection with the Optical 
Conference. For the Heterochromatic Committee 
of the International Commission on Illumination, a 
new carbon-tube furnace has been constructed in 
the Laboratory for black-body working in a vacuum 
and in moderate pressure. The inner carbon tube, 
lin. in diameter, 18 in. long, which is heated by 
currents of up to 1,000 amperes, is surrounded by 
a graphite tube, 9 in. in diameter. The radiation 
from a black body at the temperature of melting 
platinum is very close to that from a carbon 
filament operated at 4 watts per candle. 

The inquiry into the electric resistance of 
searchlight carbons, conducted in atmospheres 
of nitrogen and in a vacuum, suggests that 
certain peculiarities are more likely due to traces 
of oxygen in the nitrogen than to the nitrogen. 
Of minor work, we may mention the inquiry into the 





door, 18 in. diameter, is separately hinged in the 
centre of the main door. Two 12-in. windows 
are provided with adaptors to reduce the diameter 
to 6 in. and 33 in. Flanged rings at the top of the 
sphere give openings of 5, 4, 3, 2 and 1 ft. for the 
admission of fittings for test; when they are 
closed there remains a hole of 6 in. for the suspension 
chain. The main frame work rests on a foot con- 
sisting of a solid wooden ring, 44 ft. in diameter, 
into which all the vertical ribs are bolted, and is 
supported by a series of pillars in a circle of 6 ft. 
diameter. A hole of 22 in. in the foot, covered by 
an aluminium plate, gives a foothold for a ladder. 
The whole surface was covered inside by Messrs. 
F. Braby and Co., of Euston-road, with sheet zine 
which is held in place by counter-sunk screws. 
The diameter of the sphere finally was 10 ft., as 
intended, within ;},-in. 

Metrology Department. Invar. Interferometer.— 
In spite of the unfavourable trade conditions, there 
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Fig.12. APPARATUS FOR MEASURING DIAMETERS OF FINE WIRES | 
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effect of the position of the enamelled steel reflector 
of a lamp on the distribution of the light flux and 
into the brightness of various diffusing glass bowls, 
of the open and closed types. The problem of a 
suitable illumination for the Raphael cartoons in the 
Victoria and Albert Museum, was submitted to 
Sir W. Abney many years ago, who proposed to 
glaze the roof with alternating strips, about 1 in. 
wide, of green and orange glass. The peculiar and 
not displeasing light which absorbed the blue and 
violet has prevented the fading of the colours, but 
considerably reduces the intensity when combined 
with a diffusing screen of colourless glass, so that 
the problem has been taken up again. 

The new 10-ft. integrating photometer sphere 
was built in the instrument workshop of the Labo- 
ratory. The sphere is intended for testing large 
lamps and lanterns. The framework of the spheres 
consists of 13 vertical ribs each built up of three 
layers of 6 in. by 1 in. Oregon pine, and of seven 
horizontal ribs of two layers of the same dimen- 
sions. A door of 6 ft. diameter, placed on the 
equator, is attached to the main frame by two 
hinges, and rests on a taper roller running on a 
metal plate sunk flush into the floor. A smaller 
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has been a continued increase in the commercial 
test work, and the staff of the Department has 
grown from 72 to 85 members. The trouble 
about the mercury standard resistance tubes men- 
tioned previously was the imperfection of the end 
faces. In 1912, readings had been taken on the 
images of the illuminated ends of the tubes, 
but the recent readings varied too much. Each 
tube was finally supported over a V groove by 
four adjusting screws, and measuring pieces con- 
sisting of two stainless steel hemispheres (-in. 
Hoffmann balls), and two steel cylinders were 
pressed against the ends by light spring plungers; 
in this way the length of bore was determined within 
+ 0-001 mm. Invar was tested to ascertain whether 
heat treatment affected the expansion coefficient. 
This was found to be 0-0000014 per deg. C. before 
heating, and 0-000002 after heating to 1,000 deg. C. 
and slow cooling, but again 0-0000011 after further 
heating and quenching. While, however, the Invar 
standard tapes (of 24 m., 50 m., and 100 ft.) kept 
constant, another tape showed a decided slow 
secular change, probably because the heat-treated 
Invar had not been aged. For the interferometer 
measurements a new monochromator, noteworthy 
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in one respect, has been made in the workshop. 
The constant-deviation prism of this instrument 
is mounted upon a heavy cast-iron table which 
has three supports; at one of these a hardened 
steel ball, fixed to the table, rests in a socket 
formed by three other balls on the base; the 
other two supports are levelling screws passing 
through the table, the ends of which slide on two 
lapped regions on the base when the table rotates 
about its socket. 

Gauges. Gear and Hob Measurements. Wire 
Diameter—The number of gauges submitted for 
tests which was 522 in 1914, rose from 2,785 in 
1924 to 4,690 in 1925. Mr. Tomlinson’s gear- 
measuring machine, which we illustrated on pages 
104 to 109 of our issue of July 27, 1923, has 
further been developed by him and Mr. W. G. Ridge, 
especially for hob measurements. The new machine, 
illustrated in the accompanying, Fig. 11, consists of 
two main parts. the headstocks and the pantograph. 
A straight edge screwed down to the surface plate 
which forms the base of the machine, the end of 
which can be seen to the right of Fig. 11 provides 
a datum for all horizontal dimensions, while the 
plate is the datum for vertical dimensions. The 
two headstocks are virtually rectangular blocks 
with their rear vertical faces in contact with the 
straight edge. The front edge of the pantograph 
carriage is also provided with a straight edge, 
which is set parallel to the fixed straight edge by 
means of Johansson gauges. The centres of the 
headstocks are situated at equal distances from 
the base and sides of the rectangles which form the 
outline of the headstocks. Hence for any distance 
between the headstocks the line of centres is 
always parallel to the straight-edges. The panto- 
graph is attached to a ground steel bar running 
on a geometrical slide parallel to the hob axis. 
When the carriage is located by block gauges at 
any part of the face plate, according to the 
dimensions of the hob, the pantograph will move 
parallel to the hob axis. The hob is mounted 
on centres in the head-stocks ; the right headstock 
is adjustable in position; the spindle of the left, 
live centre is coupled with the hob arbor. The other 
end of this spindle carries a disc and a sineplate 
for accurate rotation of the hob. The ground steel 
bar is moved along its slide by means of a micrometer 
which measures the pantograph displacement. 
This plane of measurement must be at right angles 
to the helix of the hob teeth; for that purpose 
the pantograph frame can be turned about a hori- 
zontal axis at right angles to the hob axis. In 
Fig. 11 the smoked glass of the pantograph, on 
which the fine records are traced, lies horizontally 
and the journal about which it turns is higher up, 
on the right. The machine admits of determining 
the following elements: tooth-pitch around the 
helix and along the lands; tooth form, angle and 
symmetry; accuracy of tooth relief; eccentricity 
of teeth; angular pitch and helix angle of the 
cutting faces; spacing of the different threads of 
a multiple start hob. 

The accurate measurement of fine wires for fila- 
ments and valves can be effected by optical means, 
when diffraction effects are troublesome, or by 
mechanical means when compression has to be 
avoided. The simple apparatus illustrated in the 
diagrams, Figs. 12 to 14, consists of a light lever 
resting on three points, i.e., two steel balls and a 
lapped steel cylinder, the very slight curvature of 
which is much exaggerated in Fig. 13. When the 
lever is placed on a horizontal plane the three points 
of contact form an equilateral triangle. The wire 
is placed under the cylinder, and the tilting of the 
lever is measured by a micrometer. In practice two 
Johannson gauges, side by side, are used to form the 
datum surface (Fig. 12), the two piles differing by 
the nominal size of the wire to the nearest 0-0001, 
so that the actual lever tilt is reduced to a maximum 
of 0-00005 in. The pressure is very small, about 
0-1 gramme. The instrument admits of rapid 
measurements at different points and positions of 
the wire. 

Weights. Densities of Metals. Watches.—Mr. F. A. 
Gould’s observations on standards of mass show that 
weights, stable within 1 part in 10 million for 3 
years, can be made of stellite (55 per cent. of 
cobalt, 35 of chromium, 10 of tungsten), of nichrome 








(80 per cent. of nickel, 20 of chromium), and of 
Tobin bronze. The nichrome is perhaps the most 
promising material. The highly-polished Stellite 
made in the Laboratory displayed certain fluctu- 
ations less noticeable in the older material which 
was possibly of different composition, but none of 
the materials seem to be perfectly free of very 
slight obscure fluctuations. The ratio of the arms 
of two knife-edge balances also underwent peculiar 
changes which may be connected with material 
instability. On the other hand the densities of 
copper and aluminium wires, in the hard and 
annealed conditions, do not appear to change. As 
regards watches, we notice that, as in previous 
years, the highest marks were secured by Swiss 
firms which obtained the 22 first places last year, 
while a marine chronometer made by Messrs. 
Thomas Mercer, of St. Albans, varied during a 
55 days’ test by only + 0-06 second, the best 
value so far observed at the Laboratory. Watches 
for the Air Ministry are now tested for the range 
+.50 to — 20 deg. C. and lower. 





THE DESIGN OF SINGLE ROW BALL 
BEARINGS. 
By Arvip PALMGREN. 

THE classic ball-bearing type with raceway in 
both rings, first investigated by Professor Stribeck, 
has, in the course of years, been developed with 
respect to its various details in order to adapt it 
to the increased demands for carrying capacity. 
The principal aim of this development work has 
been to produce a first-class material, but at the 
same time to improve the details of the construction. 

Different methods have been employed by 
different designers, and the results have been 
variants of the original type, which are essentially 
different from each other. As the special features of 
these variants have never been dealt with in detail 
in the technical Press, a close examination of them 
would probably be of interest. There are, it — 
be said, at present two types of groove 
which have both been developed from the Stribeck 
type, but which present different features. Both 
are single row bearings and have the same standard 
dimensions, but one of them is provided with a filling 
slot in order to facilitate the fitting of the largest 
possible number of balls, whereas the other has no 
filling slot and thus operates with a reduced number 
of balls. 

It is obvious that an interruption of the raceway 
in the shape of a filling slot will unfavourably influ- 
ence the stresses on the material, and thus reduce 
the carrying capacity of the bearing. In order 
to avoid this, different methods have been 
employed in the two above-mentioned construc- 
tions. In the bearing with the filling slot the slot 
does not reach quite as far as the middle of the 
groove, i.e., its deepest part, but terminates at a 
point a certain distance from the middle. When 
assembling the bearing, it is therefore necessary to 
spring the balls into the grooves by utilising the 
elastic deformation of balls and rings, or possibly 
by heating the rings. 

In the other type of bearing the filling slot is 
entirely dispensed with, and it has therefore been 
necessary to reduce the number of balls in order 
that it may be possible to get the balls into 
position by placing the rings eccentrically with regard 
to cach other. In this case the balls can be 
inserted without resorting to deformation. The 
number of balls that can be fitted in this manner 
is, as a rule, about two-thirds of that employed in a 
bearing with filling slot. 

At a cursory glance this fact might lead to 
the supposition that the carrying capacity of a 
groove bearing without filling slot would only be 
two-thirds of that of a bearing with filling slot. On 
a closer examination of the designs it will, however, 
be clear that this conclusion is erroneous, owing 
to the different degrees of conformity between balls 
and raceways, and also to the limitation of the defor- 
mation that can be allowed in assembling bearings 
having a filling slot. 

In order to obtain a better idea of how these 
factors affect the conditions, the following cal- 
culations are given for a medium type bearing 
of the following overall dimensions :—Bore, 45 mm., 





outside diameter, 100 mm.; and width, 25 mm. 
The ball diameter is assumed to be 16 mm., the 
number of balls of a bearing without filling slot, 
8; and that of a bearing with filling slot, 12. The 
calculations made for these bearings are based on 
raceway radii of 8-30, 8-60, and 8-90 mm., these 
dimensions being about 4 per cent., 8 per cent., and 
12 per cent. respectively larger than the ball radius. 

The distance between the middle of the raceway 
and the inner edge of the filling slot is fixed by the 
deformation that can be allowed in the assembling. 
Judging by the patterns of bearing on the market 
at present, the passage available for filling must not 
be smaller than 97 per cent. of the ball diameter, 
t.e., the step from the bottom of the filling slot to 
the bottom of the raceway must not be more than 
1-5 per cent. of the ball diameter. And conse- 
quently, with a lesser degree of conformity between 
the radius of the ball and that of the groove it will 
be possible to locate the inner end of the filling 
slot further away from the middle of the raceway. 
The curve in Fig. 1 indicates this distance for 
such raceway radii in the bearing under discussion, 
as varying between 0 per cent. and 12 per cent. 
larger than the ball radius. As will be seen from the 
figure, the distance from the middle of the raceway 
to the end of the filling slot is about 2 mm. and varies 
only slightly within the range of radii referred to. 

In order to determine the magnitude of the pres- 
sure area, the Hertz formule can be employed, 
as they have been proved valid for the magnitude 
of the pressure area as well as for the elastic 
deformation under the practical conditions present 
in ball bearings. The following notation is used :— 

Q = radial load on the bearing in kgs. 

P = load on one ball in kgs. 

r = radius of ball in mm. 

f, = radius of curvature of raceway in the direction 
of the motion of the ball in mm. 

re = radius of curvature of raceway in a direction at 
right angles to that of the motion of the ball ; 
t.e,, the “‘ raceway radius *”’ in mm. 

A radius, the centre of which is situated within 
the body, is considered positive, and a radius, the 
centre of which is situated outside the body, is 
considered negative. 

p and v = coefficients, which depend on an auxi- 
liary angle r, determined by the equation :— 


3 
coST = = = 
t+ ra: 


2 
The relationship PE Ey yw, v and r can be ex- 
pressed by the aid of the auxiliary angle « in the 
formule :— 
sin? 7 = cot? e P(e) — Ele — Bee) 
2 E (6) 
vy = UCOSE 
where F (e) and E (e) denote the complete elliptic 
integrals of the first and second kind formed with 
the modulus sine e. 
Further, let 
a@ = the major semi-axis of the pressure ellipse. 
6 = the minor semi-axis of the pressure ellipse. 
¢,, = the average normal stress in the pressure area 


P 
rab 
5 = the approach of ball and ring to each other 


owing to elastic deformation at one of the 
contract areas, 


E =the modulus of elasticity of the material 
= 21,500 kg./mm®. 


If this notation is used, then 


a= q, and 
b=vq 





where 





wey Tri t2 
< 1404/2. rr +rre+2r 12 

Associated values of the quantities », » and + 
can be calculated by taking a series of assumed 
values of ¢ as a basis, and by using tables of elliptic 
integrals, which are to be found in, for instance, 
Jahnke und Emde, “Funktiontafeln” B.G. 
Teubner, Leipzig, 1923, page 68. Fig. 2 gives a 
graphical representation of this relationship and 
permits of the values being read with an accuracy 
sufficient for practical use. 

It is now possible to calculate the dimension of 
the pressure area for the bearing size chosen. For 
the different degrees of conformity between the 
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radius of the ball and that of the race, the following 
values of the auxiliary quantities will be obtained 
applying to the contact with the inner ring, which 
is the weakest portion of the bearing, and thus the 
one of greatest interest :— 








12 per cent. greater than the ball radius is reached, 
will the entire pressure area be bsolutely clear of 
the filling slot at the assumed bearing load. At 
heavier loads, which are often met with the ball 
will, of course, come into contact with the filling 
slot even with a lesser degree of conformity. 

So as not to lose too much of the advantage 
offered by a high degree of conformity, a com- 
promise is often resorted to in practice. and, as a 
rule, the increase of the groove radius in a bearing 
with filling slot is chosen as small as about 8 per 
cent., thus giving a certain reduction of the pres- 
sure area, and, consequently, an increase of the 
stress in the material when the ball passes the 
filling slot. A further reduction would, however, 
as shown on Fig. 1, bring about increased difficulties 








Increase in Race Radius over Ball Radius. 
4 per cent. 8 per cent. 12 per cent. 

r 11° 0’ 15-3° 18-2° 

~ 6-10 4:70 4-05 

¥ 0-330 0-372 0-308 
q 0-092 3/p 0-091 9/P 0-0905 2/p 
a 0-560 3/P 0-427 2/P 0-367 9/P 
b 0-0304 3/P 0-0339 2/P 0-0361 3/P 

U 








from the filling slot, which would more than out- 





stress calculated by the method of Hertz, will 
probably give a reliable conception of the relative 
stress on the material. 

Since the two types of groove bearings discussed 
here are relatively uniform, one might be justified 
in assuming that the increased conformity in the 
bearing without filling slot will outweigh the reduc- 
tion in the number of balls. 

The general opinion that a groove ball bearing 
should have the largest possible number of balls 
in order to possess the highest possible carrying 
capacity is, therefore, owing to the reasons given 
above, incorrect. 

If we take into consideration not only the radial 
but also the thrust loads on a groove ball bearing, 
such conditions will be encountered as must be con- 
sidered decisive, in estimating the relative adapt- 











Fig.1 EXTENT OF PRESSURE AREA Pen 2. PO Pe ‘4 
: PLO. y 
ATA RADIAL LOAD OF 475 KG. Fg gg “ vu ‘aad Wipe ¥ 
: ' Yj, YN SS SS 
S-0° 0° 20° 30° 40° 50° 60° 70° 80° 90-6 SS 
| ' | ; YYyy 
V-0 03 O04 085 0-6 07 #08 O9 I=v Yj 
8 (9566.8) >_> “ENGINEERING j \ = i 
panionbscongeee 
Wy a Te N 3 
Fig.3. AVERAGE NORMAL STRESS Ye WW tv 
r IN PRESSURE AREA AT A RADIAL a A 
| LOAD OF 475 KG. 
cs) YY 
7 tha : 
: Lid x SS 
e 1 (9566.0) N S 
0 + "" “ENGINEERING 
wehgrgent Increase in Race rad‘overBall rad? 4 
} Dd Fig.6. POSITION OF PRESSURE ELLIPSE 
A bearing of the size stated and without filling X DURING THRUST LOAD FOR A 
: ‘ ‘ BEARING HAVING [2 BALLS & A 
slot can be subjected to the following radial and £ RACE RADIUS OF 0-52x BALL DIA. 


thrust loads if a life of 10,000 hours is desired. 





























Speed of shaft, 

r.p.m. Re ie 50 | 100 | 300 | 500 | 1,000) 3,000) 5,000 
Radial load! __ 

kg. ..| 1,100] 907 | 747 | 548 | 475 | 384 | 256 | 200 
Thrust load, | 

kg. .| 735 | 605 500 | 366 317 | 256 | 170 | 133 

















These loads must be considered as normal operat- 
ing loads for permanent running. In some 
applications, for instance, those in motor cars, 
the loads carried are more than twice as great. 
But in order to discuss the influence of an average 
load at an average speed we shall choose a radial 
load of 475 kgs., and a thrust load of 317 kgs. 
at a speed of 500 r.p.m. Using the Stribeck formula 
for calculating the greatest ball pressure with a purely 
radial load on the bearing, we have for the bearing 
with 8 balls :— 

= 297 kg. 
and for the bearing with 12 balls, if the same bearing 


load is assumed : 
P = 198 kg. 


Thus, the following values are obtained for the 
semi-axis a and b of the pressure ellipse, the magni- 
tude ab of the pressure area, and the mean normal 


stress on the pressure area —;- 





Increase in Race Radius over Ball Radius 

















4 per cent 8 per cent. | 12 per cent. 
Number of 
balls om 8 12 8 12 8 12 
amm. -| 3-75 3-27 2-85 2-50 2-45 2-14 
6 mm. ..| 0-202 0-177 | 0-226 0-198 | 0-240 0-210 
wrabmm2 ,.; 2-38 1-82 2:02 1-55 1-85 1-41 
¢,, kg./mm.2. .| 125 109 147-128 161 140 





Fig. 1 shows graphically the variation of the major 
semi-axis a of the pressure area for different con- 
formities and different numbers of balls. In this 


figure there is also, as mentioned above, a curve 
showing the distance from the middle of the groove 
to the inner edge of the filling slot, if this should be 
employed for the different conformity conditions. 





Tt will be seen from this that not until a race radius 
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weigh the advantages obtained with increased 
conformity. 

If no filling slot is employed as in the bearing 
with eight balls there is nothing to prevent the use 
of a high degree of conformity, and thus in these 
bearings a groove radius of about 4 per cent. greater 
than the ball radius is employed. 

It is interesting to study in detail the normal 
stress in the pressure area for the various conditions 
of conformity and numbers of balls. Fig. 3 is a 
graphical representation of this variation. It will 
be seen that a reduction of the groove radius from 
an increase of 8 per cent. to 4 per cent. will bring 
about a reduction of the stress which will more than 
outweigh the reduced number of balls. The normal 
stress is, of course, no direct measure of the actual 
material stress, and the Hertz formule do not 
apply to a calculation of the stresses under the 
practical conditions existing in ball bearings, but 
to uniform curvature conditions with bodies in 
contact with each other. However, the normal 
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ability of the two types of bearings for practical use. 
If the bearing is subjected to thrust load, there will, 
owing to elastic deformation of balls and raceways, 
be axial displacement of the pressure surface, and 
this may greatly affect a bearing with filling slot. 
An approximate calculation of the connection 
between thrust load and an axial displacement of the 
rings relative to each other or the displacement of 
the pressure area axially, is most easily made if the 
axial displacement of the rings is taken as basis. If 
this be called x, the total compression at both 
contact points of the ball, necessary for the dis- 
placement, will be obtained from the formula :— 


25= /@m —2re+ a — (27 — 27) 


if the same groove radius r, is employed in both 
raceways (see Fig. 4). The angle, made by the line 
of ball pressure with the radial middle plane of the 
bearing, will then be determined by the equation :— 


tong = 
2r2 —2r 
According to Hertz 

P = 0 (8)! 


where C is a quantity dependent on the shape and 
material of the bodies. As r, and r are known, the 
ball pressure P is obtained as a function of the axial 
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displacement x. The thrust load on the bearing 
can then be obtained from the formula 
Q=2Psina 
For bearings with the groove radii 8-3 and 8-6 
mm. the following values of 5°/*, a and r, sin a 
are obtained for different axial displacements 
between the rings :— 


























ai a ro sin a. 

x ro = 8:3 | ro = 8-6 | r2= 8°3| ro= 8-6 |rom8'3)ro—8'6 
mm mm. / mm. 
0-08 | 0-000137 | 0-0000496} 7°34’ | 3°50’ | 1-10 | 0-568 
0-10 | 0-000266 | 0-0000962; 9°30’ | 4° 45’ | 1-37 | 0-713 
0-12 | 0-000458 | 0-000164 | 11° 20’ | 5° 42’ | 1-63 | 0-860 
0-15 | 0-000887 | 0-000317 | 14° 0’ 7° 10’ | 2-01 | 1-07 
0-20 | 0-002068 | 0-000756 | 18° 25’ | 9° 30’ | 2-62 | 1-42 
0-25 | 0-003953 | 0-001465 | 22° 40’ | 11° 40’ | 3-20 | 1-74 











As will be seen from Fig. 4, the value r, sin a 
constitutes the axial displacement of the centre of 
the pressure area, if the minimum alteration of r, 
caused by the deformation is not taken into account. 

The connection between the ball pressure P and 
the deformation 8 at one of the contacts, is, accord- 
ing to Hertz, 

_ * E.¢ 
2-73 F (e) 

The value of the complete elliptic integral is 
obtained from the above table with the aid of the 
values of vy and p calculated previously. We have 
v 
Me 

For the contact at the inner ring we have F (e) 
= 4-30 with a groove radius of 8-3 mm., and F (e) 
= 3:92 with a groove radius of 8-6 mm. 

Using the previously calculated values of a we 
now have :— 

4 P = 182,720 63/2 for the groove radius 8-3 mm, 
an 

P = 140,300 63/2 for the groove radius 8°6 mm. 

Making the approximation that the deformation is 
considered to be of the same magnitude at both 
contacts of the ball (this approximation having no 
disturbing effect on the practical use of the result) 
the ball pressures P and the thrust loads Q, acting 
in conjunction with a certain axial displacement 
between the rings in a bearing with 12 balls, will be 
obtained from the following table :— 


cos€= 











Ball Pressure P. Thrust loads, Q kg. 
Axial 
Displace- 
ment, Groove Groove Groove Groove 
z mm. Radius, Radius, Radius. Radius, 
8-3 mm. 8-6 mm. 8-3 mm. 8-6 mm. 
kg. kg. kg. kg. 
0-08 25-0 6-9 39-6 5:5 
0-10 48-6 13-5 96-2 13-5 
0-12 83-0 23-0 195-0 27-6 
0-15 162-0 44-5 470-0 66-2 
0-20 378-0 106-C 1433-0 210-0 
0-25 721-0 205-0 3330-0 498-0 

















By using the values of r, sin a and a corres- 
ponding with these loads, it is possible to determine 
the magnitude and position of the pressure area 
when the bearing is subject to thrust load, and also 
how the filling slot will affect the contact. This is 
shown graphically in Figs. 5 and 6. With a thrust 
load of 317 kg. permitted in a bearing without 
filling slot and with only 8 balls, the filling slot 
in a bearing with 12 balls and a groove radius of 
8-6 mm. will cut away not less than 40 per cent. of 
the length of the pressure area. If such a bearing 
with filling slot were to be made with a groove radius 
of only 8-3 mm., about half of the pressure area 
would come within the surface cut away by the 
filling slot. 

It is obvious that such a severe encroachment 
upon the raceway must have a very unfavourable 
influence on the durability of the material, i.e., the 
life of the ing, as well as on the uniform motion 
of the balls. With a small, purely radial load the 
bearing can operate without being affected by the 
filling slot, but as soon as any kind of thrust load 
appears, either alone or in combination with radial 
load, the balls will almost immediately come into 
contact with the filling slot. In the above calcu- 
lations, such play as might possibly have existed 





in the bearing when new or been developed !ater has 
not been taken into consideration, but this play will, 
of course, to a certain extent help to increase the 
axial displacement of the pressure area with thrust 
load. Nor has the calculation been based on the 
highest loads met with in practice, at which, loads, 
even though purely radial, the balls come in contact 
with the filling slot. 

The results of the calculations show clearly, how- 
ever, that the bearing without filling slot (and which, 
on account of this fact, operates with a reduced 
number of balls) is in no way inferior, but in several 
respects really superior to the bearing type with 
the largest number of balls and filling slot. 





THE CONGRESS OF CHEMISTS. 
(Concluded from page 113.) 

In concluding our account of the Congress, we 
may first mention the discussion of a subject which 
has been under consideration by the British Associa- 
tion of Chemists and cognate bodies for some years, 
viz., the provision of joint headquarters for the 
various institutions devoted to chemical interests. 


Tue CHEmistry Hovssz. 


Dr. Stephen Miall, editor of Chemistry and In- 
dustry, who opened the discussion, which was pre- 
sided over first by Mr. Woolcock and later by 
Dr. R. Levinstein, explained that the original 
ambitious scheme of Professor H. E. Armstrong 
and others for a home, including offices, meeting 
rooms and a library for all the societies would 
have required a capital of 250,000/. Dr. E. F. 
Armstrong had suggested a more modest scheme 
which would cost, perhaps, 30,000/., and Dr. Miall 
outlined a similar scheme, not involving much 
heavier expense, to provide a nucleus for future 
expansion. Mr. A. W. Knapp, who spoke next, 
thought the younger chemists should become better 
acquainted first ; there was little enthusiasm for the 
scheme. Some members suggested an appeal to 
chemists for small contributions, but this was depre- 
cated by Dr. Ormandy and others in view of the 
present position of the chemical industry and the 
indefiniteness of the scheme. Professor H. E. 
Armstrong said that he considered any reso- 
lution premature, and no resolution was actually 


made. 


Economics oF Monopo.ises OF RAW MATERIALS. 


In the first of two addresses of general interest, 
delivered on the Wednesday morning, Sir Josiah 
Stamp dealt with general economic problems 
and monopolies of raw materials, and _ the 
reactions of this subject in the realms of metallurgy 
and chemical industry. A recent visit to America, 
he remarked, had strongly confirmed his belief 
that the question of national control and ownership 
of raw materials was likely to be of commanding 
interest in the next twenty years. People over 
there were anxious to be free from the tyranny 
of monopolies by other governments in their raw 
materials. One easily understood why countries 
like Italy and Belgium which were deficient in raw 
materials or Germany, which was now without 
colonial possessions, should approach the League of 
Nations to consider the position of raw materials. 
It would not, however, have been expected that the 
greatest outburst should come from the United 
States, which commanded perhaps over 50 per cent. 
of the world’s whole supplies. Nature had, however, 
been extraordinarily perverse in the distribution 
of the essential components of, say, steel. America 
had plenty of iron and coal, but manganese, chrome, 
nickel, tungsten and vanadium were almost absent. 
The whole world was interested in bringing these 
two classes of raw materials together for large-scale 
cheap manufacture. In the United States, the 
home supply of manganese rose during the war 
from 1 per cent. to 24 per cent., but much of that 
was produced at a loss. America now produced 
252 tons of chromite and consumed 153,000 tons, 
but research could improve the value of low-grade 
materials to a certain extent. 

There were only a few essential raw materials, 
such as Franco-German potash and Chilian nitrate, 
outside the influence and control of either America 
or the British Empire; America, however, would 





feel the pinch if any control were exercised against 
her. Hence the appeal for the non-restriction of 
trade, and the insistence that the customs barriers 
between the small European States should be 
broken down, whilst the American tariff should 
remain intact to maintain the high standard of life 
there, both in the interest of general welfare. 
It was a fallacy to regard all raw materials 
as of one class. With respect to control, three 
classes should be distinguished. In the first case, 
a country might have a monopoly in a raw 
material for which it had no home use. Such 
countries were mostly undeveloped, and the export 
tax would fall upon the foreigner, and a monopoly 
price could not be put on the top of the control 
tax. The second class was that of the monopoly 
of a raw material, such as logs and pulp in 
Canada, and scrap iron in Europe, which the 
country itself wished to develop; it was not a 
large class, but it widened, as half-developed 
countries became more largely industrialised, into 
the question of colonial preference. The Govern- 
ment might interfere for the sake of revenue, for 
stimulating industries or merely for preventing 
waste. 

The third class of control was what the whole 
world desired to-day, viz., stabilisation of prices for 
some settled period so that industry could know 
what costs were going to be. It would be worth 
while to apply this even if prices were increased by 
10 per cent. In the case of rubber, the scheme 
had been, not to force the price up, but to regulate 
supply and demand so as to maintain the stable 
price of ls. 3d. per lb. The scheme might not be 
sufficiently elastic, but a single country could only 
change the price within narrow limits unless it 
commanded the actual and potential supplies, and 
all such attempts stimulated research for substitutes. 


THe Sutpauric-Acip INnpusTRY. 


The sulphuric-acid industry, Sir Max Muspratt, 
Bart., Chairman of the United Alkali Company, 
and President of the Federation of British Industries, 
said in the second address, was the life blood of 
the chemical industry, but, at present, its position 
was by no means satisfactory. In 1915, before the 
war expansion, this country had produced 1,083,000 
tons of 100 per cent. acid, the capacity being 
1,200,000 tons. The figures for last year were 
848,000 and 1,400,000 tons while the figures 
for oleum were 22,000 tons pre-war and 450,000 
tons now. Superphosphates and bleach required 
half of the acid needed before the war and 
ammonium sulphate two-thirds, but the smaller 
uses (apart from those mentioned and from dyes 
and explosives) showed a satisfactory increase. In 
1914, 88-5 per cent. of the acid was made from 
imported pyrites, } per cent. from domestic pyrites, 
10-6 per cent. from spent oxide, 0-3 per cent. from 
sulphur, 0-15 per cent. from fumes. In 1925, the 
imported pyrites accounted for 47 per cent. of the 
acid, spent oxide for 23 per cent., sulphur for 24 
per cent., zinc and copper fumes for 5-5 per cent. 
The increased utilisation of spent oxide was all 
to the good and reflected great credit on our gas 
industry. 

Passing to economical features, Sir Max said 
that many consumers would state that much of the 
fall in the consumption could be made up again 
if the price of the acid were reduced. Manu- 
facturers were anxiously watching those questions, 
and they would lower the prices if that would help 
the industry; but they wanted a stabilised eco- 
nomic basis. One fact often overlooked was that 
depreciation and alterations were exceedingly heavy 
items in the sulphuric-acid industry; Somerset 
House made them the largest depreciation allowance 
of any industry. Germany, which was quoted as 
showing the possibility of lower acid prices, had 
stabilised her mark, but had lost control of some 
of her by-product industries. England had faced 
high taxation and returned to the gold standard, 
and must maintain the price of acid. Sicilian 
sulphur, and the low Italian exchange, had com- 
plicated the position. At present, pure acid could 
be produced at a lower cost from sulphur than 
from pyrites, but that could not last. The 
sulphuric acid industry - was ing through a 
period of great complexity. Thelast word had not 
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been said about acid from gypsum, but synthetic 
ammonia works were being placed near gypsum 
beds, not near acid works, and high-pressure re- 
actions required less acid than had previously 
been the case. In three or four years matters 
would be clearer. 


SuGAR FROM SAWDUST. 


Dr. W. R. Ormandy read two papers on the 
Thursday morning, the first by himself on ‘‘ Sugar 
from Sawdust,” and the second, a joint paper with 
Mr. J. D. Ross, on ‘‘ Alcohol Motor Fuels.” These 
are kindred subjects, since the sugar derived from 
the sawdust would be a source of alcohol. The first 
paper brought out clearly the difference between a 
laboratory experiment and an industrial process. 
In the laboratory, the conversion of sawdust from 
dry wood, or the cellulose in it, into sugar by pouring 
strong hydrochloric acid upon the wood was quite 
easy, and had long been known. Dr. Ormandy’s 
account of years of investigations, conducted by 
himself on behalf of the International Sugar and 
Alcohol Company, showed that the technical diffi- 
culties still continue to be serious. Dr. Ormandy dis- 
cussed three processes. Willstiitter, who originated 
the first of these, the Rheinau process, in 1913, 
observed that acid of 39 per cent. was much more 
efficient than acid of 36 per cent. ; 40 per cent. is 
used. As the conversion of cellulose into sugar 
proceeds, the mass turns pasty; water is absorbed 
in forming sugar, but acid is evaporated, and the 
acid concentration falls. The pulp becomes very 
hot by the reaction and has to be cooled, to prevent 
the temperature exceeding 90 deg. C. locally, 
when the sugar would turn into caramel. The 
difficulty was accentuated when the sugar solution 
had to be freed from acid and dried. At Rheinau, 





Fig. 1. 


the sugar solution dripped through an oil spray, 
and the gaseous acid was drawn off. 

In the Prodor process of Terrisse and Lévy, of 
Geneva, gaseous hydrochloric acid was used. The 
gas being still more destructive to metals than 
aqueous acid, they found in prodorite, aconcrete made 
of gas works’ pitch and sand, a satisfactory material. 
This resisted acid even at 125 deg. C. The 
natural pitch first tried made the prodorite some- 
what plastic. 

In the third combined Rheinau-Prodor process, 
the sugar was separated by forcing hot compressed 
air through the sprayed solution and drawing the 
solution into a cyclone for crystallisation. There 
was, further, the new catalytic process of Dr. Classen, 
of Aachen. Dr. Ormandy had tried these catalysts 
(ferro-tungsten-vanadium, platinum, &c.), but found 
them useless, and he could not understand how 
they could remain effective in the pulp of sawdust 
and strong acid. But Sir Charles Bedford and Mr. 
Arthur, who had seen the process at Aachen, spoke 
of decided improvements as to yields, time, &c., 
by this process, which differed entirely from the old 
catalytic Classen process, worked during the war. Mr. 
Vyvyan Board, of the Distillers’ Company, speaking 
also of power alcohol, said that he had found Dr. 
Ormandy’s spirit mixture efficient on all sorts of 
roads in Australia. Power alcohol had to be 
produced at a reasonable price in a district where 
there was a local market for it and other liquid 
fuel was available. In some countries, cultivated 
crops might furnish the raw material, but only 
with the aid of Government subsidies. 


EXPERIENCES WITH ALCOHOL Motor FUELS. 


Introducing his second paper, Dr. Ormandy 
said that he had seen engines which had been run 








for years on 95 per cent. and 90 per cent.” (volume) 
alcohol, without any signs of corrosion in either 
cylinders or valves. Alcohol alone, however, was 
not an economical fuel for multi-cylinder engines, 
especially those designed for petrol, and was used 
on the Continent, for omnibus services, in equal 
parts with benzole. Having reviewed the researches 
of Ricardo and of Tizard and Pye, on the importance 
of calorific value, latent heat, compression [ratio, 
etc., in fuels, and referred to the unfortunate 
characteristic of the fuel of getting past the piston 
rings into the crank case, where it diluted the 
lubricant, Dr. Ormandy gave particulars of bench- 
tests on a 4-cylinder, K-type engine and of; runs, 
which the London General Omnibus Company had 
made first with mixtures of petrol and power 
methylated spirit No. 1, the latter consisting of 
alcohol with 24 per cent. of methyl alcohol, $ per 
cent. of pyridine, 5 per cent. of benzole, and 
a trace of colouring matter. Since strong com- 
mercial alcohol (95 per cent. by volume) did not 
mix with petrol in small proportions, the alcohol 
had to be dehydrated. 

The mileages obtained with a No. 3 cheap 
motor spirit, containing 10 per cent. of absolute 
alcohol, being very satisfactory, the Distillers’ 
Company put the Discol spirit (half alcohol, half 
petrol and benzole) on the market, and this 
spirit was tested by Messrs. Ricardo. On the 
strength of further tests with a 70: 30 alcohol-benzole 
mixture, Mr. Shave, chief engineer to the London 
General Omnibus Company, urged that the Govern- 
ment should supply, or allow to be supplied, an 
alcohol with a cheap denaturant as a national fuel. 
The German Government was now supplying such a 
fuel, which was especially favoured by motor cyclists. 
In Queensland, a plant for producing 2,000,000 
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gallons of fuel a year from molasses and starch (from 
cassava and sweet potatoes grown in rotation with 
sugar cane), was now being erected with Govern- 
ment assistance. Alcohol had twice the anti-deto- 
nating power of the same weight of benzole, and a 
motor fuel containing a small percentage of alcohol 
should find a market in this country, where pro- 
mising experiments on the fermentation of green 
cellulose and sawdust were being conducted. 


Fat ExtTRACTION BY SOLVENTS. 


The principles of a new process for fat extraction 
by solvents were explained by Professor J. W. 
Hinchley, and the plant constructed was then 
described by Mr. L. J. Simon, in a joint paper, dis- 
cussed on Friday morning under the chairmanship of 
Colonel Sir F. Nathan. In England, the preference 
was for expressed oils, but on the Continent for ex- 
traction by solvents, which was originally effected, 
somewhat as in the laboratory, in a kind of Soxhlet 
apparatus. The solvent treatment of large bulks of 
crushed seeds, Professor Hinchley pointed out, in- 
volved very large apparatus and undesirable expo- 
sure of the pulp to steam for six hours and more ; 
much solvent was required, heat losses were great, 
and the meal was finally moist and apt to turn 
mouldy. Mr. Simon, to whom all the credit for the 
new plant was due, had reduced the weight of the 
charge from 4 tons and more to | cwt., the time 
of extraction to half an hour, and the time of steam- 
ing-off to 6 minutes. He obtained an odourless 
linseed oil, which had not the so-called characteristic 
smell, and also a sweet meal. 

Mr. Simon then explained with the aid of detailed 
diagrams, that the extraction took place in cylin- 
drical baskets or cages, each rotating within a 
stationary cylinder about a tubular axis through 
which the solvent entered. The method of charging 
and discharging the cage was novel. The cage 
was carried on a runway and charged while inclined ; 
it was then transferred into the cylinder and fixed 





by an axial rod, which was removed after closing 
the door. Both the cage plates and the spindle 
were perforated, and the spindle was wrapped with 
filter cloth. The plant comprised three cylinders, 
which were worked in the following cycle: the 
dried material was treated with solvent vapour ; 
it was washed with a solution of oil and solvent to 
obtain a rich solution ; this washing was repeated 
twice, the resulting solution being re-used. Then fol- 
lowed final treatment with pure solvent, drying of the 
meal by centrifugal force, and steaming-off. The 
speed of rotation was slow at first, viz., about 40 
r.p.m.; but afterwards it was raised. The pulp then 
formed in the cage a crust 4 in. thick through which 
the steam could easily force its way from behind ; 
but the bulk of the solvent had already been 
recovered by centrifugal separation, although high 
speeds were not necessary. 

During the discussion, which occupied the whole 
of Friday morning, most of the speakers agreed with 
Dr. G. Martin in acknowledging the ingenuity of the 
system but they also regretted the complication of 
the apparatus. Mr. J. H. Bellwood, of Hull, 
characterised many of the author’s statements re- 
garding actual practice as misleading ; he treated 3 
tons of his material in revolving balls, in not 
much over 3 hours, and those figures were not 
unusual. Mr. H. J. Pooley spoke of 2} ton pots 
treated in 3 hours, but remarked that trouble had 
been experienced in France with charges of 20 to 
30 tons. The great point was not to steam off before 
the solvent was removed, and the steam used must 
be dry. Mr. Simon, he thought, was on the right 
road, but the working expenses would be heavy 
with the small charges. In replying, Mr. Simon 
said that he had not used vacuum extraction so far. 
His incomplete plant at East Ham had been run- 
ning for 12 months with one cylinder, but a German 
plant was complete. He was working up from 
small charges to larger charges, which might be 
more profitable. 





Sotip SMOKELESS FUEL. 


In another room, in which Professor A. Smithells 
occupied the chair, Dr. E. W. Smith gave a 
summary of papers and discussions on Smokeless 
Fuel during 1925, dealing in particular with the 
conferences held at Leeds in July, 1925, and at 
Sheffield last November ; we noticed these confer- 
ences at the time. Dr. Smith’s conclusions were 
that the domestic demand could be met by the 
gas and coking industries already established ; 
that low-temperature processes were technically 
and economically unproven; that the coke should 
be graded and standardised, and the coal shouldbe 
washed or cleaned and then blended to improve the 
physical form of the coke, which should consist 
of small cells with thin walls. ' 

This being the first meeting of the Fuel Section, 
under its own president, the discussion of the 
paper was long and animated. Professor H. E. 
Armstrong regretted that the Leeds and Sheffield 
meetings had been held entirely in the interests 
of the gas companies ; the country needed funda- 
mental research on coal, not on coke. That need 
was subsequently accentuated by Dr. R. Lessing. 
who also pointed out the importance of cleaner 
coal; small differences in the ash contents made 
enormous differences in carbonisation. Mr. H. 
Nielsen thought that too much attention was paid 
to volatile constituents; coal activity depended 
mainly on physical structure, and there was some 
unknown constituent which caused a coal to coke. 
Dr. C. H. Lander said that experiments with 
daily outputs of 10 tons, and even 50 tons, did not 
enable one to judge the commercial possibility 
of a process. The Fuel Research Board was ready 
to test any plan which afforded promise, free of 
charge, and they obtained a weight balance, 
on a 10-ton to 20-ton scale, within 1 per cent. 
He gave particulars of the promising results ob- 
tained in recent high- and low-temperature research 
and also on a fuel of the Carbo kind. Dr. R. H. 


| Hodsman referred to the actual improvement of 


certain cokes by the addition of inorganic sub- 
stances. Mr. Edgar Hill advocated low-temperature 
coke. The gas companies, he said, had made 
great progress, but the domestic fuel problem 
should not be left in the hands of people who mainly 
wanted to make gas or oil. Dr. Parker (Leeds) 
was not convinced that small pores and thin 
cell walls meant active coke; when coal was 
coked in lumps, the pores were large and the cell 
walls thick. Dr. Margaret Fishenden pointed out 
that smokeless domestic fuel was not merely 
coal for the open grate; the suitability of coke 
for the kitchen range was hardly discussed, though 
heat was there the chief requirement, not easy 
ignition or brightness. Dr. E. W. Smith, in his 
reply to the discussion, said that the high-tempera- 
ture gas industries were already in the field, and we 
might have to wait a long time for the supply of a 
better material by other industries. 

The exhibition of chemical plant is dealt with on 
page 144 of this issue. 








14-TON RANSOME ASPHALT PLANT. 


Ow1ne to the need for limiting as far as possible 
the time occupied in carrying out road improvements, 
a great deal of attention has been paid lately to the de- 
velopment of high output of asphalt and tar macadam 
plants. We illustrate on this page and opposite, the 
most recent asphalt plant designed by the Ransome 
Machinery Company (1920), Limited, 46, Victoria- 
street, S.W.1, to meet such situations by handling 
large quantities of material rapidly. This is known 
as the Ransome (1925) type. The machine is equipped 
with elevator gear, rotary dryer, dust collector, and 
paddle mixer. 

Fig. 2, above, gives a view of the machine from the 
feed elevator side. This elevator is of the chain and 
bucket type, and is of sufficient capacity to handle 
10 cubic feet of material per minute. The sprocket 
wheels are of chilled cast iron, and special care has 
been taken to render the bearings in which they run, 
dustproof. The latter are of gunmetal, and at the 
bottom pair tightening gear for the chain is pro- 
vided. The top sprocket runs loose on the driven 
shaft, and is put into gear by means of a dog clutch 
on the shaft, operated by chain from the mixer 
platform. The boot into which the buckets dip is 
of steel, and is carried on a bracket which is hinged on 
the main frame so that it can be raised when the machine 
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is being transported to another site. The feed elevator 
discharges into a cold-materials hopper, having a 
capacity of a cubic yard. It is fitted with a control 
door at the bottom operated by a hand lever. This 
hopper is situated directly over the feed chute, which 
is pivoted on a steel shuft, and so arranged that, by 
means of a lever on the mixing platform, it can be used 
either to feed into the dryer or to discharge from it. 
The dryer is of the Ransome single-drum type, with 
pressed-steel ends, and is effectively lagged. The 
roller paths are machined and are riveted to the shell. 
The rollers are provided with adjustable bearings. The 
blades of the dryer are of a form which results in the 
effectual scattering of the material through the hot 
gases from the furnace. The batch capacity is 27 cubic 
feet. 

Rotation is effected by means of a cast-steel pinion 
on the lay-shaft visible in Fig. 1, .meshing with 
the toothed ring on the drum. The furnace is 
prominent in both illustrations. The grate area is 
30 sq.ft. The furnace door is balanced by a weight and 
chain. A balanced sliding damper is also fitted between 
the furnace and the dryer, and can be closed in order 
to shut down the plant. The gases are drawn from the 
furnace through the dryer by a fan, the suction duct 
of which is fitted with a dial pyrometer graduated up 
to 1,000 deg. F. A cyclone dust collector can be fitted, 
as shown in Fig. 1, to the fan discharge, but this is 
not always adopted. 

On discharging from the dryer the material is dumped 
into the boot of the hot-material elevator, which is, 
of course, completely cased in. The lower part of it, 
together with the hot-material chute and hopper, 
are visible in both illustrations below the main framing. 
The elevator and hopper are of the same material, 
construction and capacity as the cold-material ele- 
vator and hopper. The discharge chute feeding to the 
revolving screen is seen in Fig. 1, but there is also 
a bye-pass, through which the heavier material is 
conveyed directly to the storage hopper, when desired. 
The screen is of two or more sections, and is provided 
with a discharge pipe for oversize material. It is 
situated immediately above the storage hopper. The 
latter has a capacity of 96 cubic ft., and has two or 
more compartments as required by the screen divisions. 
Heat loss is guarded against by a steel cover to the 
screen and hopper. 

The hot material descends through controlling 
gates to a gauging hopper, which is of 10 cubic ft. 
capacity, and is carried on the weighing machine 
platform. The recording apparatus consists of an 
18-in. dial, graduated to read up to 15 cwt. in 4-lb. 
divisions. Two adjustable pointers are provided, to 
facilitate the weighing of two aggregates in sequence. 
They can be set at any desired weight. The matrix 
weigher is a spring balance machine which can handle 
180 lb. at a time. Recording is done on a 12-in. dial, 
with a pair of adjustable pointers similar to those of 
the aggregate weigher. 

The mixer is of the Ransome paddle-arm type with 
two axles. It has a batch capacity of 10 cubic ft. 
The working parts are cast steel, and the paddle 
arms have hard-steel alloy tips bolted on to 
them. The drive is by chain, and the paddle shafts 
can be put in or out of action through a dog clutch. 
The main drive wheel is attached to a disc on the 
shaft by means of four comparatively light bolts, 
which, in the event of a jam occurring in the mixture, 
will shear before any other part can break. 

The bitumen pump and piping call for no special 
comment. The arrangement of ladders and platforms 
will be clear from the illustrations, which also show the 
design of the main framing. This framing is arranged 
to provide a height of 7 ft. 6 in. above the ground under 
the mixer. If the plant is intended to be stationary, 
the whole structure is carried cn an underframe 
bolted to foundations, but if semi-portability is required 
steel trestles are supplied. These are arranged at four 
points, and can be removed on jacking up the main 
frame. A four-wheel bogey is then run in, and the 
plant lowered on to it for transport. The discharge 
pipe from the screen has to be disconnected, and the 
cold materials boot raised during transport. 

The whole of the elevating, screening and other gears 
are operated from a main driving pulley, which is 5 ft. 
in diameter, with a 9-in. face, running at 160 r.p.m. 
The total horse-power absorbed by the whole plant is 
35-8 brake horse-power. 

The plant is made in two sizes, of which the larger, 
No. 2, is the one illustrated. The maximum output 
of 2 in. rolled sand asphalt topping per 8-hour day 
is 1,000 sq. yards. With larger material, the estimated 
maxima are 12 tons per hour for 3-in. stone and 14 tons 
per hour for 2-in. and up to 2}-in. stone. The corre- 
sponding figures for the smaller size are 500 square 
yards, 10 tons and 12 tons. The approximate dimen- 
sions of the large size are :—Length overall, 37 ft. ; 


height to top of hot materials elevator, 30 ft. 6 in. ; 
width over trestles and cold materials boot, 23 ft. ; 
width with bo>t raised, 12 ft. 6 in. 





LETTERS TO THE EDITOR. 


NAVAL ENGINEERS; LOSS OF 
EXECUTIVE STATUS. 


To tHe Eprror or ENGINEERING. 
Stmr,—The debate in the House of Lords on the 
14th inst., is noteworthy in that two ex First Lords 
supported the motion, and the Admiralty reply was 
anticipated and dealt with to such an extent during the 
debate. 
May I make some observations arising chiefly from :— 

(i) The final sentence of the speech of the Duke of 
Montrose in which he said “ It will make clear as 
daylight now, once and for all, that there is no 
more room for two executive authorities in a 
ship of war or in a ship on the sea to-day than 
there ever was for two Kings of Jericho in the 
days of old. 

(ii) The private note referred to by Viscount Chelms- 
ford in which he described the system then exist- 
ing as “admittedly illogical but at all events 
working.” 

(iii) The Civil Lord’s plea that the Admiralty 
Order “ does little more than regularise the 
system as already existing,” and his statement 
that the Selborne Scheme had come to an end due 
to its failure to produce from Dartmouth the 
number of volunteers required for engineering. 


The Duke of Montrose’s remark is an echo, a quarter 
of a century old, of the'fear that existed in some quarters 
that engineers might assume control of the Navy as a 
fighting force. This fear has never had any foundation 
in fact. Engineers, both within the service and without, 
are well aware that, providing he is given legitimate 
scope and outlet for his ability, the trained engineer 
immersed in rapid mechanical development, will 
have neither time nor inclination to think about 
acquiring somebody else’s job. There was not room for 
two kings in Jericho in the days of old ; neither is there 
to-day; but one king needed his Captains of the Host. 
The commander and the Commander (E) are responsible 
to the captain of the ship for the upper deck and engine 
room, respectively. There never has been any question 
of the head of the engine room department being on an 
equality with or usurping the position of the captain. 

Passing to (ii) it is rather difficult to decide what 
precisely may be regarded as illogical : 

(a) The Selborne scheme as a whole ; 

(6) The Selborne scheme as modified at the time 
of the note, or 

(c) The military branch created in 1915. 

(2) Is not illogical. If (b) is illogical it must be due 
to unwise modification of (a). (c) is illogical but harm- 
less. If I may say so without offence, although it 
gave pleasure and prestige, the granting of so-called 
military rank to old-scheme engineer officers in 1915 
was really meaningless and has never applied to 
officers (E) who were already executive officers; the 
introduction of the term to the present controversy 
has only served to confuse the issue. 

Let us return to (a) and assume there is something 
illogical in the Selborne scheme. If so, it is equally 
illogical that (G) and (T) officers, or even navigators, 
should have executive rank; in the extreme case 
non-specialist officers only should hold it and be in the 
line of command. But why this meticulous desire 
to avoid anything not completely logical ? Would a 
close inspection of any of our institutions disclose 
nothing that is not completely logical, and has not a 
part of our genius been the capacity to recognise and 
accept something that works ? 

The Civil Lord’s plea that the Admiralty Order does 
little more than regularise the system as already exist- 
ing ; although preceded by a statement that it expresses 
no great change of policy, is almost immediately 
followed by “* There is a further reason why the Selborne 
scheme had to come to an end; and that was that it 
failed to produce from Dartmouth the number of 
volunteers required for the engineering profession ”’ 
This I believe is the first admission on the part of the 
Admiralty that the Selborne scheme has been dropped, 
and that we have virtually reverted to the state of 
affairs existing prior to 1902. This latter system is the 
one that is regularised. Here I think we have the real 
Admiralty reply, and it is unsatisfactory to the last 
degree. 

The Civil Lord twice refers to the lack of volunteers 
for engineering from Dartmouth. Why do they not 
volunteer ? He himself gives sufficient answer when he 
recites the tale of changes made from 1918 onwards. 
The result of this series of orders (not all of them 
destructive in themselves, itis true) has been to produce 
a complete lack of confidence, which the event has 
proved to be justified. Ifit had been, or were even now, 
placed beyond all doubt that the development of the 
Selborne scheme would continue with all its implica- 
tions, except that officers specialising in engineering 
would be debarred from the command of ships and 


fleets at sea and of military operations ashore, con- 
fidence would gradually be restored, there would be 
no lack of volunteers from Dartmouth, and the head- 
masters of the public schools would be justified in 
advising boys of the highest calibre to join the Navy 
by special entry. 

The development and future well-being of the Navy 
demand the retention. of the Selborne Scheme in its 
essentials, viz., the system of common entry and the 
retention of officers (E) in the one executive branch. 
It is not necessary, neither is it desirable, to alter the 
terms of their commissions. For officers committed 
within its own department, the Commander (E) should 
have disciplinary power similar to that of the com- 
mander of the ship, and defaulters with whom he cannot 
deal should go direct to the captain. Officers (E) 
should be eligible as Presidents of Courts of Inquiry, 
and to sit on Courts-Martial, and it is essential that 
one should be on the Court when an officer (E), or any 
engine-room rating, is being tried. Although they 
should not be in supreme command, they should lead 
their own men when landing either for military or 
ceremonial purposes. In the case of ships laid up 
with care and maintenance parties, they should be 
eligible for command, and when they attain the requisite 
rank, they and they only, should be appointed as 
Captain and Admiral Superintendents of Dockyards, 
as Superintendents of Naval Construction, and in com- 
mand of the appropriate training establishments. They 
should have the ultimate responsibility for the supply 
and maintenance of all classes of machinery for the 
Fleet, and should have a seat on the Board of Admiralty 
corresponding to that of the existing Third Sea Lord, 
whose duties are chiefly concerned with supply and 
maintenance. The system of special entry from the 
public schools provides boys of a more mature age‘ 
who have made other contacts, to act as a leavening of 
the Dartmouth entry; it also enables suitable boys 
who were not ripe for decision at the age for entry to 
Dartmouth to join the Navy. This system should be 
retained and encouraged but, in order to obviate any 
possibility of this mode of entry being reserved for 
engineer candidates only, thus sowing the seeds of future 
trouble, the proportion accepted for engineering duties 
should never exceed the proportion of Dartmouth cadets 
who specialised in engineering. 

The fundamental need is the retention of the system 
of common entry and the unification of the future officers 
of the Navy. It is contained in the three clauses of 
Engineer Rear-Admiral Sheen’s letter, published in 
The Times, on June 1, and referred to by the Earl of 
Selborne in the course of the debate. The system was 
still intact prior to the order of November, 1925; or at 
any rate, it was not damaged beyond repair. When it is 
firmly re-established, the subsidiary questions will be 
in a fair way to settling themselves. The future of the 
engineering specialists resides in engineering; they 
must maintain and help to develop the weapon for the 
upper deck officers to wield. The upper deck officers 
must wield the weapon, leaving it to the engineering 
specialists to maintain. They must always work along- 
side one another, and both take a hand in its develop- 
ment, according to their respective training, experience 
and capacities. The upper deck officer, from his study 
and practice of warfare, must express his desires and 
make his suggestions; the engineering specialist must 
suggest and initiate, his special training and experi- 
ence being used to bring these desires and suggestions 
to a practical issue. 

The Selborne Scheme, which has been gradually 
coming into operation for 24 years, provided the possi- 
bility*of this form of development. It contains the 
promise of stability, progress and efficiency, while one 
hesitates to contemplate the possible results of another 
prolonged struggle. Have not its statesmanlike essen- 
tials been overlooked ? In 1902, executive officers might 
have been averse to a sudden transformation of the 
original engineer-officers, but now the engineers are 
drawn from their own ranks, is anything to be gained 
by this reversion? Is it too much to hope that the 
Admiralty may yet display that true strength which 
does not fear the acknowledgement of an error of 
judgment and its rectification before it is too late ? 

Yours faithfully, 
G. H. TUBRALL. 


July 22, 1926. 


OIL SEPARATORS FOR BILGE AND 
BALLAST WATER. 


To THE Epritor oF ENGINEERING. 

Str,—There are certain points in a letter published 
by you under the above heading on July 16, which call 
for an answer. 

In the paper by Dr. Hele-Shaw and myself before 
the Institution of Naval Architects we used the 
following words: ‘The most efficient separators will 
be those in which the main flow is substantially hor’ 
zontal.” It will be noticed that we did not say that 








no efficiency could be obtained by vertical movement; 
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but that higher efficiency is obtained by horizontal 
movement. 

Centrifugal action might, of course, be used to effect 
separation, and if it were possible to produce a consi- 
derable gravitational field in a horizontal plane, 
then, in such a case, the vertically elongated form 
of separator would partake of the advantages possessed 
by the horizontalform. With the type and proportions 
of separator mentioned, however, the centrifugal effect 
can be demonstrated to be less than one-hundredth 
of that due to gravity alone, and is, therefore, negligible. 
I must re-affirm what we said in our paper, namely, 
that an attempt to employ the method of centrifugal 
separation is hardly practicable. 

The case of the ss. Chickasaw, quoted in the above- 
mentioned letter, is surely a good illustration of the 
necessity for final filtration. It was claimed that only 
one-hundredth of 1 per cent. of oil was discharged with 
the water; but this can scarcely be regarded as finally 
satisfactory, since it means the discharge of 20 gals. of 
oil per 1,000 tons of water—enough to spread an 
iridescent film over 200 acres. 

In contrast with this, the order being executed by 
The Stream-Line Filter Company, Limited for H.M. 
Admiralty is for a separator dealing with 200 tons of 
ballast water per hour under conditions as to purity 
of discharge 20 times as severe as those which were 
tentatively accepted (though not without argument) 
at the International Conference at Washington, and 
which appear to satisfy your correspondent. The 
Stream-Line separator prevents the discharge of 
more than 3,55 of one per cent. of oil in ballast 
water (0-000005:1) as against ;3, of 1 per cent. 
(0:0001 : 1) on the s.s, Chickasaw. 

Iam, Sir, yours faithfully, 
ALBERT BRALE. 
64, Victoria-street, Westminster, London, S.W.1, 
July 27, 1926. 





To THE Epitor oF ENGINEERING. 

Sir,—With reference to the paper on “‘ Oil Separators 
for Bilge and Ballast Water,”’ read before the Institution 
of Naval Architects and reproduced in a recent issue 
of your publication, we beg to point out that, so far 
as the Conduit patent oil separator is concerned, several 
of the statements made therein require correction ; 
it also inaccurately describes the actual separator, and 
this, together with the general tone of the paper, is 
likely to be misleading, apart from being damaging to 
our interests. 

Dealing with the various inaccuracies in order :— 

(1) To say that the difference in levels between oil 
and water “‘ needs to be adjusted ”’ is a misuse of words, 
and might convey the impression that the adjustability 
is a disadvantage. The fact is that the design of this 
separator has the great advantage of allowing this 
adjustment to be made to suit the varying specific 
gravities of the oils being dealt with, and in any 
separator not provided with this means of adjustment 
there must necessarily be a risk of water going over 
with the oil, or vice versa. 

The adjustment mentioned is a simple device which 
can be set in a few moments, and does not require 
any further alteration while oil of the same specific 
gravity is being passed through the separator. 

(2) The efficiency of horizontal flow as compared 
with vertical flow is open to doubt, but, in any event, 
when applied to the practical proposition of designing 
oil separators for fitting on board ships, the vertical 
system has indisputable and obvious advantages. To 
mention one point only, vertical space is much more 
readily available in ships than horizontal space. For 
instance, the Conduit separator can be fitted in any 
available corner in the upper part of the engine-room 
casing, or in the upper part of the stokehold between 
the ventilators—in fact, in many other positions 
between the engine-room and stokehold bulkheads 
which cannot be used with advantage for other purposes. 

(3) The depth of the Conduit patent oil separator 
has a virtue, other than that mentioned by the authors, 
in that it provides a means of avoiding turbulence 
which is essential to good separation. 

(4) The remarks of the authors as to “ the unsuita- 
bility of an open-topped system for use in a seaway ” 
do not correctly apply to the Conduit separator, as 
the inflow and outflow ends are placed so close together 
that rolling and pitching have no appreciable effect. 
Further, the levels and weirs are so disposed as to 
avoid any overflowing in heavy weather. 

(5) In Fig. 7 of the paper illustrating the apparatus, 
oil withdrawal and inspection cocks are shown, 
which might lead one to believe that the recovered oil 
has to be “ withdrawn” from the separator and that 
test cocks are necessary to ascertain the oil level. 
As a matter of fact, the recovered oil passes automati- 
cally direct from the separator to the oil-fuel tanks, 
and whilst the separator is in operation no adjustment 
—or, in fact, any attention whatever—is required. 

We are loth to embark on correspondence of a 
controversial nature, and are content to state that 





about twenty of our Conduit separators have been 
installed in vessels owned by the principal lines 
(including some of the largest ships afloat), as well 
as on shore, for various purposes, where they are in 
constant use and giving every satisfaction. 
Yours faithfully, 
For R. C. Knignt anp Dunrorp Smits, 
R. C. Kyieut. 
London, July 26, 1926. 
To tHe Eprror oF ENGINEERING. 

Srr,—In the paper read recently before the Institu- 
tion of Naval Architects on oil separators, by Dr. 
Hele-Shaw and Mr. A. Beale, a statement of the 
conditions which should be observed by such apparatus 
in order to obtain the most efficient separation is made. 
While agreeing with the scientific conditions there set 
forth, some of the conclusions drawn from these by the 
authors as to the most suitable form of separator are 
misleading. ; 

Quoting from the paper it is stated that :—‘‘ The 
lesser gravity of the oil tends to carry it vertically 
through the water. The velocity at which it rises 
depends on density, viscosity and the size of the oil 
globules. Small globules rise slowly, so that if the 
flow of the water is arranged to be vertically downwards 
those particles of oil whose relative velocity due to 
buoyancy is less than the velocity of the water, will 
necessarily be carried away to the water discharge, 
however long the passage. If, on the other hand, the 
water flow is arranged horizontally, all particles having 
any tendency to rise at all can be separated if the 
passage is made long enough,” and concludes, ‘“ The 
most efficient separators will therefore be those in which 
the main flow is substantially horizontal.” 

This conclusion is jumped at, for in the vertical flow 
separators it is the area of cross section perpendicular 
to line of flow and not the length of flow which counts, 
while in the horizontal flow advantage is obtained by 
lengthening the path. To illustrate the error of the 
conclusion made, let us consider uniform flow in a 
prismatic tank having sides X, Y and depth Z. 

Let Q be rate of flow, then the downward velocity in 


a vertical flow type would be zy and all oil globules 


V, less than - ) 


XY would escape 


of velocity of rise, 
separation. 


In the horizontal flow type the velocity is a and 





the time to traverse the tank is oe Zz" Consider an oil 
globule of velocity of rise V. Its time to rise clear of the 
stream of horizontal flow is > and this must be 
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which is the same as in the vertical flow type of 
separator. 

When faced with the practical problem of obtaining 
conditions for maximum separation where the flow of 
the fluid through the separator is influenced by inlet 
and discharge arrangements, the inventors of the 
Victor Separator, which is giving practical satis- 
faction to numerous ship-owner users, came to the 
conclusion that a vertical flow type, in which the feed is 
uniformly distributed over the entire cross-section of 
the separator, so as to obtain an approximately uniform 
or stream-line flow through the separator, was the 
practical solution to obtain the highest separating 
capacity relative to size of separator. It is pointed out 
that the positions of inlet and discharge openings make 
the realisation of a uniform flow much simpler in a 
vertical flow separator as compared with a horizontal 
flow separator. 

Yours faithfully, 
H. Oepen, B.A. (Cantab.)B.Se. 

London, July 23, 1926. 





CONTINUOUS VERTICAL GAS 
RETORTS. 


To THE Epiror oF ENGINEERING. 

Srr,—In connection with the new issues raised in 
carbonisation principles and practice in my letter 
published in your issue of the 16th inst., I should like 
to add the following additional information :— 

General recognition and consent must be granted as 
to the present inability of all modern carbonising 
systems to attain a very much higher throughput, 
owing to a commercial limitation suffered by them all 





in respect of their range of selection of refractory 
materials and their general similarity and principles 
of design. Nothing dearer than silica can possibly 
be utilised by coke oven and gasworks retort, or oven, 
makers, in view of the large quantity of refractory 
material required in relation to the standing-charge 
capacity of the chambers or retorts. Carborundum can- 
not be used at all until at least a halving of the quantity 
of refractory material required can be realised. This 
is impossible on existing lines for several structural and 
thermal reasons—strength and thermal absorption 
demanding a fair proportion of material to heating 
wall surface—so that an impassable barrier exists on 
this score alone in all systems attempting to utilise 
all, or nearly all, the enclosing wall surface for purposer 
of heat transmission. 

Paradoxical as it may seem, it is far better to cut 
the heating surface and sacrifice from 30-50 per cent. 
of the total enclosing wall area for purposes of an early 
and immediate release of the distillate, effecting this 
in such a manner as properly to regulate the path of 
travel of the gases and vapours through zones of de- 
creasing temperature from those of their primary seat of 
origin. This can be done by an off-take, situated, not at 
the top of the retort, but centrally, so as to receive the 
distillate after a short and quick transverse passage 
through the plastic layers and cooler uncarbonised 
cores of the charge, instead of, as now is the case, when 
the off-take is placed at the top, after a prolonged and 
slow and obstructed passage through the height and 
along the heated sides for the major part of the distilled 
gases. In this way, less heat is involved in the thermal 
reactions and dissociation of the gases after release, 
thereby effecting double economies. 

Further, the plastic behaviour of the coals is thereby 
restricted to its proper function, viz., coking and bind- 
ing the particles into a coherent mass, and swelling is 
not over accentuated by gases choking the sticky parts 
of the oven or retort, which happens invariably when 
the primary tars are re-distilled by a long distance 
travel off-set. Also, the gas pressure inside an oven 
or retort is appreciably reduced by such a method, as 
compared with the old system, and consequently very 
much higher rates of evolution of the gases may be 
practised without any difficulty by increased heat 
transmission. On the other hand, a central off-take 
requires far less suction to operate a high velocity or a 
high volume (and rate) of removal of the distillate 
than a top off-take. Moreover, any undue pressures 
can be counteracted by the sizing of the charge particles, 
as well as by suction, so that together these two factors 
afford means for producing any desired character of 
coke it is required to secure, and make it definitely 
possible to realise a coke from any coal of 19-40 per 
cent. volatile content, using the heating rates avail- 
able, which amount to some 6-10, or more, times the 
ordinary, since no refractory limitation exists as to 
the flame temperatures which may be used for heating 
the retorts. Strangely, the sizing of the coal particles 
possible in accordance with these methods, allows of 
far larger sizes of lumps, and consequently of a higher 
proportion of fines, too, thereby saving crushing power 
and extending usage over a wider choice of coals. 

Granted the use of a refractory, like carborundum, 
the principles of heating utilised by my system, covering 
the perfect combustion of gaseous mixtures, repeated 
and multiple points of maximum flame temperature, 
the utilisation of several stages, induced and forced 
draught, the employment of selected gases for heating, 
the minimum of material for the optimum wall surface 
and transmitting capacity, a secondary recuperative 
system for pre-heating the air and/or gas used for 
combustion, and/or the steam introduced into the 
retorts, allow the most effective, harmonious and 
simple manner of working, conforming with every 
fundamental and underlying consideration. 

It may be added that three types of coke are obtain- 
able: (a) a compact, hard, highly porous, but fairly 
fissured (in one direction almost exclusively) type, 
realised when the discharging does not unduly disturb 
the plastic stages within the charge; (b) a compact 
but more loosely-formed coke, having no wall pressure 
influences preserved as to the body thereof, consisting 
of lumps of medium and large size agglomerated to- 
gether, but highly porous and reactive as to its 
internal structure; (c) the same as (a) or (b) above, 
but carrying a higher because residual, volatile content 
due to early discharge, say, for smokeless fuel require- 
ments. Of the type (a) a large part, in fact the bulk 
of it, is suited to foundry purposes. It is a very easy 
matter to arrange for the manufacture of a coke of 
any desired type by the regulation and mutual com- 
pensation of the above main factors, in a manner 
allowing of inexpensive control and the making of a 
superior grade product. 

Yours truly, 
Wo. Everarp Davies. 
5, Tynybedw-terrace, 
Treorchy, Glam., South Wales. 
July 19, 1926. 
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1,250-TON UNIVERSAL TESTING 
MACHINE. 


Wuiit much of the routine testing work required 
in the research laboratories of educational establish- 
ments, commercial testing organisations, and indus- 
trial concerns can be carried out with machines of 
small or moderate capacities, the value to structural 
engineers of a machine capable of testing full-size 
members of bridges and other structures is now fully 
recognised. Such machines are, of course, costly to 
construct and to operate, but there can be little doubt 
that their use may effect very considerable economies 
in structural design, and this fact will probably lead 
to their employment to an increasing extent by 
engineers and contractors responsible for structural 
work on a sufficiently large scale. For this class of 
work, Messrs. Dorman, Long and Co., Limited, of 
Middlesbrough, the contractors for the construction 
of the great bridge across Sydney Harbour, have 
ordered from Messrs. W. and T. Avery, Limited, Soho 
Foundry, Birmingham, what we believe is the largest 
universal testing machine in the world, and they will 
use it first, we understand, in connection with the 
design of that structure for tests on full-size members 
or large-scale models. 

The machine, which, by the courtesy of Messrs. 
Avery, we are able to illustrate and describe below, 
is capable of carrying out tensile, compressive, and 
transverse bending tests on built-up structural members 
at loads up to a maximum of 1,250 tons, as well as of 
making the usual tests on the materials themselves, 
employing specimens of larger dimensions than has 
hitherto been possible. In tensile tests, specimens up 
to 6 in. in diameter, and flat bars up to 12 in. by 3 in. 
in cross section, can be employed, the specimens of 
either form being of any length up to a maximum of 
50 ft. Columns or built-up bridge members of any 
length up to 50 ft., and up to 3 ft. 9 in. square in 
cross section, can be tested in compression, the seat- 
ings provided for such tests permitting them to be 
carried out with either free or fixed ends, as may be 
desired. For transverse bending tests, a maximum 
span of 20 ft. is allowed for, and specimens may be 
of any width up to 3 ft. 6 in. An important point 
in connection with the transverse tests is that the 
design of the machine permits the whole of the work- 
ing length of the bed to be utilised for the purpose, 
so that it is possible to insert a complete built-up 
section of a structure up to 50 ft. in depth. 

The general arrangement of the machine can best 
be followed by examining the elevation and plan 
reproduced in Figs. 1 and 2 on Plate XII which 
accompanies this issue, and from these it will be seen 
that the overall length is 120 ft. 3} in., while the 
height from the floor level to the top of the lifting 
eyebolt of the poise weight is 13 ft. 6} in. A rather 
better idea of the impressive dimensions of the machine 
can, however, be obtained from an inspection of 
Fig. 10 on page 138. This illustration has been repro- 
duced from a photograph of the complete machine 
and the two men visible, but by no means prominent, 
in the figure, serve to indicate its scale. It will be 
seen from the illustrations referred to that the machine 
comprises a substantial cast-iron bed extending for 
the greater part of its length and connected at each 
end to a bracket-shaped end casting. The latter are 
of semi-steel and weigh about 33 tonseach. The upper 
vertical faces of the end castings are connected by a 
pair of built-up steel box girders, the form of which, 
as well as that of the bed plate, is shown in the trans- 
verse section, Fig. 4, on Plate XII. It will be under- 
stood that the parts so far referred to form a strong 
compression frame, which is fully capable of with- 
standing the maximum load that can be applied. 
This construction, it may be pointed out, enables the 
operator to obtain a clear view of the specimen on 
three sides, as will be understood on reference to Fig. 
12 on page 138. The fact that the top side of the 
frame is open also greatly facilitates the lowering of 
heavy specimens into position by means of a crane. 
The small cross girders, the object of which will be 
apparent later, can be removed, if necessary, for the 
insertion of a specimen. Adiustable and removable 
supports, shown in most of tae illustrations referred 
to, are provided to give additional rigidity to the upper 
longitudinal girders. The design of these supports is, 
perhaps, most clearly shown in the transverse section, 
Fig. 4, on Plate XII, and their position is, of course, 
adjusted to suit the particular specimen being tested 
before applying the maximum load. 

The load is applied by means of a hydraulic ram, the 
cylinder of which is seated in the casting at the right 
hand end of the machine, as shown in Figs. 1 and 2. 
The cylinder is a steel casting designed for a working 
pressure of 2 tons per square inch, and the ram, which 
is 32 in. in diameter and is also of steel, has been coated 
with copper, electrolytically deposited, in order to 
ensure water tightness. This feature, it may be re- 
marked, is necessary in order to enable the load on a 
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specimen to be maintained for a long period. The 
ram, which has a stroke of 5 ft. 6 in., is fitted with a 
rectangular crosshead, shown in Figs. 1, 2, and 10, 
and this is connected by four turned steel rods to the 
straining crosshead which is mounted on four flanged 
wheels and can be seen near the centre of Fig. 10, 
as well as in Figs. 1 and 2. Tensile specimens are 
located between the straining crosshead and the weigh- 
ing crosshead at the left-hand end of the machine, while 
compression and bending tests are carried out between 
the straining crosshead and the compression crosshead, 
which is situated at the right-hand end of the machine 
near the ram. The compression crosshead is connected 
to the weighing crosshead by four steel rods, so that 





CROSSHEAD WITH JAWS FOR TENSILE TESTS. 


the load can be measured in the same way as for a 
tensile test. While referring to the loading arrange- 
ments we may call attention to the method of 
effecting the return stroke of the main ram. This, 
we should explain, is hollow, and fitting into its outer 
end is a stationary ram, 20 in. in diameter, the crosshead 
of the latter being attached to the end casting of the 
machine by two steel rods, shown in Figs. 1 and 2. 
Water at a pressure of 10cwt. per square inch isadmitted 
to the main ram, which forms the cylinder for the 
stationary ram, through the pipe shown on the extreme 
right of Figs. 1 and 2, and the effect of this is to force 
the main ram inwards, the valve controlling the supply 
of water to the main cylinder, of course, being open to 
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Fig. 9. StTrRarntnc CROSSHEAD WITH PLATENS FOR COMPRESSION TESTS. 


exhaust. It will be readily understood that the arrange- 
ment of the rams gives easy access for the renewal of 
the hydraulic packing, and the fact that the return ram 
is co-axial with the main ram is another advantage 
in comparison with either a double-acting piston or 
an auxiliary ram, or rams, out of line with the main 
ram. 

The weighing system, by which the load on the 
specimen is measured, is of particular interest. The 
arrangements are shown on the left of Figs. 1 and 2, 
and also in Fig. 11, but in order to illustrate them more 
clearly, the left-hand portion of the elevation has been 
reproduced to a larger scale in Fig. 3. From these 
illustrations it will be seen that the weighing crosshead 





is connected by a system of tension rods and links to a 
series of four main weighing levers, arranged to work 
‘in parallel” and suspended vertically by frictionless 
knife-edge supports. The levers are of the first order 
with an arm length ratio of 1 to 6, and they consist of 
steel castings carryi.g three sets of hardened steel 
knife edges, the length of which is such that the 
maximum load on them does not exceed 5 tons per 
lineal inch. The load knife edges, i.e., those at the 
upper end of the levers, engage with hardened steel 
bearings fitted in the main link, while the fulcrum 
knife edges work on similar bearings fitted into brackets 
on the bed casting ; these knife edges are both 62 in. 
long. The lower knife edges transmit the reduced 





load by means of a long horizontal link to the short arm 
of a bell-crank lever, clearly shown in Fig. 3, this 
lever, which is also fitted with hardened steel knife 
edges, having an arm length ratio of 1 to 5. The * 
fulcrum knife edge of the bell-crank lever works on a 
hardened steel bearing block fitted into a bracket 
attached to the lower face of the bed, while the knife 
edge at the end of the longer arm transmits the load, 
now reduced to one-thirtieth of that on the specimen, 
by means of a vertical steel yoke and tension links 
to the steelyard overhead. 

The latter is of the makers’ usual design, fitted with 
hardened-steel knife edges, that forming the fulcrum 
resting on a hardened-steel bearing fitted into the sup- 
porting column. The leverage of the steel yard is 
such that the poise has a weight of exactly one ton, 
the leverage of the whole machine thus being 1,250 to 1. 
The poise, which runs on ball-bearing rollers, is traversed 
along the steelyard by the usual handwheel and 
screw, its position being indicated by a graduated scale 
reading from zero to 1,250 tons in divisions of 1 ton; 
by means of a vernier provided, the load can be read 
to 0-1 ton. {As evidence of the degree of sensitiveness 
obtained, we,may mention that when the machine is 
balanced at no load the equilibrium is distinctly 
disturbed by pushing against the weighing crosshead 
with the hands; at full load, however, the readings 
will be accurate to within 0°25 ton. It should be 
noted, moreover, that it has been possible to avoid 
the use of loose weights in connection with the weighing 
operations, so that tests can be completed without 
the stoppages involved in their use. 

As already stated, the two crossheads at the ends 
of the machine which transmit tensile and com- 
pressive loads, respectively, to the weighing mechanism, 
are connected together by four steel rods, and these 
crossheads, as well as the rods connecting them, are 
supported from the upper girders of the machine 
frame by means of knife-edge suspensions provided 
to eliminate friction. In tensile tests, as previously 
mentioned, the specimen is inserted between the 
weighing crosshead and the strain crosshead. It is 
held at each end either by collars or serrated wedges, 
fitted in holders having spherical seatings, 29 in. in 
diameter, accurately ground and fitted into the 
crossheads to ensure axial loading. Fig. 7, opposite, 
shows the strain crosshead fitted with jaws for a 
tensile test and a section of the same crosshead is 
given in Fig. 5 on Plate XII. In this figure, the 
holder for tensile tests has been removed, but the 
spherical seating for it is shown on the left, while 
on the right is shown the spherical-seated plates 
provided for compression tests. The strain crosshead 
can be traversed along the bed of the machine by 
the hand gearing, clearly shown in Fig. 7, to suit the 
length or depth of the specimen, and, when in the 
correct position, it is connected to the four straining 
rods by means of an arrangement of split collars. 
The split collars of the crosshead are locked into 
turned grooves spaced at convenient distances apart 
on the straining rods, as is best shown in Figs. 1 and 2 ; 
two of the split collars can be seen in Fig. 7. The 
straining rods, which extend for practically the whole 
length of the frame, are supported at intermediate 
points by small trolleys, shown on the right of Fig. 4, 
from which their arrangement will be clear. At the 
back of the grip holders in both the straining and 
weighing crossheads, mild-steel buffer plates, fitted 
with renewable recoil blocks of wood, are provided. 
The buffer plates, which are illustrated most clearly 
in Fig. 6, are each carried on a door hinged to the 
crosshead and are secured in position by a form of 
bayonet joint which is manipulated by bevel gearing 
and a screw. Another point that may be mentioned 
is that, to take the recoil incidental to the fracture 
in tension of a large specimen of hard steel, renewable 
wooden blocks, in suitable holders, are inserted between 
the main shackle and the end casting at the weighing 
end of the machine, as shown on the right-hand side 
of Fig. 3. Any tendency of the recoil to displace 
the main weighing levers is obviated by the provision 
of helical springs in their suspension links, as indicated 
on the left of Fig. 3. 

The crosshead at the right-hand end of the machine 
is fitted with both fixed and adjustable platens for 
compression tests on columns, the load being applied 
by similar platens on the straining crosshead. Fig. 9 
shows the machine arranged for a compression test 
on a comparatively short specimen, but, by suitably 
locating the straining head, compression tests can be 
carried out on specimens of any length up to 50 ft., 
as already stated. For bending tests, a massive built-up 
steel girder is inserted in the machine between the 
upper and lower members of the frame, as shown in 
Figs. 1 and 2 on Plate XII, and also in the half-tone 
engravings, Figs. 8 and 9, on this page, and Figs. 1() 
and 12, on page 138. It is situated close to the com- 
pression crosshead and transmits to it the load applied 
to the specimen by the straining crosshead. The 
weight of the girder is relieved by suspending it by 
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links from knife edges resting on the upper longitudinal 
members of the frame, as is most clearly shown in 
Fig. 1. In this way friction is reduced as far as 
possible, and the highest degree of accuracy is secured. 
The front face of the girder is fitted with two presser 
feet which can be adjusted to give any desired span 
up to a maximum effective span of 20 ft. by means 
of a handwheel and screw at each end. A presser 
foot of similar form is fitted to the centre of the 
straining crosshead when testing beams, and, in each 
case, the face of the presser foot in contact with the 
specimen is adjustable. It is possible, if desired, to 
fit the girder to the straining head and use a single 
presser foot on the compression crosshead. 

Although the total length of the machine is over 
120 ft., a single operator on the platform can carry 
out a complete test without changing his position. 
The valves controlling the direction of movement and 
the speed of the hydraulic ram are placed in a con- 
venient position close to the operator’s hand and to 
the handwheel by which the poise is moved along the 
steelyard. The arrangements are shown in Fig.,11 on 
page 138 and aiso in Fig. 3 on Plate XII,'but a pointer, 
not visible in these illustrations, is also provided 
directly in front of the operator to indicate the oscilla- 
tions of the steelyard and thus assist him in maintaining 
equilibrium throughout a test. 

It will be obvious that the calibration of a machine 
of the dimensions of that with which we are dealing 
is a matter of considerable importance. The operations, 
however, presented no difficulty. The four main 
levers were verified by placing then horizontally and 
applying standard dead weights, and the steelyard 
was checked in a similar manner. The accuracy of 
the bell-crank lever was determined by direct measure- 
ment ; and when the machine was completely assembled 
the results were checked by means of carefully calibrated 
springs. The hydraulic power for operating the 
machine is derived from high-pressure and low-pressure 
accumulators supplied by two sets of double-acting 
pumps electrically driven through machine-cut helical 
gearing. 

The machine and its auxiliaries will be housed in a 
separate building, measuring 167 ft. 3 in. long by 45 ft. 
wide internally, that has been erected in Messrs. Dorman 
Long’s works. A 30-ton overhead traveller has been 
provided for handling the movable parts of the machine 
and for lifting the specimens into position, the latter 
being brought into the building on a standard-gauge 
railway track. Openings, normally closed by doors, 
have been left in the walls of the building opposite the 
ends of the girder used in the transverse tests, so that 
it will be possible, by constructing a new girder and 
inserting it in the machine, to carry out such tests on 
beams of any desired span. 

At a demonstration of the machine in the Soho 
Foundry on Monday last, a tensile test on a flexible 
steel rope and a transverse test on some cast-iron 
beams were carried out to illustrate its operation. The 
flexible rope, which was made by Messrs. John and 
Edwin Wright, Ltd., of Birmingham, was of 24 in. 
diameter, made for salvage work, and its calculated 
breaking strain was 230 tons. It actually broke at 
238 tons, and this fact, in conjunction with the results 
of other tests on larger and smaller ropes, shows how 
accurately the strength of such materials is now known. 
The construction of the machine, which weighs about 
350 tons, has taken Messrs. Avery about eighteen 
months, and its satisfactory completion has been due 
to the particularly close and harmonious co-operation 
between the design department and the shops, that has 
supplemented the firm’s extensive experience in the 
design and construction of testing machines of all 
kinds, Its use in the competent hands of the owners 
should do much to advance the already high prestige 
of British structural engineering. 


THE LATE MR. S. G. JONES. 


An engineer who in the course of his varied profes- 
sional career was closely connecte1 with the annexation 
and development of Upper Burma, Mr. Samuel Gilbert 
Jones, died at his residence, Steanbridge, Stroud, 
Gloucestershire, on July 26, in his eighty-fourth year. 

Mr. Jones was the son of the late Mr. A. G. Jones, of 
Hatherley Court, Gloucester, and after receiving his 
general education in English and German schools, he 
was articled to Messrs. Rothwell and Co., of Bolton, 
Lancashire. Eventually becoming manager of the 
millwright department of the company, he acquired an 
extensive experience, especially with locomotives for 
British and Continental railways, such as those for the 
Bristol and Exeter Railway, Cardigan and Carmarthen 
Railway, and for Hanover, Saxony and Naples. He 
also fitted out the Armstrong Gun Factory Department 
at the Royal Arsenal, Woolwich, and built the Abbey 
Mills Pumping Station for the Metropolitan Board of 
Works, London. In 1867 Mr. Jones was engaged by 
Messrs. Wallace Brothers, of London, to order the 





machinery for cotton spinning and weaving mills for 
the King of Burma. This equipment he took out to 
Burma, erected it and started the mills in 1869. 
From then on, during his entire professional career 
Mr. Jones devoted the whole of his energies to the 
interests of Messrs. Wallace Brothers in Burma, and 
in rendering service to the country. In the early part 
of his association with the Bombay-Burma Trading 
Corporation, founded by his firm, he remodelled their 
timber mills and substituted mechanical handling for 
elephant labour. He also designed and perfected a 
furnace for burning sawdust, which ultimately led to 
the combustion of paddy-husk in the boilers at the rice 
mills, resulting in the saving of enormous quantities 
of coal. 

He later started the Forest Department of the 
Corporation, and as its manager rendered very useful 
service to the British Empire in eventually bringing 
about, through the stand he took against the imposi- 
tions of King Thibaw, the annexation of Upper Burma. 
In 1878, this ruler ascended the throne, and his early pro- 
cedure in killing all his near male relatives led to the 
withdrawal of British representation. The Bombay- 
Burma Trading Corporation had for years been engaged 
in the export of timber from the great teak forests of 
the King’s dominions. The ruler, Thibaw, attempted to 
impose upon the Corporation an impossible fine, 
coupled with the threat of confiscation of all their rights 
in case of. non-payment. This led to the British ulti- 
matum of October 22, 1885, and as by November 9 a 
practical refusal of the terms was received at Rangoon, 
it was decided to occupy Mandalay. Shortly after the 
rapid operations under Sir H. N. D. Prendergast had 
started, on November 26, King Thibaw surrendered, 
and Upper Burma was annexed on January 1, 1886. 
Mr. Jones was responsible for putting the first steam 
launch to service on the Rangoon River, and later intro- 
duced light-draught stern-wheel steamers. He was 
responsible for the building of many of these vessels, 
as well as their propulsion machinery. At the time of 
the annexation, Mr. Jones devoted himself to the erection 
of temporary hospitals and barracks for the Govern- 
ment. Later he was for some years engineer-surveyor 
for the Port of Rangoon, but retired from professional 
work, at the age of 46 years, in 1888, and since then 
lived at Stroud, in Gloucestershire. Mr. Jones was 
elected a member of the Institution of Mechanical 
Engineers in 1882. 





UNIVERSAL DIRECTORY OF Rattway OFFICcIALs, 1926. 
—We have received from The Directory Publishing 
Company, Limited, 33, Tothill-street, London, 8.W.1, a 
copy of the thirty-second annual edition of the ‘‘ Universal 
Directory of Railway Officials, 192€,”” which has just been 
issued. It has been compiled, chiefly from official 
sources, under the direction of the Editor of The Railway 
Gazette. The Directory is divided into ten geographical 
sections, arranged as follows :—Official (including rail- 
way institutions, associations, societies and unions), 
Great Britain, Ireland, Europe, Asia, Africa, Australia, 
North America, Central America and South America. 
The name of each railway is given, together with the 
mileage of track open to traffic, and full particulars 
regarding the number of locomotives, rolling-stock, &c., 
owned by the undertaking. A list of all the officials of 
the railway, with their full titles and addresses is then 
appended. A complete personal index of railway 
officials is included at the end of the work. The book 
will prove of value to engineering firms doing business 
with railways ; it will enable them to find, quickly and 
easily, the name and address of any particular official 
with whom they may wish to correspon The Directory 
contains some 400 pages; it is well bound, and is of 
handy size. The price is 20s. net. 


ContRAcTS.—The Crown Agents for the Colonies have 
placed an order with Messrs. Sir William Arrol and Co., 
Limited, Parkhead, Glasgow, for a 50-ton steam floatin 
crane for use in Lagos, West Africa.—Messrs. The Gonna 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, recently received an order for a high- 
speed electric passenger locomotive, in connection with 
the electrification of the Great Indian Peninsular Rail- 
way. The locomotive is of the 4-6-4 type, having three 
main _— axles arranged for individual drive and 
provided with a guiding bogie at each end. It is rated at 
2,250 h.p. on the one-hour rating. Each main axle is 
driven by a twin armatured motor, through the inter- 
mediary of a flexible gear wheel, secured to a quilt sur- 
rounding the axle. The maximum designed speed of the 
locomotive is 85 m.p.h.—Several large orders have been 
received by The Constructional Engineering Company, 
Limited, Titan Works, Charles Henry-street, Birmingham. 
These include new complete melting equipment consisting 
of two 6 ft. 6 in. diameter cupolas, fan and motor, cupola 
charging gear, special ladles, &c., for The Falkirk Iron 
Company, Limited, Falkirk; a 5 ft. diameter cupola, 
charging platform, electric hoist, &c., for The Excelsior 
Foundry Company, Sandiacre; two 4 ft. diameter 
cupolas, spark arresters, fan and motor, &c., for Messrs. 
Newton, Chambers and Co., Limited, Thorncliffe Iror- 
works, Sheffield; a repeat order of two 5d ft. diameter 
cupolas, spark arresters, fan and motor, &c., for Messrs. 
Brown and Green, Limited, Luton; and a 4 ft. 6 in. 
diameter cupola, staging, and fan and motor, for 
Aberdeen. 
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TENDERS.—-The Egyptian Ministry of the Interior is 
inviting tenders for the supply and installation of an 
electric distribution system for the town of Luxor. The 
electric energy produced will be three-phase, alternating- 
current, 3,300 volts, 50 cycles per second, for trans- 
mission by armoured cable through two underground 
transmission systems. The distribution to private con- 
sumers will be effected by an overhead three-phase, three- 
wire, 200-volt system. The contract involves the supply 
of some 6,830 m. of high-tension and 1,210 m. of low- 
tension armoured cable, six transformer cabins, 12 trans- 
formers, copper cable for overhead systems, steel poles, 
cable boxes, brackets, cut-outs, porcelain insulators, 
lamps, &c. Tenders will be received by the Section des 
Municipalités et Commissions Locales, Ministére de 
l’Intérieur, Savoy House, Cairo, until noon on September 
15, 1926. Local representation is essential—_The New 
South Wales Department of Public Works is calling for 
tenders, to be presented by September 6, 1926, for the 
supply of 66,000-volt oil circuit breakers for Burrinjuck 
Hydro-electric development scheme.—The Municipal 
Council of Sydney, N.S.W., is inviting tenders, to be 
eee by September ‘20, 1926, for the supply of one 

igh-tension, direct-current, Kenetron-valve testing set 
for underground cables.—The Deputy Director of Posts 
and Telegraphs, Melbourne, Australia, is calling for 
tenders, to be presented by October 5, 1926, for switch- 
board cords (Schedule No. 115).—The Public Works 
Department, New Zealand, is inviting tenders, to be 

resented by November 2, 1926, for 110,000-volt trans- 
ormers for Waikaremoana Power Scheme (Section 17). 
Further ——— regarding any of the above tenders 
may be obtained from the Department of Overseas Trade, 


35, Old Queen-street, London, S.W.1. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Acute scarcity of Cleveland 
pig-iron has forced the quotations up to figures customers 
are showing marked disinclination to pay, with the result 
that more use is being made of substitute irons. To some 
extent, the comparatively much cheaper local hematite 
is being used by founders, who, however, are drawing 
more and more supplies from Continental sources. At 
the same time, foreign iron is not being offered so freely 
as it was a little while ago, some producers abroad 
having, in fact, booked orders as heavily as they care 
to for the time being. Two furnaces are still pro- 
ducing Cleveland pig, but only a very small portion 
of the output of the plant in operation is available for 
the market. No. 1 Cleveland has become 92s. 6d. ; 
No. 3 g.m.b., 90s.; No. 4 foundry, 89s.; and No. 4 
forge, 88s. 9d. 


Hematite.—East Coast hematite continues in ample 
supply. Unsold stocks are generally available but 
are not in great demand. Production has _ been 
curtailed to the output of one furnace, and with the 
promise of a stronger statistical state, values are inclined 
to stiffen. Nos. 1, 2, and 3 are 8ls.; and No. 1 is put 
at 6d. above mixed numbers. 


Foreign Ore.—There is absolutely no business in 
foreign ore, and market rates remain nominal on the 
basis of best rubio at 21s. 6d. c.i.f. Tees. 


Coke.—Definite quotations for coke are difficult to fix, 
but local consumers needing supplies have to pay very 
high prices. 

Manufactured Iron and Steel.—There is rather good 
home demand for manufactured iron and steel, and 
particularly for some descriptions of the latter, but 
sales are far from extensive. Business would be on a 
better scale, however, if producers were able to guarantee 
delivery required. Export trade is very quiet. Manu- 
facturers are inclined to advance recognised market 
rates, among the principal of which are: Common iron 
bars, 111. 5s.; iron rivets, 121. 15s. ; ea. (parallel), 
8l.; packing (tapered), 11/.; steel billets (soft), 77. 58. ; 
steel billets (medium), 7. 10s.; steel billets (hard), 
81. 2s. 6d. ; steel ship, bridge and tank plates, 8/.; steel 
angles, 71. 10s. ; steel joists, 77. 10s. ; heavy sections of 
steel rails, 87. 10s.; fish plates, 127. 10s.; black sheets 
(No. 24 gauge), 11l. 5s.; and galvanised corrugated 
sheets (No. 24 gauge), 171. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The Sheffield steel and engineering 
trades continue to bear up well. A further importation 
of foreign fuel and a bigger output of outcrop coal has 
had the effect of easing the fuel famine. This has 
enabled more departments to resume operations, as 
evidenced by the fact that during the past week some 
two thousand unemployed operatives have been found 
work. While steelmaking furnaces remain out of 
action, other branches of industry continue to maintain 
a satisfactory position. The railway furnishing depart- 
ments are operating as well as their fuel supply will 
allow, though the amount of work in hand is considerable, 
and in some instances exceeds that previous to the coal 
stoppage. Inquiries have been received from India, 
Africa, South America, and Australia for railway fur- 
nishings, &c., and the prospect of actual business being 
done is highly promising, now that foreign competition 
shows signs of diminishing. Shipbuilders and marine 
engineers occupy a strong position, but, owing to the 
fuel shortage, have been compelled to purchase their 
steel requirements from abroad in an effort to carry 
out contracts. Armament makers, though at present 
experiencing a slump in trade, have hope of receiving 
orders from foreign Powers in the near future. Auto- 
mobile material continues in steady demand, and makers 
are good customers locally for steel and fittings. The 
electric furnaces maintain a good output of stainless 
steel, which finds a ready outlet. In the tool trades 
a fair call is being met. Russia has placed orders in 
Sheffield for saws, hacksaws, files, and other descriptions 
of tools. In the home market, the requirements have 
not been so numerous, though in gardening and farming 
implements a better demand is promised. Spades, 
forks, picks, axes, hammers, and sheep shears have 
been inquired after, while builders’ ironwork is a good 
home trade line. 

South Yorkshire Coal Trade.—A further importation of 
foreign fuel and a bigger output of outcrop coal tends 
to relieve the industrial shortage, and to a small extent 
householders’ needs. Gas and electricity works continue 
to carry on, and, at present, are producing the normal 
amount of power. 





UNIVERSITY CoLLeGR, LONDON, Facutty oF ENGIN- 
EERING —The Provost of University College, Gower- 
street, London, W.C.1, has notified us that the following 
awards have been made in the faculty of engineering 
of the college. The Goldsmid Entrance Scholarship 
has been gained by Mr. F. L. Lambert ; the Archibald P. 
Head medal and prize by Mr. A. A. E. Hemmer; and 
the L. F. Vernon-Harcourt prize for civil and municipal 
engineering by Mr. A. H. Toms. Departmental honours 
in heating and ventilating engineering have been gained 
by Mr. A. C. Light; in mechanical engineering by 
Mr. A. Felton; in electrical engineering by Messrs. 
A. A. E. Hemmer and R. C. Mildner ; and in civil and 
municipal engineering by Mr. S. Stevens. A number 
of engineering diplomas have also been awarded. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel and Iron Trades.—Conditions in the steel 
and iron trades in the West of Scotland have not changed 
over the week. In few establishments has work yet been 
commenced since the holidays, and there are no prospects 
of much being done until fuel is available at a moderate 
price. Business on all sides is hung up through the 
miners’ strike, and the possibility of any settlement 
still seems remote. A fair number of orders have been 
booked for forward delivery, but there is little disposition 
on the part of firms to enter into engagements for new 
projects while the prevailing conditions are so uncertain, 
The dislocation caused to the trade of the country has 
been very serious, and the steel and iron industries have 
suffered considerably. Export business has almost 
disappeared, and most producers will have no little 
difficulty in again securing a footing in some of the 
foreign markets, In the black-sheet trade, the order 
books are well filled, and although work has been carried 
on very successfully during the strike some establish- 
ments have about come to the end of their resources and 
production cannot be carried on much longer now on 
account of the fuel position. Prices continue very firm, 
and are as follow: Boiler plates, 111. per ton; ship 
plates, 7/. 17s. 6d. per ton ; sections, 7. 7s. 6d. per ton ; 
sheets, under ¥ to }-in., 101. 10s. to 111. 10s. per ton : 
and Crown bars, 11/. 5s. per ton, all delivered at Glasgow 
stations. 

Scottish Pig-Iron Trade.—With all the blast furnaces 
in Scotland out of action, stocks on hand have to meet 
the current demand. The latter, however, is very small, 
and is gradually getting less. Since the commencement 
of the holiday period little business has been passing, and 
forward inquiries are not very numerous. Prices 
naturally keep firm, and the following mav be taken as 
the current bases : Hematite, 80s. per ton, delivered at 
the steel works ; foundry iron, No. 1, 88s. to 90s., and 
No. 3, 838, to 85s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments——The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 24, only amounted to 249 tons. 
Of that total 196 tons went overseas and 53 tons coastwise. 
For the corresponding week of last year the figures were 
also small, and the total of 305 tons was made up of 95 tons 
foreign and 210 tons coastwise. 


Shipbuilding.—Messrs. Alfred Holt and Co., Liverpool, 
have placed an order with Messrs. Scott’s Shi building 
and Engineering Company, Greenock, for a vessel of 6,500 
tons gross, which will be fitted with twin-screw engines 
of the Scott-Still type. This will be the second vessel 
to be fitted with these engines by Messrs. Scott for the 
same owners, the other one having given entire satisfac- 
tion in every way. 

Wages in the Iron Trade.—The following intimation has 
been made to Messrs. James C. Bishop and Owen Coyle, 
joint secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board, by Sir John M. 
MacLeod, Bt., C.A., Glasgow: ‘‘In terms of the remit 
I have examined the employers’ books for May and June, 
1926, and I certify that the average net selling price 
brought out is 111. 9s. 2-66d.”” This means that there 
will be no change in the wages of the workmen. 


Contracts.—Intimation is made that Messrs. John G. 
Kincaid and Company, engineers, Greenock, have received 
an order to supply Diesel machinery for three new vessels 
of large tonnage for British owners. Two of the motor 
ships are to be built on the Clyde and fitted with single- 
screw Diesel engines, while the third—a cargo vessel of 
12,000 tons—is to be constructed on the North-East 
coast of England and fitted with twin-screw Diesel 
machinery. Messrs. The North British Locomotive Com- 
pany, Limited, Glasgow, have received part of the 
contract for 20 boilers for superheater locomotives for 
the New Zealand Government Railways. Messrs. Sir 
William Arrol and Company, Limited, Glasgow, have 
secured an order for a 50-ton floating crane for Lagos 
Harbour, West Africa, through the Crown Agents for 
the Colonies. The War Office has placed an order with 
Messrs. William Bain and Co., Limited, Coatbridge, for 
the steelwork of new workshops to be erected at Longmoor 
Camp, Hants. 





TRIALS OF THE 8.8. AmBrosto.—The shallow-draught 
twin-screw oil tanker Ambrosio, built by Messrs. Harland 
and Wolff, Limited, to the order of Messrs. Andrew Weir 
and Co. for the Lago Shipping Company, recently com- 
pleted satisfactory trials on Belfast Lough. The Ambrosio 
is a sister ship of the San Nicolas, a brief description of 
which appears on page 759 of our issue of June 25 last. 





INTERNATIONAL EXHIBITION OF INVENTIONS, 1926.— 
The second International Exhibition of Inventions will 
be held at the Central Hall, Westminster, London, 8.W. 1, 
from October 13 to 23 next. The aim of the organisers is 
to create and stimulate trade and to bring together the 
inventor, the manufacturer, and the financier. The 
exhibits will be classified into five main groups—namely, 
domestic and household labour-saving devices, mechanical 
appliances and engines, electrical and wireless appara- 
tus, building and housing materials and furnish- 
ings, and miscellaneous appliances and equipment. 
A particular feature of the exhibition will be that inven- 
tions which are not on the market will be shown, as well 
as those which are on sale. A number of prizes will be 
awarded to exhibitors. The exhibition is organised and 
managed by the Institute of Patentees (Inc.), 39, Victoria- 
street, Westminster, London, S.W. 1, and further par- 
ticulars may be obtained from the general secretary, 
Mr. G. Drury Coleman. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Hopes of an early settlement of the 
national strike of miners, which have been raised several 
times during the three months since the struggle com- 
menced, have been revived, and now appear to have a 
much stronger basis. At all events, the Welsh colliery 
owners have felt justified in asking the Colliery Examiners, 
the Enginemen and Craftsmen, and the Master Hauliers’ 
Associations to meet them to discuss plans for the future 
working of the mines. The meeting with the repre- 
sentatives of the three bodies were of a preliminary 
character, and the officials of the respective unions, while 
not asked to pledge themselves, were informed that the 
colliery owners proposed to revert to the eight hours’ 
system of working in South Wales, as this was absolutely 
necessary to restore the industry to anything like a state 
of prosperity, and was preferable to a big cut in wages, 
which would inevitably have to be the only alternative. 
Expectations are that, as the result of the national con- 
ference of miners to be held in London on Friday, there 
will be a reopening of negotiations between the miners, 
the Government and the employers, which should before 
long result in work being resumed at the pits. It has 
been evident for some weeks that the miners’ leaders 
have had great difficulty in preventing a breakaway on 
the part of the Welsh miners from the ranks of the 
strikers. Only the holding of demonstrations and the 
most persistent picketing and exhortations have kept a 
large proportion of the men from going to work. Even 
these have not prevented coal from being produced by 
“sinkers”” employed at new pits opening out, whose 
numbers have been recruited from the strikers. Levels 
in isolated districts and one anthracite pit in West Wales 
are also working, while the strikers themselves have pro- 
duced considerable quantities of coal from the outcrops. 
Meanwhile, imports of foreign coal have reached con- 
siderable proportions and are still increasing. Last week’s 
arrivals of American and Continental coal amounted to 
over 60,000 tons. Although the bulk of these arrivals 
have been for the Great Western Railway Company, 
considerable quantities have been taken by industrial 
concerns, and a dozen or more additional steel, tinplate, 
and other works have restarted. Returns published by 
the Great Western Railway Company of the trade of their 
docks at Cardiff, Swansea, Newport, Barry, Port Talbot, 
and Penarth for the 28 weeks ended July 11, show 
only too clearly the loss of export and bunker trade 
arising from the national strike of miners. Before the 
strike commenced there was an increase in trade. The 
exports of coal and coke to July 11 were 10,080,348 tons, 
as compared with 14,903,735 tons in the same period last 
year. The exports of patent fuel in the same periods 
declined from 542,583 tons to 432,970 tons. The bulk 
of the loss falls on Cardiff, with 1,100,000 tons drop in 
coal and 72,000 tons in patent fuel, Swansea losing 
668,000 tons coal and 10,000 tons patent fuel, Newport 
938,000 tons coal and 1,900 tons patent fuel, Barry 
1,400,000 tons coal, Penarth 428,000 tons coal, and 
— Talbot 337,000 tons coal and 28,000 tons of patent 
‘uel, 

Iron and Steel.—Exports of iron and steel in the past 
week were only 7,945 tons, as compared with the still 
smaller total of 6,997 tons in the previous week. The 
shipments of tinplates and terne-plates were 2,439 tons, 
against 4,921 tons; black plates and sheets, 1,379 tons, 
against 320 tons; galvanised sheets, 2,214 tons, against 
1,690 tons ; and other iron and steel products, 1,913 tons, 
against 66 tons. 





PrrsonaLt.—Mr. J. G. Jackson has joined the technical 
staff of Messrs. Nobel Industries, Limited.—Mr. E. R. 
Wynne, A.M.I.E.E., has joined the board of Messrs. 
Lewenz and Wilkinson, Limited, 25, Victoria-street, 
London, S.W.1, as co-managing director with Mr. H. I. 
Lewenz. He will look after the firm’s home agencies and 
industrial electrification contracts.—In consequence of 
the resignation, through ill-health, of Mr. Dutfield, the 
Minister of Transport has appointed Mr. J. H. Turner to 
be an additional member of the London and Home 
Counties Traffic Advisory Committee. 





WORKING CONDITIONS IN BRITISH AND CONTINENTAL 
InpustTRiEs.—In the 38th Annual Report of the Incor- 
porated Swansea Exchange, which contains the balance 
sheet for the year ending June 30, 1925, a list of members, 
trade statistics, report of the annual meeting, and other 
information regarding the various activities of the Ex- 
change, a speech made at the last annual general 
meeting of members by Sir John C. Davies, the chairman, 
is reported, in which attention was drawn to the 
growing pressure of foreign competition in our home 
markets. Sir John stated that recent modernisation 
of Continental works had been achieved either partly 
or wholly at the expense of the State. Additional 
capital was available for development because Conti- 
nental industries were taxed only on distributed 
profits. Conditions of working were dissimilar ; working 
hours were longer and wages were lower. Continental 
manufacturers were able to keep their plants running at 
maximum capacity while British plants were working 
intermittently. With regard to the question of wages, 
the British steel worker received 61s. for a 48-hour week, 
the Belgian 33s. 6d., the German 32s. 6d., and the French 
(on a basis of 124 francs to the pound) 24s. 2d. Again, 
the British collier received 10s. 9d. per shift, the German 
1s. 3d., and the French 5s. 4d. He did not wish it to be 
thought that he complained of wages being too high in 
our staple and unsheltered industries, but he felt strongly 
that the Continental wages were in comparison too low. 
The above annual report may be obtained from the 
Secretary, The Incorporated Swansea Exchange, Royal 





Metal Exchange, Swansea, price 3s. 6d. 
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INDEPENDENT COAL MINING. 


CoaL miners have now been set free to work as 
long as the shortest hours in other industries, and 
some of them are beginning to use their liberty. 
No prominent leader has yet associated himself with 
the return to work, and up to now it has accordingly 
been a trickle and not a flood. The process seems, 
however, to have gone on steadily, and one may 
trust that the partial set-back of the last few days 
is temporary only. Unless negotiations cut through 
the barriers that now are impounding the bulk of the 
miners in reservoirs of idleness, it seems only to be a 
question of a short time before the present increasing 
seepage will lead to the bursting of the dams. The 
miners will thus return through ways they will have 
made for themselves to the living from which they 
have been separated, and except for any district 
arrangements that may be continued or found 
expedient, the collieries will be working on inde- 
pendent agreements between the owners and the 
miners. 

To those, whether owners, labour leaders, or 
miners, who are concerned merely with the well- 
being of the industry and of all whom it should be 
supporting, this situation will present a rare oppor- 
tunity. The calamity from which all British industry 
is suffering would have been in the highest degree 
improbable, if not practically impossible, had it not 
been for the artificial mechanism by which the coal- 
mining industry has been bound. Composed as it 
is of many hundreds of collieries in every possible 
variety of circumstance, the industry has been regu- 
lated by a system under which its workers have been 
controlled by a central body of leaders. By its 
constitution this body has been unable to deal with 
the affairs of any pit or district with a single eye to 
what was best for its workers, even if it was in a 
position as a body to know what was best, as a col- 
lection of local men might have known it. By its 
personnel it was, moreover, bound to take account 
not merely of the industrial interests of its constitu- 
ents but of the political aspirations of the most 
influential of its members, which, if regard is had to 
the use these men have made of their power, have 
clearly weighed more with them than any industrial 





interests. Plotted on a diagram, the several 
considerations of the different circumstances of 
different districts and the different objects of indivi- . 
dual representatives have given a set of points 
through which it was impossible to draw a repre- 
sentative curve. They have compelled arrange- 
ments to be made that suited the circumstances of 
no district, and compromises to be accepted out of 
regard not to the adverse conditions against which a 
district had to contend, or the advantages by which 
it could profit, but to the relations of the districts to 
each other. The one benefit to be derived from this 
artificial linkage was that it gave the industry a 
single neck, which those who directed it for the time 
being could squeeze. 

The uses to which the men’s leaders for the time 
being have chosen to put this mechanism is 
notorious, but to realise the full extent of the present 
opportunity it may be worth while to run over in 
outline how it has been used in the present strike. 
Its influence began by defining the purpose of the 
strike, which, shortly, was to secure in bad times the 
wages and hours of work that had been conceded in 
the unfounded anticipation of good times. Had this 
purpose been attained, the last state as well as the 
immediate state of the industry would inevitably 
have been worse than ever. Hundreds of thousands 
of men would have been thrown out of work, and 
many of the pits on which they had lived would 
have been closed permanently. The export markets 
would have been lost in international competition ; 
and with the reduction of other home industries 
that would have followed on the rise in the price of 
coal, the home market for coal would have con- 
tracted and unemployment still further increased. 
The only prosperous body in the community would 
have been the Guild of Fishers in Troubled Waters, 
which had contrived to inspire the whole business. 

As it has turned out, however, the social disaster 
that these political parasites of the mining industry 
sought to bring on the entire community has been 
averted. The most ambitious strike they have 
ever attempted has failed more conspicuously than 
any of the previous strikes into which they have 
led their loyal and misguided followers. The 
general strike, which was to settle the whole 
matter in a week, itself collapsed in little more. 
The public utility services have been affected 
less than has been known in any previous coal 
strike. As other coal strikes have progressed 
these services have had to be reduced; but in 
this strike the lapse of time has seen a growing 
increase in such services as were affected at the 
outset, and at the present time most of the railway 
passenger service is running practically at its 
normal volume. One after another the promises 
that the most prominent of the leaders made to 
the misled miners have been falsified by the event. 
The miners were not to be led to fight by them- 
selves; but their intended allies dropped them in 
little more than a few days. The co-operative 
societies were to be solidly at their back ; on what 
authority such promises were made is not clear, 
but it cannot have been that of the societies them- 
selves, who have declined thus to betray their 
trust to their own members. It is true that 
unexpectedly support has come from the Russian 
trade unions, the well-simulated enthusiasm of 
whose members subscribed about half a million 
sterling out of the 15s. a week or less that they 
earn when they are lucky. The embargo on the 
transport of coal from docks and by railway has 
wholly broken down. The foreign miners, who 
were to withhold supplies from this isolated market, 
have not only supplied it freely, but have been 
tumbling over themselves to get into the foreign 
markets which for the moment we have been com- 
pelled to abandon. Travelling in France is cheap 
at the present time, or the dignitaries of the Miners’ 
Federation would seem to have been unwarrantably 
extravagant in going to Paris in the hope of getting 
the butter of those markets out of the mouths of 
the international parties that are attacking it 
with a natural relish. On the 3rd of this month 
a chief prophet among the leaders assured his 
flock that the strike would be decided within 
fourteen days; but the time limit has passed, 
and the strike does not seem to have been won. 
A body of churchmen has made an attempt to 
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get the matter settled, and the egregious leaders 
strengthened their hands with a proposal for com- 
promise on the lines of Abraham Lincoln’s well- 
known story, but it seems now to be unlikely that 
this singular effort to maintain higher wages 
and shorter hours in coal mining than in any 
other great industry will be seriously followed up. - 

Already, indeed, the Bishop of Gloucester has 
protested that the representative character of 
‘certain Bishops and others” who make ‘the 
somewhat arrogant claim that theirs is the 
Christian solution of the problem ” is entirely self- 
assumed. On the contrary, a large body of 
churchmen regard the action that has been taken 
as in every way unfortunate. In the Bishop’s 
judgment, it has probably prolonged the strike 
seriously, and those who have taken it fail to see 
that ‘‘ the ‘ standard of living’ of the miners is 
being kept up at the expense of other workers 
whose standard is already lower.” 

The list of the pretences under which the miners 
have been beguiled, and hundreds of thousands of 
workers in other industries thrown out of employ- 
ment, could be extended, and in itself, indeed, is 
not worth reciting. Its importance lies in the fact 
that much of the readiness with which such 
unscrupulous professions have been accepted is 
due to the acquiescence of other parties in the 
State in admitting political considerations into 
the adjustment of industrial matters. In the 
present dispute this mistake was made first— 
it is perhaps easy to be wise after the event—when 
the subsidy was given to the coal industry a year 
ago. Those who gave it knew as well then as 
they know now that it could not be justified 
economically, and the measures they took were 
addressed in effect to the demands of the politicians 
in the Miners’ Federation rather than to the needs 
of the mining industry. The Royal Commission 
followed the same mistaken line, and perhaps 
with less excuse, when in its recommendations 
it went outside its terms of reference, and added 
to its account of the economic position of the 
industry, recommendations such as the purchase 
of royalties, that were purely political. It would 
have been far better for the mining industry and 
for the country to have had the strike last year, 
if it could not have been avoided without taking 
the demands and allegations of the Federation 
seriously. In meal and malt, indeed, the cost 
of a strike to the country’s industries was bound 
to be much more than the amount of the subvention ; 
but since the politicians who held the miners in 
their grip were determined on a strike if terms 
ruinous to the industry and its workers were not 
conceded, that cost has had to be paid, in addition 
to the amount of the subvention and nine months 
of trading overshadowed by the uncertain prospect. 

At the present time what is most to be hoped is 
that no party in the industry whose interests are 
purely industrial will continue to give an implied 
countenance to the pretences of the politicians. 
In every district miners and owners are now face 
to face, and neither the Government without the in- 
dustry, nor the central bodies within it, are proposing 
to be parties to anything individual pits or districts 
may do. If those who are concerned in the working 
of these pits and districts will realise that they 
have now the opportunity to build up their opera- 
tions again without external interference, the colossal 
price that has had to be paid to reach this point 
may not have been wholly thrownaway. As a fact, 
even the owners prefer dealing with districts to deal- 
ing solely with individual pits, and doubtless would 
welcome the co-operation of district trade unions, 
if it was given sincerely an loyally. It is not for 
outsiders to say how best the parties in the district 
may attain this co-operation. One general observa- 
tion may, however, be made without impertinence. 
By now every intelligent party in the industry 
must have had enough of dictation and attempts 
to dictate. Such diversions may be well enough 
when there are the means to afford them; but 
even wild beasts are said credibly to drop their 
natural instincts of mutual hostility when the 
forces of nature threaten them with a common 
destruction. The parties to the mining industry 
are threatened with the destruction of a large part 
of their industry, and if no other consideration 





affected them, might be expected to show at least as 
much sense as beasts in the presence of an impending 
catastrophe. They may, however, take account of 
other considerations that are more permanent 
and no less cogent. They know that they can live 
only on what they produce, and cannot produce 
without the co-operation of all of them. To obtain 
that co-operation on a trade-wide basis is a com- 
plicated business, and the present situation shows 
how inadequate are the means by which it has 
been sought up to now. The alternative is to 
organise co-operation face to face at the pits and 
in the districts, and that is the only alternative 
open at the moment. Co-operation so obtained 
is based on more intimate knowledge, and should 
be easier to keep free from misunderstanding and 
mistrust, than the less effective trade-wide co- 
operation that has been tried and has so signally 
failed. Owners, trade unionists and men, if they 
can bring themselves to recognise the struggle for the 
existence of their industry that has to come when 
all the wasteful internal struggles have been dropped, 
should be able to initiate this co-operation between 
pits and districts. If they concentrate on this, 
they will save their part of the industry, and lay 
the best and most natural foundation for such 
measures of co-operation as may be found expedient 
hereafter. 








ALTERNATIVE METHODS OF HOUSE 
CONSTRUCTION IN LONDON. 


ALTHOUGH very considerable headway has still 
to be made before the existing house shortage 
is ended, it is certainly true that building is pro- 
ceeding at an unprecedented rate. It has been 
estimated that, during the year 1925, no less than 
150,000 houses were erected in England and Wales, 
and over 40,000 were built in Scotland. Comparing 
the figure for England and Wales with the estimate 
made on behalf of the Government, that 100,000 
houses must be erected each year to provide for the 
normal increase in population, it will be seen that 
the arrears are now being overtaken. In the 
Greater London area in 1925, for the first time since 
the outbreak of the European War, the normal 
annual requirements were exceeded. In that year 
23,547 houses were built and 694 were demol- 
ished, leaving a net increase of 22,853 or nearly 
6,000 in excess of the current requirements. 

Costs of construction with the commonly-used 
materials have been greatly increased and, in 
consequence of this, endeavours have been made to 
find alternative materials and methods of erection, 
to make house building an economic possibility. 
Investigations are going on, and in almost every 
part of the country demonstration houses have 
been erected in order that experience may be ob- 
tained of the costs of building and of the probable 
life-time and maintenance charges. In this respect 
the London County Council has done much pioneer 
work in the trial of the schemes prepared by 
various designers, as well as by their own architect. 
The number of alternative materials, which are 
already available, is very great, and such of them 
as have been thought to afford a reasonable return 
on the capital cost of a house, and seem likely to 
have a long life, have been introduced into actual 
building. With experience available which has been 
obtained with actual buildings, deductions may be 
made as to whether these alternative materials 
and methods of building warrant their more general 
adoption. 

As far as the Administrative County of London is 
concerned, many different types of materials and 
methods of construction have been used in the 
various housing schemes. Unfortunately, the Coun- 
cil is not yet in the position to afford information on 
the comparative figures of cost of erection and mainte- 
nance while, of course, the life history of the materials 
in use can only be obtained after many years have 
elapsed. The numbers of each type of construc- 
tional method provide, however, an index to the 
progress made with materials alternative to brick 
and stone. 

Commencing in 1921, numbers of concrete houses 
have now been erected at Becontree, and several 
houses of wood, of concrete, and of steel have been 
built for demonstration purposes there, and at 


Billingham and Downham. Particulars of these 
houses, made of other materials than bricks, were 
given in a Report of the Housing Committee to the 
London County Council on June 29. Of purely 
concrete houses, whether built of blocks or of mass 
concrete, 3,004 have either been erected or are, at 
present, in course of construction. These are of 
six different but well-known types, and the experi- 
ences in their construction and maintenance will 
establish their claims to recognition as solutions of 
a difficult economic problem. The greatest number 
of these houses are of the Winget type, having 
external and internal concrete-block casings 
separated by a 2}-in. cavity, or of the Fidler design, 
with casings made of clinker-concrete slabs tied 
together and with the cavity between them filled 
with cement concrete, with an aggregate of local 
gravel and sand. Shuttering systems, for retaining 
concrete introduced in bulk, have also been used 
in the construction of many houses, and many 
different methods have been tried in actual building. 

The consideration of the claims of timber as a 
building material has not been neglected, and 
four methods have been used for the construction 
of houses, not on so extensive a scale as concrete, 
but sufficient to afford information on the economic 
possibilities of the proposals that seemed most 
valuable amongst those submitted by the designers. 
A demonstration block of four two-storey houses, 
designed by the council’s architect, has been 
erected at Becontree, and 42 houses of the same 
type are being built on the Watling estate. In 
these the framing of the external walls is composed 
of studding, erected at the level of the ground floor 
window sills, on a concrete plinth, the partitions 
on each floor being framed up in _ studding. 
Externally the studding is first covered with 
a sheeting of impervious felt, and weather-boarding 
treated with a tar preparation is then nailed through 
to the studs. The roofs are covered with inter- 
locking tiles. Two steel houses have been erected 
on each of the Weir, Atholl and Telford systems 
to enable comparisons to be made of the experiences 
with them in relationship to each other and to 
the houses built of other materials. Composite 
constructional methods have also been subjected 
to investigation. Amongst these may be cited 
the Dennis-Wild method, which makes use of 
a steel frame, encased in concrete, and carrying 
wood and steel roof trusses. The ground floor 
walls are hollow, with an external lining of brick 
and an interior one of concrete, between which 
there are ties in the cavity. Oak framing, filled 
in with concrete and with a vertical damp-course 
of asbestos sheets in the centre, on the Tibbenham 
system, has also been experimented with, and two 
demonstration blocks of houses have been erected 
on the Prefacto (Burney) system, which makes 
use of a material known as Factocrete, consisting 
of compressed wood fibre and cement, erected upon 
concrete foundations. 

It must be obvious that the Housing Committee 
of the London County Council, under the chairman- 
ship of Lieut.-Colonel C. B. Levita, has shown its 
willingness to consider any proposition affording 
possibilities of useful service in house building, 
and to use in actual construction those showing the 
greatest promise. It is to be hoped that the 
Committee, before long, will be prepared to present 
a report on the comparative figures of costs, and 
providing other information on the alternative 
methods of construction, which certainly would 
be useful in indicating to what extent house erection 
can now be made an economic proposition. 





ETCHING REAGENTS FOR ALLOY 
STEELS. 


THE examination of suitably prepared specimens 
of metals and alloys by means of the microscope 
has become one of the most realiable methods of 
investigating the properties of engineering materials. 
While the preparation of the necessary specimens 
in the case of the pure metals and the simple binary 
alloys, presents no great difficulty, and weak organic 
and mineral acids have been in regular use for 
etching, for many years past and have given quite 
satisfactory results, in the case of the more complex 





alloys, acidic reagents, while revealing the structure 
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in a general way, do not furnish a complete and 
detailed picture of the whole of the constituents 
present. In alloy steels, for instance, iron, chromium 
tungsten, vanadium, and other carbides are often 
present together, and it is practically impossible to 
identify one from the other by the ordinary etching 
methods. Special etching reagents and methods, 
which would enable the metallurgist to differentiate 
between two or more constituents, apparently 
identical in appearance, would clearly be of great 
assistance in such work. 

Some progress on these lines has been made ; 
Kourbatoff’s, Yatsevitch’s, Benedicks’, and Heyn’s 
reagents, to mention only a few, are well known. 
All these operate in a special manner and are used 
to identify certain particular constituents present 
in the steels. Each has, however, been developed 
independently, to suit some particular need, and 
little or no attempt has been made to institute a 
general comprehensive scheme. In contrast with 
this sectional form of treatment, it is to be noted 
that when an alloy is subjected to chemical analysis 
each constituent metal is successively isolated and 
dealt with according to a pre-arranged plan. It is 
reasonable to suppose that the adoption of some- 
thing similar in the way of a logical sequence in 
the application of etching reagents would not only 
prove of the utmost interest to the scientific research 
worker, but would have the effect of further increas- 
ing the practical usefulness of metallography. 
A step in this direction appears now to have been 
taken in the United States, where Mr. E. C. Groes- 
beck has been collecting experimental data in order 
to ascertain if some form of logical etching pro- 
cedure could not be adopted. His results which 
seem to be of some promise are embodied in a 
scientific paper* recently issued by the United 
States Bureau of Standards. 

Mr. Groesbeck employed etching by immersion, 
electrolytic etching, and heat tinting. As was to 
be expected, etching with acidic solutions was found 
to offer no means of distinguishing between iron, 
chromium, tungsten, and vanadium carbides, iron 
tungstide, and the complex constituent usually 
found in high-speed steels. The latter, it may be 
noted in passing, consists of more or less globular 
shaped particles of uncertain composition, distri- 
buted throughout the matrix of high-speed steels, 
when in the forged condition. Better differentiation 
was obtained by the use of alkaline reagents 
employed under either oxidising or non-oxidising 
conditions, and two distinct etching effects 
were noticed. Solutions of 10 per cent., 25 
per cent., and 50 per cent. caustic soda were 
used, 10 per cent. and 20 per cent. caustic soda 
containing free oxygen and hydrogen peroxide, 
and neutral and alkaline solutions of sodium 
picrate, potassium ferricyanide, potassium per- 
manganate, and potassium-copper cyanide. In all 
cases the iron matrix remained bright, apparently 
being rendered passive by the alkali or nascent 
oxygen present. The constituents attacked under 
non-oxidising conditions were found to be iron 
carbide, iron tungstide and the high-speed steel 
constituent, while in the presence of nascent 
oxygen, generated as a result of the reaction 
between the alkali and the salts in the solution, 
all the constituents were affected. 

Encouraging results followed the use of electro- 
chemical etching methods; aqueous solutions of 
citric, oxalic and acetic acids, and of various 
oxalates, citrates, acetates, carbonates and cyanides 
were employed as electrolytes. In the majority of 
cases Mr. Groesbeck employed solution strengths of 
the order of 10 per cent., and arranged the steel 
specimen as the anode, while a platinum-gauze 
electrode was used as the cathode of the electric 
circuit. Here again, the iron matrix remained 
unattacked, and it was found that, adopting a 
maximum time limit of three minutes for the 
etching period, and a current of a fraction of an 
ampere, the carbides of chromium, tungsten and 
vanadium were readily and similarly attacked. 
The third method tried was that of heat tinting. 
Specimens were lightly etched with alcoholic 
Picric acid, floated for 30 minutes on a bath of 
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molten tin maintained at a temperature of 
300 deg. C., and were then allowed to cool in air. 
The only constituent affected by this treatment 
was found to be iron carbide, which became 
coloured a reddish brown. 

Reviewing these results it would seem to be 
possible to identify, with a fair degree of certainty, 
some, at all events, of the carbides and other 
constituents present in alloy steels. A series of 
five micrographs in Mr. Groesbeck’s report illustrate 
the “sequence etching method” suggested. The 
material to which these refer was a high-speed 
steel containing some 13 per cent. of tungsten 
nearly 2 per cent. of vanadium, and about 3 per 
cent. of chromium. The specimen was fused 
in vacuo and allowed to cool in the furnace. One 
micrograph of the series shows the steel in the 
polished and unetched condition; in this the 
structure is vaguely discernible. Another micro- 
graph shows the result of electrolytic etching with 
1 per cent. caustic soda solution. This revealed 
a “hard constituent,” the nature of which is 
unknown. It is possible that this may consist 
of chromium and vanadium carbides, and is 
probably formed as a result of the drastic treatment 
to which the specimen was subjected. In the third 
etching treatment, Yatsevitch’s reagent, containing 
caustic soda and hydrogen peroxide, was employed. 
This had the effect of revealing the iron tungstide 
present, while the next of the series depicts the 
effect of etching with 2 per cent. alcoholic nitric 
acid. In this case several particles of a constituent 
which had remained unattached during the previous 
etching treatments were outlined. The fifth and 
last etching, with Kourbatoff’s alkaline sodium 
picrate solution, had the effect of darkening these 
hitherto unattacked areas; they were therefore 
taken to be cementite. In all the above cases 
the photographs were taken at the same spot in 
the microstructure, and the specimen was not 
repolished between any of the etching treatments. 

This sequence etching method of treating metallo- 
graphic specimens clearly possesses great possi- 
bilities, and there is little doubt that when the 
process has been properly systematised it will 
prove of considerable assistance in the determination 
of the thermal equilibrium diagrams of the more 
complex alloy steels. It may be objected that the 
method, as it stands at present, is involved and 
lengthy, but the information thus made available 
is well worth the time and trouble required. It 
must always be remembered, however, that the 
human factor has a great influence in metallography. 
Whatever the reagents or the processes employed 
the final result will largely depend on the personal 
skill and the experience of the metallographist. 





NOTES. 
FreNcH MANUFACTURING INTERESTS. 


As a result of the war, the resources of France 
in iron ores were enormously increased, and even 
the destruction of factories in invaded districts 
had the ultimate industrial advantage of enabling 
them to be re-equipped on modern lines. The 
needs of the war led, moreover, to a vast enlarge- 
ment of the French manufacture of munitions, 
the premises and plant for which have remained 
more or less available for civil industry. The 
unfavourable exchange has made imports of all 
kinds grow continually dearer, while exerting a 
much smaller effect on the cost of home production. 
It is not, therefore, surprising that the attention 
of the country has been directed more than ever 
to the possibilities of its own manufactures, and 
a remarkable illustration of the place that these 
are now holding in the minds of French engineers 
has just been given in the award by the Société 
des Ingénieurs Civils de France of its Prix Annual— 
the prize for the most important paper read during 
the session—to Mr. L. A. Legros for his paper 
on production and skill. In this memoir Mr. Legros 
dealt with his subject on substantially the same 
lines as he adopted in his presidential address to 
the British Section of the same society, an abstract 
of which was given in these columns on February 
20 and 27 of last year. The selection of a foreign 
engineer for this distinction is in accordance with 
the tradition of engineering societies in France 





as well as in this country, but the incident may 
be taken as more than a well-deserved compliment. 
The fact that this award has been made for a 
paper on a manufacturing, rather than a technical, 
subject shows to what extent the attention of 


the members of this important society is being 


directed to what one may call the business, as 
distinct from the scientific, side of their profession. 


Piain v. SEGMENTAL JOURNAL BEARINGS. 


In a paper read last December at a meeting 
of the American Society of Mechanical Engineers, 
Mr. H. A. S. Howarth gave “‘ A Graphical Study of 
Journal Lubrication,” using methods of analysis 
very similar to those described in our issue of 
August 27, 1915. He arrived at the conclusion 
that use of a single fitted brass is really 
superior to the plan of taking the journal 
load on a number of pivotted segmental 
levels, the friction being less and the separation 
between the lubricated surfaces greater with the 
simple brass. The authors’ calculations were, how- 
ever, based upon the assumption that there was 
no side leakage of lubricant, and as shown in ENat- 
NEERING, February 20, 1920, page 233, the relative 
supporting power of a perfectly lubricated brass 
decreases very rapidly with the ratio of its length 
in the direction of motion to its transverse width. 
Thus if a brass in which this ratio is unity was 
replaced by two pivotted segmental brasses of 
equal total area, then other things being equal the 
carrying power would be increased nearly 70 per 
cent. It would seem therefore that the effects of 
side leakage of oil cannot safely be neglected in 
theoretical discussions of this kind. 


Tue Szeconp Law oF THERMODYNAMICS. 


A paper entitled ‘“‘ Phénoménes semblant contre 
dire le second principe de la Thermodynamique ” 
was read on May 7 last before the Société Frangaise 
de Physique by M. V. Karpen. As far back as 
1804 Bucholz showed that if we placed a strong 
solution of stannous chloride at the bottom of a 
glass cylinder and covered this with a layer of water 
(taking care to prevent admixture of the two), 
then if of two tin electrodes one was immersed in 
the water and the other in the stannous-chloride 
solution, the two would be at a different potential, 
and a current would pass through a wire connecting 
the two. Cells of this kind are known as concentra- 
tion elements, and the passage of the current through 
them tends to promote the transport of the dissolved 
salt from the regions in which the concentration is 
high to the regions in which the concentration is 
low. The current ceases when the concentration 
is the same at both electrodes. Now, in any 
solution the concentration of the solute is not the 
same in the surface film as it is in the body of the 
liquid. Hence, if we could arrange matters so that 
one electrode was wetted entirely by the surface 
film and the other by the body of the liquid, a 
current should pass between the two, provided, 
of course, that no secondary phenomena intervened 
to prevent the action. It is on this principle that 
M. Karpen has prepared cells which he states have 
been in operation since 1924, and which he says 
appear capable of acting for an indefinite time. 
His cell consists of an hermetically sealed glass 
ve8sel through the walls of which pass wires commu- 
nicating with platinum electrodes inside. Of these, 
the one is completely immersed in a concentrated 
solution of caustic soda; the other is arranged 
close to the surface of this solution so as to be 
wetted wholly by the capillary film, and it is 
surrounded by an oxidising atmosphere. According 
to the report given in the Revue Generale des Sciences 
for July 15, the difference of potential between 
these two electrodes is seven-tenths of a volt, which 
seems high. If a current is allowed to pass, the 
electrodes polarise and the amperage rapidly falls, 
but, it is stated, to a residual value, not to zero. If 
the circuit is then broken, the polarisation disappears 
little by little and the voltage returns to its original 
value. Accepting the author’s statement of his 
observations, and assuming that no secondary 
actions of an inherently transient character are 
really involved, it would seem that the effect of 
passing the current must be to lower the temperature 
of the cell, which accordingly abstracts heat from 
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the surrounding atmosphere, from which is therefore 
supplied the energy represented by the current. 
If this be true, then the apparatus violates Kelvin’s 
statement of the second law of thermodynamics, 
according to which “it is impossible by means of 
inanimate material agency to derive mechanical 
effect from any portion of matter by cooling it 
below the temperature of the coldest of surrounding 
objects.” This principle has been proved to apply 
so generally that there will be, naturally, much 
hesitation in accepting M. Karpen’s results until 
they have been confirmed by exhaustive experiments 
by independent observers. 





THE PISTONS OF INTERNAL 
COMBUSTION ENGINES. 


THE employment of pure magnesium has intro- 
duced an entirely new set of considerations in 
respect of automobile and aeronautical engineering. 
The metal is nearly 40 per cent. lighter than 
aluminium, and proportionately lighter still com- 
pared with many of the light alloys of that metal 
now on the market, which usually contain copper, 
and are therefore heavier than aluminium itself. 
It tends, moreover, to simplify many of the problems 
involved in the design and construction of light, 
internal-combustion engines generally, and more 
particularly in regard to the flow of heat in cylinders 
and pistons, and the cooling devices and methods 
hitherto employed in connection with them. 

As the result of very numerous experiments 
carried out during the course of recent years, it 
has become fairly generally recognised that the 
cooling of pistons takes place chiefly by heat con- 
ductivity through the walls in contact with the 
cylinders. As it is possible within reasonable limits 
to vary the area of the contact surfaces, as well as 
to apportion rationally the thickness of the zones 
through which flow takes place, from the centre to 
the periphery, the actual heat conductivity of the 
metal employed is not the sole controlling factor. 
What enters even more largely into the problem 
is the question of the heat conductivity of the actual 
thickness of the metal at the sections through which 
the flow of heat takes place. 

If, in the case of a flat piston head, we take into 
consideration two concentric surfaces having, respec- 
tively, as the diameters D and d, in the accompanying 
figure, it may easily be seen that the sections for 
the flow of heat, perpendicular to the perimeters P 
and p, should bear at least’some ratio to the surfaces 
of heat absorption, leaving out of consideration the 
superficial and secondary fluctuations in tempera- 
ture. Each perimeter, having been properly 
proportioned to its corresponding diameter, it 
would, in principle, suffice that the thickness of the 
head, normal to P and p, should itself be propor- 
tional to the diameters, in order to provide for the 
proper flow of heat, and this would, in theory, 
correspond with the cone described by the rotation 
of the section constituting the piston head. 

It will be seen from the foregoing that the 
theoretical shape of the piston must be modified 
according to the coefficient of the heat conductivity 
of the metal employed,* and that in the case of 
metals differing in respect of their heat conductivity 
the poorest conductor would require to have the 
greatest thickness, in order to secure the same degree 
of cooling in the piston. This serves to show what 
great importance attaches to the use of metals 
having an exceedingly low density, in order to be 
able to obtain suitably-proportioned sections which 
might enable a better thermal yield to be obtained, 
while at the same time maintaining, or even 
increasing, its lightness. ‘n this connection it is 
essential to avoid confusing pistons, the weight of 
which has been reduced to a minimum by reducing 
the actual amount of metal used in their con- 
struction, with pistons scientifically designed and 
made from metals which are in themselves in- 
trinsically light. 

It will be obvious that an optimum solution governs 
both of the factors involved, cooling capacity and 
lightness, and that in a scientifically-designed piston 
neither of these factors should be sacrificed in 





* No account need be taken, in the first approxima- 
tion, of the specific heat absorption capacity of the metal 
employed. 





favour of the other. This serves to show the 
importance of the design of pistons governed by 
strictly scientific principles, based on the known 
data in respect of the conditions arising in regard 
to carburation, compression, exhaust and speed of 
rotation, as well as in accordance with the beha- 
viour of the moving parts and of the connecting- 
rod motion. 

Within the limits actually achieved in certain 
instances with very thin and ultra light pistons, 
the mechanical gain resulting from the lightness 
is much less than it is possible to obtain by a 
proper cooling of the piston in service. As a matter 
of fact, the piston constitutes an important fraction 
of the internal walls of the explosion chamber, 
and is, moreover, a partition which usually has to 
work under conditions of very bad cooling, a point 
which would appear to have been overlooked by 
certain designers when employing light metals 
for the manufacture of pistons. In contrast 
with this may be instanced the care taken by 
many such engineering designers in regard to the 
almost meticulous cooling of all parts of the exhaust 
head, and yet all auto-engineers realise what 
serious perturbations may arise in respect of the 
efficiency and smooth working of an internal- 
combustion engine from any overheating, even if 
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only local, and whether it occurs in connection with 
the valves, the sparking-plug ends, &c., or in pistons 
which are too thin. 

Proper cooling of the piston heads secures the 
following advantages, which are cumulative and 
have an advantageous effect on the whole of the 
walls of the explosion chamber :— 

(1) The proper cooling of the piston heads serves 
to secure the conservation of the low absorption 
capacity of the surfaces of the piston, which remain 
clean, and prevents loss of heat units which occurs on 
surfaces roughened and blackened by the decomposi- 
tion products of oils at the high temperatures which 
prevail in the walls of thin pistons, or, in other words, 
it increases the possibility of increasing the useful 
effect of the expansion. 

(2) The possibility of increasing the compression 
without danger of premature ignition, which often 
causes carbonaceous deposits which may become 
ignited. This no longer occurs, and therefore regu- 
larity of working is improved in respect of such irre- 
gularities as may occur in carburation and oiling. 

(3) A lower dilation consequent on the lower 
temperature of the part, and therefore less play, 
an advantage which is evidenced by the suppression 
of cold slapping and by the reduced oil consumption. 

(4) A gain in power, not only through the cool- 
ing itself, but owing to the greater volume of the 
less expanded gas, on admission, due to the cooler 
walls, and the marked diminution of the soot 
deposit in the sparking plug chamber. 

In order to reap to the greatest extent the 
benefits of the advantages enumerated above, it 
is necessary to contemplate the introduction of con- 
siderable modifications in existing designs, in order 
to be able to employ conditions of carburation, 
compression and exhaust differing appreciably from 
those now commonly employed in automobile 
engineering practice, which imposes considerable 
limitation in these respects. 

The foregoing considerations serve to emphasise 
the advantages which the employment of light 
metals has, in the manufacture of pistons, over 
those in which the lightness is attained only by the 
process of reducing the amount of metal used in 
their construction, to a minimum. At the present 
time magnesium, prepared by the recently intro- 
duced Michel process, is rapidly coming into use. 
It is, to all intents and purposes, pure and absolutely 


free from zinc, chlorides or any other constituents 
which exercise a deleterious effect upon this metal. 
It stands up well to the working temperatures of 
pistons, which are often far higher than is suspected, 
while its extreme lightness enables the pistons to 
be made not only strong but actually massive 
enough to comply with the cooling conditions which 
are so necessary for smooth and efficient working. 
It has a specific gravity of only 1-7, and is therefore 
nearly 40 per cent. lighter than aluminium, and 
still more so than many of the aluminium alloys on 
the market which are heavier than aluminium 
itself. The use of ultra-light metal of this descrip- 
tion will involve a complete change in the principles 
of the design and construction of small internal 
combustion engines, and opens out the prospect of 
far better and more efficient applications of the laws 
of thermo-dynamics. 

Quite apart from their uses in automobile and 
aeronautical work, great interest attaches to the 
use of the ultra-light metals of which magnesium 
is the principal example at present being employed 
and produced on a commercial scale. The magne- 
sium made by the Michel process, in which calcium 
is used to refine the metal, is being extensively 
employed on the Continent and in America and 
important investigations are in progress both at 
home and abroad in alloys in which magnesium 
predominates, but in which other metals can be 
introduced in order further to increase the tensile 
strength and elastic limit. In Germany and Holland 
much work is being done to investigate the influence 
of small proportions of a metal which but a few 
years ago was nothing more than a chemical 
curiosity. This is Beryllium, the lightest and 
strongest of the known metals. A sample of this 
metal produced at the National Physical Laboratory 
was shown at the recent Foundry Exhibition, and 
it is gratifying to see that its potentialities are to be 
explored in this country. As an alloy in light 
metals the prospects of Beryllium are very promising. 





LITERATURE. 


Stainless Iron and Steel. By J. H. G. MonyPENNY. 

London: Chapman and Hall. [Price 21s. net,] 

In days not beyond the memory of living men 
many manufacturing industries, such, for example, 
as those of steel and glass, thrived on trade secrets, 
which their owners had little or no disposition 
either to exchange with each other or to reveal 
to the public. Probably the most weighty reason 
for this reticence was that each of such trades was 
largely an art and mystery. Its secrets had often 
cost much to procure, and unless they were found out 
in the form in which they were practised they were 
not likely to be evolved from any common scientific 
knowledge. The natural disposition to value trade 
secrets has not wholly disappeared, but it has grown 
continually less as the body of industrial science has 
increased. The two processes may not have been 
unaided cause and effect. Here and there an 
enlightened firm may have taken a broad view, as 
when Messrs. Thomas Firth and Son sanctioned the 
publication of Mr. Brearley’s work on the heat 
treatment of tool steel, and the influence of such firms 
has doubtless hastened the movement of works 
knowledge into a common pool. Whatever the 
cause, no doubt can be felt that the range and the 
usefulness of the industry has become greater as its 
technical reticence has become less. 

Mr. Monypenny’s work is a good illustration of 
the extent to which the disposition to pool the results 
of industrial science is growing. The author is 
described as Chief of the Research Laboratory of 
Messrs. Brown Bayley’s Steelworks, a firm that at 
the present time is prominent among producers of 
stainless iron and steel, and in it he describes not 
only the many varieties of these materials that have 
been evolved up till now and the purposes to which 
they may respectively be applied, but also the 
manner in which they can be produced and treated 
to the best advantage. In spite of all that has been 
written on the subject, it cannot be said that such a 
work is superfluous. Stainless steel was only 
discovered in 1913, and by the time that a firm in 
the cutlery trade, to which it was first introduced, 








had come to the conclusion that it was not too good 
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to be true, the war had broken out. Apart from the 
difficulties that the circumstances of the time put in 
the way of developing anything that was not wanted 
for war purposes, it was soon found that, if it was 
tempered from a higher temperature than was 
appropriate for cutlery, the stainless steel then made 
could be used as a rather hard structural alloy steel, 
with a considerable resistance to high temperatures. 
It was, therefore, tried in the exhaust valves of 
internal combustion engines, notably in those of 
aeroplanes, and for the period of the war this use 
absorbed practically the entire output. It was only 
after war-time demands had ceased and its restric- 
tions had been removed that the opportunity of 
widening the use of stainless steels arose. In a 
number of works investigations were therefore made 
into the varieties of material that could be produced 
with a special resistance to corrosion by various 
agencies, and instead of a single material known to 
the public and even to most engineers as stainless 
steel, a whole family of materials was developed. 
Each group of this family has its individual proper- 
ties, on the recognition of which depends the extent 
to which it can be used with advantage. The 
evolution of such materials is still going on, and 
increasing experience has confirmed the previous 
knowledge of the very great advantages to be 
obtained from their use, and defined more closely 
the conditions in which each material can be used 
most effectively. 

The time is therefore ripe for an authoritative 
description of the several steels with an indication of 
their properties, the manner in which they can be 
developed, and the purposes to which they can 
respectively be applied. All of them cost more than 
ordinary steels, but if used appropriately, effect 
economies vastly out of proportion to their first cost. 
Whether their use is to be a valuable economy 
or a needless extravagance depends, accordingly, 
on the judgment with which they are chosen for the 
purpose in view. The old fashion of securing a 
sound judgment on such matters was for the 
customer to explain his needs to a steelmaker, and 
to look to him to supply them. There is a good 
deal to be said for this method, but among other 
disadvantages it certainly tends to leave the cus- 
tomer dependent on the competence of his own 
steelmaker, and to prevent him from benefiting by 
that of other steelmakers. In any event the co- 
operation of engineers and steelmakers is likely to 
be more effective if not only the steelmaker knows 
the conditions in which his material has to work, 
but also the engineer is acquainted with the various 
materials that the steelmaker can offer. 

It is such knowledge that Mr. Monypenny has 
sought to place at the disposal of engineers. More 
than is usual in works of this kind, he presents 
first-hand results, derived from investigations made 
in his own laboratory. It is, however, by no means 
confined to the productions of the author’s own 
works. Where other firms have published similar 
information to that which he himself gives, account 
is taken of their results, and reference is given to 
the publications of the firms in question in which 
they are recorded. The essential similarity of 
composition and results between corresponding 
products of his own and other works is pointed out 
where necessary, and the numerous data collected 
from the results of other observers as well as his 
own appear to be expressed wherever possible in 
general terms, which enable them to be applied to 
similar steels to those useg, irrespective of their 
origin. The work gives, in fact, a comprehensive 
and impartial description of the present state of its 
important subject-matter, as seen from the points of 
view alike of the works and the laboratory. 

What may be regarded as the typical stainless 
steel is, of course, the 12 per cent. to 14 per cent. 
chromium alloy with not more than 0-4 per cent. 
carbon. A detailed account is given of this material, 
including its mechanical, physical and non-corrosive 
properties, the effects of variations in the percen- 
tages of carbon, silicon and manganese, and small 
additions of nickel, copper, aluminium and molyb- 
denum, and the results in respect to mechanical 
properties and chemical resistance that are produced 
by different heat treatments and by hot and cold 
working. About half the book is devoted to this 
fundamental part of the subject, and serves to 





show how wide a range of properties may be produced 
by varying these factors, and how materials may 
lack in one quality what they gain in another. 
This range is extended still further when the per- 
centage of chromium is varied substantially, or 
relatively large quantities of alloying elements are 
added, and the author lays emphasis on the wisdom 
of not requiring more of a given property than will 
be turned to account in the intended conditions of 
service. Other things equal, for example, the 
resistance of these steels to corrosion increases 
with the percentage of chromium ; but so also does 
the difficulty of hardening, which above a limit is 
impossible except by cold-working. If, therefore, 
a steel is chosen for cutlery with the maximum 
resistance to corrosion, it will be lamentably deficient 
in hardness, cutting power, and spring. In ordinary 
use, however, cutlery is not exposed to conditions 
requiring any such resistance, and a steel containing 
much less even than 12 per cent. of chromium will, 
if hardened from a sufficiently high temperature, 
offer perfect resistance to any corrosive influence 
that it will meet in service, while possessing a far 
better edge and springiness than is found in the 
ordinary type of stainless steel. On the other 
hand, the addition of nickel to a high chromium 
steel produces a completely austenitic steel which, 
though quite insusceptible to hardening except by 
mechanical working, can be softened by suitable 
heat treatment, and shows extreme toughness and 
ductility and remarkable resistance to oxidation 
and corrosion. 


The last chapter gives a number of applications 
that have been made of stainless steel of different 
types, and indicates directions in which steels may 
be elaborated in the future to meet conditions even 
more exacting than those of existing practice. The 
examples show that for appropriate uses the substi- 
tution of stainless for ordinary steel may pay even 
in mere length of service, and still more so when 
account is taken also of the indirect cost of failures 
and renewals. The economy is still more marked 
when the use of the more costly stainless material 
is restricted to the parts of a mechanism on which 
its properties are really desirable. When account 
is taken of the relatively few years for which these 
steels have been introduced seriously to engineers, 
they seem to have given proof of their usefulness in 
a remarkably large variety of applications. 





Electric Circuits and Installation Diagrams.—By W. S. 
IsBetson, B.Sc., London: E. & F. N. Spon, Ltd. 
[Price 10s. 6d. net.] 

Att electrical engineers find themselves, at some time 

in need of information about a scheme of connections 

appropriate for some equipment with which they 

desire to deal; and the need is best fulfilled by a 

handy reference book of diagrams relating to the 

principal installations of electrical apparatus in 
standard use. The provision of such a work has 
been undertaken by Mr. W. S. Ibbetson in his half- 
guinea volume. He has employed the logical scheme 
of locating all his figures and diagrams on the odd 
numbered pages, reserving the even pages adjacent 
to these for the descriptive and explanatory wording ; 

a method that should enable the reader to locate any 

detail of which he happens to be ignorant in a mini- 

mum of time. This ideal has, however, not been 
quite attained, amd a little more attention might have 
been bestowed upon the headings, sub-headings 
and classification generally. In addition, the relative 
amount of detail supplied varies for the different 
items, some of which deserve more explanation than 
they are given. The book broadly speaking 
covers manual starters and controllers, converting 
plant, electrical instruments, lighting and power 
distribution, storage batteries, simple tests required 
by contractors and wiring inspectors, bells and 
telephones, and cinema operation. On the other 
hand, almost the whole field of automatic motor and 
generator control is unrepresented; as well as 
equipments used in the heavy industries. The various 
types of balanced protective gear that have come 
into such extensive use in the past 10 or 15 years are 
also omitted, while the contactor, one of the 
commonest electrical appliances figuring in present 
switch and control gear, appears in only one diagram. 

Many of the diagrams and the descriptions are 





apt and clear. Among other portions we can 
commend those on the connection of inter-pole 
and compound windings for either direction of rota- 
tion, balancers, synchronising, Tirrill and Brown 
Boveri regulators, static balancing, the starting 
of converters, and meter connections. Some of the 
subjects, however, are treated from the point of 
view of single manufacturers, alternative apparatus 
not being as much as noted, even when it is widely 
different and equally sound. The diversity of 
methods in starting a synchronous induction motor, 
for instance, is so great that it cannot adequately 
be represented by one example (Fig. 24). Similarly, 
only one type of battery booster is shown (Fig. 34) 
and this without a separate exciter, no information 
being given as to the vogue of the latter at the 
present day. Protective devices are represented 
by one diagram only (Fig. 116) showing a fuse- 
shunted trip coil ; and even a representative simple 
form of this device is not given, but an elaborate 
variation that we ourselves have not hitherto 
encountered in practice. Among reverse power 
motors and relays, no mention is made of the well- 
known induction pattern. Many other machines 
might be mentioned. 

With regard to the diagrams themselves, it 
is to be regretted that more care has not been 
devoted to the nature of the symbols. Whereas 
there are many reasons for these being uniform 
throughout the book, we find them to be widely 
assorted ; and they are often neither lucid nor neat. 
The use of symbols has now been made quite 
definite by the publication of the British Standard 
Graphical Symbols for Electrical Purposes in 
B.E.S.S. 108 (published in April, 1922); but even 
prior to this date, quite satisfactory codes were in 
practical use, one of which is, as a matter of fact, 
employed in Fig. 3 and another in Fig. 4, diagrams 
which are both well executed. Unfortunately, the 
confusion is increased by the majority of the other 
diagrams being done according to a still further set 
of conventions, which are often carelessly executed, 
ambiguous, and sometimes actually misleading. 
For example, in Fig. 3 a resistance and a coil are 
represented by a grid-shaped line and a zig-zag, 
respectively. In Fig. 4 the zig-zag represents a 
resistance, and a helical line a coil. In Fig. 7 the 
helix does duty for both resistance and coil, while in 
Fig. 33 a line that is merely “wiggly” is used 
indistinguishably for resistances and fuses, and a 
somewhat similar line is used for a coil in Fig. 116. 
Contactors are shown on page 19 by the symbol 
commonly employed for telegraph keys. In many 
diagrams a crude attempt has been made to ornament 
solid components. For example, the field magnet in 
Fig. 39 and other components in other figures have 
been pock-marked, a device that is generally 
employed in standard drawings to indicate concrete 
as the material. The above points are regrettable, 
as slackness in this respect sets an unfortunate 
example to students who may adopt the book as a 
standard, and thus acquire habits that would 
severely handicap them even as junior draughtsmen 
in any manufacturing firm. Direct current is 
represented by the initials D.C. in two places (on 
pages 70 and 102) and by C.C. everywhere else. 
This subject has now been finally decided in favour 
of ‘direct current” by the British Engineering 
Standards Association, at any rate for engineers in 
Great Britain. 

A few further general criticisms may be given in 
conclusion. On page 11, diagrams are given for the 
connection of direct-current starters; but no 
mention is made of the series motor. As the only 
method of connecting the low-voltage release 
magnet that is shown is to put it in series with 
shunt field, an inquirer will be at a loss as to how to 
deal with this type of motor. On pages 26 and 27 
the starting of a squirrel-cage motor by means of the 
star-delta principle is described. Almost every 
practical apparatus must include means for short- 
circuiting the fuses in the star position ; and as the 
fulfilling of this condition neatly is one of the 
difficulties of design, the diagram should include 
this feature. Fig. 39 shows, as the legend tells us, 
a private dynamo plant with the supply carried to 
lights and power by means of one feeder. As such, 
the scheme is out of order, as a single panel only 
would be required for a single dynamo and feeder ; 
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that shown actually has two ammeters in series 
reading the same current, as well as the similar 
duplication of double-pole switches and fuses. On 
page 118 the heading should refer to a three-phase, 
three-wire circuit, not two-phase. The lighting dis- 
tribution systems shown on pages 143 and 145 are 
of different degrees of elaboration, the former being 
applicable to a very much larger building than the 
latter. This fact should be stated. On page 160, 
in connection with accumulator charging, the state- 
ment is made that “ small cells may be charged in 
series with an ordinary continuous-current lighting 
circuit without affecting the light given out by the 
lamps.” The size of the cell has very little to do 
with the effect on the candle-power, this depending 
almost entirely upon the number of cells, the rule 
being that each cell will involve a reduction of 
E.M.F. of about 2} volts, which upon a 110-volt 
system, for the sake of illustration, would involve a 
loss of 8 per cent. in the candle-power of ordinary 
tungsten lamps. 





Bats, Mosquitoes and Dollars, By Cuaruzs A, R. Camp- 
BELL, M.D. Boston (Mass.): The Stratford Company. 
[Price 3 dols.] 

In the popular imagination malaria does not rank 

with tuberculosis and cancer as a sensational 

plague, but in the actual volume of mischief it 
causes it may well be put on the same bad eminence. 

The experience of the Panama Canal is perhaps the 

best known instance of the scale on which it can work. 

The French company lost 22,000 men in trying to 

cut the canal, and the Americans succeeded only 

by spending some 5} per cent. of the cost of con- 
struction on anti-malarial works. In the volume 
here under notice Dr. Campbell quotes figures 
attributing to India a malarial mortality of over 

a million persons in an ordinary year, and to Greece 

some 900,000 cases a year out of a population of 

2,500,000. In the United States the annual loss 

from malaria is estimated on what is said to be a 

very conservative basis at 250,000,000 dols. per 

year, and in Texas alone one area, much larger than 
that of all England and as fertile as the delta of the 

Nile, is said to be uninhabitable through mosquitoes 

and the disease they disseminate. Nor is the 

dominion of the mosquito confined to tropical or 
warm countries. In an interesting introduction to 
the present work, Mr. Ernest Thompson Seton, 
whose delightful writings are based on a lifelong 
field study of natural history, records that the 
mosquitoes of the Arctic region are more numerous 
and fierce than those of any other country he has 
visited, and make a hell on earth of a land that for 
six months of the year might be a human paradise. 

The damage done by malaria is, moreover, not to 

be measured by the fatality of that disease or even 

by its case rate. An attack of the disease has a 

depressing effect on the patient, which not only 

reduces his power of work but predisposes him to 
other diseases, through which he may die or be 
disabled. 

The order of magnitude of the mischief is better 
known than the means of abating it. The work of 
Laveran, Ross, and others has disclosed the parasite 
that causes malaria, its life history in certain varie- 
ties of mosquito, and the method of its dissemina- 
tion and growth, and conclusive evidence has 
accumulated to show that the complete destruction 
of mosquitoes in a district will completely eradicate 
the disease. Up till now, however, no means of 
general and convenient application has been intro- 
duced for destroying the mosquito. As Dr. Camp- 
bell admits, drainage and the avoidance of depres- 
sions in which water may stand are the most effective 
methods, but to be completely effective constant vigi- 
lance is involved, and often a prohibitive expense. 
The design of anti-malarial works on existing data 
is, indeed, among the most difficult problems 
with which civil engineers have to deal. Beyond 
question, however, some solution must be found. 
Taxed as it is in other ways, the world cannot afford 
either to pay toll to an avoidable disease, or to 
abstain from adding to human wellbeing by culti- 
vating districts of potential value. As it is, too 


many regions already inhabited are suffering under 
the mosquito, and their occupants are losing in 
health, energy, and lives. 

Among the facts that have been observed in the 





distribution of mosquitoes is that there are enclaves 
in malarial districts, in which malaria is absent, 
though mosquitoes are constantly present. In these 
districts large colonies of bats are thriving, and Dr. 
Campbell’s work records his observations for some 
twenty years past on the relation of bats to mosqui- 
toes, including the results of constructing bat roosts 
in mosquito-ridden districts. The results of these 
observations seem to be as important as they are 
interesting. By ingenious and painstaking methods 
he has shown that in the district in which he has 
worked mosquitoes form some 90 per cent. of the 
food of bats; that is, of the little night-mouse bat, 
which is quite distinct from the vampire and the 
fruit bats. The remaining 10 per cent. of its food 
includes other insects injurious to vegetation. At 
first sight it might be thought that the destruction 
of even many mosquitoes would not prevent those 
that were not destroyed from carrying on their 
maleficent work. Both from his own experience 
and from other sources Dr. Campbell has collected, 
however, an impressive number of instances, which 
seem to show that in practice malaria disappears 
when bats increase, though mosquitoes persist, 
and he offers a quite intelligible explanation. The 
well-known mechanism of infection is that the 
mosquito bites a person already suffering with the 
disease, but cannot infect another person by its 
bite until the parasite in the blood drawn by the 
first bite has been through processes in the body 
of the mosquito that occupy 10 to 15 days. In that 
interval the mosquito may bite away, but it cannot 
transmit the infection, and apparently as a statis- 
tical fact in Dr. Campbell’s experience is caught 
by a bat before it can. Dr. Campbell’s work has 
been to design roosts that are sufficiently attractive 
to bats, and he has apparently succeeded in doing 
so, though no sections are given in his otherwise 
well-illustrated work to show what are described 
as its somewhat complicated arrangements. These 
roosts are said to be even more suitable and safe 
for bat colonies than the caves to which they resort 
in nature. The rich guano the bats drop is said 
to pay 5 to 10 per cent. on the prime cost of the 
roosts, which vary between 500 dols. to 3,500 
dols., and there are said to be no working charges 
or depreciation. If the results that Dr. Campbell 
seems undoubtedly to have obtained by his laborious 
and ingenious investigations prove to be of general 
application, they will often relieve engineers of 
much troublesome work and be of unspeakable 
value to the districts in which they are applied. 





THE BRITISH CHEMICAL PLANT 
EXHIBITION. 


Forty firms were represented at the exhibition of 
British chemical plant and constructional materials 
which was held last week at the Central Hall, West- 
minster, in connection with the Congress of Chemists, 
reported elsewhere in this issue. A simultaneous 
exhibition of laboratory apparatus was held in the 
rooms of the Institute of Chemistry, Russell-square. 

Acid-resisting materials formed a prominent feature 
of the exhibition, and many of the products shown were 
mentioned in the discussion on corrosion, reported in 
our issue of last week, on e 1i2. The various 
alloys of steel, mostly with chromium and nickel, 
which have been introduced in recent years, vary 
much in their resistance to corrosion under dif- 
ferent conditions. Messrs. Brown Bayley’s Steel 
Works, of Sheffield, recommend tlfeir Twoscore steel 
when electrolysis by contact with other metals in 
salt solution is to be prevented. The non-magnetic 
Anka and Hotspur steels are austenitic and can only 
be hardened by cold work, not by quenching; Mr. R. 
Waddell made particular reference to these steels in a 
paper read before the Liverpool Engineering Society 
last April. The Staybrite Steel of Messrs. Thomas Firth 
and Sons, Ltd., of Sheffield (with 18 per cent. of 
chromium and 8 per cent. of nickel), is also austenitic ; 
it is more amenable to cold pressing than the stainless 
iron of the firm, and can be welded, riveted &c. 
Among the exhibits were a boiler, 6 ft. in diameter for 
a cellulose plant and laundry steamers. Messrs. Had- 
fields, Ltd., of Sheffield, made a feature of heat-resisting 
steels for autoclaves, recuperator castings, hardening 
furnace chains, racks, &c. 

In addition to alloy steels, silicon-iron castings, 
which have been in the field much longer still hold their 
own for pans, pumps, mills, autoclaves, valves, &c. They 
were re ted by the Ironac articles of Haughton’s 
Patent Metallic Packing Co., Ltd., of St. Mary- 





at-Hill, E.C., and by the Tantiron plant of the Lennox 
Foundry Co., Ltd., of Glenville Grove," New Cross, 
Since we described the Tantiron products in 1918 
(August 9, page 154) the firm has further developed its 
research laboratories, and examples of Tantcopper, 
Tantnickel and Tantlead (melting points 930, 1,400, and 
530 deg. C. respectively) were among the exhibits. The 
Tantlead cocks and valves are much lighter and harder 
than those of regulus metal. The most striking exhibit 
of Messrs. G. and J. Weir, of Cathcart, Glasgow, was a 
4 ft. jacketed drum for dye manufacturing, made of 
one sheet of Monel metal, 3 in. thick; there were also a 
centrifugal basket for drying ammonium sulphate, and 
valves for acid and alkali control, &c., of Monel metal. 

Another class of acid-resisting plant, consisting of 
enamelled cast-iron and other metals, was represented 
by the Cannon Iron Foundries, Ltd., of Deepfields, which 
were established just a century ago in 1826, and by 
Messrs. T. and C. Clark and Co., Ltd., of Wolver- 
hampton. The former firm had, in addition to a large 
steam-jacketed pan which had dealt with 200 tons of 
liquor in 12 months, a mixing pan with a shaft carried 
on ball bearings and an ebonite outlet valve, all lined 
with enamel. The latter firm showed a large pan and a 
smaller mixer which could serve as a still, condenser, 
and sulphonator; overheating of the enamel was 
prevented by a protective sand bath. Mineral acid- 
resisting materials were represented by the Caporite 
asbestos of the Cape Asbestos Co. Ltd., 23, King- 
street, E.C., which is said to be nearly as strong as 
blue asbestos; by the large Vitreosil (silica) coils, 
&c., of the Thermal Syndicate, Limited, of 28, Victoria- 
street, S.W.1; and the new Prodorite concrete* of Pro- 
dorite, Ltd., Aldwych House, W.C.2. This non-plastic 
material, made from crushed stone or sand and pitch, 
looks like a dark grey cement which can be heated to 
120 deg. C. without softening ; separate parts are joined 
by the aid of Prodorite cement which is fusible. Chim- 
neys, 210 ft. high, have been built up of slabs, the Prodo- 
rite forming a 6-in, lining inside the concrete chimney. 

In the Calder-Fox high-speed scrubber of Messrs. 
Chance and Hunt, Ltd., of Oldbury, resistance to 
sulphuric acid and compactness are the chief features. 
Models of an old-fashioned box scrubber packed with 
graded coke and of the new scrubber for 26 tons of acid 
per day had dimensions of 18 ft. by 12 ft. and of 18 in. 
cube, respectively. The new scrubber owes its non-cor- 
rodibility to the exclusive use of the purest lead. The 
scrubber forms a tube of lead opening out into a 
doubly-conical chamber in which vertical lead plates 
are mounted, perforated with holes, about 2 mm. wide. 
A high-speed Kestner fan draws the vapours through 
this system ; the temperature will not rise above 110 
or 120 deg., but the plant will stand 130 deg. The 
plates can be exchanged if necessary ; they suffer from 
mechanical erosion rather than from corrosion. 

The Lessing contact rings of the Hydrony]l Syndicate, 
Ltd., of 317, High Holborn, W.C.1, are packed into 
distillation columns, scrubbers, tar-extractors, heat 
exchangers, dust se tors, &c., in order to facilitate 
separation and condensation by providing very large con- 
tact areas without obstructing the vapour flow so much 
as solid packings do. The ring consists of sheet metal, 
(aluminium, copper, nickel, &c.), bent either to a full 
ring, up to 2 in. in diameter, or to a ring provided 
with a central partition; they are packed quite at 
random. 

The Kestner Evaporator and Engineering Co., Ltd., 
of 5 Grosvenor-gardens, S.W.1, exhibited various 
vertical, climbing and horizontal film evaporators. 
In the latter, pairs of concentric tubes are arranged 
above one another, the two tubes of a pair being 
joined at the ends by detachable bends. The liquid 
to be evaporated flows upward either in the inner or 
the outer concentric tube; steam, cold brine or hot 
oil circulates through the other tube. The heat 
exchangers shown are on the same principle. A new 
vacuum drier was also exhibited. The ordinary water 
softeners of the firm are of the continuous blow-down 
type, in which the feed water is mixed with the 
blow-down from the boilers, the heat being conserved. 
A new model horizontal softener of 700 gallons 
capacity for household use, forming a box, about 34 ft. 
long, ischarged with Dulcit, as in the Permutit ap- 
paratus. There is a safety arrangement to prevent 
the 7-lb. charge of regeneration salt being put in before 
the outlet is switched over to the drain, thus preventing 
the salt from getting into the water supply; when a 
long lever is pulled back by its handle, the salt valve is 
closed by clamping a disc. 

Among the novelties of the Aluminium Plant and | 
Vessel Co., Ltd., of Wandsworth, was a heat exchanger 
of the filter-press type, provided with heat-exchanger 
plates having vertical ribs and separators of sheet 
copper. In the vertical mixer of the firm, a stirrer 
frame with a Duralumin shaft is lowered into the pan 
from the bracket stand which carries the pulleys; the 





* See Dr. Ormandy’s paper on sugarfrom sawdust on 
page 130 of this issue. 
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frame holds blades rotating in opposite directions, and 
the arrangement is such that the stirrer stops auto- 
matically at the top and bottom of the lift; the 
whole of the gearing is enclosed. The largest exhibit 
on the stand was a 300-gallon aluminium pan fitted 
with a water jacket of copper around the bottom ; 
the joints are made by autogenous welding. The 
Broughton Copper Co., Ltd., of Manchester, showed 
duplex tubes, drawn copper tubes lined with 
aluminium, lead or tin, especially for chemical and oil 
plants; the tubes are 20 ft. long and more, and are 
coiled by coppersmiths to 3 ft. diameter. The Mond 
Nickel Co., Ltd., of Victoria Station House, 8.W.1., 
joint exhibitors with Messrs. Henry Wiggin and Co., 
Ltd., of Birmingham, made a special display of screws, 
springs, splined shafts, clutch centres, &c., nickel-plated 
by the Fescol electrolytic process in which rolled anodes 
are used and adhesion is secured and distortion 
prevented by avoiding heat. The reversible nickel- 
chrome case-hardening boxes may also be mentioned. 

Of the exhibits of Messrs. Baker Perkins, Limited, of 
Peterborough, we may mention the universal mixing 
and diluting machine, fitted with a three-blade pro- 
peller, and the new colloid mill of Mr. R. H. Webb for 
the perfect emulsification of liquids and for minute 
disintegration. The liquid enters the jacketed spherical 
body tangentially, and is agitated by three hoop-shaped 
beaters, ;*,-in. thick, two running at 3,000 r.p.m. and 
one at 4,000 r.p.m. The peripheral outlets are nearer 
the axis than the inlet, and hydraulic shearing is set up 
in the emulsion. The Shears mulser of Messrs. Bennett, 
Sons and Shears, Ltd., of 43, Shoe-lane, E.C.4, finishes 
the emulsifying in a different way. The emulsion is 
forced, at a pressure of 120 lb. per square inch, through 
a small orifice against a revolving disc which a spring 
presses against the orifice plate. Messrs. Brinjes and 
Goodwin, Ltd., of Poplar, E., effect the disintegration 
by their helix roller mills, which were shown in three 
types. For paint grinding, porphyry rolls are used, and 
for ink making, chilled-iron rolls. The Raymond roller 
mills, of International Combustion, Limited, Africa 
House, Kingsway, are of a robust type, and are used to 
crush and pulverise all sorts of non-abrasive materials, 
including quartz. Each of the four heavy horizontal 
rollers is suspended by a journal from a spider and 
rubs against the inner face of a bull ring ; underneath 
this ring is a system of tangential ports, through which 
the exhauster draws air upwards to sift the ground 
material. 

Industrial Waste Eliminators, Ltd., of 20, High 
Holborn, W.C.1, showed plant for dealing with fish and 
slaughter-house offal, condemned meat, bones, cotton 
waste from axle boxes, &c., with the aid of superheated 
steam at 658 lbs. per square inch, which is either 
admitted only into the jacket of the stationary or 
centrifugal receptacle or passed through the material. 

Fairfield-Howden Ruths Steam Accumulators, Ltd., of 
Caxton House, Westminster, sole concessionnaires in the 
British Empire of Ruths’ steam accumulators, which 
we described on page 68 of our issue of July 11, 
1924, exhibited an electrically operated set of 
automatic control valves and the steam switchboard 
which they are installing for the Provan Chemical 
Works of the Glasgow Corporation. The 6 in. and 
8 in. steam control valves are equipped with two 
automatic regulators, interconnected and operated by 
oil under pressure. The de-superheater of British 
Arca Regulators, Ltd., of Windsor House, Victoria 
Street, S.W.1, was explained only by diagrams. These 
de-superheaters, one of which was installed at the 
Derby Corporation Electricity Works last month, are 
employed reduce steam temperature, e.g., from 750 
to 550 deg. F. with corresponding pressure reduction. 
The Knowles electrolytic cells for producing pure 
hydrogen and oxygen of the International Elec- 
trolytic Plant Company, Ltd., of Chester, were 
described by us in connection with a paper by Mr. 
A. E. Knowles on page 82 of our issue for January 15 
last. The fine exhibit of the firm comprised the 
actual end cells of two rows of a battery of 800 cells for 
producing 100,000 cub. ft. of hydrogen and half that 
volume of oxygen per hour at a Casale synthetic 
ammonia plant; the cells carry 7,500 amperes. 





Lioyp’s REGISTER WRECK RETURNS.—The number 
and gross tonnage of ships of 100 tons gross, and above, 
totally lost or condemned in consequence of casualty 
or stress of weather, during the quarter ending December 
31, 1925, were, respectively, 122 and 122,930. Of these 
122 vessels, 86 were steamers and motorships, having a 
gross tonnage of 97,718, and 36 were sailing ships 
aggregating 25,212 gross tons; 16 of the steamers and 
motorships, and 1 of the sailing ships, were British. 
A total of 80 other ships were broken up, and the gross 
reduction in the mercantile marine of the world, from 
all causes, was, therefore, 150 steamers and motorships, 
representing 273,391 gross tons, and 52 sailing-ships, 
having a gross tonnage of 41,951. The above figures 
are quoted from the quarterly wreck returns, published 
recently by Lloyd’s Register of Shipping, 71, Fenchurch- 
street, London, E.C.3. 





ELECTRIC BATTERY LOCOMOTIVES 
FOR MINES. 


In September, 1922, the late Mr. Charles Markham, of 
Chesterfield, the well-known colliery proprietor, placed 
a sum of 1,000]. at the disposal of the Mines Depart- 
ment of the British Government, to be used with the 
object of encouraging the production of a safe and 
efficient type of electric storage-battery locomotive 
for use in the underground workings of mines. This 
sum of money was offered as a prize to be awarded to 
the constructor of the locomotive, which was deemed 
to be the best submitted in open competition to a 
panel of judges consisting of Mr. J. A. Bernard Horsley, 
nominated by the Mines Department; Mr. Sidney 
Bates, of the Institution of Mining Engineers ; Mr. Roger 
T. Smith, of the Institution of Electrical Engineers ; 
Mr. Roslyn Holiday, of the Mining Association; and 
Mr. Herbert Smith of the Miners’ Federation. 

In consultation with Mr. Markham’s _ technical 
advisers and with the Mines Department officials, a 
specification was prepared by the panel of judges for 
the guidance of competitors. Stated quite briefly, the 
requirements were that the locomotive should run on 
rails set to a gauge of 2 ft. and be able to turn through 
an angle of 90 deg. at a radius of 13 ft., measured from 
the middle of the track, without overhanging the rail 
more than 12 in. Limits of dimensions were given as 
not more than 38 in. wide and 42 in. high above the 
top of the rails, but the question of length was left 
to the discretion of the designer. Weight was not 
definitely specified, but 5,600 lb. was indicated as a 
desirable upper limit. The duty was specified as 
600-lb. drawbar pull and a speed of 3} miles per hour, 
while the time for each complete charge of the battery 
was stated as 13 hours, the minimum battery capacity 
being prescribed as 12 kw.-hours at a one-hour rate 
and 18 kw.-hours at a five-hour rate of discharge. 
Large battery capacity was stipulated to ensure an 
ample margin of reserve for emergency duty. 

Ten entries were made, all by British manufacturers, 
and five of them were considered, from the drawings, 
to possess sufficient merit to warrant trials being made 
with the actual units. Invitations were then sent 
to the designers of these to build and deliver for test 
completed locomotives agreeing in all essential parti- 
culars with the drawings and specifications they had 
submitted. It was hoped that the trials would be held 
in October, 1924, but four of the five competitors 
found it impossible to complete their vehicles in time, 
and the trials were postponed until the spring of 1925. 
A specially prepared track for the tests was then con- 
structed by Mr. Markham at Brodsworth Colliery, near 
Doncaster, on which all the requirements were capable 
of effective test. The field trials commenced on 
May 3, 1925, and lasted for some days. Prior to this 
the battery discharge tests were made, and in every 
case showed that the specified capacity was exceeded. 
It had been intimated in the specification of require- 
ments that any material reduction in dimensions, as well 
as minimum radius of turning, would be considered as 
advantageous features in design. Some of the construc- 
tors were able to effect reductions in these quantities, but 
none was able to keep within the gross weight of 5,600 
Ib., indicated as a desirable limit. The actual weights 
ranged from 2°95 to 4°54 tons. Although this was the 
case, there were examples where an excess of battery 
capacity was provided and therefore, it was decided 
that the increased weight over 2} tons should not 
preclude the judges from making an award. The loco- 
motive submitted for test by Messrs. Joseph Booth 
and Brothers, Limited, of Rodley, Leeds, which was 
awarded the prize of 1,0001., weighed 3°15 tons, but 
the overall efficiency of the design was found to be 
so high that there remained in the battery, after com- 
pletion of the duty cycle test, so substantial a reserve 
of power that a considerable diminution in weight 
could be made, while complying with the other condi- 
tions prescribed in the specification. The report of the 
judges, under the title “‘ Electric Storage Battery Loco- 
motive Competition,” was recently published by His 
Majesty’s Stationery Office, at a price of 1s. 3d. net. 

All the locomotives were submitted to tests to 
determine the braking efficiency; the tractive effort 
exerted when hauling, on the level and on gradients, 
four loaded tubs weighing 5 tons gross; the speed 
and acceleration on the level and on gradients, both 
loaded and unloaded; and a series of duty cycle 
tests were run in hauling a train of loaded tubs 
over a distance of 9,430 yards, when the electrical 
energy consumed in performing the duty was measured. 
Other factors had to be considered, of which quanti- 
tative determinations were not possible. These 
included the facility of handling in shunting and in 
marshalling tubs, the suitability of the sanding 
appliance, the facility for changing batteries, the 
ease of replacement of the locomotive after derailment, 
the protection from drips and splashes, the provision 
made to ensure that the plant was flame- and fire- 
proof, as well as the robustness, convenience and 
general suitability of the design. 





The successful design of Messrs. Joseph Booth and 
Brothers, Limited, which was illustrated and described 
in our issue of September 25, 1925, page 381, was a two- 
axle locomotive with an inner frame carrying an 8-hp. 
motor and the mechanism taking the drive to the wheels. 
The driven axle was coupled to the other by means 
of two outside connecting rods which had ball bearings 
ateachend. Each axle was made of nickel steel and was 
carried in roller bearings. Mild steel was used for 
the construction of the worm of the reduction gear, but 
the worm wheel was made of phosphor-bronze. To 
take the axial thrusts of the worm and its associated 
worm-wheel, ball thrust bearings were provided. The 
outer frame of the locomotive was supported by six 
helical springs from the inner frame. It was this outer 
one which carried the battery, the controller and the 
switchgear, and arrangements were made to ensure 
that the two frames with their equipment might be 
separated without disturbing any of the internal 
electrical connections. The hattery receptacle was 
divided into two sections, each of which held a pair 
of steel boxes, carried on the same base, and so 
arranged that each group could be rolled in and out 
of the receptacle after removing one of its sides. In 
the course of the tests, it was demonstrated that 
three men could transfer the battery from the receptacle 
to an outside roller platform in three minutes. All 
connecting cables between the parts of the equipment 
were carried in substantial metal pipes, and provision 
was made by means of spring-loaded valves in the 
battery box covers for the relief of gaseous pressure, 
the openings being protected by nickel gauze. Sub- 
stantial design was characteristic of the controller, the 
circuit-breaker and the battery-charging plug. Inde- 
pendent tests were conducted with every part of the 
electrical equipment to determine the suitability of 
their flame-proof properties. This work was under- 
taken by Professor I. C. F, Statham, of Sheffield 
University. In this investigation it.was found that 
the motor casing was effectively flame-proof, as 
well as the controller casing and that of the circuit- 
breaker. Certain suggestions were made, however, 
regarding the resistance box and the battery casing 
with a view to improving their flame-proof character- 
istics, 

In regard to performance tests, the speeds were 
found to be very satisfactory. Twospeeds were available 
with the two halves of the field winding connected in 
series or in parallel. Marshalling tubs and shunting 
operations were performed with great success when 
using the resistance provided, which has steel elements, 
in series with the armature of the motor. The 
braking system, which was put into or out of action by 
a small movement of a hand-wheel, was found to be 
satisfactory. In this, the brakes were pressed on to the 
wheel-treads by cams on a cross shaft. 

The maximum speed, drawing a 5-ton load up a gra- 
dient of 1 in 24-8, was 5-5 m.p.h., and on the level 
was 5-68 m.p.h. On the duty cycle, which comprised 
various gradients and a water splash, as well as level 
track, an average overall speed of 4 m.p.h. was recorded. 
Unloaded, and running on the level, a maximum speed 
of 8-95 m.p.h was attained. In clearing specified 
obstructions, braking, speed control for shunting and 
average and maximum speeds, the Booth locomotive was 
found to be as good as any of its competitors. In weight 
it proved to be the lowest but one, and it was similarly 
placed in the list of declared prices. Owing to its 
well-designed single motor, the use of roller and ball 
bearings and the excellent design of its worm gearing, 
the test duty, which was planned to represent the aver- 
age work of a shift, only required one-third of the capa- 
city of the battery. This would, undoubtedly, permit 
a great reduction in weight to be effected, if the battery 
were cut down to only double the duty of a shift. The 
nearest approach to this result attained by any other 
competing vehicle was 53 per cent. of the capacity 
of the battery for the test duty, which was obtained 
with a design employing two electric motors, chain 
driving and parallel bearings. In general design, 
materials used, accessibility of parts for maintenance, 
economy in the use of electricity, ease of removal and 
protection of the battery, Messrs. Joseph Booth and 
Brothers’ locomotive was so much better than any of 
its competitors that the judges had no hesitation in 
unanimously according it the premier position in the 
tests and awarding to the builders the Markham prize. 





Tue Loss or THE AtrsHiIp “ SHENANDOAH.”—The 
Secretary-Treasurer of the American Society of Naval 
Engineers has informed us that the August issue of the 
Journal of the Society will contain an article entitled 
“Technical Aspects of the Loss of the United States 
Airship Shenandoah,” compiled from the records of the 
court of inquiry. This publication, comprising 216 pages 
and containing numerous illustrations, has been authorised 
by the U.S. Navy Department. Reprints of the above 
article may be obtained from the Secretary of the Society, 
Na’ Department, Washington, D.C., U.S.A., price 
1 dol. Orders should be sent in promptly, as the number 
of copies printed will depend on the orders received. 
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LABOUR NOTES. 

Up till Wednesday there was nothing in the posi- 
tion of the coal trouble definitely to suggest that the 
enduring settlement on economic lines which every- 
body desires was any nearer. On Monday, the matter 
was again the subject of a debate in the House of 
Commons on a resolution moved by Mr. Lloyd George 
to reduce the Mines Department Vote by 1001. ; 
but far from being helpful, the discussion served merely 
to emphasise the fact that the positions of the con- 
tending interests are almost exactly what they were 
in the beginning. On Tuesday, the Commons gave a 
third reading to the Mining Industry Bill by 312 votes 
to 125, and a Royal Message was read announcing 
that the Emergency Regulations are to be continued 
throughout August. The new executive committee of 
the Miners Federation met in London yesterday, and 
a national conference of delegates has been called for 
to-day. It is difficult to say what may happen at 
to-day’s meeting; but there are certainly signs—not 
only in Warwickshire but also in other important 
areas—that the rank and file have had about enough 
of the formula: No reduction of wages, no increase 
of hours, and no district settlements. 


An interesting discussion is likely to take place 
at the Bournemouth Trades Union Congress on the 
powers and duties of the General Council. No fewer 
than ten resolutions on the subject have been sent 
in, but, as most of them seek to achieve practically 
the same end, the Standing Orders Committee will, 
no doubt, rule the majority out. Two indicate 
fairly clearly the opposing views on the subject 
and may, therefore, be given here. The Amal- 
gamated Engineering Union proposes :—‘* That this 
T.U.C. is of the opinion that the time is now ripe 
for definite powers to be given to the General 
Council as follows :—To assist unions or alliances 
of unions contemplating entering upon a struggle 
for the improvement of, or in defence of, the condi- 
tions of their members, by taking over the direction 
and control of the struggle; to have power to levy 
all or part of the affiliated organisations; to have 
power to call for a gradual, partial, or complete 
stoppage of work by all or any part of the affiliated 
organisations; to make arrangements with the 
C.W.S. for provision of food when necessary; to 
render all possible assistance to the Trades Councils 
in order that they may efficiently function as the 
local organs of the General Council; to take such 
steps as may be rendered necessary. The affiliated 
organisations shall, before embarking on a national 
stoppage, submit a full report of the matter in 
dispute to the General Council, and also make such 
alterations in their rules as to regularise the above 
position.” 

The National Association of Plasterers, Grano- 
lithic and Cement Workers is responsible for the 
following resolution :—‘‘ In cases where it may be 
considered essential that the whole of the unions 
affiliated shall be asked to take strike action, due 
time shall be allowed for: (a) The matter to be 
fully discussed ; (b) The whole of the unions affiliated 
to take a ballot of their members; (c) To tender 
such notices on behalf of their members as may be 
required in accordance with existing agreements.” 

Resolutions sent in by the National Union of 
General and Municipal Workers and the United 
Operative Plumbers’ seek to pledge the Congress in 
favour of the principle of one big union for all 
workers. The proposal of the General Workers is 
as follows :—‘* This Congress declares that any divi- 
sion of wage earners into trade unions established 
upon narrow industrial lines, is unlikely to be more 
effective in the workers’ interests than present-day 
organisation existing upon a craft basis. The 
Congress declares that organisation upon a basis 
of occupation limits the workers’ power of resist- 
ance to the repeated attacks of capitalists, and tends 
to reduce the effectiveness and power of organised 
Labour. The Congress approves every movement 
to reduce the number of unions, and will discourage 
the formation of new orgaisations in order that 
the amalgamation of kindred unions shall be con- 
tinued with the object of one big union being 
reached as the ultimate goal of working-class 
organisation.”’ The National Amalgamated, Furnish- 
ing Trades Association prefers industrial unionism 
to the one big union. ‘“ This Congress regrets,” its 
resolution runs, ‘ the little advance made in the 
direction of industrial unionism, and instructs the 
General Council to call conferences of the trade groups 
of the Congress in order to arrange for the merging 
of the separate unions within these groups in indus- 
trial unions.” 





A general movement for a maximum working week 
of 44 hours “with a propoftionate reduction for 


those workers in industries now working 44 hours or 
less” is advocated in resolutions sent in by the Furni- 
shing Trades, the Distributive Workers, and the 
Amalgamated Engineers, and payment for holidays 
in resolutions sent in by a number of unions including 
the Building Trade Workers. The Transport and General 
Workers invite the Congress to call upon the Govern- 
ment to ratify the Washington Hours’ Convention, 
and the National Brass and Metal Mechanics desire 
the General Council to approach the Home Secretary 
with the object of inducing him “ to issue orders for the 
establishment of better working conditions in metal 
polishing shops and dipping and bronzing shops.” 
The latter resolution also desires “‘ serious consideration 
to be given to the question of employing females in 
metal polishing “on account of the unhealthy nature 
of the occupation.” In a further proposal, the same 
organisation of metal workers invites the Congress to 
authorise the General Council “ to make further efforts 
to stop the systematic working of overtime in order to 
give the unemployed an opportunity of employment.” 





A minimum wage of £3 per week for all adult workers 
is advocated in a resolution for which the National 
Union of Clerks and Administrative Workers are 
responsible. ‘‘The General Council is hereby in- 
structed,” the proposal proceeds, ‘‘ to organise a national 
movement with a view to the general adoption of 
this minimum in State, Municipal and private employ- 
ment and to concert with the Labour Party such 
measures as may be necessary to make it effective.” 
The Iron and Steel Trades Confederation proposes 
that the Congress shall strongly express the opinion 
“that the importation of commodities manufactured 
in countries where wage rates ‘and hours of labour 
are below the standard obtaining in the industries 
producing similar goods in this country is detrimental 
to the standard of living of the British worker.” It, 
therefore, urges the Government ‘“‘to institute an 
International Wages Convention for the purpose of 
fixing an international minimum wage standard as a 
necessary corollary to the 48-hours Convention,” and, 
pending the institution of such Convention calls “‘ upon 
the Government to prohibit the importation of com. 
peting goods where such goods are produced under 
conditions which are regarded as unsatisfactory by 
the organised workers in the countries where such 
goods are produced.” 





A recent issue of the Monthly Journal of the American 
International Association of Machinists, contains 
the texts of some interesting agreements arrived at 
with employers. . In one arrangement, it is agreed 
that in the case of “ jurisdictional ’—presumably 
demarcation—disputes, the employers “ may select the 
trade or craft which, in his opinion, is the most com- 
petent to do the work in question, and the work shall 
continue in this way until the unions agree among 
themselves as to the craft to do the work.” An agree- 
ment on these lines in this country would have an 
appreciable effect on production costs. “There shall 
be no restriction,” the American agreement continues, 
“* of the amount of work to be done in a day, nor shall 
there be any restriction against the use of, or the output 
of, machinery.” The union binds its members not 
“to engage in any sympathetic strike,” and it agrees 
that ‘“‘men of any trade or craft may temporarily 
do the work of any other trade or craft.” Most of 
Great Britain’s Continental rivals enjoy similar freedom 
to operate their businesses economically, and the 
advantage finds its full reflection in low labour costs. 
Here, unhappily, costs of labour are almost the last 
thing workers think about. 





The machinery for adjusting differences set up under 
the agreement is simple and refreshingly direct. 
Each party elects within 24 hours, two representatives 
to a Board of Arbitration, and if there is failure to 
agree, the four select a fifth member—who must be 
‘““a disinterested party.” ‘‘ The decision of a majority 
of such board shall be final,” and ‘‘ men shail not leave 
work before submission of differences to arbitration 
nor while arbitration may be pending.” 





Recently the Council of the League of Nations 
submitted the following question to the Permanent 
Court of International Justice :—‘“‘Is it within the 
competence of the International Labour Organisation 
to draw up and to propose labour legislation which, in 
order to protect certain classes of workers, also regulates 
incidentally the same work when performed by the 
employer himself ?”” The Court has now replied to 
the question in the affirmative. In the course of its 
expression of opinion the Court said that the question 
whether in a particular case the regulation of the 
personal work of the employer was primary rather than 
incidental might give rise to controversy. The 
International Labour Organisation had in regard to 
the point discretionary powers to exercise judgment in 





the circumstances of each case ; these powers, however, 





were not unlimited, but existed subject to the right of 
recourse to the Court itself, provided for in regard to 
“ any question or dispute relating to the interpretation ”’ 
of Part 13 (Labour) of the Treaty of Versailles. For 
that reason, moreover, the Court, whilst replying in the 
affirmative to the question put, abstained from con- 
sidering “‘ controversial: cases,” in regard to which its 
opinion had not been sought, and from indicating how 
such cases should be dealt with. 





At the annual meeting on Saturday of the National 
Sailors and Firemen’s Union, Liverpool South Branch 
moved :—“ That this meeting is of the opinion that 
many of the affiliations with foreign unions are a waste 
of good union money, specially in the case of the 
International Transport Workers’ Federation, which 
has proved itself in the past to be more of a political 
association than a trade union. Furthermore, that the 
secretary, Mr. Edo Fimmen, has been guilty of issuing 
manifestos without proper executive instructions and 
the effect of such manifestos has been to mislead the 
workers of all Europe. It therefore be an instruction 
to the executive council to withdraw forthwith from 
the International Transport Workers’ Federation.” 
According to the official report of the proceedings, the 
resolution was carried unanimcusly, and the affiliation 
is to cease immediately. It was also devided unani- 
mously, on the proposition of North Shields Branch, to 
take an extended ballot, lasting three months, on the 
desirability or otherwise of dissociating the organisation 
from all political affiliations. The gathering further 
unanimously endorsed the action of the executive in 
suspending certain officials for breach of rules during the 
general strike. 





The Minister of Labour states that on July 19, 1926, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain, was 
1,631,300, of whom 1,210,100 were men, 43,100 boys, 
332,700 women, and 45,400 girls. Of the total number, 
80,600 were ‘“ persons normally in casual employ- 
ment.” On July 12, 1926, the number of unemployed 
persons was 1,644,194, of whom 1,221,912 were men, 
43,108 boys, 333,196 women, and 45,978 girls; and on 
July 20, 1925, it was 1,221,912, of whom 940,230 were 
men, 32,257 boys, 221,662 women, and 27,763 girls. 
The total of 1,631,300 on July 19, 1926, does not include 
“* persons who ceased work in the coalmining industry 
on account of the dispute.” 





At a congress of Russian mineworkers, held recently 
in Moscow, it was reported that, “‘ despite the consider- 
able increase in miners’ wages, there was a certain 
disproportion to be noted between the increase and the 
intensification of individual output.” Whereas wages 
were about two-thirds of the 1913 level, output had not 
varied from its usual percentage of 90. Difficult 
housing conditions on the one hand and the tendency 
to economy on the other, together with a shortage of 
skilled workers, were preventing the management of 
the mining industry, it was stated, from engaging 
a sufficient number of workers and technicians. The 
result was that underground workers were putting in 
a day of from eight to nine hours, instead of the six- 
hour day, prescribed by the Labour Code. There was 
also a shortage of technical experts. Technicians were, 
therefore, overburdened with work, and their day 
varied between ten and twelve hours. These facts 
were stated to be general, and “ the delegates were 
unanimous in deploring the abuse of overtime.” 





According to Industrial and Labour Information, the 
organ of the International Labour Office, which sum- 
marises a Russian report of a Moscow congress of textile 
workers, the principle of piecework is applied through- 
out that industry. The real value of wages has increased, 
it is stated, by about 22 per cent., and at present is in 
excess of the average level of wages paid before the 
war (about 18 or 19 roubles per month). Neverthe- 
less, the average wage of workers in the textile industry 
is considerably below the general level of wages in other 
industries (about 83 per cent.). This state of affairs, 
together with the efforts of the management of the 
industry to bring about an increase in production, led 
the delegates to the Congress to insist on the necessity 
of increasing wages in the textile industry up to the 
general level. On the other hand, the management 
of the textile industry is of opinion that wages cannot 
be increased until production has been increased. 
Production in the industry is not more than between 
50 and 60 per cent. of its 1913 level. Cost prices are 
so high that selling prices have to exceed pre-war prices 
by 250 or 300 per cent. Labour costs are also high, 
being 20 per cent. of the cost of production. The 
directors of State textile undertakings urge that, before 
all else, cost prices should be reduced. In their view, 
this can only be done by means of a considerable reduc- 
tion in what they call subsidiary labour costs (suck as 
social insurance, hospitals, clubs, occupational educa- 
tion, &c.). 
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THE RUGBY RADIO STATION OF 
THE BRITISH POST OFFICE.* 
By E. H. Suaveunessy, O.B.E., M.LE.E. 


WuEN the Government decided upon the provision 
in England of a wireless station with a world-wide 
range, the Post Office Engineering Department was 
entrusted with the task of its erection. The Wireless 
Telegraphy Commission which was originally appointed 
under the chairmanship of the late Lord Milner with 
Dr. W. H. Eccles (Vice-Chairman), Mr. E. H. Shaugh- 
nessy and Mr. L. B. Turner as members, undertook 
the general design of the station. The Post Office 
engineers in consultation with the Wireless Telegraphy 
Commission carried out considerable preliminary 
experimental work and prepared detailed drawings 
and designs for the station equipment as a whole 
and for most of the plant; they also prepared the 
detailed specifications to which manufacturers have 
designed, or made, the remainder of the plant. 

Owing to the large area required, considerable 
difficulty was experienced in obtaining a site, but 
ultimately an area of 900 acres (about 14 miles long 
by 1 mile wide) bounded on the east side by Watling- 
street and on the west side by the Oxford canal, 
was obtained at Hillmorton about 4 miles south-east 
of Rugby. 

Power Plant.—The question of the power supply 
for the station was one which was very carefully 
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considered, and after a close examination of conditions 
on the basis of comparative costs and reliability it was 
decided to accept a bulk supply from the Leicestershire 
and Warwickshire Electric Power Company, who are 
the authorised suppliers in the area. _ 

The company has generating stations at Warwick 
and Hinckley, the Rugby area being served by duplicate 
mains from Warwick, whilst arrangements for linking 
with Hinckley are in contemplation. The incoming 
supply is three-phase, 50-cycle alternating current having 
an earthed neutral and 12,000 volts between phases. 
Duplicate underground cables are provided between 
the radio station and the company’s substation at 
Rugby, where automatic regulators are installed. 
The two feeder cables terminate at the radio station 
in a separate selector switch cubicle which permits 
either or both cables being connected to the e.h.t. 
alternating current switchboard. The radio station 
power house, illustrated in Fig. 1, consists primarily 
of a machine room 185 ft. by 47 ft. spanned by an 
1l-ton overhead travelling crane. One end of the 
room is partitioned off for workshop and stores to 
which the crane has access, and which can be readily 
utilised for extensions if this becomes necessary. 
Parallel with the main room is an annex, the lower 
portion of which contains a battery room and six 
transformer rooms. A separate room is provided for 
each power transformer, and these rooms can only 
be entered from outside the building. They are closed 
by steel doors furnished with ventilating louvres. 
The upper floor of the annex is a switch gallery open 
to the machine room. This gallery contains the 
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high- and low-tension alternating-current switchboards, 
high-tension alternating-current starting cubicles for 
the main generators and low-tension direct-current 
switchboard. 

In the machine room are the main motor-generator 
sets for providing high-tension direct current to the 
valves, two frequency-converter sets used for heating 
valve filaments, together with motor starting cubicles 
and alternator control panels, and lastly two motor- 
generator and booster sets for battery charging and 
low-tension direct-current supply. 

All power used, other than that required for the 
main motor generators, is supplied by two auxiliary 
step-down (12,000/416 volt) transformers of 450 kv.-a. 
output through the main low-tension alternating- 
current switchboard. The larger motors (i.e, over 
100 kw.) installed are synchronous machines capable 
of operating on 0-9 leading power factor, and as a 
result the station can be operated on unity power 
factor. 

The requirements of the valve transmitter set called 
for a supply of direct-current power of from 1,000 to 
1,500 kw. at a potential of from 10,000 volts to 18,000 
volts, with the negative side at earth potential, the 
higher voltage being provided to cope with probable 
developments in transmitting valves in the near 
future. Owing to the possible failure of valves it 
was essential that whatever type of plant was installed 
should be capable of standing a dead short-circuit with 
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impunity. Other special requirements were ability to 
operate under rapidly-fluctuating loads, low self- 
inductance, and absence of voltage ripple. 

The relative merits and suitability of machines, 
mercury-are rectifiers and thermionic valve rectifiers 
for this duty were considered. Tenders were invited 
for the various types, and it was finally decided to 
install motor generator sets. ’ 

The machines were manufactured by the British 
Thomson-Houston Company, Limited, of Rugby, and 
are an interesting development from machines designed 
for high-tension direct-current traction work. The 
Rugby generators, owing to the higher voltage and 
their operation in series, possess several new features, 
some particulars of which have already appeared in 
the technical press and will only be briefly referred to 
here. Fig. 2 shows a wiring diagram of these sets 
which are also shown in Fig. 1. Three sets are 
provided, each having an output of 500 kw. at 
6,000 volts direct current, and space is provided for 
the accommodation of a fourth set. Each set con- 
sists of a three-phase self-starting synchronous motor 
of 640 kv.-a. wound for 2,200 volts between phases, 
rigidly coupled to two direct-current generators con- 
nected in series, and two exciters, one of which is 
the main exciter and the other the motor field exciter ; 
the main exciter provides field current for both direct- 
current generators and for the field of the motor 
exciter. 

Each direct-current generator is a bipolar machine 
having an output of 250 kw. at 3,000 volts, and provided 
with interpoles and compensating winding. The 
magnet frames of cast steel are split diametrically, 
and in order to avoid awkward joints in the pole-face 
windings the break has been arranged through the 





centre of the main poles which consist of twin poles, 
each half carrying its own spool. Another unique 
feature of the magnetic circuit is a band of laminations 
incorporated in the yoke to provide an undamped 
path for the commutating flux under rapidly varying 
loads. The commutator is of the same diameter as 
the armature, and all metallic parts in the vicinity 
of the commutator which are connected to the frame 
are protected by insulating shields. A series of fan 
blades mounted between the armature and commu- 
tator provides a blast of air across the commutator. 
The brush gear is completely encased in bronze boxes 
the connections to which produce magnetic fields 
directed to blow out from the machine any arc which 
may be formed at the brushes. The bearings are 
each provided with a thermal relay which, in the 
event of overheating, rings a bell on the control panel 
and lights an indicating lamp on the hot bearing. 
In order to avoid the use of insulated couplings 
between motor and generators, each set is supplied 
with power through a separate transformer. These 
transformers, manufactured by Messrs. Johnson and 
Phillips, are wound for 12,000 volts on the primary 
side and 2,200 volts on the secondary side. 

The direct-current controls of each set are mounted 
on an auxiliary baseplate which carries generator field 
theostats and shunt field rheostats for the main 
exciter and motor exciter. The main baseplate of 
each set and the auxiliary baseplate are insulated 
from earth by being mounted on groups of porcelain 
insulators. The neutral point of the motor stator 
is connected to the baseplate. The mid-point between 
the direct-current generators is also connected to the 
baseplate through a leakage relay. In this way the 
potential of any portion of the set relative to the frames 
is limited to 3,000 volts direct current. When working 
in series each set has a baseplate potential corresponding 
to its position in the circuit; thus the first base-plate 
will be at 3,000 volts, the second at 9,000 volts and 
the third at 15,000 volts above earth in each case. 

Each main baseplate carries two high-speed circuit- 
breakers each connected in series with a generator 
armature. The high-speed circuit breaker is set for 
instantaneous tripping on about five times full-load 
current; it inserts a blocking resistance in circuit, 
and at the same time, by means of auxiliary contacts, 
trips the generator field contactor. The action of the 
circuit-breaker is extremely rapid, the contacts being 
fully opened within 0-2 second, whilst in order to 
suppress the generator fields as rapidly as possible 
the field contactors open the circuit without inserting 
discharge resistances. Each set is completely sur- 
rounded by an earthed metallic screen, and the founda- 
tions contain a metallic network which is connected 
to the earthed screens. All controls are operated by 
means of insulated spindles from a position outside 
the screens as can be seen on reference to Fig. 1. The 
e.h.t. direct-current terminals of each set are connected 
to a two-position selector switch mounted on a gallery 
carrying the busbars. In one position the switch 
connects the machine in series with the busbars, whilst 
in the other position the machine is isolated and the 
gap in the busbars bridged. The scr2ened enclosures. 
and busbar gallery are protected by gates having 
double electrical interlocks. 

In spite of the large dimensions of the machines 
for their output, necessitated by voltage requirements, 
the test results showed an overall efficiency of over 
87 per cent. In addition to the ordinary tests the 
machines were subjected to short-circuit tests while 
fully excited; in the case of one set this test was 
repeated 20 times, in all cases without flash-over or 
damage of any kind. After installation two short- 
circuit tests were carried out with all sets in series 
and fully excited to a total of 18,000 volts direct current 
with equally satisfactory results. 

The direct-current supply from the busbars is 
transmitted to the valve room through duplicate 
armoured concentric paper-insulated cables, the inner 
conductor in each case being the high-tension conductor, 
whilst the outer conductor carries the return current 
at approximately earth potential. The cables terminate 
in a steel cubicle switchboard, Fig. 3, supplied by the 
General Electric Company, Limited, consisting of two 
cubicles each provided with isolator and earthing 
switches, electrostatic voltmeter, and an electrically- 
operated single-pole 18,000-volt direct-current oil 
circuit-breaker provided with overload and no-volt 
trips. The no-volt trip coil on this switch forms part 
of a low-tension direct-current circuit, and will be 
referred to subsequently as the “holding coil.” One 
cable terminates in each cubicle, one cubicle being 
used to supply the main telegraph transmitter, and the 
other cubicle serving the experimental telephone 
transmitter. In addition the telegraph cubicle has a 
selector switch interlocked with the oil switch which 
connects the e.h.t. direct-current supply to one of two 
short alternative feeders to the telegraph transmitter, 
the unused feeder being earthed. The oil circuit- 
breaker is designed to trip rapidly on interruption 
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of the “holding coil” circuit which is energised 
from the 240-volt direct-current supply, and during 
tests the contacts opened 0-18 second after inter- 
ruption of the “holding coil” circuit. The use of 
oil circuit-breakers to rupture high-tension direct- 
current circuits is thought to be a novelty, but tests 
on short-circuits of 18,000 volts showed that the 
switch could successfully clear the fault without 
damage. 

The valve filament supply of the station is obtained 
from two 200-kv.-a. frequency-converter sets, each 
consisting of a 416-volt 50-cycle synchronous motor 
driving a 200-kv.-a. 354/478-volt 100-cycle three-phase 
alternator. Each set is provided with a pony motor 
and ‘exciter. Tirrill regulators are provided on each 





Fig.2 WIRING DIAGRAM OF MOTOR-GENERATOR SETS. 
Starting cubicles main E.HT., D.C. motor-generator sets 





the machine current is small a condenser of 2 » F 
capacity, with lamps in series, is used. 

The switchgear in the valve room consists of the 
steel cubicles for controlling the e.h.t. direct-current 
supply and a dead-front board of 20 slate panels 
carrying all auxiliary supplies for the telegraph trans- 
mitter, together with some of the supplies for the 
telephone sets. A small dead-front slate board of 
four panels supplies all other power required for the 
experimental telephone set. 

The 20-panel board controls the supplies for filaments, 
grids and anodes of the earlier valve stages and for grid 
bias of the main valves. The supplies are obtained 
from duplicate motor-generator sets housed in a small 
machine room adjoining the valve room, 





Fig.3. 













































































situated. The switchboard and contactors were supplied 
by the General Electric Co., Limited. 

High-frequency Generating Valve Plant.—The high- 
frequency generating plant was designed to utilise 
thermionic valves and to be capable of dealing, if 
necessary, with an output to the aerial of 500 kw. 
continuously under commercial conditions. For the 
purpose of preliminary calculations the wave-length was 
taken as 18,000 m., the capacity of the aerial as 
0-045 »F., and the total aerial circuit resistance as 1 ohm. 

The aerial was designed so that it could be used as 
one large aerial or be readily divided at the station 
building into two unequal parts to provide for simul- 
taneous telegraph transmissions on two aerials, and for 
this purpose two separate down-leads were provided. 


WIRING DIAGRAM OF E.H.T. DIRECT- 
CURRENT CUBICLES IN VALVE ROOM. 
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alternator control panel to limit alternating-currenit 
voltage fluctuations, and as an additional safeguard 
the regulators are fitted with excess-voltage cut-outs 
to provide against the possible failure of the regulator. 
The voltage maintained by the Tirrill regulators can 
be varied by remote control from the valve room. 
These sets, together with the smaller direct-current 
generator and other motor-generator sets installed 
elsewhere and referred to later were provided by 
Messrs. Newton Brothers, Derby. The alternator 
control panels were provided and erected by the 
General Electric Company, Limited. 

All circuits and machines are provided with pro- 
tective devices designed to prevent damage from 
high-frequency currents. On the e.h.t. direct-current 
generator set spark-gaps having non-inductive resist- 
ances in series are connec across each generator 
armature. On other machines or feeders straight- 
filament lamps in cast-iron boxes are shunted across 
the machine terminals or feeder. In a few cases where 





Other supplies provided by this board are a 240-volt 
direct-current supply for switch controls and machine 
excitation, a 50-cycle 416-volt three-phase supply to 
motors of motor-generator sets and air compressors 
for keys, a 300-volt direct-current supply for the grid 
bias of the experimental telephone transmitter, and 
lastly the 354/478 three-phase 100-cycle supply for 
heating valve filaments on the telegraph and -experi- 
mental telephone sets. 

Two sets of busbars are provided for the filament 
supply, one set being associated with each alternator, 
to which it is connected through a remote-controlled 
solenoid-operated oil switch. The filament supply to 
individual valve panels of the telegraph set is taken 
through a double-throw 3-pole switch on the front of 
the board and then through a 3-pole contactor mounted 
behind the board. The double-throw switch enables 
the valve panel to be connected to either set of busbars, 
whilst the contactor is in each case remote-controlled 
from the valve panel where a step-down transformer is 





and proved successful.* The primary source or master 
oscillator at Rugby is a valve-maintained tuning-fork 
having a frequency of about 1,800 cycles per second 
(this frequency being adjustable within small limits), 
and the high frequency required for controlling the 
main set is obtained by selecting the 9th harmonic of 
the tuning-fork frequency. The frequency produced by 
this means is remarkably constant, the frequency 
variation with temperature of the tuning fork being 
about 1 cycle in 10,000 per degree C. A small adjustable 
electric heater is provided to enable the temperature of 
the box containing the tuning-fork to be kept constant. 

The “ tuning-fork”’ stages of amplification may be 
briefly described as follows. The output from the 
valve-maintained tuning-fork is of the order of micro- 
watts and this is amplified once at low frequency. 
The 9th harmonic is then selected, filtered and amplified 
three times with low-voltage valves, giving a final 
output of 100 watts from the last of these three stages. 





* A. G. Lee: Electrician, 1925, vol. xciv, page 510. 
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The tuning fork and all the above stages of amplification 
are contained in two copper boxes mounted one above 
the other, the various stages being carefully screened 
from each other by copper partitions, and this complete 
unit is termed the “ tuning-fork unit.”’ The connections 
of this unit are shown in Fig. 4. 

The output from the tuning-fork unit is amplified 
three times before it is delivered to the aerial circuit, 
the various stages being designed to deal with input 


conveniently, and so that such tuning adjustments as 
are necessary while the power is on, can be made from 
outside the high-tension enclosures. 

General Scheme of Circuits —Fig. 5 is a skeleton 
diagram of the circuit arrangements from the output 
of the tuning-fork unit to the aerial, showing the 
circuits between the 4 kw. stage and the 50 kw. stage 
between the 50 kw. stage and the power units, and 
between the power units and the aerial. The tuned 





Fig.¢. DIAGRAM OF TUNING-FORK UNIT. 
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Fig.s. DIAGRAM OF TRANSMITTING CIRCUITS. 
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Fig.6. SKELETON DIAGRAM OF ARRANGEMENT OF BUS-BARS. 














Anode 
Ss Grid < 2, 
Filament (earth) C hnits 













































































50kW stage 


N°4 power unit 


¥ N°5 power unit 





No2 
excitation 
unit (sz 2) N° t excitation unit 


powers of the order of 4 kw., 50 kw., and 1,000 kw. 
respectively, and giving output powers of 2 kw., 30 kw. 
and 540 kw. respectively. These are referred to as the 
4-kw. stage, the 50-kw. stage and the ‘“ power units ” 
respectively. The combination of the 4-kw. stage and 
its associated 50-kw. stage form an “ excitation unit.” 
Excitation units and tuning-fork units are provided in 
duplicate so as to reduce to a minimum the possibility 
of delay due to faults, and the arrangement is such that 
either tuning-fork unit can be used with either excita- 
tion unit, and either excitation unit can be used to drive 
the final stage of amplification, which consists of a 
number of power units. All the stages and units are 
contained in high-tension enclosures. The arrange- 
ment has been planned so that all meters can be read 


Power units 


high-frequency circuits at the various stages are 
indicated by the thicklines. A particular characteristic 
of the circuits is the use of a single tuned circuit between 
one stage of amplification and the next, and the use 
made of capacitative coupling for giving the necessary 
voltage variations on both anodes and grids. 

Fig. 6 is a schematic diagram showing the method of 
feeding the high-tension direct-current supply through a 
selected excitation unit to the power units by means of 
the busbars, and the method of paralleling the power 
units by means of the same Saahezs. It will be 
observed that there are three busbars ing the 
length of the installation for the anode, grid, and fila- 
ment (earthed) respectively, and that to bring a 
particular unit into operation in parallel with others it 








is only necessary to connect it to the busbars by one 
3-way switch, and to light the filaments by means of the 
filament switch for that unit. In order to simplify this 
system of paralleling, all apparatus proper to the 
complete amplifier formed by the power units as a 
whole, such as anode choke, grid leak, &c., are provided 
in duplicate and placed inside the respective excitation 


units. 

Filament Supply.—The filament supply for the power 
units and the 50 kw. stage is at 416 volts, three-phase, 
100 cycles transformed down to the required voltage 
for the filaments (about 20 volts) by transformers in the 
units themselves. As previously stated, a Tirrill 
regulator is provided for the 416-volt supply to keep the 
voltage on the valve filaments constant; this is very 
important from the point of view of conserving the life 
of the valves. The filament load of each power unit 
and each 50-kw. stage is balanced between the three 
phases so as to reduce the effect of any periodic change 
of emission current due to the use of alternating 
current for filament heating. The filament supply for 
the 4-kw. stage is at 15-20 volts direct-current supplied 
by one of the generators in the auxiliary machine room. 

The Excitation Unit.—The 4-kw. stage utilizes 
glass valves of the so-called 600-watt type—i.e., 
capable of a dissipation of 600 watts—and the panel 
can be equipped with 1, 2 or 3 of such valves. The 
valves are mounted on insulators fitted on the back of 
the slate panel on which the instruments for this stage 
are mounted. The 50-kw. stage utilizes three water- 
cooled valves similar to those in the power units, and 
the manner of mounting, &c., is similar to that of the 
power units. 

The coils forming the inductances of the high- 
frequency circuits of both stages are constructed of cable 
of insulated and stranded wires, the cable being wound 
on a framework of American whitewood in a similar 
manner to that adopted for the large tuning inductances 
described later. The cable of the 4-kw. stage inductance 
is 243/36 S.W.G. and that of the 50-kw. stage is 729/36 
8.W.G. The condensers of these high-frequency circuits 
are mica condensers in oil. The safety devices, relays, 
&c., are similar to those used in connection with the 
power units. 

Associated with each excitation unit is an auxiliary 
machine unit consisting of one motor driving four 
generators. These generators have the following 
ratings and are utilised for the following purposes :— 

(1) 500-1,500 volts, } ampere. Anode supply for 
various amplifications stages of tuning-fork unit. 

(2) 15-20 volts, 60 amperes. Filament supply for 
4-kw. stage, and also for tuning-fork unit by means of 
potentiometer. 

(3) 40-600 volts, 12 amps. 
power units. 

(4) 200-600 volts, 1-5 amperes. Grid-bias voltage 
for 50-kw. stage and also for 4-kw. stage by means of 
potentiometer. 

The motor driving this unit has a remote controlled 
starter so that all the various auxiliary powers required 
are obtained by the pressing of one button at the 
control table. 

With such a chain of amplifiers as that forming this 
installation one probable difficulty to be combated is the 
self-oscillation of the system in whole or part due to 
retroaction from the later to the earlier stages, but this 
tendency to self-oscillation can be reduced by very 
careful screening between the various stages. The 
tuning-fork unit is made up in the form of two copper 
boxes with copper partitions between the different 
stages and tight-fitting copper lids to the various 
compartments. The excitation units and tuning-fork 
units are placed inside a screened enclosure, the sides 
and top of which are formed of copper mesh (14 to the 
inch) mounted on a suitable framework. Internal 
partitions of similar copper mesh complete the screening 
between the tuning-fork unit, the 4-kw. stage and the 
50-kw. stage respectively. 


(To be continued.) 


Grid-bias voltage for 





TRIAL oF THE M.S. Orestes.—On Friday, June 25, 
the motorship Orestes left the North Yard of her 
builders, Messrs. Workman, Clark and Co., of Belfast, 
and proceeded down the Lough for compass adjust- 
ments and official trials. This vessel was built to the 
order of Messrs, Alfred Holt and Co., of Liverpool, 
and is the first of two new motorships completing in 
Belfast for the owners for Eastern service. The registered 
dimensions are, length, 459 ft. 7in. ; breadth, 58 ft. 6 in. ; 
and depth, 32 ft. 7 in., with a gross tonnage of about 
8,000 tons. There six large cargo holds, two of which 
and the ‘tween decks are fitted for the carriage of 
refrigerated meat, provisions and fruit cargoes. Though 
primarily a cargo ship, there is accommodation on the 
Orestes for native passengers. The propelling machinery 
consists of twin sets of eight-cylinder Burmeister and Wain 
four-stroke Diesel engines developing 6,000 shaft horse- 
power, sufficient to maintain a speed of over 15 knots. 
Four Diesel engines drive electric generators to supply 
the current for the winches, steering gear, ouadiinny 
machinery and lighting. 
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Tue provision of electricity supplies for small users 
of power and light in country districts, where the 
consumers are few and widely separated, is associated 
with great difficulties of an economic nature. As 
a contribution to the solution of this problem, many 
engineers have been impressed with the possibility 
of utilising the energy of prevailing winds for the 
purpose, and as a result there is now available a 
number of standard equipments of this type. Investi- 
gations, which were originally undertaken by the 
Research Branch of the Ministry of Agriculture, into 
the characteristics of these plants, have been con- 
tinued at the Harpenden Windmill Experimental 
Station of the Institute of Agricultural Engineering 
of the University of Oxford, and a report has been 
prepared, based upon the results, which was recently 
published by the Clarendon Press, Oxford, at a price 
of 28. 6d. net, 

Long employed for the purpose of grinding corn 
and pumping water, the idea of utilising windmills 
for the generation of electricity was suggested by 
Lord Kelvin, when he was Sir William Thomson, in 
his presidential address to the Mathematical and 
Physical Science Section of the British Association in 
1881 (Enainerrinc, ‘The Sources of Energy in 
Nature,” vol. xxxii, page 321). Early investigators 
were content to fit a simple generator to an ordinary 
pumping mill, but in the modern plants the wheel 
and generator, as well as the other details, are 
specially designed for the purposes they serve. The 
essential components of any wind-motor installation 
consist of the head-piece, which comprises that part 
which swings in the wind and carries the wind-wheel, 
and the structure used to support this head-piece. The 
generator may be mounted beside the wind-wheel 
or erected on the supporting structure, or on the 
ground. A direct drive is never used; spur or bevel 
gearing is commonly fitted, but in some cases a belt 
or chain drive is utilised. With but few exceptions, 
modern wind-wheels are designed to run with the 
plane of the wheel practically vertical and normal 
to the direction of the wind-stream. To obtain this 
condition a tail or rudder vane is fitted at right angles 
to the wheel, but is attached to the head-piece through 
springs. As the speed of the wheel increases, the 
output rises, and a stage is ultimately reached when 
the power transmitted to the generator exceeds the 
maximum safe load of the machine. This must be 
prevented, and the wheel be turned slightly out of the 
wind for the purpose, and so leave a smaller area exposed 
to the stream. A side or governing vane is therefore 
usually introduced, It is smaller than the tail-vane, 
and is fixed to the side of the wheel, and in a plane 
parallel to it. The tension cf the springs, by which the 
tail vane is attached, is so adjusted that as the wind 
speed reaches the safe allowable limit, the pressure 
on the side vane is sufficient to overcome their pull, 
and the wheel is turned at such an angle to the wind 
that equilibrium is established. 

Air currents, at heights from the ground to which 
the supports for a wind-wheel can be economically 
carried, change in direction and magnitude very 
rapidly. The range of fluctuation in speed varies 
from 2 to 3 miles per hour in low winds to as much as 
20 to 30 miles per hour in high winds. Some advantages 
follow if the blades of the wind-wheel have the cross- 
section of an aeroplane wing. If this stream-line form 
is used, the advantage of the suction effect at the back 
of the blade may be utilised in obtaining increased 




















Fic. 2. GENERAL VIEW. 


capacity. The formation of eddies behind the blades is 
fatal to the preservation of svream-line flow. Less 
harm is done by a structure in front of the wheel, and 
it is for this reason that where stream-line blades are 
used the wheel is erected behind the structure. One 
additional advantage occurs from this, in that no 
direction control is necessary, because the wind pres- 
sure on the wheel is applied behind the pivoting centre. 
These advantages are only obtained over the simple 
concave blade type at the expense of additional cost 
of manufacture. 

In the experiments at Harpenden, seven windmill 
generators were tested, varying in capacity from 0-25 
to 10 kw. It is obviously wrong to compare the 
results from sets of 250 watts and 400 watts capacity 
with those of the larger units, but it is doubtful whether 
any other form of electricity generating plant of the 
same rating will bear comparison with these small 
windmill sets on the score of cost per unit of power 
produced, A Garty-Apex set, made by The Glasgow 
Electrical Engineering Co., Limited, of Pitt-street, 
Glasgow, (see ENGINEERING, vol. cxx., page 70) at 
a height of 30 ft., generated at a cost of 12-7d. per 
unit, which was reduced to 9-5d., when the height was 
increased to 50 ft., and further diminished to 6-4d., 
when a high-efficiency type of wheel was used. The 
effect of height was also indicated in the tests of a 
Ventimotor, made by Patent Lighting Co., Limited, 
Friars House, New Broad-street, London, E.C.2. This 
was a 250-watt set, which gave results of 11-6d. per 
unit at 10 ft. 6 in. height and 10-3d. at 19 ft. 6 in. 
height. An Airolite, made by Messrs. Telford, Grier 
and Mackay, Limited, of Carrick-street, Glasgow, of 
1-5 kw. capacity, showed an improvement from 11-3d. 
to 8-7d. per unit where a high-efficiency wheel was 
introduced. Machines of 5 and 10 kw. supplied 
by Messrs. Young, Osmond and Young, Limited, 
Stafford House, Norfolk-street, London, W.C.2, and 
Aerodynamos, Limited, of 91, Bishopsgate, London, 
E.C.2, respectively, gave an electrical unit of actual 
power produced for 4d. The cost of windmill gene- 
rated electricity for small lighting and small power 
purposes was thus found to be quite reasonable, and 
such as justifies its wider use in rural districts where 
there is no general supply. 





Leap In OntarRt10.—The Agent-General for the Ontario 
Government, 163, Strand, London, W.C. 2, informs us 
that, owing to the increasing demand for lead, immediate 
steps are being taken to double the production of the 
principal lead mine in Ontario, 40 miles from Ottawa. 





1,000-H.P. DIESEL-ELECTRIC 
LOCOMOTIVE. 


ELxEctric propulsion in ships has established itself 
in some spheres of work in a fairly definite way. 
The self-contained electric locomotive, however, has 
not developed to quite the same extent, although a 
considerable amount of work has been done in various 
parts of the world in connection with it. There are 
evidences that this method of traction is attracting 
increasing attention in spite of the fact that the diffi- 
culties of the problem are very considerable. We 
illustrate, in Figs. 1 to 6 on this and the opposite page, 
a machine showing evidence of some progress in this 
direction, in the form of a Diesel-electric locomotive 
built by the Baldwin Locomotive Works, Philadelphia, 
and run on several railways recently by way of trial 
and demonstration. On one such test for example 
from Reading to Tamaqua, the average fuel consump- 
tion, over many runs, with a 1,000 ton train, was 
3-3 galls. (American) of fuel oil per 1,000 gross 


ton-miles. The run is 40 miles, some 30 of 
which are on gradients of about 1 in 143. 
Up these the train travelled at 16 m.p.hb. 


On the down grade as heavier train was handled 
on a lower fuel consumption, namely 2,000 
tons, at an expenditure of fuel oil of 1 gallon per 1,000 
ton-miles. The maximum tractive force is rated at 
52,200 lb., the total weight of the locomotive being 
275,000 lb., and the total rated capacity of the motors 
being 800 h.p. 

As will be seen from Figs. 1 and 2, the engine has 
two six-wheel bogies, each with ‘a wheel base of 
12 ft. 8 in. The total wheel base is 38 ft. 4 in., and 
the total length just over 52 ft. From rail to top of 
cab is 14 ft. 7 in.; the overall width is 10 ft. 5 in. It 
will be noted that the main frame is not continued 
beyond the bogie centres, though the cab overhangs 
bothends. This frame, of 20 in. channel section, carries 
the generating set. 

The engine of this set is of somewhat unusual 
construction. There are two parallel crankshafts, 
on each of which are two groups of three cylinders, 
of 9}in. bore by 13}in. stroke. Thus there are 12 
cylinders in all, each one being paired with the corre- 
sponding cylinder on the opposite shaft. This arrange- 
ment is clearly visible in Fig. 6. To give more room 
in the cab, the cylinders are not vertical, but are inclined 
towards the centre. This facilitates the connection of 
each pair of cylinders to a common combustion 
chamber. The fuel is supplied through a single nozzle 
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Fic. 6. MACHINE IN CouRSE OF ERECTION. 





1,000-H.P. DIESEL ELECTRIC 


LOCOMOTIVE. 
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Fia. 5. Marin ENGINE AND GENERATOR ON TEST BED. 


of the solid injection type to this 
chamber, in which proper scaveng- 
ing is ‘maintained by setting one 
piston ahead of the other. The 
engine is of the two-stroke type, 
rated at 1,000 h.p. The jacket 
water cooling arrangements are 
very complete. A large honeycomb 
radiator is situated at each end of 
the locomotive as shown in Fig. 3, 
so that cooling is well maintained 
in either direction of running. The 
fan at one end is driven direct 
from the main drive; the other is 
motor driven. The water tanks 
are carried above the engine. The 
fuel tanks, with a total capacity of 
750 gallons, are suspended from 
the underframe. 

The engine drives the generator 
shaft through double helical gears. 
The inclination of the cylinders 
makes the crank shaft very acces- 
sible, as may be seen in Fig. 4. 
The engine speed is 450 r.p.m., that 
of the generator being 1,200 r.p.m. 

The generator is shown in Fig. 5. 
The motors, and control gear were 
made by the Westinghouse Electric 
and Manufacturing Company, East 
Pittsburgh, U.S.A. The generator 
is of the separately excited and 
self-ventilated pattern, of 750 kw. 
capacity, producing 750-volt direct 
current. This machine supplies 
current to the driving motors, of 
which there are four, each 200 h.p. 
They are geared direct to the outer 





axles of each bogie (the middle axle being idle) by a 
flexible coupling in which the initial shock of starting is 
taken up by a relative movement between the rim 
and the gear centre. The springing of the axles 
merits notice, as there is a pair of springs to each 
wheel, one inside and one outside the framing. By 
this means more room is given in a vertical direction 
for the cab. 

Control is effected by Westinghouse electro-pneu- 
matic gear, from the driving platform at either end 
of the locomotive. The engine is started in the 
normal manner by compressed air, the pressure used 
being 120 Ib. per sq. in. When running it is controlled 
by a throttle valve, the lever of which is situated on 
the master switchboard at the driving platforms. 
Below this throttle lever is a field lever which connects 
the traction motors to the generator, by means of 
four electro-pneumatic switches. This lever also 
provides the means of varying the field resistance of 
the generator, this being done by the operation of 
magnetic contactors. The variation in engine speed, 
together with that in the generator field resistance, 
alters the voltage of the current delivered to the 
traction motors and so varies the speed of the loco- 
motive. The control board also carries a reverse lever 
which is mechanically interlocked with the field lever. 
It controls two electro-pneumatically operated re- 
versers which by changing the field connections of 
the traction motors, reverses the locomotive. It has 
two positions in both forward and reverse. The first 
puts in the full field of the traction motors for 
accelerating purposes; while, for running at higher 
locomotive speeds, the full engine horse-power is 
utilised by using the short field connection given by 
the second notch. Series-parallel operation of the 
traction motors is also arranged for use in shunting 
at sidings. 

The locomotive carries a number of auxiliaries, of 
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which ag eee compressed air set is the”most 
important. is consists of three electrically driven 
Westinghouse compressors. The current, of 600 volts 
is normally furnished ky the main generator, and they 
are controlled by a pneumatic governor switch. 
The air is used for the electro-pneumatically operated 
switches and cam groups, as well as for the air 
brake system, being reduced to 70 Ib. for the former 
purposes through a reducing valve and cut-out. To 
obtain the necessary air pressure for starting the 
main engine, however, a small four-cylinder petrol 
engine is connected with the motor shaft of one of 
the compressors by means of a clutch. This set is 
shown in Figs. 4, 5 and 6, situated partly above the 
generator. Another auxiliary is a small 2-kw. gen- 
erator for energising the control and supplying current 
for the lighting circuits. This is driven by the Diesel 
engine and is controlled by the usual regulator panel. 
It is also utilised for charging the 32-volt 120-amp.-hr. 
storage battery, which is used, when the Diesel engine 
is not running, for the above-mentioned services. The 
engine is the largest of its type hitherto constructed 
in the United States. 





VELOCITY OF DETONATION OVER 
SHORT LENGTHS OF EXPLOSIVES. 


THE properties of the explosives, which may be used 
in fiery and dusty mines and which are all of the 
detonating class, depend upon the velocity with which 
they detonate. The nature of the shock wave and the 
rate of the pressure rise and fall vary with that velocity. 
The determination of this rate in columns of ex- 
plosives of small length is very difficult. The method 


Fig. 1. 
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usually employed was described before the Congress 
of Applied Chemistry, held at Berlin in 1903, by 
Mettegang, of the Carbonite explosive works at 
Schlebusch. He made use of a Siemens spark chrono- 
graph; the advancing wave broke the two wires of a 
primary electric circuit and produced secondary spark 
spots on a revolving drum provided with a smoked 
surface. The average velocity of detonation of a fuse 
of trinitrotoluene—a material often selected for such 
experiments because it is fairly homogeneous—is 
about 5,000 m. per second; the wave would take 
2 x 10-* second to travel 1 cm. in this material and 
the revolving drum would require a peripheral speed 
of 250 m. per second to give a trace of 0-05 mm. 
for that travel of lcm. The Mettegang method was 
used by Mr. E. Jones in his experiments de- 
scribed in Paper No. 22 of the Safety in Mines 
Records Board (H.M. Stationery Office; price 9d.). 
The paper is entitled ‘‘ A Method for the Determina- 
tion of the Velocity of Detonation over Short Lengths 
of Explosive.” 

The condenser method used by Mr. Jones was pro- 
posed by Robert Sabine in 1876 and applied in 1900 
by Michael Radakovi¢, in order to determine the velocity 
of flying bullets passing through two wire gratings 
only 8-5 cm. apart. Use is made of the partial dis- 
charge of a condenser C through a known non-inductive 
resistance R during a short time interval ¢. If the 
circuit be broken before the discharge of the charge 
% on C is complete and the remaining charge is gq, 


then ¢ = CR log e >. Radakovié had himself 


experimented with detonator charges down to 20 cm. 
in length; but he and others after him found 
considerable difficulties in these measurements. The 
arrangement used by Mr. Jones is illustrated in the 
diagram, Fig. 1. The explosive is ignited near the 
Aend. At A and B,/ cm. apart, wires pass through 
the mass of TNT. A small current from the battery E 
flows through the cirsuit EARBD and charges the 
condenser. When the detonation breaks the circuit 
at A, the condenser begins to discharge through 
R, and this continues until the circuit is again 
broken at B. ‘There will be a residual charge left 
in the condenser which is determined by depressing 
the key K; the initial charge had previously been 
measured by operating the same key. Then the velo- 


city v of the detonation wave will be deduced from 
a= 5 the ¢ being found by the above formula. The 


method was checked by pendulum contact measure- 
ments and also by the ballistic arrangement of B. 
Hopkinson, in which an impact applied to one end of 
a bar makes a contact piece fly off from the other end. 
This arrangement was further utilised in order to 
a the current interruption, not directly by the 

reaking of the wires, which had to be made thin, 
in the mass of the explosives, but by resting two long 
steel bars on the stick or lead sheath of the explosive, 
and placing a contact block on the top of each rod. 

With these improvements the deduced velocities, 
which had varied between 4,780 m. and 5,580 m., 
in a length of 10 cm., became much more con- 
cordant and generally smaller than the correspond- 
ing Mettegang values. A fuse of 5 cm. length gave 
4,738, 4,757, 4,747, 4,769 m., a variation of + 1-5 
per cent., against the Mettegang value of 4,950 m.; 
the detonation wave travelled either from left to right 
or from right to left. In experiments with a fuse 2 cm. 
in length the velocity variations amounted to + 4 per 
cent. In the further experiments the arrangement of 
Fig. 2 is to be tried so that simultaneous determinations 
can be made over two consecutive lengths of the ex- 
plosive. When the wave reaches wire a, the battery 
E will be cut off and the condenser will begin to 
discharge through RcAbB, this circuit being of negligible 
resistance compared with that of the galvanometer 
circuit. When the wave reaches wire ), the discharge 
will pass through the galvanometer, until ¢ is also 
broken and the discharge is stopped. 





That the method has proved applicable had mean- 
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while been established independently by Mr. J. E. 
P. Wagstaff, of Leeds, whose paper on the subject 
was published in the Proceedings of the Royal Society 
in March, 1924. But there are various sources of 
error and great difficulties of insulation, mechanical 
lag, &c. Klopsteg, using a similar method in 1919, 
had pointed out that the detonation was accom- 
panied by intense ionisation, and that as a conse- 
quence the condenser discharge would continue after 
the breaking of the second wave. Mr. Jones admits 
the possibility of ionisation, and he also points to 
errors arising from electrostatic charges. But time 
intervals of the order of a millionth of a second can 
be measured with fair accuracy. 





CATALOGUES. 


Mill Machinery.—The Mirrlees Watson Company, 
Limited, Scotland-street, Glasgow, have issued a number 
of well-printed illustrated catalogues, in the Spanish 
language, of sugar mill and other plant. 

Electric Cable Boxes.—Messrs. Ferranti, Limited, 
Hollinwood, Lanes., have issued a number of leaf cata- 
logues, each illustrating a different pattern of cable 
box and containing full tables of dimensions, prices and 
other necessary particulars for ordering. These cables 
boxes are mainly intended for use with oil-immersed 
transformers. 

Electrical Heating Elements.—The American Resistor 
Corporation, New York, have sent us a catalogue of their 
globular electrical heating elements, which may be 
fitted into all kinds of ovens, furnaces, fans, and domestic 
and industrial appliances for applying heat. The stan- 
dard elements are 3 in. to 60 in. in length, and } in. to 
1 in. in thickness. 

Electrical Plant.—The Electric Construction Company, 
Limited, of Wolverhampton, and of Kingsway, London, 
W.C.2, have issued a catalogue consisting mainly of 
illustrations of their products and workshops, but 
including some prefatory notes and tables of technical 
data. This is the third edition of a publication entitled 
** Modern Electrical Plant.” 

Pyrometers.—The Foster Instrument Company, Letch- 
worth, Herts., has issued a new catalogue of pyrometers, 
giving an account of the practical applications of these 
instruments in many different industries. Auxiliary 
apparatus for recording, automatic temperature con- 
trol, alarm signalling, &c., is also dealt with. The 





catalogue may be read with advantage by all industrial 
managers and engineers who have to deal with the 


practical regulation of heat. Some of these instruments 
were described in our 119th volume, on pages 80 and 176, 


Lapping Machine.—Messrs. B. S. A. Tools, Limited, 
Sparkbrook, Birmingham, have sent us a catalogue 
describing their lapping machine for precision work. 
This is a vertical-spindle machine, with a work holder 
located between two horizontal lapping surfaces, and is 
intended for simultaneously finishing a number of pieces, 
such as gudgeon pins, piston rings, small shafts for 
instruments, &c. The work holder is given an oscillatory 
motion between the two laps which revolve in opposite 
directions. 


Small Oil Engines.—A supplement to their engine 
catalogue illustrating the many kinds of plant with 
which their engines are employed to form independent 
units has been issued by the Parsons Motor Company, 
Limited, Southampton. These include electric generators, 
pumps, air compressors, stone crushers, welding machines, 
hoists, &c. Small locomotive and stationary engines 
with belt pulleys are also shown. Prices are stated in 
each case. Many of the plants are portable, either by 
hand or power haulage and some are mounted on 
motor lorries. 


Steam Turbine Blades.—The process of making and 
methods of fixing blades in steam turbines for high- 
pressure work are described in a catalogue issued by 
Messrs. C. A. Parsons and Co., Limited, Newcastle-on- 
Tyne. With the rise in pressure, temperature and speed, 
blades of brass and of steel machined or stamped from 
the bar have been superseded by mild-steel blades formed 
by rolling the blade integral with its root or distance- 
piece. With this process of manufacture, the fibres 
of the steel lie in the direction, giving the greatest strength 
for resisting working stresses. 


Textile Mill Motors.—The extending application of 
electric motors to individual machines is well exemplified 
in the textile industry, especially in weaving. In a 
catalogue issued by the Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester, a 
weaving shed at Blackburn is illustrated containing 
350 looms, each driven by a separate motor. These 
motors are of $ h.p. and ? h.p., and run at 945 r.p.m. 
on three-phase 50-cycle 200-volt current. Steam turbine 
rope drives are also shown. It is stated in the catalogue 
that alternating-current motors are more suitable than 
direct-current motors, and that, as compared with 
line-shaft drives, the speed of the looms can be slightly 
in . 

Coal and Iron.—The Consett Iron Company, Limited, 
Consett, Co. Durham, have sent us copies of their 
catalogue in handbook and pocket-book sizes, both 
neatly printed and well bound. The main products of 
the company are :—Coal, coke and its many by-products ; 
pig-iron, steel in ingots, slabs, castings, plates, sheets, 
joints, rails and other sections ; silica bricks ; firebricks ; 
and other ancillary products, such as slag, lime and 
limestone. These, however, are only general headings, 
each of which covers many articles and, in addition, the 
catalogues show large plants for use in rapidly-bunkering 
or loading ships up to about 9,000 tons capacity with 
coal. The catalogues are general lists, but the principal 
steel sections are illustrated, and certain technical data 
required in making up estimates, inquiries or orders are 
included. 

Water-screening Machines.—Messrs. F. W. Brackett 
and Co., Limited, Colchester, have sent us a catalogue 
of their water-screening machines with self-cleaning 
apparatus. The machine consists of an endless belt 
of metal links and perforated panels. The lower part is 
located in the flowing water, and the upper part is 
subjected to the action of jets of water under pressure. 
The belt, in continuous motion, catches and lifts the 
leaves, twigs and fibrous matter, and these are washed 
off at the top by the jets. A second machine consists 
of a large disc with similar action. The first is adaptable 
to varying levels and the second to constant leveis. 
They are used in connection with large power stations, 
and one of the former type installed at the Barton 
power station was illustrated and described in our 
issue of March 19 Jast on page 354. 

Roadmaking Machinery.—The construction of an 
asphalt surface on roads, of the kind known as “sand 
carpet,” involves a continuous process of preparing the 
bitumen and sand mixture of which it is composed, as 
well as the laying and rolling, which must be done while 
the material retains a certain amount of the heat 
imparted to it in preparation, The latter includes 
drying, heating, screening, weighing and mixing, and 
the Marshall-Cummer plant for this purpose is the subject 
of a special catalogue issued by the makers, Messrs, 
Marshall, Sons and Co., Limited, Gainsborough. The 
plant is built on a truck, which is portable, and is made 
in three sizes capable of delivering 4 to 6 tons, $ to 10 
tons, and 12 to 15 tons, and the road surface covered will 
be about 100 square yards per ton. Machinery of this 
kind, however rough it may appear, calls for the highest 
qualities of material, design and workmanship, and those 
engineers interested in the subject will certainly welcome 
such a carefully-prepared catalogue. 

o 





Tue InsTITUTION OF AERONAUTICAL ENGINEERS.— 
We understand that Mr. R. L. Howard-Flanders, who 
has acted as honorary secretary to the Institution of 
Aeronautical Engineers since the end of 1921, has found 
it necessary, owing to pressure of other duties, to relin- 
quish that office, and that Mr. W. Villa Gilbert will now 
act in that capacity. Mr. Gilbert will be pleased to 
answer any inquiries relating to the work of the Institu- 
tion, the offices of which are at 34, Broadway, West- 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in ee where none is mentioned the Specification is not 


illustrated. 
Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 
—_ of Specifications may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 


The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed” is — 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 





ELECTRICAL APPARATUS. 


244,195. G.F.Shotter, New Southgate Electrical 
Apparatus for Measuring Level and Flow of Liquids. 
(11 Figs.) September 23, 1924.—The invention relates 
to apparatus for the measurement of the level or flow 
of liquids. The invention comprises a main pair of 
electrodes 9, 12 immersed in liquid, a compensating pair 
of electrodes, 8, 12 immersed therein to a constant 
degree, an electrical generator 15 and a resistance indi- 
eator which has a control-producing circuit 13, 14 and 
a circuit to provide a deflecting force 16. The generator 
15, control-producing circuit 13, 14 and the compensat- 
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ing electrodes 8, 12 form one closed circuit, and the 
generator 15, the circuit to provide the deflecting force 
16 and the main electrodes 9, 12 torm another closed 
circuit, wherein the distance between the main electrodes 
9, 12 is varied in accordance with the level or flow of the 
liquid which is to be measured. One, 12, of the main 
electrodes, 9, 12, is fixed and the other 9 is connected 
to a float 11 in the liquid whose level or flow is to be 
measured. The main electrodes 9, 12 and the com- 
pensating electrodes 8, 12 are disposed in the separate 
legs of a U-tube 1. The electrodes have a common 
cathode 12.—Accepted, December 23, 1925. 


244,889. British Insulated and Helsby Cables, 
Limited, Prescot, and J. L. Packer, Prescot. Metal 
Sheathed Electric Cables. (6 Figs.) November 20, 
1924.—-The invention has reference te metal covered or 
sheathed electric cables. Under this invention the 
outside of a metal sheathed cable, or the armouring is 
furnished with a covering 4 consisting of waterproof and 
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insulating material or relatively great thickness which is 
enclosed in a layer of impregnated tape or like wrappings 
or tapings 2, distance pieces 3 supporting the wrapping 
or windings 2 and preserving the concentricity of the 
same. The spaces between the distance devices or 
pieces 3 are filled with the waterproof insulating compound 
or covering 4. The thick protective covering 4 is cen- 
trally held in the cable. (Accepted January 6, 1926.) 


246,695. A. Parkinson, Guiseley, Leeds, and 
F. and A. Parkinson, Limited, Guiseley, Leeds. 
Dynamo Electric Machinery. (3 Figs.) April 1, 
1925.—The invention has relation to dynamo electric 
machines, such as motors, of the totally enclosed type 
provided with means by which the air enclosed within 
the machine is caused to circulate and be brought into 
contact with surfaces that are cooled by the passage of 
air in relation thereto and external to the machine. The 
invention comprises an annular casing 14 or 15 mounted 
on each side of the stator core to constitute therewith, 
and the machine framing 10 an annular duct or passage 17 
extending from one end of the machine framing to the 
other. Stationary end plates 18, 19 are mounted on, or 
integral with, the shaft bearings and each extends to, 
and makes joint with, the outer end of an annular 
casing 14, 15 so as to shut off the rotor completely from 
the annular duct or passage 17. A fan 31 is mounted 
on the rotor shaft on the outer side of the stationary 
end plate 18 to propel air through the annular duct or 


he 


the rotor 12 to guide the air enclosed within the 1 


inner sides of the stationary end plates 18, 19, and on 


245,256. David Brown and Sons (Huddersfield), 
Limited, Lockwood, Huddersfield, and P. Brown, 
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the inner sides of the stationary end plates. 
February 10, 1926.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


245,567. The Birmingham Small Arms Com- 
pany, Limited, Small Heath, Birmingham, H. 
Briggs, Small Heath, Birmingham, and T. Richard- 
son, Small Heath, Birmingham. Valve Gear. 
(4 Figs.) December 5, 1924.—The invention consists in 
the provision of means whereby the pressure of separate 
springs adapted to control the men rods of overhead 
valves can be simultaneously varied or adjusted at will, 
and set to any predetermined value, and such value 
indicated by suitable markings. A bridge piece 1 is 
mounted on studs 3 on the sides of the crank-case 4, 
and held in position by nuts 8. The washers interposed 
between the nuts 8 and the slotted legs of the bridge piece 
are serrated, as also are the legs of the bridge. In‘ the 
upper member of the bridge piece are holes to receive 
spigoted register washers 11 against which the upper 
ends of springs 12 abut. 13 are the push rods on the 
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lower ends of which are flanged sleeves 14, which form 
a support for the lower ends of the springs 12. The 
sleeves 14 are provided with a recess 15 in their 
lower ends for engagement with the upper end of the 
tapper rods 16. 17 is a central stud which holds the tappet 
guide locking plate 18 in position on the crank-case 4, 
and is arranged to project through a central hole in the 
upper member of the bridge piece 1. It is threaded 
to receive adjusting nuts 20. Adjustment of the tension 
of the springs 12 is effected by slackening the nuts 8; 
then, by adjustment of the nuts 20 on the stud 17, the 
bridge piece 1 may be depressed or permitted to rise. 
When the springs have been adjusted the bridge piece 1 
is again fixed in position by tightening the clamping nuts 
8, which bring the serrations in the washers into engage- 
ment with those in the legs of the bridge piece. Accepted 
January 20, 1926, 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


244,646. H. F. Marles, Newark. Ball or Roller 
Bearings. (4 Figs.) May 25, 1925.—The invention 
refers to separators or cages employed for separating 
the balls or rollers. According to the invention a 
separator and cage for use in connection with ball or 


Fig.2 





roller bearings is formed from a single strip of metal a, 
which is first of all bent so as to provide a series of 
open-sided bays or recesses 6, which are closed after the 
cage is in position relative to the balls by bending over 
the projecting legs c provided between the separate 





passage 17, and members 33, 35 are mounted on the 





pockets. (Accepted December 31, 1925.) 


and set in motion by the rotation of the rotor, into contact 


with the inner wall of the annular duct or passage and 
(Accepted 


Lockwood, Huddersfield. Cutting Gear Teeth. 
(4 Figs.) November 27, 1924.)—The invention relates 
to the cutting of gear teeth by means of cutters of “ rack ” 
form. According to the invention, a cutter block b 
is employed having a number of projecting wings or 
plates 61, 62, 63, 64, each of which is formed as a rack 
cutter, a suitable holder being provided for the block b 
to enable any wing or plate to be presented in cutting 
position. The wings or plates are each formed as a rack 





cutter, and from the commencing plate the successive 
sets of cutting teeth are of gradually increasing size, 
the last or largest set or sets being finishing teeth and the 
preceding sets roughing teeth. The smallest set is 
first employed to rough out tooth spaces in a blank ; 
the block is partially rotated at intervals to present 
successively the remaining roughing sets, to enlarge 
gradually the tooth spaces; and finally the finishing 
set or sets is, or are, presented to impart the final correct 
shape to the teeth of the blank. (Accepted January 13, 
1926.) 


MINING, METALLURGY AND METAL- 
WORKING 


246,627. B. Talbot, Middlesbrough. Metal- 
lurgical Furnaces. (6 Figs.) December 5, 1924.—The 
invention relates to metallurgical furnaces for the manu- 
facture of iron and steel of such a character and capacity 
that they can be operated continuously, either reversible 
or uniflow, with the maintenance on the hearth or 
hearths of a very large quantity of molten refined metal. 
According to the invention, furnaces are constructed 
at an intermediate point or points along their length 

















with one or more upward transverse bulges v in ‘the 
hearth, and preferably also in the furnace casing w 
which supports the hearth, and a tap-hole p is provided 
at the level of the hearth upon such bulge or bulges and 
a suitable aperture r or apertures provided in the oppos- 
ing wall of the furnace whereby the tap-hole or tap- 
holes can be controlled by the furnaceman. Such 
transverse bulges may extend completely across the 
furnace hearth or may be local bulges confined to the 
region of tke tap-hole. (Accepted February 10, 1926.) 


MOTOR ROAD VEHICLES. 


245,576. C. Price, Altrincham, and F. C.' Price, 
Altrincham. Road Locomotives. (5 Figs.) Decem- 
ber 15, 1924.—The invention has reference to scarifiers, 
such as are attached to road locomotives. In a prior 
Patent No. 161,005 nuts were indicated for slightly adjust - 























ing the angle of a tool holder, and a resilient block for a 
sliding auxiliary frame. It has also been proposed to 
have a tool-holder pivoted to an auxiliary frame made to 
slide together with the tool adjusting gear in a main frame. 
According to the improvements, the tynes or tools d 
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are mounted in a tool holder c carried on a shaft or axle 
bl, and the tool holder c is movable angularly by gear 
h2, h} worked by a lever h. The tool holder c and the 
gear h®, h3 are mounted on an inner frame or carrier b, 
which is movable in and guided by an outer frame a, 
the inner frame 6 being movable against the action of 
springs g or elastic media located thereover. (Accepted 
anuary 20, 1926.) 


245,521. H. C. Webb and Co., Limited, Birming- 
ham, and G. L. Atkinson, Birmingham. Vibration 
Dampers. (1 Fig.) September 10, 1924.—The inven- 
tion has relation to a vibration damper for use in con- 
nection with the spring fork of a motor cycle. 1 is the 
headstock of a motor cycle through which extends the 
steering pillar 2. The steering pillar 2 carries trans- 
verse elements 3, 5, to which, respectively, are pivoted 
links 4, 6 arranged in pairs. The links 4, 6 are secured 
at their other ends to a spring fork 7. The links 
4 are connected at their free ends to a spindle 8, which 
extends transversely between the forks 7. Mounted on 
the spindle 8 is a sleeve 9, which is held against rotation 














relatively’ to ‘the spindle 8. Embracing the sleeve 9 
is a split band ‘10, the jaws 11 of which are adapted to be 
drawn together by a threaded spindle 12, which ex- 
tends through the jaws and engages with a socket 13 
which is also screwed. The free end of the spindle 12 
receives the sleeve 14, which is held tight against one of 
the jaws 11 by a compression spring 15 situated between 
the sleeve 14 and the knurled head 16 of the spindle. 
The band 10 is provided with a radial extension 
hinged to lugs on the lower end of the steering pillar. 
If the spindle 12 is operated so as to draw the jaws 11 
together, a friction grip is exerted upon the sleeve 9, 
and vertical movement of the fork 7 is restricted. 
(Accepted January 20, 1926.) 


PUMPS. 


241,635. S. P. Christie, Bawtry. Internal 
Combustion Pumps. (2 Figs.) July 26, 1924.— 
The invention relates to internal combustion pumps of 
the liquid-piston type operating on the two-stroke 
cycle in which a gas-intake chamber 7 is provided 
separate from the combustion-chamber 5, but in open 
communication with the lower end thereof whereby a 
reciprocating flow of liquid will take place in the gas- 
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intake chamber as well as in the combustion-chamber. 
According to the invention the valve 12 to control the 
conduit communicating between the gas-intake chamber 
and the combustion chamber is operatively connected 
with the exhaust valve 11 of the pump in such manner 
that the exhaust valve on closing will effect the closure 
of the transfervalve, and on opening will leave the transfer 
valve free to be opened, say by means of a spring. Con- 


a device for timing the opening of the transfer valve. 
The valve 12 is interconnected with the exhaust valve 11 
in the following manner: The transfer valve 12 is adapted 
to be closed by movement of a pivotedrocker arm 13, one 
end of which is positioned to engage a plate 14 carried 
at the outer end of the transfer valve spindle. The 
other end of the rocker arm 13 is coupled by a connecting 
rod 16 to a pivoted lever 17 which in turn makes a pin- 
and-slot connection with the spindle 18 of the exhaust 
valve. In the position of the partsas illustrated, the rocker 
arm 13 is in engagement with the plate 14, and the 
transfer valve is thereby prevented from opening. The 
left-hand end of the rod 16 passes through an aperture 
in the rocker-arm 13 and terminates in a head 30, and 
between the head 30 and the arm 13 a stiff spring 31 
surrounds the rod. When the exhaust valve moves into 
the open position the lever 17 is swung over to the left 
and the arm 13 is no longer held against the plate 14. 
So far as the interconnection between the two valves is 
concerned, the transfer valve is now free to open. It is, 
however, locked against opening movement by a timing 
device comprising a push rod 19, the upper end of which 
is adapted to be moved into and out of engagement with 
the plate 14 and the lower end of which is connected 
to a plate 20 actuated by the flow. This arrangement is 
such that on the outflow of the liquid-column the plate 
20 holds the rod 19 in the locking position, but on the 
inflow of liquid the plate will be moved so as to pull 
the rod 19 into a position clear of the plate 14. (Accepted 
November 4, 1925.) 


SHIPS AND NAUTICAL APPLIANCES. 


245,841. S. B. Freeman, Birkenhead. Ships’ 
Bilges. (5 Figs.) October 14, 1924.—-The invention 
comprises improvements in and connected with apparatus 
for the pumping of ships’ bilges. The installations 
usually provided comprise a pump, or pumps, and a 
bilge suction pipe line, fitted on its suction end with a 
strum or strainer which is placed in a recess or well in 
some part of the double bottom or in the side bilges. 
According to the invention, emergency connections are 
provided of such a nature that, upon a rise of bilge water 
level taking place due to the choking of the strum or 
strainer, such water has ready access to the interior of 
the strainer and so to the suction pipe, through the 
emergency connections. In order to guard against a 
stoppage of pumping due to the possible choking of an 
emergency connection, the latter, at any level, may be 
duplicated or triplicated and so on, and such connection 
or connections may be. provided at several different 
levels, so that at each rise of the water a fresh emergency 
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connection comes into play. A hold of a ship is shown 
fitted with a rising pipe a, which is connected with the 
strum or strainer 6 of a bilge pump suction pipe c so as 
to communicate with the interior of such strum. The 
upper end of the pipe a is advantageously freely open to 
the atmosphere. At different levels the rising pipe is 
fitted with branch connections or elbows e advantageously 
with their orifices directed downwards. If the strainer 6 
should become choked, water will rise in the bilge o 
until it reaches the lowermost bends or elbow branches e, 
whereupon it will pass through these to the interior of 
the strainer and will be pum away through the 

ipe c. In the event of the elbows at the first level 

ecoming choked, then the water will rise to the next 
level and pass through the elbows there to the suction 
strainer and so on. The branches e and pipe a thus 
constitute auxiliary or emergency connections for the 
pumping away of bilge water in the event of failure of 
the normal service under the conditions referred to above 
(Accepted January 27, 1926.) 


245,933. Thomas Walker & Son, Limited, 
Birmingham, T. S. Walker, Birmingham, and J. 
Walker, Birmingham. ShipLogs. (1 Fig.) January 
9, 1925.—The invention relates to ship logs of the sub- 
merged type. According to the invention, the housing 
of a submerged ship log is in direct communication with 
a supply of lubricant, and the construction of the log is 
such that lubricant has access through the transmission 
mechanism to the lowest bearing or bearings of the 
rotator spindle. A and B are a speed indicator and a 
distance indicator, respectively, connected electrically 
with an electrical make-and-break mechanism C enclosed 
within a chamber D fitted with a pressure gauge D1, and 
in communication with which is arranged an oil pump E. 
The make-and-break mechanism C is actuated by a 





veniently there is combined with the above arrangement 


rotary member H attached to a flexible cable J extending 





to a tubular receptacle M bolted within the hull N of a 
vessel. Within the receptacle M is a divisible tubular 
housing O containing in the upper part the log trans- 
mission mechanism P, and in the lower part the rotator 
spindle Q and the rotator (not shown). After passing 
through the end cover L, the casing K of the cable J is 
continued to the upper plate R of the transmission 
mechanism P, to which plate it is secured. The flexible 
cable J is operatively connected with a spindle S of the 
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transmission mechanism, to another spindle T of which 
the rotator shaft Q is also operatively connected. In 
use the chamber D, flexible casing K and housing O are 
first filled with oil by means of the pump E, until the oil 
is observed to be escaping past the lower bearing of the 
rotator, and the log is then lowered into the receptacle M 
and fitted up for use. Periodically the pump E is 
operated, thus driving a supply of fresh oil completely 
through the entire system and expelling all used oil and 
any grit or water that may have found its way into the 
log. (Accepted January 27, 1926.) 


(‘STEAM ENGINES, BOILERS, EVAFO- 
RATORS, &c. 


244,539. A. W. Bennis, Little Hulton, Bolton. 
Water Heating and Steam Generating Boilers. 
(10 Figs.), September 25, 1924. The invention relates 
to water heating systems. The upper section 1 of a 
header and the lower section 2 of the header are arranged 
in parallel but in adjacent planes, the upper section 
being connected to a steam or water drum 3 by tubes 4, 
while multiple nipple or pipe connections 5 connect the 








(244539) 


upper section 1 to the lower section 2. The lower section 
2 is connected to a downtake header 6 by a bank of 
water heating and steam generating tubes 7, while one 
or more auxiliary headers 8 are provided, the same being 
connected to the steam or water drum by one or more 
pipes or nipples 9. The auxiliary header 8 is connected 
to the downtake header 6 by one or more nipples or 


tubes 10. (Sealed.) 

4 
244,508. A Green, Coventry. Stuffing Box 
Joints. (1 Fig.) September 13, 1924.—The invention 


comprises improvement in stuffing box joints. According 
to the invention, the stuffing box has at each end one, 
or a pair, or more packing rings 5, each of substantially 
U section, and respectively one, or a pair, or more 
metal washers 7 adapted to fit within and expand the 

acking rings, in combination with a spring 8 disposed 
er these washers 7 or a pair thereof and tending 
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to force them into the packing rings. The packing rings 
5 may be of leather and are of substantially U section, 
the interior being substantially parallel near the base and 
having a tapered mouth or opening. The metal washers 
7 may be solid and of U of wedge shape, so arranged that 
when forced into the mouth of the packing ring the latter 
is expanded so as to make contact with the interior 
wall of the housing 3 and with the shaft 1 which is 
being supported. (Sealed.) 
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THE GEOMETRY OF THE HELICAL 
WATER TURBINE. 


By Nicuoxias Pororr. 


Or all the water turbines which have been 
constructed up till now, or are under process of con- 
struction at present, the largest in dimensions are 
two turbines of the Lawaczeck system, ordered by 
the Board of Waterfalls of the Swedish State from 
the Finshyttan Works in Sweden tor the Lilla-Fdet 
power plant. These turbines, having a runner 
wheel of 6 m. in diameter, are to work at 62-5r.p.m., 
and at a head of 5:6 m. to 7-0 m.; the normal 
output at a head of 6-5 m. being 10,000 h.p., which 
corresponds to a specific speed (ns) of 600. These 
turbines are constructed under the patents of 
Dr. Engineer Franz Lawaczeck, in accordance with 
the principle of adapting helical surfaces to the 
vanes of turbine runners, which he was the first to 
work out. The first of these turbines has now been 
in operation since February 16 of this year. 

The interest aroused both by the Lilla Edet 
turbines because of their record size, as well as 
by the principles on which their construction is 
based, induced the author some time ago to make 
a search in technical literature for data concerning 
Lawaczeck’s turbines and the principles he adopted. 
However, in the comparatively scanty literature 
referring to these turbines, as well as in patent 
specifications*, th2 essential points are only 
mentioned vaguely, and an article by the chief 
constructor of the Finshyttan Works, Mr. C. E. 
Svala, alone referred to “‘the principle of dividing 
the velocity of the water into three components,” 
on which Dr. Lawaczeck’s theory is founded. 

Having found that technical literature was lacking 
in data on this point, the author decided to analyse 
the question, taking ‘“‘ the principles of dividing the 
velocity of the water into three components ”’ as 
the starting point. Asa result, the conclusion was 
reached that the theory of Dr. Lawaczeck, which 
leads to runner vanes in the form of helical surfaces 
of special shape, with a parabolic generating line in 
a special case, is purely a geometrical one, adaptable 
in combination with any hydromechanical theory. 
In July, 1924, an opportunity occurred of showing 
the preliminary results of this work personally to 
Dr. Lawaczeck and Mr. Svala; Dr. Lawaczeck 
confirmed the conclusions as correct in principle 
and as coincident with his own. The author wishes 
here to express his gratitude to Dr. Lawaczeck, 
both for recognising the independence of these 
researches and for his unreserved assent to their 
publication. 

The following is the main substance of the matter, 
which may be called “the geometry of the helical 
water turbine.” It is necessary to add _ that, 
although the principles mentioned below form the 
basis of Dr. Lawaczeck’s turbine, yet Dr. Lawaczeck 
is responsible neither for the wording, nor for the 
details of the analysis. 

The absolute velocity, C, of the movement of 
the water at any point of the guide apparatus before 
entering the turbine runner, or in the suction tube 
after it has left the runner, can be divided into 
three components : 

(1) In the direction of the peripheral speed C,,. 
(2) In the radial direction C,. 
(3) In the axial direction Cu. 

Let us examine a given point, A, on the inflow 
space of a runner vane, denoting by wu, the 
peripheral speed of the movement of this point, 
and by w, the relative velocity with which the 
water is admitted to the vane at this point. 

For the water to be admitted to the vane at this 
point without shock, the following conditions must 
be observed (Figs. 1, 2 and 3): 





tan f; = — z e ee 
= Ci 

Ca 9 

t = —_ ‘ i - (2 

set uy — Cu (2) 





* (a) Tekniska Meddelanden af Kungl. Vattenfall- 
styrelsen. Kraftverk vid Lilla-Edet, 1923. (6) Z.V.D.I., 
1923, No. 33. (c) Civilingeniér C. E. Svala, ‘ Teknisk, 
Tidskrift,” 1924, No. 16. (a Dipl.-Ingenieur Munding, 
Z.V.D.1., 1924, No. 15. (e) German Patent No. 351450. 
(f) Application for German Patent No. 55337. (g) Pro- 
fessor D. Thoma, I. World Power Conference, paper No. 
100. (hk) Dr. Ing. F. Lawaczeck, ditto, paper No. 101 
(2) Professor H. O. Dahl, ditto, paper No. 90. 





It will easily be understood that the element of 
the inflow surface at the point A, fulfilling the 
conditions of shockless water admission, will be a 
helical surface, the generating line of which is a 
straight line A,O, representing the reflected image 
of the entrance velocity component in the radial 
plane C, and crossing the axis O — O at the angle 
8,. 

One end of this generating line has to move along 
the axis O — O, while the other end moves along 
a cylinder, passing through the point A at the 
angle y, to the direction of the velocity u,. 

The relative movement of a water particle along 
the element of the helical surface, obtained as above, 
will be in the direction B,A,, with velocity w,. 

Fig. 4 gives : 

_ Cr 
tan 6; = Gar , ‘ « (3) 
From formulas (1), (2) and (3) 
tan By _ Cy m% — Ca _ Cr 


— ee > - s = tand, 
tan 71 uy — Cry Cua Cat 





iF: 
tan 8; = tan y,.tand,; . = (4) 


Let us examine in the same manner the velocity 
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of the water leaving the working vane at a given 
point A,, and the corresponding angles. Then :— 


(1’) tan B2 = _ Cr c 
ug — Cyo 
9° Cao 
(2) tenge= ——=_.. 
u2 — Cag 
(3’) tan oz = Cre 
Caz 


(4’) tan Bz = tan y2. tan o2 
or, supposing that under normal working conditions 
of the turbine Cy, = 0, 1.e., the water leaves the 
runner in an axial direction, 
cr) tan B2 = Cr 
ug 
(2”) and tan 72 = Caz 
ue 

The element of the outflow space may be formed 
as a helical surface, similar to the element of the 
inflow space. 

Let us now consider the construction of the whole 
of the vane. Generally speaking, there may be 
three cases, supposing the turbine to be provided 
with a normal guide apparatus with revolving or 
fixed vanes, the axis of which forms an angle a 
with the direction of the peripheral velocity. 

I. The water is admitted to the working vanes 
from the guide vanes, retaining at this outlet its 
movement perpendicular to the axis. 

II. Before entering the runner the water receives 
a purely axial movement (radial component = 0) 
and, under normal conditions, also retains the same 
when leaving the runner. 

III. The water enters the runner after having 
passed an intermediate space of considerable 
extent between the guide vanes and working 
vanes, in which intermediate space it moves freely. 

Let us examine these three cases separately. 

I. A runner with radial entrance and axial discharge 
of the water. 

In this case, the water is admitted at the entire 





height of the guide apparatus on one and the same 
radius ; 
C.1 = const. 
Cy = const. 
’, = const. 
and for the outflow space : 
C,2 = 0 (under normal conditions). 
C.2 = const. 
C,z = 0 (under normal conditions) 
also ug = t}. 
As the water is admitted to the vane at every 
point of the inflow space only in a plane perpen- 
3 Cr ‘ 
dicular to the axis, 8, (tan B,= a is the 
only angle of importance in this case, and retains 
its value on the whole of the inflow space. On the 
outflow space, however, under normal conditions, 
the discharge takes place only in planes perpendicu- 
lar to the radius and at the same time parallel 
to the axis. In this case, it is only the angle 
C, ? " ag 
Y2 (tan n= =) which is of importance, and the 
2 
magnitude of this is least on the outer radius, 
gradually increasing up to 90 deg. on the axis. 
From the formula obtained previously, 
tan B 
tan y° 
It is obvious that if in this case the surface of the 
vane is considered in the form of a helical surface 
the generating line of which is a straight line in- 
tan Ps) 
tan y2 
and gliding along the outer cylinder in the direction 
of the angle y., this surface will comply, with the 
conditions of shockless admission, as well as to 
those of shockless discharge. At the same time 
tan 8; Car Cua Cr ty 
so ee Cu = Ca2 


tan 8 = tany . tan 6, or tan 6 = 


clined towards the axis at an angle 6 ((tan é= 





tany2 4 — Ca’ w 
The generating line of this helical surface will; be 
the reflected image of the resultant (in the radial 
plane) of the velocity C,, and Cap. 

According to the general theory ‘of turbines : 
gH = u, C,, = the total energy ofg1 kg. of the 
water doing work in the turbine, or 
gH 
uy 


Cia aod 
therefore 
i i Cry uy 
y — Cx 42 
u} ui g we 2 





tan 6; = 


tan B; 1 Cy uy uy 
tan ry uy2- ; . Ca 
i  ¢ a 12 


and tan d= 


; ; eta 1 , 
Introducing a practical coefficient =, which can 


be found only by means of experiments, in order 
to determine the inequality of the velocity at 
different points of the inlet and outlet edges, and 
slightly modifying the formula, we obtain : 


Ga 
tan 6 = 2 P es ae - = 7 - (8) 
g9 ,_ 9H 9 
uy2 


It is this formula that Dr. Lawaczeck gives in 
his patent No. 351450. 

II. A runner with an axial flow of water. 
This is the second extreme case. 

In this case, the movement of the water can 
be examined only in cylindrical sections, and only 
the angles y, and yz in these sections are of 
importance. 

In the space between the guide apparatus and 
the runner, the water, in addition to the movement 
in the axial direction, will possess a rotary move- 
ment, the speed of which, in the different:cylindrical 
sections, is in inverse ratio to the distance from the 
axis, according to the law of Euler: ;- 

Cant = const. 
Supposing again 
Cug = 0. 

Then, according to the formulas (2) and (2’), 
we have for any cylindrical section at a distance 
x from the axis (Figs. 5 and 6 on page 156) :— 


Caix 
tan Vy, = ————_ 
° wx — Cx 
C. 
tan Yor = ro 
U2xn 


BB lat: 
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Supposing the form of the hub to be a cylindrical 
surface of rotation, we have :— 


T)2 — ro2 
Caox = Cai 2. iis a m . Cayr: 
22 — ro? 


Also it is obvious that 


uy where r} = the inner diameter 
“ux =—.2 of the guide apparatus where 
1 the water is admitted to the 
u2 working vane, and rz = the 
a | same where the water leaves 

the runner. 


i 


r2° 


We may assume that the entrance axial velocity 
of the water particles admitted to the runner vane 
is the same in different cylindrical sections, 7.e., 


Caix = const. = Cai; ‘4 


in the same manner at the outlet 


Cagx = const. = Cy 
and One = CN 
x 


It is obvious that the element of the runner 
vane from the inflow to the outflow inclusive, for 
any distance x from the axis, can be obtained 
as a helical surface having a generating line in 
the form of a straight line perpendicular to the 
axis, one end of the line sliding uniformly along the 
axis of rotation and the other end on an outer 
cylinder, describing on the latter a curve which 
represents an optional smooth transition from the 
inlet angle to the outlet angle of the runner vane.* 

Substituting the corresponding values in the 
formula for tan y,, we have 


C, 
tan yix = — st 
ee ke! 
Tj x 
In Fig. 7, A 8, represents the element of the 
course of the generating line in the direction of 
the receiving edge of the vane, AY and A2jz 
the projections in the axial and peripheral directions. 
Thus :— 
A yiv = A2x tan yi or 
Azzy = ame = [ ze Caer 1 Aya 
tan yi r,. Cur Cui x 
® Supposing that for any value of x the generating 
line is moved according to one and the same 
magnitude Ay,, = y,, then 
Ag= “1M » — Carin 1 . (6) 
1 Cai Ca x 
i.e., Az, for any value of x can be considered to be 
an algebraic sum 


Az’ = “MN 
fr . Ca 
and 
Az’ = — Cua ri Yi . l = 
Ca x 


The first component Az,’ represents a straight line, 

passing through the axis of rotation ; the second, 

42,”, ajhyperbola in the axes XZ (Figs. 8a and 8b). 
As regards the outflow spice, we have 





x . 
tan Yor = Lar Caz te 
uo x U2.2 
r 
and 
A 20 ad Aye = A ya. ua 2 
tan 2" Cae re 
At Ay,, = const. = y, for different values of 2: 
Azer = yw » . a Aa 
C2 r2 


z.¢., the helical surface of the inflow space, having 
the same pitch for all the points of the generating 
line, possesses a varying angle of turning of these 
points, whilst on the outflow space all the points 
of the generating line possess the same pitch and 
angle of turning. 79 + 

One may divide the inflow surface, by cylindrical 
sections, into a series of elements and construct 
each element as a helical surface with a constant 
pitch and alternating angle of turning. 

Thus a mathematically correct shape is not 
obtained for the inflow space of the vane of an 
axial turbine when it is constructed as a simple 
helical surface. 





* It is known from the theory of turbines that it is 
practically only the angles of inflow and outflow that are 
of importance, while the intermediate working zone of 
the vane may of any desired form, representing a 


smooth transition from the inflow zone (non-working) 





to the outflow zone (also non-working). 


Practically there are two simplified solutions :— 

(1) As the vane always possesses a certain thick- 
ness, there will be no difficulty in shaping the inflow 
end of the vane so as to obtain correct angles ; or, 

(2) the section of the vane may be shaped as an 
aeroplane wing, 7.e., rounding off the inflow space, 
and leaving the water to find the most suitable 
path. 

In these cases, the whole of the surface of the 
vane will be a simple helical surface with a straight 
generating line perpendicular to the axis of rotation, 
and with a constant pitch and angle of turning 
for all values of 2, but with variable pitch in an 
axial direction. This generating line may be con- 
sidered, as the sum of elementary generating lines 
parallel to the axis of rotation and representing the 
reflected images of the water entrance directions at 
different points of the inflow surface, in a plane 
passing through the axis. 

The necessary corrections for the simplified 
construction of the vane can be found, as in the 
first case, only by means of experiments. 

IIT.—Whilst the first of the cases examined refers 
to the pure form of the Francis turbine with regard 
to the flow of water through the runner, and the 















































dy Car | 1 
dx Cyx tan dix 
d Caix 
and ég= z Ca 


tan dr = Cnr’ 

When the relation between x and y is known, it 
is possible to determine the trajectory of any particle 
after it has left the guide apparatus and entered 
the intermediate space between the guide and the 
runner. 

Supposing (as in Case II) that the law of Euler is 
applied to Cy, :— 

Cx. tis = Cy. Ri 
(where R, is the guide apparatus outlet radius and 
Cr, the radial component at this point), and that 
Cuix = Cu = constant. 
Then :— 
i 


Cry Ry 


dy = tae 


and y = ack a? + B, this being the equation to 
a parabola. 

A water particle having left the guide apparatus 
at the upper point of the same, has as its natural 
trajectory (in the projection on a plane passing 
through the axis) a parabola, according to the 
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second to the purely axial form of the helical 
turbine, the general case is represented by a 
turbine possessing a considerable intermediate space 
between the guide apparatus and the runner, and 
the water is admitted to the runner vane in a 
direction between the radial and axial directions. 
Such turbines, in accordance with the direction of 
the water flow through the runner, have been 
named diagonal turbines. It is a turbine of this 
type, provided with vanes having helical surfaces, 
that is known as Lawaczeck’s turbine. 

Let us examine a normal turbine guide apparatus 
and a certain point A inside the space it encloses 
at a distance 2 from the axis (Fig. 9). 

In regard to this point, the formulas (1), (2), 
(3), and (4) are fully applicable and can be expressed 
as follows :— 


Crx 
tan = —_ 
sds ux — Cris 
tar Cars 
1 = 
" “os — Crear 
Cry 
tan dy, = — 
Caix 
tan 
tan dv = tan Bis 
tan y1. 


The component of the absolute velocity of a 
water particle at the point A in the plane passing 
through the axis, equals C’z, and its projection on 
the axes X and Y will be C,,z and Ca,z, 

Accordingly, in an element of time, the course 
of a water particle will be ds, and the projection on 
the axes x and y will be dxanddy. Now 





intermediate space. In the same manner, the para- 
bolic trajectory of a water particle which has left 
the lower point of the guide apparatus will form 
the boundary line of the exterior part ot the inter- 
mediate space. All intermediate water particles 
will follow parabolic trajectories parallel to the 
two boundary lines. 

Placing the origin of the co-ordinates XY at 
a point where x = 0 and y = 0, and consequently 
also B = 0, i.e., at the beginning of the parabola, 
we obtain the equation in the following form :— 





Ca 2 (8) 
= x . . . 
. Cry Ri 
and tor the point where « = R, 
Car Ca 
ae ee gg ae eae R, 
oe Gage Ca 


Thus, the outlet radius of the guide apparatus 
and the relation between the axial and radial 
components completely determine the shape of the 
curve limiting the hub of the helical diagonal 
turbine. The hub itself will be a surface of rotation 
with this parabolic generating line. 

Now let us assume that inside the space, limited 
at the outside by the guide apparatus, are placed 
the runner vanes connected with the hub and 
rotating with it. Let us further assume that 
the presence of these runner vanes and their move- 
ment, as well as the movement of the hub with 
them, does not change the trajectories of the water 
particles before they are admitted to the runner 
vane. Then the inflow surface of such a vane 
at any of its points may be formed as a helical 
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surface, with a generating line representing the 
reflected image of the direction of movement of 
a water particle at the point under examination 
(in a plane passing through the axis). 

Therefore, for the whole of the inflow space, the 
generating line in the given case also represents a 
parabola with the equation 

Car 
Cy Ri 
or, if we transfer the origin of the co-ordinates 
to the point with the co-ordinate x=0, y= D 
with reference to the co-ordinate system of the 
generating line for the hub, and assume, in this 
case, for y the + sign downwards, 

as Cai 

~ Cnty 
and the generating line represents a parabola which 
is the reflected image of the parabola forming the 
hub. 

Let us now determine the relation between the 
pitch and the angle of turning of the generating 
line along the inflow space. 

The relation between the pitch and the angle of 
turning at every point of this space is determined 
by the formula for the angle yz, (Fig. 10) :— 

Cat a = Ye 
uy x eS CaRi uw o z+ 
Ri ad 4 i Cra Ri 

Assuming the angle of turning p to be the same 

at all points, then for any value of x, 





-y= pe ey 3 





(9) 


Ca x 





tanyix = 


Z 
wea e 


Ri 
where Z,, is the course along the outer cylinder, i.e., 


Z = 24 Ri. 5X 


For y,z we have : 
Cur 


u 
Ri, a — On Ri 
Car Zi 
2 
u— Cuy (=) 
: x 
i.€., Yiz is not constant. 


Zi 
Ye =%4r-.tanyr=p .2. 
Ri 


— 2 
UW) x2 — Cut R;2 





Therefore, the inflow space represents a helical 
surface with varying pitch. Such a helical surface 
may be constructed according to one of the three 
following methods :— 

(1) At all points of the generating line, the pitch 
remains the same but the angle of turning varies, 
as has been shown in the second case—an axial- 
flow turbine. 

(2) At all points of the generating line, the magni- 
tude of the angle of turning remains the same, the 
pitch, however, varying according to the equation 
just obtained for y,z, The variation of y,,z is ex- 
pressed, in this case, by a certain curve, whence for 
= RK, 

— Ca % 
uy — Cr 





Yi 


and for some point at a distance from the axis = 2!,: 


wl, = R) Cra 
uy 


; Vise 
Finally, for 
z= 0, 
i= 0, 


(3) the helical surface to be determined may be 
obtained by one or other combination of a varying 
pitch and angle of turning. 

For practical purposes, the first method may be 
carried out in the manner which has been described 
for the second case, i.e., dividing the turbine by 
cylindrical sections into a series of elementary 
turbines within which the angles y, 8, and 6 may 
be considered as being constant. 

The second method can be carried out in the same 
manner, or by means of an approximation which 
makes the construction much simpler. The magni- 
tude of the value of yz for different values of x 
depends upon the velocities u,, Cg, and Cy;, which 
may vary considerably. 

Having constructed a corresponding curve for y, 
between the outer diameter and the hub, one may 
replace it, later on, by an approximately straight 
line and then execute the motion of the generating 
line as the rotation in the plane at the axis, with 





the centre of rotation at the crossing point of this 
straight line with one from which the values for y 
have been constructed (Fig. 11). The third method 
allows of the most varied combinations. 

Turning now to the outflow space, a similar for- 
mula is obtained here for the generating line :— 


. Ca2 
Cr Re 
a2 


¥2 = ae. (10) 


may not be equal to Car 


In the general case, 


and, consequently, the generating parabola of the 
outflow space will not be the same as the generating 
parabola of the inflow space ; in practice, however, 
the difference will be but slight. In this case, it is 
assumed that for any cylindrical section Cy,2 = Cre 


Ra 
and Cy, = const., as well as Cg, = Cg, . *. where 


ee] 
8, and s,are the areas of the inlet and outlet for 


Fig. 72. 








Fig.13. 





a 


Z; 





(9283 F) x 
the water in the runner, and taking into con- 
sideration that when the hub is conical s, > 8, 
the generating parabola on the outflow space will be 
slightly flatter than on the inflow space (for the 
same value of 2, Y. < Y;z). 

As regards the relation between the pitch and 
angle of turning, for the normal working conditions 
of a turbine, C,,. = 0 and 
Ca2 
war 


tan yer = 


Assuming the same as for the inflow space that 


’ You = Zor * tan Yor, 
we obtain 


U2 


Cae 

Re x22 

u2 Ro 

Therefore the outflow space represents a helical 
surface with a parabolic generating line and a 
constant pitch. These two parts of the surface of 
a runner vane—the zones of the inflow and the out- 
flow spaces—theoretically do not take part in the 
effective work ; here we have only the corresponding 
losses incurred by the friction of the water against 
the surface of the vane. Therefore these two zones 
should be of the minimum dimensions. The work- 
ing zone that connects them, from the point of 
view of modern theoretical hydromechanics, may 


-Z2 = Const. (11) 





have any shape giving the least possible hydraulic 
losses. 

In the present case, this zone may be formed 
theoretically as a helical zone with a generating line 
stéadily changing from the shape of the inflow space 
to the shape on the outflow space. Practically 
this working zone, as well as the outflow space, may 
be formed by a corresponding movement of one 
and the same generating line. In the general case, 
as we have seen above, the generating parabola of 
the outflow space is flatter than the parabola of 
the inflow space. The turning of the parabola, 
the latter at the same time gliding helically, corres- 
ponds to its “thickening,” though, of course, a 
certain inaccuracy results in comparison with the 
theoretical shape. 

It must be borne in mind that, in general, the 
theoretical conclusions mentioned above are of 
importance chiefly because they give a quite definite 
basis for the original design of the vane for the 
chosen values of Cg,, Cy, and Cy,. Only by tenta- 
tive variations of the elements determining the 
shape of the helical vane can its best shape be 
found with regard to maximum efficiency, as well 
as the best efficiency curve. 

As shown by the above, such elements are repre- 
sented by :— 

(1) The generating parabola having the formula: 


: Ca a2 
C1 Ri 


= 


(in some particular cases it may be replaced with 
sufficient accuracy by a straight line and, in special 
cases, by a concave generating line). 

(2) The radius of rotation of the generating line 
in the plane of the axis when constructing the inflow 
space (the radius rg is determined by the graphical 
method) in conjunction with the given magnitude 
y, (Fig. 11). ; 

(3) The radius of rotation of the generating line 
when constructing the intermediate zone; it is 
determined as the intersecting point of theoretical 
parabolas. 

These elements determine the movement of the 
generating line along the axis at different distances 
from it. To these data must be added the course 
of the generating line along the outer cylinder. 

This is determined by the inlet and outlet angles 
(in the cylindrical sections) y, and y,, as well as by 
the shape of the outer edge of the vane. In the 
Lawaczeck turbines, in particular, this edge has 
the shape of the profile of an aeroplane wing and is 
bounded by a cylindric surface. 

This explains the diagram (Fig. 12) of the com- 
plete construction of the runner vane. 

(1) First lay out the generating p2rabola 


Car > 
C, Ri 
in the axes X Y (line be) 

(2) Then on the axis we mark off the magnitude 
D, the distances between the points of the extreme 
positions of the inlet and outlet parabola (line bc), 
and on the outer cylinder Z, the heights of the vane 
at its edge (line ed). 

Through the points c and d construct the same 
generating parabola. The figure bcde represents 
the whole of the profile of the vane in a cylindric 
projection, and the point g the intersection of the 
outer parabolas. 

(3) Determine the point a as above (Fig. 11) and 
the entrance zone aebb! e} on the profile of the vane. 

(4) Determine the exit zone dd! c'c on the profile 
of the vane ; then d* e!b! c! represents the working 
zone. 

(5) Draw the profile of the outer edge in a cylin- 
drical section. 

The vane will be constructed by the motion of the 
generating parabola, the following conditions being 
observed :— 

(1) The beginning of the parabola must always 
remain on the axis. (2) On the outer edge of the 
vane the parabola must always be in touch with the 
contour of the profile of the vane. (3) The outer 
end of the parabola on the entrance zone glides in a 
plane perpendicular to the axis and passing through 
the point a, and describes a circle with a radius r, ; 
whilst constructing the working and outlet zone, 
however, it describes the contour a! f! g!, for the 


x2 


= 
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Fig. 


upper surface of the vane, and for the back surface 
of the vane, a;' f,! g'. 

The profile of the hub will be represented by a 
reflection ot the parabola crossing the parabola of 
the inflow space of the vane on the radius r,, chosen 
during the construction. Along the working zone 
it may be limited by a tangent to this parabola 
and end theoretically with a section of the generat- 
ing parabola at the outflow. In particular cases, 
the shape of the parabola, as well as the movement 
of the same, can be considerably simplified, and 
first of all the parabola may be replaced by a 
straight line acting as a generating line. 

It will easily be seen that, even in a general and 
most complicated case, the drawing is very simple 
and takes little time. The moulding ot the vanes 
is also very simple and can be carried out with 
great accuracy. 

Another very important advantage is that though 
great freedom is left for the choice of the funda- 
mental elements, the vane itself, obtained from 
them, is fully determined. This does away with 
any uncertainty in determining experimentally 
what influence is exercised by the choice of these 
elements and in ascertaining some of the theoretical 
assumptions and simplifications. The principle of 
superposition of small variations* becomes, under 
such conditions, of special practical value. 

Problems of mechanical construction and results 
obtained by putting this method into practice 
are beyond the scope of this essay. Corresponding 
data will be found in the bibliography given above.+ 


APPENDIX. 


EQUATION OF THE SURFACE OF A Henican RUNNER 
VANE WITH A PARABOLIC GENERATING LINE. 


The surface of a runner vane is obtained, as we 
have seen, by the movement of a parabolic generating 
line according to a certain defini e geometrical rule ; 
the surface obtained, generally speaking, may or 
may not possess a definite mathematical equation. 
This depends, first of all, on the arbitrary shape 
of the steady curve connecting the non-working 
inflow and outflow zones. However, with certain 
assumptions, theoretically correct and not differing 
very materially trom practical conditions, it is 





* Professor D, Thoma “ The Water-Turbine Testing 
Station at Gota” and his paper mentioned above. 

t+ Results of one of the latest tests are given in the 
paper of Professor A. H. Gibson “Tests of Hydraulic 
Turbines of the Lawaczeck Type, ‘ ENGINEERING,” 
December 26, 1924, page 851. 
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possible to obtain a sufficiently simple expression 
for this surface. 

Let us consider the following conditions as given : 

(1) The non-working inflow and outflow zones 
are so short that they may be disregarded, as also 
may be the rotation (or the modification) of the 
generating parabola on the inflow zone. 

(2) The course of the generating line along the 
outer edge of the runner vane represents a straight 
line. 

(3) The surface of the vane is obtained not by 
the gliding and turning of a constant generating line, 
but by its steady modification from the shape it 
has at the inlet to the shape at the outlet. 

(4) The hub along the vane represents a regular 
cone with a straight generating line. 

Let us refer the vanes to the axes XYZ, placed 
as shown on Fig. 13. Then we have the following : 


Motor, Prony BrRakE AND MANIPULATOR. 








(1) The inflow parabola 


Ca2 


mn = 
Cy Ri 


(2) The outflow parabola 


Caz 


a2 + y; (assuming C,2= C,;) 
Cr Ri 





y= 


(3) The parabola for any intermediate position 


Caz 2 t 
= zx 2 
Cy, Ri 7 





(4) or the same can be expressed as follows : 


Cai (Ra — 11)® a2 + 
a ¥z, 
CniRi (Ri—?r-)? 


because Cai  (Ri—11)? = Caz (Ri — rz)?. 
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(5) Furthermore, it is clear that 








eee 
yz .* z 
and ithe 
2 
Therefore (6) 
= ;)2 
a (Ri “2 - gut Be 
clei 
4 
or: 
y= Ca1 if (Re—- 71)% 22 a2 41 ns 
Cr Ry {Ri222 — 2 Ry 2 [71 21 — (71 — 72) Z] 2% 
+ ry2 212 — 211 2 (ry — £2) z 
+ (71 — rp)? 22} 
then : 
y {Ry2 22 — 2 Ry ry 22 + 2 Ry zy (ry — re) z + 142 22 


— 2ry 2% (71 — 72) z + (r1 — 12)2 22} 
Car 212 Ohl 

on EEE i ssi \O et 22,2 — 92 22 

ja + em 1 Ry 1} 2) 
+ 2Ry 24 (11-12) 2-172 232 — 2ry zy (71, — 12) 2 + (r1— 12)? 22} 
(7) Thus the final equation of the helical surface 
‘will be : 
Cat 22 
Cry Ri 
— (2 Ria — 2 a) (1 — re) zy — (ry — ra)Ba2ry 

+ (Ray —2Ringy a4 + 122141) z 


ma 
2 





(Ry — ry)? a — (Ry2 22 — 2 Ry ry 22 + 112 232) y 


+ (2 Ry — 211) (ry — 12) yr 22 + (r1 — 12)2 = 23 = 0 
Likewise it would be possible to obtain the equa- 
tion of the helical surface in the case when the 
course on the outer edge is not a straight line, but 
a parabola, or a segment of a circle, tangent to 
the direction of the inflow and outflow zones. 
However, it is rather complicated to obtain these 
equations, although their practical value is small, as 
the required helical surface may be casily obtained 
geometrically. J : 
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THE PRODUCTION AND USE OF 
VARIABLE-FREQUENCY CURRENTS. 
By N. S. Japousxy ard S. A. Press. 
(Concluded from page 100.) 

As mentioned in the early part of this article, 
the authors have had a temporary laboratory fitted 
up in London, for the purpose of making experiments 
on alternating current of variable frequency and its 
applications. The main machine in the laboratory 
is a six-phase commutator generator, 70 kv.-a., 
1,500 r.p.m., by the General Electric Company, 
Limited, of Witton, shown in Fig. 18. This machine 
is of somewhat unusual design, having two com- 
mutators and two sets of slip rings. This is ex- 
plained by the fact that the machine was intended 
as a universal laboratory machine for a number of 
experiments apart from its main purpose. It is, 
however, quite possible to use as a commutator 
generator for all the purposes described above, an 
ordinary alternating-current commutator machine 
of the type that is now being constructed by a 
number of European and American firms and used 
as motors and also in cascade connection with 
induction motors. The generator usually works in 
accordance with the arrangement shown in Fig. 17 
(page 100 ante), with excitation from the rotor, and 
owing to the absence of a special exciting winding, 
the exciting current is supplied from the slip rings 
to the working winding. 

Owing to the absence of a suitable prime mover in 
the laboratory, it was necessary to arrange a belt 
drive for the generator instead of a direct coupling 
and the generator is driven by a single-phase, 40-h.p 
960-r.p.m. motor, single-phase current being the 
only form in which electrical energy is available in 
the district. The belt drive of the generator has 
an unfavourable influence on its work, and this, in 
conjunction with some difficulties in connection 
with the machine, does not allow the output to 
be brought up to its full value, which, of course, 
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affects the work of the machines supplied by the 
generator. 

The first exciter, shown on the left of Fig. 18, is 
directly coupled to the generator. This exciter, as 
shown in Figs. 10 and 17 (pages 33 and 100 ante), 
is a commutator machine of the same type as the 
generator, but of smaller dimensions. The first 
exciter was built by the City Electrical Company 
and its capacity is approximately 5 kv.-a. Two 
different machines are used in different cases for 
exciting the first exciter. For control of the 
induction motor fed by the commutator generator, 
there is an exciting set, consisting of a synchronous 
generator of 1-5 kv.-a. driven by a direct-current 
motor of 1-5 h.p. By regulating the excitation and 
speed of the synchronous generator, which acts as 
exciter for the first exciter, the working of the 
induction motor may be controlled. 

For other applications of variable-frequency 
current, namely, for precise synchronous control 
and also for the control of the magnetofugal 
small converter 


percussive machine, a rotary 
or manipulator built by the Electro Dynamic 
Construction Company, Limited, is employed 


synchronous generator. 
be seen in Figs. 19 


instead of the 1-5-kv.-a. 
This machine, which can 
and 20, is quite small; the rotor is 75 mm. 
in diameter and 100 mm. long. For the purpose 
of synchronous transmission a wheel with a handle 
is put on to the manipulator shaft, as shown in 
Fig. 19, and, by means of this, the machine is 
rotated by hand. For controlling the hammer the 
small rotary converter is electrically driven as a 
motor, and the change of the rate of acceleration 
and direction of rotation is attained by changing 
the brush position on the commutator; for this 
purpose the brush-holder is supplied with a handle 
shown in Fig. 20. For loading the generator we 
have a six-phase induction motor of 70 h.p. and 
1,500 r.p.m., constructed by the General Electric 
Co., Ltd. The motor is shown in Fig. 19, and, 
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though oath with h slip rings, apenr7st works as 
a short-circuited motor. 
the frequency, as described, in detail, above. 
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In addition to the work carried out in the labora- 


It is controlled by varying | tory in London, a number of preliminary experi- 
The | mental investigations were made in the electrical 


induction motor may be converted into a syn-| engineering laboratories of the Politechnical and 
chronous motor by supplying direct current to the | Technological Institutes in Leningrad,* mainly in 


rotor through slip rings. 
works in accordance with the scheme of precise 
synchronous control. 
loading the motor, and this is shown in Fig. 19. 

As an example of a magnetofugal percussive 
machine, an electrical 8-cwt. forging hammer has 
been constructed by Messrs. G. Hopkins and Sons. 
This has been set up in a special shed in the vicinity 
of the laboratory, in which the commutator-genera- 
tor set has been installed. Drawings of the hammer 
are given in Figs. 21, 22 and 23, and a photograph 
is reproduced in Fig. 20. The bracket, base plate, 
anvil and foundation of the hammer do not differ 
from the similar parts of a steam hammer of the 
same dimensions. Two magnetofugues are fixed by 
means of dovetail wedges to a cast-iron frame, which, 
in turn, is fixed to the bracket by means of steel 
bolts. The runner to which the tup is secured, 
moves between the magnetofugues in guides. The 
runner consists of a U-shaped steel frame streng- 
thened at the top by a steel crossbar. A plate 
consisting of two copper sheets, each 15 mm. thick, 
is fixed into the frame by means of rivets. Slits 
6 mm. wide and 240 mm. long, were cut in these 
sheets, and iron bars, 30 mm. by 6 mm. in section, 
were driven into these slits under hydraulic pressure. 
This construction forms a developed squirrel-cage 
winding. The iron bars act as a magnetic corp, 
though they also assist in conducting current. The 
runner is loiger than the magnetofugues, so that 
no part of the working surface of the magnetofugues 
should remain idle, whatever the position of the 
runner. Most of the mechanical reaction of the 
blow is absorbed by the massive steel frame. The 
runner can be kept in its upper position without 
the expenditure of any energy by means of two 
triggers. The weight of the runner, with the tup, 
is 400 kg. (8 cwt.), and the maximum stroke 500 
mm., while the dimensions of the pallett face are 
305 mm. by 140 mm.; the total height of the 
hammer from the floor level is 2,500 mm. 

Notwithstanding the fact that the generator 
cannot develop its full output, all the machines 
described above have been in operation, and pre- 
liminary tests have been carried out. They have 
all, not only proved the accuracy of the principles 
upon which they have been designed, but have also 
demonstrated their practical utility. An effective 
and smooth speed control of the 70-h.p. induction 
motor over the widest possible range from 0 to 
1,500 r.p.m. has been obtained. The synchronous 
control of the induction motor, when converted 
into a synchronous motor, is very accurate, smooth 
and stable. The motor follows precisely all the 
movements of the small manipulator developing 
its full torque, which is about 35 kg. metres. Fig. 19 
shows the motor and the manipulator,* for com- 
parison. The forging hammer also works satis- 
factorily, especially when it is remembered that it 
is the first of its type to be constructed. It works, 
not only as a single-acting hammer (lifted electri- 
cally and falling freely), bus also as a double-acting 
hammer, the downward movement under the 


A Prony brake is used for | 
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| population, as shown in Fig. 1. 





and downward motion, has so far reached about | 


1,000 kg., t.e., 2-5 times the weight of the runner. 
The number of blows delivered by the hammer | 


In this case, the motor | connection with testing commutator machines as 


generators of variable-frequency current. Among 
the persons engaged in these investigations we 
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AUSTRALIAN MANUFACTURING 
POLICY. 


Tue Presidential Address given earlier in the year, 
by Mr. G. A. Julius to the Institution of Engineers, 
Australia, at its sixth annual meeting, held at Hobart, 
was occupied with the discussion of the policy which 
is being adopted in Australia in regard to the manu- 
facturing industries of the country. The subject is 
of interest to British engineers in itself, and the 
address adds to its intrinsic interest by a catholic 
method of treatment, which invokes the experience 
of the United States and to some extent of the 
United Kingdom, to throw light on strictly Australian 
problems. 

The reason for suspecting that the position in 
Australia is not what it should be starts with the 
recognition of some general facts. The public debt, 
reckoned per head of population, has been growing 
without interruption for some years, and though 
this process was greatly accelerated during the war 
years, it has continued to the present time. The 
average wages in manufacturing industries have risen 
to a very similar extent, and are still rising, though 
in 1924 they were already over 130 per cent. higher 
than in 1908. The apparent aggregate production of 
all commodities per head of population has shown 
some rise in value, much of which, however, is due 
to the steadily-increasing price of wool; but the 
quantity of goods produced in all industries per 
worker, irrespective of their money value, is said 
to have been decreasing steadily since 1910, despite 
many facilities now in every-day use that then 
were not available. 

As mentioned, Mr. Julius has sought to 
throw light on this situation by reference to the 
experience of the United States and of Great Britain, 
and this part of his enquiry begins by tracing the 
growth of the wealth of each country per head of 
During the last 
hundred years the wealth of Great Britain per head 
grew at an almost uniform rate up to 1914, beyond 
which the quoted figures do not go. So, up to 1900, 
did that of the United States, though the rate 
was appreciably greater than the British; and 
had both rates continued unchanged, the figures 
for the two countries would have become equal 
about 1920. With the beginning of the century, 


influence of gravity then being assisted by an | however, the American curve took a sharp rise, 
electrical pull. The latter, in both the upward | which by 1904 had steadied down to a rate, still 


'much steeper than the British curve, which was 


maintained up to 1922, the last of the quoted a 
In 1906, the wealth per head was about 300/. 


may be raised to 60 per minute, and this figure could |each country. By 1914, it was something ane 
be increased by fitting a self-acting control gear. | 320/. for Great Britain against 420/. for the United 


Especially good results have been obtained in the | States. 


accurate control of single blows. By operating the 


By 1922, it was 600/. for the United States. 
Mr. Julius attributes a large part of the remarkable 


manipulator by means of a pedal and a handle, | increase of that country’s wealth to the extent to 
which shifts the brushes, it is possible to regulate | which it assists its operatives by providing mech- 


the speed and force of blow to a great nicety. As | anical power. 


In support of that view, Fig. 2 


an illustration of this we may mention the fact | repeats the American curve of wealth per head of 


that, 


without any preliminary training we have | | population, and adds a curve of horse- -power per 


been able to repeat the classical experiment of an| employee, which shows not only a remarkable 
experienced smith of cracking a nut without similarity in the shapes of the curves, but also the 


injuring the kernel. 


occurrence of the sharp upward rise in the horse- 
power curve about ten years before the similar 


* It should be noted that the PROT LE 3 being change in the curve of wealth. The effect of in- 


placed in front of the controlled motor, appears by the 
illustration to be larger in comparison with the motor, 
than it actually is. 





* See M. P. aes: ‘Elektrichestvo, 1925, She: a.) 


| toe, cit. 














J 6, Ms ell 


creased horse-power on the value added in manu- 
facture per employee and on wages is shown for 
the United States and Australia in Fig. 4. The 
increased power is seen to have been accompanied by 
increased production per employee and higher wages. 
The author does not seem, indeed, to notice in this 
connection that before a comparison of the power 
and value curves can be numerically significant, 
they must be corrected for fluctuation of prices 
during the period over which the curves extend, 
and that before a numerical comparison can be 
made between the American and the Australian 
curves, a further correction may be necessary to 
represent the average difference between the extents 
to which the products of the two countries give 
employment to the manufacturing workman. 
These considerations seem to require some quali- 
fication of his conclusion that the value added to 
manufacture in Australia is much greater than was 
realised in America when they had the same allow- 
ances of power. Without, however, seeking numerical 
comparisons, it seems reasonable to accept the 
author’s implied assumption that the value added 
has increased more than prices have risen, and 
to observe that, like wages, it has risen with the 
increase in power. From another aspect, the influence 
of power on value added in manufacture is illustrated 
from the Australian statistics for 1923-24 in Fig. 3, 
in which industries are grouped according to the 
power they use per person. As is pointed out in 
the address, the nature of each industry determines 
the amount of power that can profitably be used, 
and its circumstances in any year affect the value 
added in manufacture, the number of employees, 
and, consequently, the relation between horse-power 
installed and number of employees. These facts, 
doubtless, explain individual cases, but do not 
destroy the conclusion to be drawn from the curves 
that in Australian industry a very marked relation 
exists between the extent of wealth produced and 
power installed per employee, the greatest wealth 
per worker being produced by the industries that 
use the most power, and those that use little power 
producing correspondingly small value. 

The study of these curves and the figures associated 
with them brings out the fact that of the 430,000 
factory workers in 1923-24 the largest number were 
employed in the industries using least power, and 
suggests that the possibilities of using more power in 
these industries should be carefully investigated. 
Australia stands high among nations in the “ real ”’ 
wages she is able to pay; that is, in wages 
expressed in terms of commodities, or corrected for 
the cost of living. The Ministry of Labour Gazette 
for September, 1925, gave the comparative real 
wages in Sydney (London = 100) as 156, against 
Philadelphia 200, Ottawa 164, Paris 61, Brussels 
65, and Madrid 47. It may be questioned, however, 
whether the Australian position of wages is not due 
to conditions that may be temporary. Every 
advance of wages has been accompanied by an 
increase in public debt, and during recent years the 
price of wool has been abnormally high; while in 
the last twenty years the average productive activity 
of each worker has fallen steadily, in spite of the 
increase in power by which he has been assisted. 
Presumably the last statement requires some quali- 
fication, as if it had to be accepted literally in 
regard to the industries illustrated in the author’s 
curves, it would seem to suggest that the added 
values accompanying increase of power lay solely in 
increases of price. That this is not so, at least in the 
United States, is shown by a quotation from a 
statement by Mr. Herbert Hoover, the Secretary of 
Commerce, with regard to the production of that 
country in 1923. On the basis of figures corrected 
for changes in prices, he points out that the manu- 
facturing output for 1923 was fully 60 per cent. 
more than in 1914, and substantially more than in 
1919, though the number of wage-earners rose 
between 1914 and 1923 only by 25 per cent. The 
provision of power, however, rose in the same period 
by 50 per cent. The effect of this increased produc- 
tivity on wages was that, as against a rise of about 
70 per cent. in the cost of living, wages for 1923 
and 1924 were about 100 per cent. higher than in 
1913, and were the highest “ real’ wages in the 
history of the United States up to that time. 

How the industrial productivity of the United 
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States and that of Australia have affected their 
respective national earnings in manufacture is 
illustrated in Fig. 5, which shows the course of their 
outputs in all manufacturing industries, reckoned 
per head of population. The wide difference 
between the two, in which on the latest figures for 
all manufacturing industries the United States are 
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earning per head of population twice as much as 
Australia, appears to the author the more significant 
because Australian export commodities are thought 
by many authorities to have reached their top 
price, and any great improvement in economic 
position must therefore come largely through 
advancement of manufacturing industries. It 
may be suggested that the industries of the two 
countries are not comparable, because America 
is a land of larger factories. Actually there 
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is no great difference between Australia and 
America in the ratio of large to small estab- 
lishments. In Australia something over three- 
fourths of the total number of establishments 
employ 21 hands or less, and in America a little 
under three-fourths, and in each country about 
an eighth of the total employ between 21 and 
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50 hands. Oni{the other hand, the establish- 
ments employ ‘ing}more than 100 hands account for 
71-2 per cent. of the industrial population of 
America, but only for 41-5 per cent. in Australia, 
while establishments of 20 hands or less in Australia 
employ nearly as high a proportion of the total 
industrial workers as in America are employed in 
establishments of up to 100 hands. 

An examination, again, of the respective tariffs 
in the two countries does not tend to invalidate a 
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comparison of their respective industrial results, 
but it brings out some interesting facts as to the 
customs policy of each country and the burden it 
imposes on the inhabitants. Disregarding the tem- 
porary effect of the war, American external trade is 
far less per head than that of either Australia or the 
United Kingdom, while Australian imports per head 
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are nearly as large, and exports considerably larger, 
than those of the United Kingdom. A comparison of 
customs’ results shows that the Australian imports 
per head are about four times as great as the 
American. In 1924 the rates of duty were 15 
per cent. for the United States and just over 
18 per cent. for Australia, with the American 
rate, though fluctuating, showing an overall 
tendency to fall. While, however, the burden 





of the duties amounted in Australia to 4/. 8s. 
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per head, it was only 19s. 5d. in the United 
States. In the latter country, indeed, the average 
for any period of 5 years since 1870 has never reached 
ll. per head, and usually has fluctuated between 9s. 
and 17s. according to whether a low duty or a high 
duty party was in power. The much greater 
volume of exports from Australia per head of popu- 
lation entails, of course, a correspondingly higher 
volume of imports, and any tariff must therefore 
impose a greater burden per head. The extent of 
this is increased, however, by the fact that in the 
United States 60 per cent. of the total imports were 
duty free, as against only 30 per cent. in Australia. 

Putting all these facts together, the conclusion is 
suggested, that in spite of the many well organised, 
completely equipped, and highly successful factories 
in Australia, manufacturing industries do not con- 
tribute to the wealth of the country as much as they 
should and could. From 1920 onwards, 1,000 new fac- 
tories have started every year, and also 1,000 more 
“- working proprietors,” while the size of the average 
factory has decreased from 23-13 to 21-3 employees. 
The purpose of the several customs’ tariffs has been 
not only to make Australia reasonably self-contained 
with a view to defence, but also to build up second- 
ary industries for the benefit of the large urban 
populations. The attainment of either object is 
not assisted when the customs’ tariff compels any 
factory to operate under conditions which do not turn 
the human energy employed to the best account. 

The inferiority of the Australian position to what 
it should, and could be, is, in the view of Mr. Julius, 
indicated fairly in the consumption of electrical 
energy. In 1920 120 units were generated per head as 
against 110 in Great Britain, and by 1923-24 about 
241 units against 204 ; these figures are far below those 
of the United States, and indicate to a large extent 
a correspondingly inferior creation of wealth and 
prosperity. In Australia the power installed is 
less than } h.p., as against 2 h.p. in the United 
States. American wages are much higher than 
Australian, and have risen faster ; but in 1914, when 
they were about the same, the value added per 
employee was 372/. in the United States as against 
1721. in Australia. In the United States the value 
added per employee has not been quite absorbed by 
increased wages, and the addition per 1,000/. wages 
is about 7 per cent. higher than it was in 1909. In 
Australia, on the other hand, it is over 15 per cent. 
lower, showing that wages have been increased 
considerably more than production. The actual 
yield of 1,000/. spent on wages in manufacture is, in 
fact, just on 70 per cent. more in the United States 
than it is in Australia. 

In the United States the average wage and the 
value added per employee are each much the same 
for the electrical manufacturing industry as for the 
average of all industries, though, the average 
power used in all industries is considerably higher 
than in the electrical industry, and the increase of 
value added per employee is more than swallowed up 
by the increase in wages. Australia, comparing the 
electrical industry with all industries, shows very 
different results. In the electrical industry wages, 
formerly the same as the average for all industries, 
are now 14l. less. The value added per employee 
is lower, and every year becomes increasingly so, 


and while the value added per 1,000/. wages has | 


remained about the same in the average of all 
industries, as it was in 1908, in the electrical indus- 
tries it has fallen some 12} per cent. These un- 
favourable results are attributed in large part to the 
fact that in the same period the power per employee 
has been practically stationary in the electrical 
industry, but has doubled for all industries. 

These results have been reathed in spite of the 
fact that some factories making electrical apparatus 
in Australia and specialising in individual lines, 
work on a reasonable scale with adequate equipment 
and considerable efficiency. These doubtless should 
receive any assistance that would enable them to 
become larger and more efficient ; but the average 
for this industry is represented by small establish- 
ments, which not only are not working efficiently but 
in common with even the efficient factories, cannot 
hope to cope with the multiplicity of designs and 
their continual change that a progrossive technical 
industry requires. 

The Australian 


electrical in- 


manufacturing 


dustry has to spend on salaries and wages two- 
thirds of what each employee adds to values, as 
against a little over half in the average of all manu- 
factures, and a little over a quarter in the electric 
generating industry. Apart in each case from land 
and buildings, it has a bare 250,000/. invested in 
plant and machinery, as against nearly 17,000,000/. 
so invested in the generation of light and power. It 
spends less than 650,000/. on wages, and for its 
protection Australia pays in duty 800,000/. to 
900,0001. or more per year. For every man em- 
ployed in the industry Australia pays, in fact, 5211. 
per year, including wages and duty; whereas the 
value he adds to manufacture is only 2437. On the 
other hand, the duty operates in every way to 
handicap the industry of electrical generation and to 
prevent the development of other industries by the 
use of electrical power. Since 1907 6,500,000/. has 
been paid in duty alone on electrical work, excluding 
the duty on wire and cables. At an amortisation of 
10 per cent. this puts on users of power an overhead 
burden of 650,000/. per annum, which now is 
increasing at the rate of 85,0001. per annum. The 
provision of a suitable load factor for generating 
stations and the introduction of electric labour- 
saving devices not only in the home but in the 
mechanical equipment of industry has been, and 
are being, gravely hindered by inflation. 

It is interesting to observe that similar results 
from the encouragement of petty factories by 
indiscriminate protection are to be seen in the 
engineering trades. Fig. 6 shows for various 
industries, grouped according to the horse-power 
they use per employee, the percentage of the value 
added in manufacturing processes to the wages paid. 
It will be seen that this percentage rises in a fairly 
smooth curve with the power, with the exception of 
the industries marked at D, which, though using 
nearly 2 h.p. per employee, add no more to value 
than the industries using no power at all. This 
group includes the engineering industries, ironworks, 
foundries, &c., which employ over 33,000 hands. 
The result is ascribed in great part not to the 
inefficiency of the larger establishments, but to the 
large number of small and ineffective organisations. 

These are the facts Mr. Julius has assembled, and 
his address adds certain conclusions, of which a 
brief summary may be given. The development of 
all industry, whether primary or secondary, depends 
on providing power at the lowest possible cost. 
The United States can pay the highest real wages in 
the history of industry, because they multiply the 
productivity of their workers by providing adequate 
power. Australia, on the other hand, pays wages 
almost as high without any corresponding increase 
in productivity to warrant the rise, and, indeed, 
while productivity has steadily fallen during the 
last twenty years. These wages are economically 
impossible without corresponding increase of pro- 
ductivity. Such increase demands adequate pro- 
vision of power, and every barrier that tends to 
restrict it must be removed if the desired wages are 
to be paid and the country is to prosper. The manu- 
facture of electrical apparatus in the country can 
never be worth while till a real demand for it has 
been created, and this demand cannot be created 
until the material is available to the public at a 
reasonable price. ‘The tariff, on the contrary, has 
|assured a high price to the local manufacturer, but 
| has largely killed the demand, or, at the least, very 
| greatly reduced it. The small and inefficient back- 
| vard shops it has helped to develop are for the most 
| part economically worthless, and represent a leak 
| in the country’s relatively small reservoir of labour, 
|which could be employed far more fruitfully in 
| other ways. 
| If the problem thus presented could be solved 
| satisfactorily in no other way, the interests of an 
|overwhelming majority of the community would 
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the products that appeared likely to be produced to 
advantage in the country, and would be reduced in 
amount as the output increased. It would cost far 
less than what now is paid directly in duty and 
indirectly in loss of productivity. 

The policy of a high tariff has admittedly failed. 
Large and efficient power stations have been built, 
and are still waiting an adequate load. Manufac- 
tures continue to be conducted by little more than 
hand labour, when by applying mechanical power 
they could be made more productive. In their zeal 
for local industries the Australian people have set up 
barriers to the increase of their wealth and the 
attainment of the standard of living that their 
natural resources could provide, if they were utilised 
rightly. : 








GREAT WESTERN RAILWAY COAL 
LOADING PLANT AT PORT TALBOT. 


TuE fact that the Great Western Railway Company 
was the only railway company which retained its old 
title at the re-grouping of five years ago has rather 
tended to create the impression that the system remains 
pretty much as it was before, and that no new respon- 
sibilities of any importance were involved by the 
change. 

As a matter of fact this company became faced, 
amongst other things, with the task of co-ordinating the 
activities of a number of large undertakings, engaged 
in the South Wales mineral traffic, operated on different 
methods and equipped in large part with obsolescent 
machinery. 

This has necessitated a good deal of re-construction, 
an example of which we described in our issues of 
April 30, and May 28, under the heading of ‘‘ The New 
Hydraulic Power Station at Cardiff Docks.” A further 
example forms the subject of our present article. 

In a normal year something like fifty million tons 
of material are handled at the South Wales Docks, of 
which the export coal traffic accounts for about forty 
million tons. Approximately 120,000 privately owned 
wagons, of 10 and 12 tons capacity, are employed in 
the latter industry, and it follows that the handling 
of such large numbers not only necessitates extensive 
sidings at the ports, but involves a considerable amount 
of work in marshalling, sorting out, and loading. 

With a view to simplifying this part of their problems, 
the Great Western Railway Company has introduced 
upon all the lines from the collieries, an all-metal 
wagon of 20 tons capacity. This has a door at each end 
and is 24 ft, 6 in. long over the buffers. A train of 60 
of the ordinary 10-ton wagons is 1,080 ft. long. The 
same load, viz., 600 tons, can be carried in 30 of the 
new wagons in a total length of 735 ft. There is thus 
a considerable saving in siding space, while the gross 
weight of the shorter train is only 888 tons, as against 
969 tons in the longer one. 

At present there are something over 1,000 of these 
20-ton wagons in regular traffic, but, in order to extend 
their use the railway company makes a concession on 
both the ordinary carrying charges and the dock 
weighing and tippling charges on all minerals carried 
in them. The introduction and anticipated ultimate 
general adoption: of these wagons has led to making 
provision to deal with them in the new hoists and tipping 
appliances installed as part of the re-construction 
scheme. One of the most interesting of these plants 
is the tipping and belt-conveying installation at the 
No. 10 coaling berth at Port Talbot which we illus- 
trate by Figs. 1 to 23 on page 170, and Plate XIII, 
with this issue. This plant consists of a wagon tipper 
working in conjunction with a belt conveyor of three 
sections. It has been built by Messrs. Spencer (Melk- 
sham) Limited, Melksham, and is now at work, as will 
be evident from Figs. 1 and 2, page 170. The latter 
illustration gives the plant a somewhat contracted 
appearance owing to the angle, in plan, between two 
branches of the conveyor. The reason for the apparent 
distortion is, however, clear from Fig. 4, Plate XIII, 
exigencies in connection with the site preventing a 
straight run from therailway siding to the loading jetty. 

Fig. 3 shows the general arrangement of the plant. 
Beginning at the point at which coal is rece:ved in the 
trucks there is an hydraulically-operated wagon end- 
tipper and an adjustable chute, also hydraulically 
controlled, which discharges on to an inclined belt 


|require the adoption of absolute free trade in| conveyor. This conveyor runs, at an angle of 17 deg. 


|essential electrical equipment. New Zealand has | to the horizontal, up to a rectangular tower. 


The 


| practically adopted this policy, imposing no duty at | upper part of this tower, consisting of two floors, is 
‘all on the great majority of essential electrical | enclosed and roofed over to form a motor and transfer 


| apparatus, if made in Great Britain, and only 10 per 
|cent. duty if made elsewhere. What, however, is 
|suggested as preferable is to substitute for the 


undiscriminating operation of a duty a system of 


| 
| 
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house. Here the coal is transferred to a second and 
independently-driven belt conveyor, the slope of which 
can be varied to suit the height of the vessel being 
coaled. One end of the girder or boom, carrying the 
conveyor is hinged at a point in the motor house, while 


| bounty for approved electrical articles of Australia| the other end is slung by wire ropes from a second 


| manufacture. 


The bounty would be given only to! tower at the wharf side. An elevation of this is given 
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in Fig. 5. The hoisting or lowering of the boom is 
effected by electrically-driven drums. Counter-balance 
weights are fitted to take part of the load. 

The discharge into the vessel is from a third conveyor 
which is telescopic and is carried by and housed beneath 
the main boom. The provision for horizontal adjust- 
ment made in the case of this third conveyor not only 
permits of correct discharge into the holds of ships of 
different beam, but also through hatches of different 
width or position in the same vessel. As previously 
stated, the angle in the horizontal plane made by the 
inclined conveyor with the boom conveyor, clearly 
indicated in Fig. 4, is accidental and not  inci- 
dental. 

The wagon tipper is illustrated in greater detail in 
Figs. 6 to 9. The rail level is 12 ft. above the jetty 
level, but to accommodate the rams and chute, some 
excavation has also been necessary. The wagon shown 
upon the table in Figs. 8 and 9, is one of the new 
20-ton vehicles, and the chute is of sufficient capacity 
to take the whole of the contents of one wagon. Both 
hydraulic cylinders are carried on trunnions. The 
tipping ram is not attached to the table, but lifts it 
upon rollers carried on a crosshead. These roll on 
paths on the underside of the table. The crosshead is 
coupled by a pair of links to the frame which carries the 
table hinge, the centre of the pivots not coinciding with 
that of the hinge. As will be realised from Fig. 8, this 
difference in centring results in the links drawing the 
tipping cylinder over as the table tilts. The travel of 
the tipping ram is thus shortened while the turning 
moment automatically decreases as the wagon empties. 
The arrangement of the crosshead, rollers, and links 
is very clearly shown in Fig. 2, in which illustration, 
however, an ordinary 12-ton wooden wagon is shown 
being discharged. The ram operating the chute js, 
on the contrary, attached directly to the chute by an 
ordinary pin joint. 

The rate of discharge from the chute on to the con- 
veyor belt is controlled by a pair of vertical doors at the 
mouth of the chute, arranged to slide at a converging 
angle when closing. These doors are opened and closed 
by a rack and pinion on the back of each. These 
arrangements are shown in Figs. 6 and 7, Plate XIII. 
The pinions are operated through worms and wheels on 
shafts in the corners of the chute, the shafts being 
coupled by chain drives to a single countershaft situated 
above the beams on which the chute is hinged. This 
countershaft is driven, by spur and pinion gear, from a 
small electric motor. The chain drives are passed 
over transfer wheels on the axis of the hinge pins, so 
that their length remains constant in all positions of 
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the chute. Control of the width of the chute opening; 
as also of its inclination, is rendered necessary by the 
different sizes of coal handled, as well as by the demands 
of the vessel being coaled. The inclination of the chute 
can be varied from 35 deg. to 50 deg. It cannot be 
moved simultaneously with the table. To prevent 
such a contingency the controls are interlocked, 
while, in addition, it is not possible to raise the chute 
when a wagon is against the horns, or stops. 

The conveyor belts are all of the same width, namely, 
42 in., and are of graded canvas andrubber. They are 
carried on Messrs. Spencer’s standard five-roll idlers, 
the rollers of the top sets being arranged to give a 
concave curve to the belt, the lower sets being, of course, 
allinline. The top idlers are closely pitched in both the 
inclined and boom belts at the point where the coal is 
fed on to them. All are lubricated by large Stauffer 
cups. 

The inclined conveyor is 161 ft. between pulley 
centres. For about half its length the platform is 
supported by a building which forms a store house. 
The decking of this part is reinforced concrete. The 
remainder of the platform is carried on trussed girders 
in a single span. The motor house tower is illustrated 
in Figs. 10to 14. The conveyor enters the motor house 
above the level of the second floor at one of the corners, 
as shown in Fig. 13. This view also shows clearly the 
driving motor, which is of 65 h.p. and runs at 600 r.p.m., 
giving the conveyor a speed of 400 ft. per minute. 
The motor is geared to the driving pulley through two 
countershafts, and by suitable clutches the speed can 
be reduced so as to give a conveyor rate of 200 ft. per 
minute. Fig. 12 shows the method adopted of keeping 
this conveyor taut. A weighted floating pulley is 
fitted in a loop of belt between two idle pulleys. The 
lead of the belt over the several pulleys will also be 
clear on reference to Figs. 10 and 11. 

The latter figures, however, in conjunction with 
Fig. 14, are more useful as showing the motor drive, 
pulley leads, and tightening gear of the boom conveyor 
belt, which has an effective length of 80 ft. The motor, 
situated on the first floor, is of 35 h.p. It runs at 
600 r.p.m., giving a belt speed of 400 ft. per minute. 
Speed reduction is effected when required, as in the 
case of the inclined conveyor, by countershafts and 
clutches. 

The platform of this conveyor is carried on trussed 
girders fitted with runways for the support of the 
telescopic conveyor, and, like the inclined platform, it 
is equipped with a gangway on each side. Both con- 
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veyors are provided with weather housings having 
inspection windows. The boom is hinged at a point 





just below the level of the second floor of the motor 
house. 

The tower at the jetty (Fig. 5) is a skeleton structure, 
but carries a small house at the top to protect the 
hoisting motors of which there are two, each of 5 h.p., 
running at 750 r.p.m. These are geared to the hoisting 
drums. The hoisting speed is 8 ft. per minute. The 
weights seen near the top of the tower in Figs. 1 and 2 
partly balance the weight of the boom and telescopic 
conveyor. 

The latter is illustrated in Figs. 15 to 23. From 
Fig. 16 it will be seen that the pulley centres are 
35 ft. lin. apart. Theinner pulley, 7.e., the one nearest 
the tower, is the driver. The outer pulley is shown in 
more detail in Figs. 20, 21 and 22 for the purpose of 
illustrating the belt-tightening device. This consists 
of a slide at each end of the pulley, upon which the 
bearing blocks are carried. The bearings are spheric- 
ally mounted. Adjustment is effected by a simple 
screw held by double nuts in the slide base and attached 
to the block. The maximum range is 18 in. Fig. 22 
also shows the scraper for clearing the belt of coal at the 
point of discharge. The other details, Figs. 17, 18 and 
19, show the driving pulley, with its countershaft and 
gear wheels, and indicate the position of the belt motor, 
which is housed between the side frames. The motor is 
a two-speed machine of 12} h.p. running at 400 and 
450 r.p.m. 

Telescoping is effected by a small independent motor 
carried in a frame attached to the underside of the 
main boom. This operates, by means of a worm drive, 
two pinions which mesh with a pair of cast-steel racks 
on the unders of the side frames of the telescopic part. 
A detail of the rack is given in Fig. 23, which also shows 
the position of the guide rollers attached to the boom. 
This racking motor is of 5 h.p. and runs at 750 r.p.m. 
when the telescoping speed is 8 ft. per minute. 

As all three portions of the conveyor are driven by 
independent motors, it is essential that they should be 
started and stopped in the right order. To effect this 
the several switches are interlocked, with the result 
that the telescopic portion is always started first. The 
hinged boom conveyor follows, and the fixed inclined 
section is started up last. In stopping, the reverse 
order is, of course, followed, #.e., the inclined portion 
stops first, and the others follow suit. In addition, 
push-button switches are fitted at several points for 
the purpose of stopping all three conveyors simultan- 
eously in case of an emergency. 

The capacity of the plant, with the conveyor belts 
running at 400 ft. per minute, is 800 tons per hour. 
This is the maximum figure. The average rate of 
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working is less, since the speed of loading generally 
depends upon the rate at which trimming proceeds. 

The point of discharge can he varied within a very 
wide range. In a vertical plane the end of the tele- 
scopic conveyor can be located a3 low as 2 ft. 6 in., or as 
high as 60 ft. 3in., above the jetty level. In the hori- 
zontal plane, the range is from 17 ft. to 25 ft., measured 
from the berthing face of the jetty. Laterally adjust- 
ment is, of course, obtained by warping the vessel along 
the jetty. 








LAUNCH OF THE 8.S. ‘‘ Moyation.’’—Messrs. Ailsa 
Shipbuilding Company, Limited, recently launched from 
their Troon shipyard, Ayrshire, the single-screw steamer 
Moyallon, which they have bui!t for British owners. 
The vessel, which is destined for coastal service, is of the 
raised-quarter-deck type, and has a gross tonnage of 
about 250. The hull and the engines sre under special 
survey of the British Corporation Registry and the 


propelling machinery, which is of the triple-expansion 
type, is being supplied by the builders. 

















DRILLING MACHINES FOR SYDNEY 
HARBOUR BRIDGE CONTRACT. 


Ir wil] be obvious that the construction and erection 
of the great weight. of steelwork required for the bridge 
to be built over Sydney Harbour by Messrs. Dorman, 
Long and Co., Limited, will involve the use of a number 
of special tools and appliances of considerable interest 
to engineers. By no means the least important of 
these are the drilling machines, all of which have been 
supplied by Messrs. William Asquith (1920), Limited, 
of Halifax. The contract for these, as might be 
expected, included a large number of Messrs. Asquith’s 
standard girder and plate radia] drilling machines, of 
their well-known central-thrust type and fitted with 
the firm’s combined feed lock, and also covered a 
number of similar machines mounted in pairs upon 
single bogies, this type having been developed by the 
firm for drilling wide plates and other work of the 
same character. The drive, in each case, is by means 
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of a motor mounted on the arm and coupled to a gear 
box giving the necessary spindle speeds. 

In addition to these standard tools, some special 
machines were required for work on the various 
bridge members, and the-machines, which we illus- 
trate on page 163, above, and on page 165, were designed 
by Messrs. Asquith to meet the requirements of the 
bridge builders, Messrs. Dorman, Long and Co. Fig. 1 
illustrates a group of three machines, each comprising 
two radial drills driven by independent motors and 
mounted on a wide bogie. The latter are mounted 
upon the assembled chord members and units, and the 
machines are used for drilling on the upper side. A 
group of similar machines arranged for drilling upwards, 
so that they can work on the lower sides of the chord 
members, is shown in Fig. 2, and the general arrange- 
ments of both types are illustrated in Figs. 3, 4 and 5. 
The special feature in the design of these tools was that 
the spindle feed was required to be 4 ft. 6 in., and, as 
considerations of space were important, it was necessary 
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Fic. 8. SuspENDED HorizontTaL DRILL. 


to provide this long feed with the minimum of headroom. | diameter ; it had, at the same time, to carry a special 
Actually, the required feed has been obtained with | drill, as will be understood by reference to Fig. 4. 


practically no greater space than is necessitated by the 
length of the spindle itself, by the employment of an 
arrangement of chains and gears. ‘The spindle, we may 
mention, is also of special form, owing to the fact that 
holes had to be drilled down to 14 in. in diameter, so 
that the working part of spindle could not exceed that 


The machines illustrated in Fig. 2, travel on rails on 
the floor beneath the chords, and are therefore provided 
with platforms on which the operator stands. Both 
types of bogie radial can drill to a maximum radius of 
6 ft. and to a minimum radius of 2 ft. One spindle 
speed, viz. 150 r.p.m. is provided, with one feed giving 





is 11 ft. 

Figs. 6 to 8 illustrate the general arrangement of a 
horizontal drilling machine, which is intended to be 
suspended from the flanges of the bridge members in 
course of erection, and to travel along as the work pro- 
ceeds. For this purpose it is mounted on rollers, but it 
is also provided with lifting arrangements so that it 
can be moved by means of a crane. Fig. 8, annexed, 
shows the completed machine erected on a temporary 
structure in Messrs, Asquith’s works for testing 
purposes. 

As will be seen from the illustrations, the sus- 
pended column carries the drilling head and arm, 
the arm being adjusted vertically by means of a screw 
driven by a small independent motor. The drilling 
head can be adjusted horizontally on the arm by a hand- 
operated screw, and the spindle is driven by chain and 
spur gearing from a motor mounted on the drilling head. 
The gearing, we may point out, is actually enclosed, 
but the covers were removed before the photograph 
from which Fig. 8 has been reproduced was taken, 
in order to show the driving arrangements more 
clearly. As can be seen in Fig. 8, a platform is provided 
to carry the operator, and all the controls are brought 
within easy reach of this stand, on which the motor 
starters are also mounted, although not shown in the 
figure. An area 1] ft. in height and 1 ft. 8 in. wide can 
be covered by the spindle without moving the machine 
as a whole. The longitudinal feed for the spindle is 
1 ft. 3 in. at 30 cuts per inch, and the spindle speed is 
150 r.p.m. Six of these suspended horizontal drilling 
machines were supplied for the Sydney Harbour bridge 
contract. 

The machines illustrated are typical examples of 
a number of special types and adaptations of 
drilling machines designed and developed by Messrs. 
Asquith to meet particular requirements. Needless to 
say, it is often possible to reduce the cost and greatly 
to increase production in drilling operations, as in 
other work, by the use of special tools, when the 
nature and magnitude of the work are such that their 
employment is warranted. 





A Scuoou For “‘ Saw Docrors.”’-—Messrs. Drabble and 
Sanderson, Limited, Elect Works, Savile-street, Sheffield, 
inform us that a “ Saw Doctors’ School of Instruction ” 
was established recently, under their auspices, in Sheffield. 
The purpose of the school is to facilitate the acquisition 
of practical and theoretical knowledge on the fitting and 
maintenance of wide band saws, circular saws, frame, 
horizontal and vertical saws, narrow band saws and 
planer knives. The practical and theoretical work is 
conducted on modern scientific lines, and a representative 
reference library is housed on the premises. The equip. 
ment of the school comprises the latest machinery and 
tools for the upkeep of saws and knives of all the types 
usually found in mills to-day. The-machines have been 
carefully chosen, and the school is in charge of an 
instructor of considerable experience, as a saw doctor, 
both in this country and abroad. A considerable 
amount of care has been taken in arranging the courses 
of instruction adopted at the school, and these can be 
so varied that pupils need take only those subjects 
which they wish. <A detailed syllabus and particulars 
regarding fees and duration of the courses and other 
information, may be obtained from Messrs. Drabble 
and Sanderson, Limited, at the address given above. 

THE InstituTe or Metats: AuTUMN MEETING.—The 
programme of the Liége meeting of the Institute of 
Metals, extending from the 3lst' inst. to Sept. 4, 
will be found on page 77 of our issue of July 16 last. 
The following papers are expected to be submitted 
to the meeting:—‘‘The Deformation of Tungsten 
Crystals,” by Dr. C. J. Smithells and Messrs. H. P. 
Rooksby and W. R. Pitkin; “A Comparison of 
Static and Dynamic Tensile and Notched-Bar Tests,” 
by Professor K. Honda; ‘The Constitution and the 
Physical Properties of the Alloys of Cadmium and Zinc,” 
by Mr. C. H. M. Jenkins; “ Some Further Experiments 
on the Behaviour of Single Crystals of Aluminium under 
Reversed Torsional Stresses,’’ by Messrs. H. J. Gough 
and §, J. Wright and Professor D. Hanson; “ Silumin 
and its Structure,” by Mr. B. Otani; “The Primitive 
Copper Industry of America, Part II,” by Mr. G. B. 
Phillips; “‘The Constitution and Age-Hardening of 
Some Ternary and Quaternary Alloys of Aluminium 
containing Nickel,” by Miss K. E. Bingham; “The 
Constitution and Structure of the Commercial Aluminium- 
Silicon Alloys,” by Dr. A. G. C. Gwyer, with an appendix 
upon “ The Properties of the Modified Aluminium-Silicon 
Alloys,” by Dr. D. Stockdale and Mr. I. Wilkinson ; 
“Some Mechanical Properties of Silicon-Aluminium 
Alloys,” by Mr. J. D. Grogan ; “‘ The Action of Hydrogen 
on Hot Solid Copper,” by Dr. C. 8. Smith and Professor 
C. R. Hayward; ‘“‘The Development of the Use of 
Nickel in Coinage,’”’ by Captain F. R. Barton, C.M.G. ; 
**Season-Cracking in Arsenical-Copper Tubes,” by 
Messrs. A. Pinkerton and W. H. Lait; ‘“‘ Thermal 
Anomalies of Certain Solid Solutions,” by Professor P. 
Chevenard ; ‘‘ Preliminary Experiments on the Copper 
Magnesium Alloys,” by Messrs. W. T. Cook and W. R. D. 
Jones; “Bronze Worm-Gear Blanks Produced by 
Centrifugal Casting,” by Mr. F. W. Rowe;. and “An 
Account of the Non-Ferrous Metals Industry in the 
Liége District,’”’ by Mr. L. Boscheron. 
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FLAMEPROOF ELECTRICAL 
APPLIANCES FOR MINES. 


As in some coal mines there are always possibilities 
that gaseous explosive mixtures may exist, it is essential 
that whatever machinery and accessories are use 
underground in such cases must be such as not to give 
occasion to the external ignition of these gases. 
For this reason electrical appliances must be pro- 
vided with flame-proof casings. The problem of con- 
structing these, necessitates careful study of the 
mode of propagation of flame in closed and partially 
closed vessels. Adequate means must be available 
for the release of pressure from a container, in which an 
explosive mixture might be ignited, and at the same 
time be such that the passage of flame is prevented. 
There are many available means to effect this protec- 
tion, of which that allowing for the release of the pressure, 
caused by an internal explosion at flanged joints, has 
already been investigated by Messrs. I. C. F. Statham 
and R. V. Wheeler for the Safety in Mines Research 
Board of the British Mines Department. Further 
progress is indicated by the recent publication at a 
price of 1s. 3d. net, by His Majesty’s Stationery Office, 
of the second report on ‘‘ Flameproof Electrical Appa- 
ratus for use in Coal Mines.” This records the work of 
Messrs. C.S. W. Grice and R. V. Wheeler on perforated 
plate protection. 

In introducing their report, the authors suggest that 
it is perhaps because of the difficulties encountered in 
producing, commercially, metal perforated with fine 
holes that very little investigation work appears to 
have been done to determine the possibilities of its 
use for the prevention of the passage of flame. The 
results obtained by the Miner’s Lamp Committee 
indicated that perforated metal might be used in 
many instances for the purpose. The nature and 
the severity of their tests, which were concerned 
solely with the construction of safety lamps, were 
not, however, suitable for investigations with other 
appliances. 

The experimental work carried out, by the authors 
' of the report that is now before us, was divided into 
two parts. In the first, a detailed study was made, by 
the use of drilled brass plates, of the effects caused by 
gradually increasing the total open area, taking into 
account at the same time the influence of such factors 
as the thickness of the plates, the diameters of the 
holes and the manner of their spacing. The second 
section of the work was concerned with the use of 
perforated metal as commercially available, with a view 
to its use in preference to plates which had to be 
specially drilled. To represent the casings of mining 
machinery, spherical explosion vessels were chosen 
because they enable an explosive mixture ignited 
centrally to develop its maximum pressure on the walls. 
These spheres were cast in halves with wide machined 
flanges on each. Clamps were resorted to, to hold them 

ether, the joint being made with rubber vaseline. 
The perforated plates to be tested were clamped under 
a retaining ring at the end of a tube, screwed into a 
2-in. hole at the top of the explosion vessel. This 
arrangement caused the flame, or the hot gases from the 
explosion within the vessel, to have an additional 
run, beyond the walls of the sphere, of about 3 in. 
In later tests, after it had been found essential to 
increase the area of perforated metal, an alternative 
upper-half for the sphere was constructed to permit the 
use of plates of 6 in. diameter. The pressures developed 
within the vessels were measured by a recording 
manometer, while the observations on the passage 
of flame through the perforated plates were made by 
installing the explosion-vessel within a chamber con- 
taining an explosive mixture and fitted with an obser- 
vation window. Throughout the work, generally, 
the mixture of methane and air used within the explo- 
sive vessel contained 9-5 to 10-5 per cent of methane, 
which was found to be the mixture, the explosive flame 
from which was most difficult to arrest. The mixture 
surrounding the explosion vessel contained about 8-5 
per cent. of methane. The means of ignition used 
was the spark from an induction coil at a l-cm. spark 
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The first experiments were carried out with some of 
the plates used by the Mines’ Lamps Committee, to 
determine whether those found to be safe for use in a 
miner’s lamp could withstanc the tests to which the 
casings for mining electrical gear are subjected, but 
the plates tested permitted the flame of the internal 
explosion to pass through them and ignite the external 
explosive mixture. No appreciable pressure was 
developed. Despite the failure of these plates to 
prevent the passage of flame, the experiments made 
with them were of value in showing the necessity 
of determining separately the influence of each 
variable, such as the size of the individual 
perforations, the thickness of the plate, and the total 
open area. 

Experiments with plates }-, }- and }-in. thick, 
having a single perforation, of differing diameters, 





showed that the risk of ignition increased as the spark 
gap was brought nearer to the hole in the plate. For 
example, with a hole of 4-in. diameter in a plate }-in. 
thick, safety was ensured when the point of ignition 
was the centre of the sphere, whereas when the point 


d|of ignition was within }-in. of the plate a hole 


}-in. diameter in a plate }-in. thick passed a flame. 
After this work was done, a series of tests was undertaken 
with plates 4-, }- and 3-in. thick, having perforations 
two, three, and four sixty-fourths of an inch in diameter. 
In the first series the arrangement of the perforations 
was in concentric circles increasing in radius by }-in. 
from the centre to the edge of the plate, which was 
2}-in. in diameter. In each circle the perforations were 
equidistant, the first circle having, ultimately, eight 
perforations, and each succeeding circle eight more. 
In successive tests the number of perforations was 
increased by half the number that a complete circle 
would contain, every alternate hole being drilled in 
the first instance and the remainder being drilled before 
the next experiment. This process of increasing, by 
degrees, the number of holes, was continued until the 
plate passed flames under test. The principal facts 
disclosed by this series of experiments were that, with 
the particular method of close spacing of the perfora- 
tions, the thickness of the plate and the diameter of 
the individual holes was of greater importance than the 
total open area, in respect to the passage of flame. As 
the thickness of the plate was increased the influence of 
the diameter of the perforations diminished. An 
interesting feature regarding the release of pressure 
was the comparatively large immediate effect of a few 
perforations. The maximum pressure attainable in a 
completely closed vessel on exploding a 9-5 per cent. 
methane-air mixture was about 102 Ib. per square inch, 
but a maximum of no more than 70 to 75 lb. per square 
inch was reached when there was an open area of as 
little as 0-015 sq. in. Thereafter, as the open area 
was increased, the maximum pressure attainable did 
not suffer such a rapid reduction, but decreased 
steadily. 

The effect of wider spacings of the perforations was 
then tried, by using consecutive circles increasing by 
}; in. in radius. The smallest circle then had six holes 
and each successive one six more. It was soon seen 
that, by reason of the wider spacing of the holes, 
sufficient open area to afford adequate release of the 
pressure of an explosion in the 8-litre sphere could not 
be obtained with a plate 2 in. in diameter and the upper 
portion of the sphere was therefore re-designed to 
admit of plates 6 in. in diameter being attached. The 
thickness of the plates, with the wider-spaced holes, 
had apparently but little effect on the release of 
pressure. The ease of passage of the flame through the 
plates, as evidenced by the amount of open area allow- 
able was, however, greatly affected by their thickness. 
The general effect of the wider spacing was greatly to 
increase the number of perforations, and thus the total 
open area, with which a plate of given thickness could 
with safety be provided. 

With a wire gauze of given mesh, the safety, as 
measured by the resistance of the gauze to the passage 
of the flame of an explosion from a closed vessel to 
the outside atmosphere, had been found to increase 
as the total area of the gauze was increased. With a 
perforated plate the safety with a given diameter 
of perforations decreased as the area of the plate was 
increased. The reason for this difference is that the 
safety of a gauze depends almost entirely on the ability 
of the wires to absorb the heat of the gases passing 
through the meshes. An increase in the area of the 
gauze, therefore, by increasing the number of holes 
through which the release of the hot gases is possible, 
reduces the amount of heat that the wire surrounding 
each hole has to abstract. With a perforated plate it 
appeared that safety was derived mainly from the cool- 
ing of the gases by expansion, and only to a limited 
extent from cooling by conduction of heat by the 
metal. As the total area of the plate was increased, 
the effect of the expansion factor decreased, and if the 
effect of the conduction factor did not increase to a 
corresponding degree, the plate became unsafe. Should 
the area of the perforated plate be further increased it 
might become safe again through the conduction 
factor becoming the dominant one. 

There are three ways in which a perforated plate 
can be designed to prevent the passage of flame 
from a firedamp explosion within an enclosure.. These 
are :—(a) the restriction of the open area to such an 
extent as to render effective the cooling of the products 
of explosion by expansion, (b) making the plate so thick 
that each perforation is, in effect, a tube of consi- 
derable length, the cooling of the hot gases by con- 
duction being then the predominant factor, and (c) by 
making the total area so large that the metal sur- 
rounding each hole has to cool but a small quantity 
of the hot gases by conduction. 

On enquiry into the possibility of obtaining suitable 
perforated sheet metal commercially, it is found that 
the greatest thickness of metal, usually brass, that can 





be employed, is 4-in., the perforations being produced 
in either stamp or roll presses. This metal has many 
minute holes giving one-fifth to one-quarter of its 
area of actual opening. Two samples with circular 
holes and two with rectangular holes were tested. 
None was found to be capable of resisting the passage 
of the flame of an explosion of 9 to 10 per cent. of 
methane, though when the mixture was only 7-25 
per cent. methane the flame was stopped. In each 
instance the amount of open area of the sheet was 
sufficient to afford complete release of pressure from 
within the sphere. Double sheets were then tested, 
spaced ,*,-in. apart by the introduction of a brass ring. 
All four types of perforated metal, used double in this 
way, were found to be safe when the maximum area 
was exposed, but the safety decreased as the area exposed 
was decreased. It could, therefore, be concluded that 
perforated sheet metal could safely be employed to 
afford release of the pressure of firedamp explosions 
within enclosures, if double thickness were employed, 
preferably spaced slightly apart to avoid immediate 
superposition of the openings. For an enclosure of 
8 litres capacity, one area of perforated metal of at 
least 6 sq. in. should be provided. The area of double- 
thickness sheet could be reduced to # sq. in. per litre of 
the standard explosive mixture in the enclosure, without 
the fear of flame passing to the outside atmosphere. 
It was, therefore, concluded that a provision in excess 
of this, say 1 sq. in. per litre or approximately, 28 sq. 
in. per cubic foot, provided an ample margin of safety. 
In this investigation it may be mentioned, the Safety 
in Mines Research Board had the collaboration of the 
British Electrical and Allied Industries Research 
Association. 





THE FUEL RESEARCH STATION. 


In the account of the discussion by the Fuel Section 
of the Society of Chemical Industry we mentioned, on 
page 131 of our issue of July 30, that Dr. C. H. 
Lander had referred to recent reseafches at the Fuel 
Research Station in Greenwich Park, which he further 
explained to the members who subsequently were able 
to pay a visit to the station. The renewed ‘‘ Carbo” 
coal experiments of which Dr. Lander spoke were 
aimed at increasing the through-put of the vertical 
retorts from 2°5 tons daily to twice and treble that 
amount. With the double through-put, the yield of gas 
was 97 therms (against 68) per ton. Expressed on a 
production basis as yield per ton per day, the therms 
went up from 244 to 342 with the double output. 
The calorific value of the gas rose from 467 to 650 
B.Th.U., the specific gravity decreased very slightly, 
and the tar produced increased from 13-5 gallons to 15-8 
gallons, The carbonising temperatures used were high, 
and the process was, of course, carried out in experi- 
mental’ retorts in which high temperature could be 
maintained without difficulty, until the output was 
trebled. The fuel obtained was more smokeless than 
ordinary coal, but without the advantages of low- 
temperature coke, Experiments on low-temperature 
carbonisation are now carried on also in vertical 
retorts. The new setting consists of two retorts, 21 ft. 
high and 6 ft. long, with a breadth increasing from 7 in. 
at the top to 11 in. at the bottom, the through-put of 
Mitchell-Main nuts amounting to 8} tons per day. In 
this work, big lumps of an excellent firm coke, easily 
ignited, are obtained, together with a good yield of gas 
and more than 15 gallons of dry tar per ton of coal. 
The coal is preheated to 200 deg. C. in a similar setting, 
the carbonisation temperature being 620 deg. C. 
When the same retorts are charged with weakly 
coking coal (Dayton Mains or Garforth Nuts), not 
preheated, coke of the size of the sized coal together 
with from 17 to 18} gallons of tar per ton are 
obtained. 

The range of samples of low temperatnre tars, 
produced in old horizontal retorts with the same 
coal blends at temperatures raised from 450 to 700 deg. C. 
and of the oils and pitches obtained from these tars, 
formed an interesting exhibit. Some new settings 
of horizontal retorts, for 10 tons capacity daily, are 
fitted with Guest-Gibbons charging and discharging 
machines, the coke falling directly into Dryco quenching 
apparatus, an arrangement of water jacketed steel cases 
in which the coke is allowed to cool for two hours. 
These settings are, of course, of well-known types, but 
the work on these and other retorts is being conducted 
for the Survey of the National Coal Resources at 
the express wish of gas engineers for tests of selected 
coal, A new line of research taken up is that of the 
carbonisation of very fine particles of coal, giving soft 
coke spherules, 1 mm. and less in diameter, of a density 
of 0-4. The structure of this coke is being investigated. 
For the investigation of chimney-smoke density 
the smoke from a boiler furnace is tested by filtering 
and by optical methods at different levels in the 
chimney. A new coal-washing and cleaning plant 
for the study of methods and apparatus is also being 
erected, 
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FERRY BOAT WITH GILL HYDRAULIC 
PROPELLER. 


THERE are some exceptional cases of transport by 
water, when it is necessary to provide for a much greater 
flexibility in manceuvring than is usually obtainable 
with ordinary types of craft and propulsive machinery. 
Recently such conditions had to be met by a ferry boat 
for transporting passengers at the Royal Albert Dock, 
London, and a solution was found in an application 
of the Gill hydraulic propulsion system. It was found 
necessary in this ferry service to provide a small vessel 
capable of moving in any direction, either ahead or 
astern, and at any angle up to broadside on. A con- 
dition, which was imposed on the designers, was that 
the craft should be handled entirely by one man from a 
position at the forward end of the hull. No form of 
rudder, screw or other outboard projection was 
allowable, because of the liability of such devices to 
foul obstructions. The stipulation was also made 
that the boat should be able to work its way into very 
confined spaces, between barges and vessels at moorings 
or lying alongside the quay walls. Further it had to 
be capable of being held against quay-side steps or 
stages without the necessity for tying up. All the 
propulsion and steering mechanism had to be such as 
to be entirely free from possible troubles due to working 
In water encumbered with floating debris, ropes and 
other obstructions. 

It was decided by the Port of London Authority that 
the conditions could best be met by the proposals made 
by the Gill Propeller Company Limited, of 17, Victoria- 
street, London, 8.W.1. These were that propulsion 
and manoeuvring should be effected by the combination 
of an engine-driven Gill axial-flow pump with a siphon- 
shaped transfer pipe and a special adjustable type of 
discharge valve. The ferry boat, with its equipment, is 
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shown in Figs. 1 and 2 on this page, while the details 
of the propulsion and manoeuvring system are shown in 
Fig. 3. The system of propulsion consists in drawing 
up water through a bell-mouthed inlet pipe, which 
opens flush with the bottom of the boat, and is shown 
to the right-hand side of the centre line in Fig. 3. 
The water is lifted by means of a screw pump with 
a vertical spindle, driven by an oil engine. The 
water raised by the pump is passed through a short 
siphon pipe lying athwartship, also shown in Fig. 3. 
This deflects the path of the water through an angle 
of 180 deg. Leaving this pipe, the water passes 
through a variable-deflection valve, which discharges 
on the other side of the centre line, but in any direction 
whatever, under the immediate control of the steersman. 
At the final discharge through the deflecting valve, 
much less area is available for the water than through 
the pump rotor, which, of course, has a water path also 
less in area than the inlet. To obtain the minimum loss 
of energy these contractions of area were determined 
by a consideration of nozzle action. The reaction of 
the emerging water stream is used to obtain the 
propulsive effect, and as this may be developed in any 
direction, by varying, by means of the steering 
wheel, the setting of the rectangular orifices, which 
comprise the deflecting valve, complete mobility in 
manceuvring is obtained. 

Once the conditions that had to be met were deter- 
mined, designs were prepared for a ferry boat of the 
swim-barge type, shown in Figs. 1 and 2, this being 
built by Messes. Edwards and Co., Limited, of Millwall. 
The moulded dimensions are 30 ft. long, 8 ft. beam and 
2 ft. 9in. depth. The steel hull is of unusually strong 
construction, for its dimensions, because of the hard 
usage to which it will be subjected and the nature of 
the service on which it will be employed. There is a 
large midship section for the accommodation of 


passengers, who are provided with battened side seats, 
entry being provided from the after deck by steps. The 
propulsion machinery and fuel tanks for the engines 
are located at the forward end. Two bulkheads are 
introduced here, to separate the machinery space from 
the other sections of the boat. 

The engine installed is a three-cylinder unit, made 
by Messrs. The Parsons Motor Company, Limited, of 
Town Quay Works, Southampton. This is erected 
athwartships, immediately aft of the forward bulkhead, 
and drives the pump, through a friction clutch and 
Hans Renold chain of the inverted-tooth type and 
spiral-bevel gearing, made by Messrs. The Power Plant 
Company, Limited, of West Drayton, Middlesex. All 
the transmission gearing is completely encased and 
runs in oil, while the vertical spindle of the pump is also 
enclosed and is lubricated from above. The pump has 
a shrouded screw rotor of 13 in. inlet diameter, with 
fixed guide vanes at both the topand bottom. Actually 
the inlet vanes form part of the bell-mouthed inlet 
casing. Effective protection is afforded to the pump 
through the introduction at. the inlet of a flat circular 
wire screen. All the propulsion equipment, including 
the pump, gear-box, shaft and valve, is mounted on a 
baseplate, bolted down to a steel box framing in the 
hull, which is provided with wells for the pump and 
discharge valve. The spindle, which carries the 
discharge valve and is turned by means of the steering 
wheel, passes up through the syphon pipe to the control 
platform. Here are also situated the engine controls, 
the starting lever, the clutch pedal and the change-over 
valves for running the engine, alternatively, on petrol 
or paraffin. As has already been indicated, the designs 
for the propulsion machinery were made by The Gill 
Propeller Company, Limited, but it was constructed to 
their requirements by Messrs. Gwynnes Engineering 
Company, Limited, of Hammersmith, London. 

When the ferry boat was recently launched it was 
taken to the West India Docks for trials, under the 
observation of the Port of London Authority and the 
Board of Trade. In these tests a considerable margin 
was found to exist over all the stipulations regarding 
speed, manoeuvring and carrying capacity. Satis- 
factory results were also obtained in regard to freedom 
from fouling amongst obstructions. In addition to the 
acceptance trials, tests were made to determine the dead 
pull exerted by the vessel when under power, with the 
complete range of running up to the normal duty. 
These tests showed that the old empirical rule that a 
pull of a ton should be obtained with tugs and similar 
craft for every 100 h.p. supplied to the shaft was 
complied with. 





“Mopre. Enecivecer ” Exursirion.—We are informed 
that the eighth of the series of popular Model Engineer 
exhibitions will open on September 17 next, at the 
Royal Horticultural Hall, Vincent-square, Westminster, 
London, 8.W.1, and will close on September 25. 





CoLLEGE OF TECHNOLOGY, MANCHESTER.—We are 
pleased to announce that the Manchester City Council 
and the Council of the University of Manchester have 
approved the appointment of Mr. Dempster Smith, 
M.B.E., M.Sc.Tech., M.I.Mech.E., to the Chair of 
Mechanical Engineering in the University and in the 
College of Technology, in succession to Professor G. 
Gerald Stoney, D.Sc., F.R.S., who has resigned the Chair 
in order to take up an important appointment in industry. 
Professor Dempster Smith has been a member of the staff 
of the mechanical engineering department of the College 
for upwards of 20 years, and his practical contributions 
to engineering knowledge are well known. 





VACANCIES FOR AIRCRAFT APPRENTICES.—The Air 
Ministry informs us that 500 aircraft apprentices, between 
the ages of 15 and 17, are required by the Royal Air Force 
for entry into the schools of technical training, Halton, 
Bucks, and Flowerdown, near Winchester. They will 
be enlisted as the result of an open competition and of a 
limited competition, held by the Civil Service Commis- 
sioners and the Air Ministry, respectively. Successful 
candidates will be required to complete a period of 
twelve years’ regular Air Force service from the age of 18, 
in addition to the training period. Full information 
regarding the aircraft apprentice scheme may be obtained 
on application to the Secretary, Air Ministry, Kingsway, 
London, W.C.2. The open competition, for which a fee 
of 5s. is charged, is open generally to boys within thé age 
limits who forward completed application forms to the 
Secretary, Civil Service Commission, Burlington Gardens, 
London, W.1, not later than September 2 next. The 
sons of officers, warrant officers, and senior N.C.O.’s 
of the three services, who wish toenter as aircraft appren- 
tices, receive special consideration. In their case, 
applications for nomination should be made to the 
Secretary, Air Ministry, Kingsway, London, W.C.2, not 
later than August 12 next. All candidates, for tie 
limited competition must receive @ nomination before 
they can attend this examination. These nominations 
must be received by the Air Ministry, from the nominating 
authorities, not later than October 5 next. The prin- 
cipal trades open to boys are carpenter-rigger, aero-engine 
fitter and wireless-operator mechanic. apprentices 
are given a thorough training in their trade by highly- 
qualified technical instructors, and their general ca- 
tion is carried on simultaneously by civilian schoolmasters. 
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AN EXCEPTIONAL FLOOD ON THE 
MURRUMBIDGEE. 


THe Burrinjuck dam in New South Wales, which 
was built to store the waters of the Murrumbidgee 
River for the irrigation of an area estimated at 200,000 
acres was subjected to unusual flood conditions early 
last year. This structure has a maximum height of 
242 ft., the maximum depth of water stored is 200 ft. 
(R.L. at full supply, 1,180) and the length on the crest is 
765 ft. d 

Where the dam is situated the hills rise steeply 
on both sides to heights varying between 1,800 ft. 
and 2,100 ft above the bed of the river. On account of 
the great amount of excavation work that would be 
involved, it was decided that the construction of spillway 
weirs on the axis, or even approximating to that, was 
entirely outside of all possible consideration. The 
design of the spillways, which was adopted, included 
the provision of ogee concrete weir-walls of gravity 
section, parallel with the river, over which the flood- 
waters could fall into excavated channels discharging 
below the dam. 

The Murrumbidgee River has been subject to floods 
at intervals, of which possibly the greatest, since the 
white settlement of the territory, occurred at the end of 
May, 1925. An interesting account of this is given 
in the annual report of the Water Conservation and 
Irrigation Commission of New South Wales, by Mr. 
H.H. Dare. During the flood period of four days from 
9 a.m.on May 24 to 9a.m. on May 28 it was calculated 
from observations that the total rainfall on the 5,000 
sq. miles of catchment area above the Burrinjuck Dam 
was about 1,710,000 acre-feet. It should be noted, how- 
ever, that about a fortnight previously there had been 
heavy rains of from 3 to 4 in. followed by intermittent 
showers, over a considerable amount of the catchment 
area, which was consequently soaked and in a condition 
to yield a large percentage of run-off when the second 
phenomenal rainstorm occurred. The flood waters 
from the various tributaries of the river reached their 
greatest values at different times, and, consequently, the 
resultant effect on the Murrumbidgee was not so great 
as in a flood in 1922, when all the inflows reached their 
maximum values together. 

In May, 1925, when the flood on which the report is 
based, occurred, the dam wall and spillways, with the 
exception of about 50 ft. of parapet at one end of the 
wall, had been completed. Under ordinary conditions 
the reservoir would have been drawn down by May, 
which is the end of the irrigation season, but the six 
previous months had been more than usually wet, and 
the demands for irrigation water had been much reduced 
At the commencement of the flood the level of the reser- 
voir was within about 5 ft. of the full supply level. By 
2 a.m. on May 27, the water over-topped the level of the 
crest of the spillway. Further rises took place, and by 
10 p.m. the maximum height was reached, R.L. 1,199-33 
and not until June 3 did the water fall to below the crest 
of the spillway weir, R.L. 1,180. 

An investigation was made by the engineer to the 
Commission, Mr. H. M. Larkins, on the temporary 
impounding of the flood waters within the limits of the 
storage basin. He determined that the maximum 
intensity of inflow was 464,884 cub. ft. per second. 
The principal portion of this maximum intensity figure, 
319,200 cub. ft. per second, was the increment in the 
storage, while the discharge over the spillway and 
through the sluices amounted to 145,684 cub. ft. per 
second for the half-hour from 1 p.m. to 1.30 p.m., when 
the level of the reservoir increased from 13 ft. to 
13 ft. 11 in., over the spillway walls. 

Notwithstanding the severity of the flood there was no 
material damage done to the main wall at Burrinjuck, 
or to the spillway weir or training walls. It had never 
been anticipated that floods would cause a rise above 
the main wall, but in the case of the flood the water 
did actually rise to a maximum of 7-33 ft. above the 
= of the dam to 3-33 ft. above the top of the parapet 
walls. 

The Taemas bridge, an iron structure 30 miles 
above the dam, collected drift timber and was destroyed, 
but apart from that, the most serious damage was to a 
pipe-line, which was in construction between the dam 
and a power house. This was apparently punctured by 
falling rocks, and portions were torn away. The waters 
issuing from the spillway channels concentrate on a 
common point on the river, about 600 ft. below the 
dam. At this point the bed was scoured to a consider- 
able depth, but without affecting the stability of the 
structure. The impact of the overfalling water caused 
intensive eddying in the bed of the lower part of the 
river. Here, rough angular spalls of granite from the 
excavations ground each other smooth and round, 
and the same action was shown on a portion of the dam 
in contact with the spalls. A patch of the dam wall, 


90 ft. long and 15 ft. wide was thus eroded to a depth of 
2ft.9in. The repair of this is a simple matter, as also 
is the replacement of access ladders and other ironwork 
which was swept away, 





LETTER TO THE EDITOR. 
FRICTION OF ANNULAR PIPES. 
To THE Eprror oF ENGINEERING. 
Sm,—I have read with interest the report on page 
111 in your issue of July 23 on Professor Atherton’s 
paper on the frictional resistance of annular pipes. 
Unfortunately, I have not been able to get hold of the 
actual paper, but the following comments based on 


some work of my own might be of interest. 
Let 7,, 7. be the internal and external diameters 


of the annulus respectively, and let r = 1, Then 
the hydraulic mean depth = m = “. 


If m is small compared with r, 7.e., in the case of fine 
clearances, the flow per unit width of annulus is very 
nearly the same as that between two infinite plates,* 
and is given by 

2m5 dp 
Su dz 
= hydraulic gradient. 


dp 


where “ = viscosity, dz 


Let R = resistance per unit area of surface = m ic 
S = average velocity through the annulus. 





Then 5 @_ 1 205 R_ mR 
fea Sass ee SE 
R v 
pst — 3 Sm’ 
where p = density. 


v = kinematic viscosity. 
This corresponds with the formula for pipe flow 
a 
pS? Sm 
and shows that in the case of stream line flow, the re- 
sistance through a narrow annulus is 50 per cent. 
greater than that through a circular pipe. 
In the case of turbulent flow, my experiments 
extend only to values of ” up to a little below 3,000, 
using brass surfaces; the clearances were about 0-07 


cms. on a radius of 6 cms. By plotting ee against 


tad a curve differing by only about 10 per cent. from 


Dr. Stanton’s curve for drawn brass pipes was obtained. 
This supports the assumption that for similar surfaces 


is the same provided = is the 


the value of oS 


same. 
Yours truly, 
R. J. Cornisn. 
The Victoria University of Manchester, 
Engineering Department, 
July 30, 1926. 





Contract.—Messrs. The Victoria Falls and Transvaal 
Power Co., Limited, have placed a contract with Messrs. 
Sterns, Limited, lubricating-oil specialists, Royal London 
House, Finsbury Square, London, E.C.2., for the supply 
of turbine oil. 

Tue [Ron AND Steet Institute: AuTuMN MEETING. 

—We gave on page 107 of our issue of July 23, last, the 
programme of the forthcoming Stockholm meeting of the 
Tron and Steel Institute. The papers which it is expected 
will be submitted to the meeting are the following :— 
“The Effect of Nitrogen on Chromium and some Iron- 
Chromium Alloys,” by Mr. F. Adcock; “‘A Physical 
Investigation into the Cause of\Temper Brittleness,”’ by 
Professor J. H. Andrew and Mr. H. A. Dickie; ‘‘ Ano- 
malies in Heat Conduction, with some Determinations 
of Thermal Conductivity in Iron and Carbon Steels,” 
by Professor C. Benedicks and Messrs. H. Backstrom and 
P. Sederholm ; ‘ Electrochemical Potentials of Carbon 
and Chromium Steels,’’ by Professor C. Benedicks and 
Mr. R. Sundberg; “‘ The Treatment of Steel with Ferro 
Carbon-Titanium,” by Mr. G. F. Comstock; ‘The 
Mechanical Properties of Four Heat-Treated Spring 
Steels,” by Mr. G. A. Hankins, Professor D. Hanson, and 
Miss G. W. Ford ; ‘‘ Is the Direct Change from Austenite 
to Troostite Possible 2?’ by Professor K. Honda; ‘“‘ The 
Yarburisation and Decarburisation of Iron and Some 
Investigations on the Surface Decarburisation of Steel,” 
by Messrs. A. Johansson and R. Von Seth; “The 
Development of the Swedish Iron and Steel Industry 
during the Last Thirty Years,”’ by Messrs. A. Johansson 
and A. Wahlberg ; ‘‘ Notes on Jernkontoret,” by Mr. E. 
Kinander ; “ The Testing of Hardened Steel,” by Mr. A. 
Lundgren ; ‘‘ Notes ud he Development of the Swedish 
Mining Industry during the Last Twenty-five Years,” 
by Mr. W. Petersson; and ‘“‘ The Constitution of the 
Iron-Silicon Alloys,’’ by Mr. G. Phragmen. 





* (The solution for this case was given by Mr. R. B. 
Domony in our issue of May 28, 1915, page 610. Mr. 
Domony also pointed out the enormous increase of flow 
which occurred if the two surfaces were not concentric. 


'-—Ep. E.} 
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Crosby Lockwood and Son. [Price 30s. net.] 

The Motor Manual. Twenty-sixth edition. London : The 
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edition. London: The Locomotive Publishing 
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Recent Progress in Engineering Production. By C. N. 
Lintzey. London: Ernest Benn, Limited. [Price 


18s. net.] 

Le Probléme Actuel du Condenseur a Surface. By A. DELAS. 
Paris: Revue Industrielle. 

L’ Union D’Electricité. By H. Br s. 
Industrielle. 

Deutsch fiir Auslinder. By F. Lave and A. Pierivz. 
Hamburg: Walter Baugert. [Price 5 marks. ] 
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Department of Scientific and Industrial Research. Building 
Research. Technical Paper No. 3. The Permeability 
of Portland Cement Concrete. By W. H. GLANVILLE, 
B.Se. London: His Majesty’s Stationery Office. 
[Price ls. 6d. net.] 

Department of Overseas Trade. Report of the Commercial, 
Fi ial and E ic Conditions in Portugal, with 
Notes on the Financial Situation in Angola and Mozam- 
bigue. March, 1926. By StantEy C. Irvine. London : 
His Majesty’s Stationery Office. [Price ls. 6d. net.] 

Department of Overseas Trade. Report on the Economic, 
Financial and Industrial Conditions of the Netherlands, 
together with an annex on Dutch Colonial -Trade, 
February, 1926. By R. V. Lamtne.. London: His 

_. Majesty’s Stationery Office. [Price 3s. net.] 

Uber die Wahl eines Dupeadunlccauiene. By L. Litiw- 
sky. Halle (Saale): Wilhelm Knapp. [Price 1-50 
marks. ] 

Feuerfeste Baustoffe fiir Kammern der Kokeret und Gas- 
werksiéfen. By L. Litinsxy. Halle (Saale): W. Knapp. 
[Price 2.80 marks. ] 

Aeronautical Research Committee. Reports and Memo- 
randa No. 992. The Measurement of Torque Grading 
Along an Airscrew Blade. By G. P. Dougtas, D.Sc., 
and L. P. Coombes, D.Sc. [Price 9d. net.] No. 994. 
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Wing Loading. By W.S. Farren. [Price ls. 6d, net.] 
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Professor A. J. Surton PrppaRD, D.Sc., and G. H. W. 
CurrrorpD, M.Sc. [Price 6d. net.] No. 1003. On the 
Concentration of Stress in the Neighbourhood of a Small 
Spherical Flaw, and on the Propagation of Fatigue 
Fractures in “Statistically Isotropic’? Materials. 
By R. V. SourHwett and H. J. Gouex. [Price 1s. 3d. 
net.] No. 1005: Notes on “‘ Detonation’? Tempera- 
tures in Closed Vessel Explosions. By R. W. FENNING. 
(Price 6d. net.] London: His Majesty’s Stationery 
Office. 

Landeselektrizitatswerke. By A. ScHonsere and E. 
Gtunk. Munich: R. Oldenbourg. [Price 26 marks.] 
The Directory of Contractors and Public Works Annual 

1926. Edited and Compiled by C. W. Biacar. London : 
Wightman and Co., Ltd. [Price 15s. net.] 
Highway Curves and Earthwork. By Tuomas F. Hickrr- 
London: McGraw Hill Publishing Co., Ltd. 
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A Peaceful Revoluti The Gateway to a Greater Britain. 
By Oswatp Witpripce. London: The C. W. 
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Department of Overseas Trade. Report on the Commerctal 
and Industrial Situation in Hungary, April, 1926, By 
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Stationery Office. [Price ls. 6d. net.] 

Department of Overseas Trade. Report on the Commercial 
Industrial and Economic Situation in Italy, December, 
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3s. 6d. net.] 





PrersonaL.—Mr. Thornycroft Donaldson, M.Inst.C.E.. 
M.I.N.A., a director of Messrs. John I. Thornycroft 
& Co., Limited, has recently been appointed general 
manager.—Mr. W. H. Nock, managing director of 
Messrs. Wellington Tube Works, Limited, Great 
Bridge, Tipton, Staffordshire, has retired after 45 years 
continuous service with the company. Mr. D. W 
Turner, chairman of the firm, has been elected managing 
director to fill the vacancy. Mr. Nock is retaining his 
seat on the board of directors—Mr. G. Dacres, 
M.I.Mech.E., has resigned his position on the sales stafi 
of Messrs. Hick, Hargreaves & Co., Limited, Bolton, 
to accept an appointment with Mossrs, John Musgrave 
& Son, Limited, Bolton, ae 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MmpLeEsBROvUGH, Wednesday. 


The Cleveland Iron Trade.—The great scarcity of 
Cleveland: pig-iron enables sellers to maintain values at 
the high levels to which they have advanced, but cus- 
tomers are disinclined to follow the upward movement, 
and are buying substitute irons wherever conditions 
permit. Considerable quantities of Continental material 
are now arriving for consumption here at prices very 
substantially below rates ruling for local products. 
No. 1 is 92s. 6d., No. 3, g.m.b., 90s. ; No. 4 foundry, 89s., 
and No. 4 forge, 88s. 6d. 


Hematite.—Some makers of East Coast hematite iron 
have still rather considerable unsold stocks, but these 
are being gradually reduced and the strengthening 
statistical situation is resulting in sellers taking a rather 
firmer stand. Quotations, however, continue on a com- 
paratively very low level. Mixed numbers are obtain- 
able at 81s., or 9s. below the price of No. 3 Cleveland, 
whereas in normal times the former commands 8s. to 
10s. more than the latter. 


Foreign Ore.—There is absolute stagnation in foreign 
ore. Nominally best rubio remains at 21s, 6d. c.i.f. 
Tees. 


Blastfurnace Coke.—Consumers needing blastfurnace 
coke have to pay very high figures for that commodity. 


Manufactured Iron and Steel—Home demand for 
several descriptions of manufactured iron and _ steel 
continues fairly good, but actual sales are on only a very 
moderate scale, largely owing to producers’ inability 
to meet customers’ requirements for early delivery. 
Common iron bars are 111. 5s.; iron rivets, 121. 15s. ; 
packing (parallel), 8/.; packing (tapered), 11/.; steel 
billets (soft), 77. 5s.; steel billets (medium), 7J. 10s. ; 
steel billets (hard), 87. 2s. 6d.; steel ship, bridge and 
tank"plates, 8/.; steel angles, 7/. 10s.; steel joists, 
71, 10s. ; heavy steel rails, 87. 10s. ; fish plates, 127. 10s. ; 
and galvanised corrugated sheets. 171, 


Shipments of Iron and Steel.—July shipments of iron 
and steel from the Tees totalled only 39,373 tons, composed 
of 6,736 tons of pig-iron, 2,011 tons of manufactured iron, 
and 30,626 tons of steel. Foreign customers took 32,995 
tons, and coastwise!buyers 6,378 tons. Principal receivers 
of pig-iron were: Scotland, 1,640 tons; Germany, 
725 tons; Italy, 684 tons; and the Cape, 600 tons. 
The Cape was the largest buyer of manufactured iron, 
taking 375 tons. Chief importers of steel were: India, 
12,036 tons; Portuguese West Africa, 4,023 tons; 
Natal, 2,760 tons; and the Cape, 1,265 tons. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel_—Contrary to expectations, unemploy- 
ment in this locality is decreasing and not increasing. 
During the last fortnight over 4,000 idle operatives have 
been absorbed. This is surprising considering that the 
entire steel-producing furnaces in and around Sheffield 
are still out of action, and that stocks of steel at works 
have been greatly reduced, compelling the majority of 
users to resort to foreign materials in an effort to carry 
out contracts. In some instances foreign steel has 
not been found suitable for the purposes required and, 
consequently, the production of finished articles has 
tapered off. Outcrop and Continental coal continues in 
big supply and more departments have resumed activity. 
Owing to the large quantity of fuel consumed by the big 
steel-making furnaces, there is little prospect of them 
being re-lighted until after the coal stoppage has ended. 
The railway furnishing departments still maintain a 
satisfactory position. Inquiries continue to flow freely, 
and great confidence is being placed in the future. Auto- 
mobile makers are still experiencing a brisk demand, 
consequently, local motor-car steel and fittings producers 
are having to increase their output. There is still no sign 
of an improvement in the position of the shipbuilding 
industry, while armament makers, though hopeful’as to 
the future, are at present finding great difficulty in attract- 
ing business. A better state of affairs exists in the 
implement and machinery trades. Following the heavy 
call in connection with the home harvest, manufacturers 
have found the Colonies good buyers, while there is pros- 
pect of more contracts being placed. by other countries. 
The demand for mining apparatus continues practically 
negligible, though in road-making and quarrying plant 
the outlook is more bright. Efforts are being made to 
increase the output of stainless steel at electric furnaces, 
in order to meet a stronger call. The lighter trades, while 
suffering from a dearth of fuel, are operating satisfac- 
torily. In several instances departments have been kept 
open by the use of electric power. Engineers’ small tools 
are in better request. Orders have been placed locally 
by users in France for picks, forks, shovels, and drilling 
and boring apparatus, while the sugar beet industry is 
calling for increased quantities of forks of a special type. 
More orders are anticipated from Soviet Russia for saws, 
files, hacksaw blades, and rasps. The light foundries 
continue, as well as fuel supplies will allow, busily 
engaged on orders placed for builders’ ironwork. 


South Yorkshire Coal Trade.—A bigger use is being 
made of outcrop and foreign coal, and big supplies are 
available. The industrial position has been relieved by 
the use of such, and the extended use made of electric 
power, while conversions have taken place for the adop- 
tion of oil. Gas and electricity works maintain a normal 
output and have fair supplies of fyel in hand, 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel and Iron Trades,—No change of any kind 
has taken place in the steel and iron trades in the West 
of Scotland over the week and little is expected until the 
outlook in the coal mining industry is clearer. At present 
.a settlement of the trouble seems as far off as ever but 
the ballot being taken this week will probably throw 
some light on the situation. Most of the works in this 
district are still idle as the price asked for the foreign 
fuel is well-nigh prohibitive to the steel and iron trades. 
The margin before the present state of affairs arose was 
little, or nothing at all, and it would certainly be folly 
to restart works at this time knowing that every ton 
turned out marked a definite and decided loss. Orders are 
accumulating slowly and in most cases there will be a fair 
tonnage to commence with when operations are resumed, 
but that will not be until local fuel becomes plentiful and 
obtainable at a moderate figure. Prices all round are 
firmer and the following may be taken as the market 
quotations :—Boiler plates, 111. per ton; ship plates, 
71. 17s. 6d. per ton; sections, 71. 7s. 6d. per ton ; sheets, 
under ¥ in. to fin., 11/. to 121. per ton; and “‘ Crown ” 
bars, 11/7. 5s. per ton, all delivered Glasgow stations. 


Scottish Pig-iron Trade.—Business in the Scottish pig- 
iron trade is of little moment at present. Stocks are 
getting smaller but”are holding out well as the demand 
from consumers is of little account. This is the case with 
foreign as well as home buyers. Prices are firm and are 
as follows :—Hematite, 82s. 6d. per ton, delivered at 
the steel works ; foundry iron, No. 1, 90s. to 95s. per 
ton, and No. 3, 85s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 31, amounted to 106 tons. 
Of that total 100 tons went overseas and the balance of 
6 tons went coastwise. For the corresponding week of 
last year the figures were 1,270 tons to foreign destina- 
tions and 42 tons coastwise, making a total shipment of 
1,312 tons, 

Shipbuilding.—The shipbuilding returns for the past 
month are far from satisfactory and at once reflect the 
position of the industry at the present time. Not only 
are new contracts scarce but work on many of the orders 
recently placed cannot be begun because of the industrial 
upheaval due to the trouble in the coalfields. The fuel 
necessary cannot*be obtained except at a ridiculous 
figure and supplies of local steel are difficult to secure, with 
the*result that work in the shipyards is slowing down 
considerably and unemployment is gradually increasing 
once again. The work on hand does not represent a 
heavy tonnage overall, but it might be considerably 
increased if only the workers all round would make an 
attempt to”settle’down to business and try to create a 
better atmosphere. The output figures for the past 
month were as follows :— 


Vessels. Tons. 

The Clyde eae tes 12 12,899 
The Forth aa ae 4 304 
The Dee and Moray Firth 2 128 
18 13,321 


The Clyde total is much the lowest forthe year and only 
makes up the output for the seven months to 92 vessels 
of 171,449 tons. This is only a shade more than half 
of the output for the corresponding period of last year 
and is more than 200,000 tons less than the output for 
the similar period of 1913, when the total was 377,270 
tons. 





TrRIat Trip or THE S.S. Sucre.—The twin-screw oil- 
tank steamer Sucre, which has been built at the Jarrow 
shipyard of Messrs. Palmers ‘Shipbuilding and Iron 
Company, Limited, to the order of the Venezuela Gulf 
Oil Company, Caracas, was recently handed over to her 
owners after undergoing satisfactory trials at sea. The 
Sucre has heen constructed on the Isherwood system of 
longitudinal framing. A brief notice regarding the 
launch of this vessel will be found on page 662 of our 
issue of June + last. 





Woopworkine Macutinery REGuLATIONS.—In pur- 
suance of Section 79 of the Factory and Workshop Act, 
1901, the Home Secretary proposes to revoke regulation 
numbered (2) in the Woodworking Machinery Regula- 
tions, 1922, and the definition of the words “ within 
reach” in those Regulations. A draft of the Wood- 
working Machinery (Amendment) Regulation, 1926, may 
be obtained on application to the Factory Department, 
Home Office, London, 8.W.1, and any objection with 
respect to this draft must be sent in writing to the 
Secretary of State, Home Office, within 30 days from 
July 23, 1926. 





TENDERS.—The chief electrical engineer’s branch of 
the New South Wales Government Railways and Tram- 
ways is inviting tenders for the supply and delivery of one 
drag-link ash conveyor for White Bay power: house, 
Sydney (Contract No. 761). Tenders will be received at 
Sydney until noon on September 29, 1926.—The admini- 
stration of the Victorian Railways, Australia, is calling 
for tenders for the supply and delivery of two motor- 
driven disc grinding machines, including the necessary 
equipment. Tenders must reach Melbourne by 11 a.m., 
jon September 29, 1926. Further epee 3 regarding 





either of the above contracts may be obtained from the 
| Department of Overseas Trade, 35, Old Queen-street, 
London, 8,W.1. ; 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—Export business remains at a com- 
plete standstill. The owners of a colliery near Cardiff 
offered to reopen their pits on the same terms as pre- 
vailed before the strike pending an official settlement. The 
men have rejected the offer and fears are entertained that 
the pit in question may not be workable for a considerable 
period unless operations are resumed immediately. 
In Monmouthshire there have been some sectional out- 
breaks of trouble in connection with the safety workers 
but the matter has been settled in consequence of a 
threat of the owners to close down the pits for an indefinite 
period unless the safety men are allowed to attend to their 
duties. The influence of the strike on shipping will be 
gathered from the fact that in July, 185 vessels sailed 
from the Welsh ports without cargoes as compared with 
only 42 in April. Vessels to leave Cardiff with empty 
holds in July numbered 110, from Newport 41, from 
Swansea 29 and from Port Talbot and Llanelly 5. In 
the past week, 84,860 tons of American and Continental 
coal were imported into South Wales, which was more than 
double the quantity landed in the previous week. Im- 
portations into Cardiff were increased from 8,340 tons 
to 53,760 tons, at Swansea from 8,090 tons to 9,180 
tons and at Port Tablot from 340 tons to 6,570 tons, but 
at Newport were reduced from 23,790 tons to 15,350 tons. 
The South Wales coal owners have increased the maximum 
price for cobbles, nuts, beans and peas to 45s. per ton 
at standing point, though bakers are to be supplied at 
30s. per ton. Large steam coal and patent fuel also 
rule at 45s., which is aPproximately the price of imported 
coal. 

Miscellaneous.—The 10,000 ton Prince Line steamer 
Gaelic Prince has been dry-docked at Cardiff for examina- 
tion, prior to tenders being invited for repairs of the 
damage sustained by a collision with the steamer 
Trelawny. The Trelawny sank. The steamers Sunray, 
5,330 tons deadweight, and Notanda, 5,340 tons dead- 
weight, both built by Messrs. R. Thompson and Sons, Ltd., 
Sunderland, and formerly owned by Messrs Morgan & 
Cadogan, Limited, Cardiff, have been bought by the 
British Dominions Shipping Co., Limited, of which 
Messrs. Smith, Pritchard & Co., Cardiff, are the managers, 
for about 51,0007. The Sunray was launched in 1917 and 
the Notanda in 1918, the former being engined by Messrs. 
J. Dickinson and Sons, Sunderland, and the latter by 
Messrs. Blair and Co., Limited, Stockton. 

Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 7,408 tons, of which 3,875 tons com- 
prised tinplates and terneplates, 519 tons blackplates 
and sheets, 539 tons galvanized sheets and 2,476 tons 
were iron and steel goods. 





ENGINEERING ExursiTion, Carpirr.—The Council of 
the South Wales Institute of Engineers inform us that 
it is their intention to hold an engineering exhibition in 
the Drill Hall, Dumfries-place, Cardiff, from November 24 
to December 4 next. The exhibits will be divided into 
eight sections, namely: Scientific, measuring, and 
recording instruments, as applied to all branches of 
engineering ; steam plant; electrical installations and 
appli ; mechanical plant and equipment ; workshop 
appliances ; general section ; metallurgical section ; and 
marine section. Some 7,500 sq. ft. of floor space will be 
available and the charge will be 2s. 6d. per square foot. 
The minimum space allotted to an exhibitor will be 
25 sq. ft. The fast date for receiving applications for 
space is September 30, 1926, after which date the 
executive committee will allocate ground space to the 
various exhibitors. The exhibition will be open to the 

ublic from 2.30 p.m. until 8.30 p.m. each day, except 
Friday, December 3, when it will close at 6 p.m. It will 
also be open for private view, for the convenience of 
owners, managers, engineers, and chief officials of 
collieries and works on the mornings of November 27 
and 30, from 10.30 a.m. to 1 p.m. Exhibits may be sent 
in on or after November 18 next. Application forms, 
plans of the hall, and full particulars regarding the 
exhibition may be obtained from the Secretary, The 
South Wales Institute of Engineers, Institute Buildings, 
Park-place, Cardiff. 








PRESENTATION TO Proressor J. A. FLemMINnG.—We 
have been informed that a committee, presided over by 
Mr. A. A. Campbell Swinton, F.R.S., has decided to 
make a presentation to Professor J. A. Fleming, M.A. 
D.Sc., F.R.S., on the occasion of his retirement from 
the chair of electrical engineering at University College, 
London, a position which he has held since its foundation 
in 1884. The presentation will take the form of a portrait 
which will be placed in University College. A replica 
will be given to Professor Fleming himself, and this will 
be offered by him to the Institution of Electrical 
Engineers. Subscriptions to the portrait fund are 
being invited, and it is the desire of those who initiated 
the movement that the fund should be provided by a 
large number of relatively small subscriptions. The 
committee suggest that no individual subscription 
should exceed the sum of five guineas. Should the sub- 
scription to the fund exceed the amount required, the 
committee propose, unless subscribers express a wish 
to the contrary, to hand over the balance to the Fleming 
Endowment Fund, which is being raised for the Depart- 
ment of Electrical Engineering, in connection with the 
celebration of the centenary of the college. Subscrip- 
tions should be sent to Professor W. C. Clinton, Uni- 
versity College, Gower-street, London, W.C.1. Cheques 
should be drawn in favour of the Fleming Portrait Fund 
and crossed Midland Bank, Limited, Tottenham Court- 
road, The treasurer of the fund is Mr, W, M, Mordey, 
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COAL LOADING PLANT AT PORT TALBOT FOR THE GREAT WESTERN RAILWAY. 
CONSTRUCTED BY MESSRS. SPENCER (MELKSHAM), LIMITED, ENGINEERS, MELKSHAM. 


(For Description, see Page 162.) 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exista between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC \ ‘“‘ ENGINEERING,” WESTRAND 

ADDRESS LONDON. 
TELEPHONE NUMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

For the United Kingdom 0 

For Canada— 

Thin paper copies 
Thick paper copies 
For all other places abroad— 
Thin paper copies 
Thick paper copies £3 7 6 

Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher together with 
the agent’s name and address. 
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When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12». per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
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Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
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sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 
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OUR DEBT TO SCIENCE. 


ScriENCE owes much to Oxford, but it must be 
confessed. that the debt was incurred almost wholly 
during the earlier history of this great university. 
Roger Bacon was a student there in the thirteenth 
century, and though Robert Boyle was not educated 
at Oxford, it was here that he published his observa- 
tions on “the spring of air” and established the 
law now known by his name. Halley, one of the 
great astronomers of all time, was an Oxford 
graduate, having entered Queen’s College in 1673. 
It is to Halley, moreover, that the world is indebted 


international renown. The low regard in which 
science was held in general during the period 
in question is further exemplified in the writings 
of Charles Dickens, where the incident of Mr. 
Pickwick’s discovery of the famous inscription of 
Bill Stumps was probably inspired by the attempts 


60} then in progress to solve the secret of the cunei- 


form inscriptions. Better qualified scholars than 
Dickens considered this impossible, and vehemently 
maintained that the decipherers were self-deceived, 
and had invented a language unknown to history. 
The references in another work to Mr. O. A. Par- 
diggle, F.R.S., convey the impression that Dickens 
did not think highly of the Royal Society. He 
certainly made some amends in his character of 
Daniel Doyce, who, however, was an engineer 
rather than a devotee of science. 

In accepting the invitation to occupy the presi- 
dential chair of the Association the Prince of Wales 
has followed in the steps of his grandfather, who 
held the office in 1859. The Prince Consort un- 


2} doubtedly had a far keener insight into the value of 


science than perhaps any other British public man 
of his day. Our governing classes were throughout 
very slow to appreciate the material benefits to be 
derived from research. The Navy having always 
had to fight the sea, had special inducements to 
regard favourably all attempts to harness the great 
forces of nature to the use and benefit of man, but 
even in this case progress was very slow and there 
were many sets-back before the present expert 
corps of naval constructors was successfully estab- 
lished. In other departments of State matters 
were still worse. Although the “country” party, 
as it was termed, had long leases of power, it did 
nothing to promote research in agriculture, and as 
pointed out in the President’s address, the Rotham- 
stead station was due to private initiative. 

Reference was also made by the Prince to the 
“dumb hostility” with which science is still so 
widely regarded, and he suggested that with more 
knowledge this might disappear. Of late, however, 
the hostility has been vociferous rather than silent, 
but its basis of ignorance remains unchanged and 
is probably in many cases of the type technically 
described as “‘ invincible.” 

Like Mrs. Wilfer, the critics confuse feeling and 
knowledge, and “feel, nay know” that science 
is materialistic in its aims and insensitive to beauty, 
whilst, as a matter of fact, nothing could be less 
materialistic than the doctrine of relativity or less 
utilitarian than the study of star spectra or of 
human origins and histories. As regards beauty, 
what we are commonly called on to admire is the 
beauty of surface decoration and not that of form 
and proportion, a feeling for which led the late 
Sir W. H. White to declare that the lines of our 
battleships transcended in beauty the work of every 
past generation of naval architects, and also a noted 
marine painter to assert that these same craft were 
more attractive to the artistic eye than the full- 
rigged ship in all her glory. It has also to be noted 





for the publication of Newton’s Principia. The 
remarkable collection of historical philosophical 
instruments now on view at the Ashmolean, is 
further testimony to the importance Oxford at one 
time attached to scientific research. It is not unlikely, 
however, that the survival of these instruments 
and the possibility of the exhibition is equally 
eloquent of a subsequent change of view. It is as 
difficult in an active laboratory to spare space for 
obsolete plant as it is in a progressive factory. 
Apparatus which has served its turn must generally 
either be broken up for other applications, or 
ruthlessly scrapped even when of considerable 


Cavendish experiment, as also much of Faraday’s, | 

but the conditions there are exceptional. 
The change of outlook, which reached its climax | 

at Oxford during the middle of the last century, was 


| well brought out in the presidential address delivered 


before the British Association by H.R.H. the Prince 
of Wales on Wednesday, when he recalled the indig- 
nation of Keble at the conferment of honorary degrees 
on Brewster, Robert Brown, Dalton and Faraday. 


that the beauty of the highly decorated medizval 
‘churches and abbeys was inanimate, and the com- 
|munity which built them was largely disfigured by 
‘the ravages of small-pox and other diseases dire. 
| The beauty of life and growth is of a higher order 
|than that of dead stone, and this higher type of 
| beauty owes its enhancement solely to science. 

| As pointed out in the President’s address, one 
of the objects with which the Association was 
| originally organised was the removal of “the 
|disadvantages of a public kind” which impeded 
‘scientific progress. Much has still to be done. 


'Many politicians hold that the expert should 
historic interest. It is true that the Royal Institu- never be permitted direct access to the public, 


tion has preserved the apparatus used in the famous! but that his 


conclusions should be filtered 
through those gifted with “ characteristics suited 
to government.” When the first electricity com- 
mittee, appointed during the war, issued its report, 
complaint was made not that highly competent 
municipal electrical engineers were omitted from its 
panel, but that Alderman This or Councillor That 
had not been included thereon. The grievance un- 
doubtedly lay in the circumstance that the committee, 
being composed solely of experts, had reported on 
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watering down those which were politically dis- 


‘S| whereas Brown, Dalton and Faraday have an/tasteful. Again, when the Dyestuffs Corporation 
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was first established, science, by intent, was ex- 
cluded from the directorate, a policy long popular 
with the Manchester business man, and one un- 
doubtedly largely responsible for the decay in this 
country of the fine chemicals industry. Both the 
politician and many representatives of the British 
business man greatly distrusted science, largely 
perhaps because results could not be guaranteed. 
It has been said that not one in ten of the researches 
conducted in the laboratories of the German chemical 
factories led to useful results, and it is impossible 
in such cases for any one who is not himself gifted 
with adequate knowledge to say whether any par- 
ticular failure was due to incompetence in the 
laboratory, or whether the investigation was a 
legitimate exploration of what unfortunately proved 
a blind alley. 

To-day matters have much improved in this 
regard. We have numerous industrial research 
associations which have already in many instances 
proved undoubtedly profitable to those who financed 
them. Of course, not all are wisely directed or 
fortunate in their personnel, but on the whole the 
trades interested seem to be satisfied. It cannot, 
of course, be expected that much really fundamental 
work will be thus accomplished. As in the past, the 
really great discoveries will for the most part be 
made by those who have noimmediate utilitarianaim. 
The Prince of Wales pointed out that as far back 
as 1831 Brewster advocated something in the nature 
of a National Physical Laboratory, and perhaps 
originated the idea. Here, however, the seed fell 
on stony ground, and it was not until the success 
of the Reichsanstalt was established that our own 
officials and political parties could be persuaded to 
move in the matter. 

In his address the President also referred to the 
oft reiterated charge that science had added to the 
distresses of warfare. In part this no doubt is 
true, but a partial statement is ever misleading. In 
the past the soldier’s risk from disease was out of 
all proportion greater than that from the bullet. 
Moreover, the claim has been seriously made that 
poison gas is really a more humane weapon than 
shrapnel, and this, we believe, is the view taken 
officially in the United States. 

It was applied science which rescued the country 
from the depression consequent on the Napoleonic 
wars, and to it the Prince of Wales looks for the 
solution of our present economic problems. We 
must, as we did a century ago, increase the intangible 
factor in our exports. During the nineteenth 
century, and particularly in its earlier portion, our 
customers paid us largely for the ‘‘ know how,” 
rather than for mere muscle and material. If we 
are to maintain our present population in a fair 
standard of living we must re-establish this condition 
of affairs. Financial magnates may hold that, so 
long as we do export, it is a matter of indifference 
whether this takes the form of, say, china or of 
china-clay. Outside of banking circles, however, 
few will agree with this view. The present state of 
affairs in which mere muscle often earns a higher 
wage than skilled craft is inherently unstable. 
Even as regards coal, our best hope lies in the possi- 
bility that the engineer and the chemist may devise 
novel ways of securing fuel from pits now economic- 
ally unworkable, and such a consummation is 
desirable not only from the economic standpoint 
but also socially. Statistics, no doubt, show that 
the pitman’s life is a healthy one, but the condi- 
tions of work in thin seams are not such as to be 
willingly retained. 








INTERNATIONAL COMPETITION IN 
THE IMPORTS OF EAST AFRICA. 
A CAREFUL examination cf the figures given in 

a ‘“ Report on the Trade and Commerce of East 

Africa to September 1925” prepared for the 

Department of Overseas Trade by Mr. C. Kemp 

and having a foreword by Col. W. H. Franklin, 

His Majesty’s Trade Commissioners in East Africa, 

which was recently published by H.M. Stationery 

Office at a price of 1s, 6d. net, shows that, generally 

speaking, the United Kingdom has maintained its 

share of the import trade of East Africa during 
the period of the year in question. The area 





comprised within this section of the African con- , 


tinent, consists of the Uganda Protectorate, the 
Kenya Colony and Protectorate, Zanzibar and the 
Tanganyika Territory. Considering Kenya, it is 
apparent that Great Britain in 1925 slightly increased 
her share of the import trade. Nosuch definite state- 
ment is, however, possible regarding Tanganyika, 
as, prior to the year 1925, definite figures relating 
to the country of origin of imported goods were not 
available. In Zanzibar, the share of the import 
trade from the Home Country fell in 1924, but there 
was some evidence of an increase in the first six 
months of 1925. 

While this improvement of British trade with 
East Africa was apparent, it had also to be recog- 
nised that, throughout the entire area covered by 
the Report, the German share of the imports had 
grown, though the figures are still far below the 
percentage held prior to the European War. The 
gains of Germany, and a similar remark applies 
to Holland, have been mainly at the expense of 
countries other than Great Britain, and principally 
of India and Japan. To understand the position 
quite clearly it is necessary to separate the compe- 
tition arising out of relative cheapness, or quality, of 
the goods from that due to unfair trading methods. 
In the first section may be considered German metal 
wares, in which increased competition was to be 
expected. Results, however, have not confirmed 
the anticipations, because of the heavy cancellation 
of orders and, again, as a natural consequence of 
goods not being accepted because of their inferiority 
to the samples. Within the same class may be cited 
various textile goods from Holland, steelwares and 
glasswares from Belgium, cheap textiles from Japan 
and many lines from India. In some cases, however, 
where price is not the deciding factor in regard to 
purchase, popularity of design and finish are consi- 
derations which help to swell the imports from the 
respective countries. Complaints of non-delivery 
are frequently made, and it cannot be too widely 
known that in the East African bazaars it is con- 
tended, and the local courts uphold the view, that 
shipment means actual delivery on board ship 
and not delivery to the docks for shipment. In 
such circumstances disputes frequently arise, on 
the question of fulfilment of contract conditions, 
and such disagreements are very harmful to British 
trade. 

Regarding methods of trading, many foreign 
firms have reintroduced the long credit system. 
Definite instances are known of large proportions of 
an importer’s supplies from the Continent being 
sent out on consignment terms, enabling him to 
give local terms of very long duration. Even 
though extensions of internal bills have, to a certain 
extent, been necessary, there can be no doubt that 
these extensions have been given much too freely. 
Price cutting is a further source of trouble. Ifa 
British exporter knows that his production costs for 
some article are 25 per cent. in excess of those of 
some foreign factory, he is perfectly well aware of 
how he stands. If he knows, however, that there 
is no difference in the costs of production, but he is 
under-quoted in the East African market by large 
margins, it becomes absolutely impossible for him 
to gauge the possible trade with any confidence. 
A large proportion of the goods sent to East Africa 
from the Continent is paid for by means of bills 
sent out for collection. Many foreign traders have 
made considerable losses, and cases could be quoted 
where they have had to take up goods themselves 
and try to clear them in retail lots at cut prices. 

On the whole, considering the natural advantages 
of European Continental traders and the effects of 
long credit, it may truthfully be said that Great 
Britain is very fortunate in having passed through a 
difficult period in the East African market, with 
such conspicuous success. 

In spite of all predictions, the Home Country 
has survived very active competition in iron and 
steel manufactures. Intense competition is appar- 
ent from Belgium in bars and sections; from 
Germany in enamelled hollow-ware, rails and wire ; 
and from Japan in certain classes of enamelled goods. 
But, taken generally, the foreshadowed increase in 
trade has not materialised, in spite of the financial 
facilities afforded by suppliers in these countries. 
The question of quality is a vital one, which is of 
great value to our own producers. It is, again, a 





matter for surprise that Germany has not secured a 
much stronger hold in}the market for cutlery and 
hardware. A large proportion of these imports, by 
reason of its very cheapness, does not, perhaps, 
represent a direct loss to British manufacturers. A 
certain proportion of this trade is in hand tools, in 
which specialised trade America may be expected to 
show increased competition, now that the dollar- 
sterling exchange is virtually at parity. Continental 
competition shows increased efficiency in non-ferrous 
manufactures, which is mainly at the expense of 
India and not of the United Kingdom. Practically 
the whole of the electrical plant and apparatus 
imported into East Africa is obtained from Great 
Britain, but some competition is in evidence from 
Germany, which might possibly increase. One 
very important sign of the recovery of the East 
African market is the large increase which is re- 
corded in the importation of machinery. The bulk 
of these imports are capital investments, and bear 
evidence of the improvement of the position of 
European planters, from the slump conditions of 
three years ago. German competition is increasing, 
mostly in the smaller items of industrial machinery ; 
it certainly is not evident in heavy plant, nor in 
any form of agricultural machinery. Efficient repre- 
sentation in this phase of work is characteristic of 
the British producers but, where the locking up of 
finance in stocks is necessary, Continental credit 
methods may prove a stumbling block. In bicycles, 
Great Britain enjoys a demand for machines of the 
best quality in Uganda, but the lower prices quoted 
from Germany may influence sales in other parts of 
East Africa. The stocks in bond, some six or seven 
times those of 1924, are almost entirely of German 
origin, the British machines having been well taken 
up. Great efforts are being made to further the 
sales of British motor vehicles and an appreciable 
effect of this is shown in the trade returns, but the 
United States and Canada still have the dominant 
positions in the market. Tractors for agricultural 
purposes, from these two countries, show a slow 
though steady increase in importation. An attempt. 
recently made, to introduce an American tractor of 
5 h.p. for ploughing work resulted in failure, as the 
trials were not a success, and there is a good opening 
for a British article of between 5 h.p. and 10 h.p. 
for this purpose. 





THE SCIENCE MUSEUM. 


As the great national exhibition of invention, 
engineering and scientific discovery—departments 
of human activity to which we as a people have 
made so many notable contributions—the Science 
Museum at South Kensington is an object lesson for 
the whole world. Its collections recall some of the 
greatest achievements of mankind and show how 
as a nation we have become prosperous. Its gal- 
laries also remind us of the growth of our mercantile 
marine and of our navy by which our commerce 
is maintained and our Empire defended. While 
our national picture galleries and our art collections 
have many rivals elsewhere, the Science Museum is 
almost alone of its kind in the world. 

Founded some seventy years ago, the museum 
has not always received the support which is its 
due from scientific and engineering societies or the 
Government, and its work has often been carried 
out under great difficulties. Among those indi- 
viduals who have guided and assisted it during its 
earlier days, however, have been men of vision, 
such as Woodcroft, Festing, Lockyer, and Isaac 
Last, and it is upon the foundations they laid that 
their successors have been able to build up the 
museum as we know it. Happily, too, a more 
enlightened policy has been latterly pursued, and the 
museum is now regarded as a very important edu- 
cational establishment. The reports issued by the 
Board of Education are records of ever-increasing 
activity. 

The work of a museum necessarily deals mainly 
with matters of routine, and in the report of the 
Science Museum for 1925 will be found information 
regarding new acquisitions, special exhibitions, the 
publication of catalogues, the numbers of visitors 
and the use of the library. 

During 1925 no fewer than 1,300 objects were 
given, lent or purchased for exhibition, among the 











AUG. 6, 1926. | 





ENGINEERING. 


173 





donors being Sir Charles Parsons, Sir Robert Had- 
field, Messrs. Nobels, the Telegraph Construction 
and Maintenance Company, the Great Western 
Railway, and other well known individuals and firms. 
The aeronautical collections has been enriched by 
the addition of Frost’s experimental ornithopter, 
and Mr. Roe’s 9 h.p. triplane of 1909 ; in the ship 
galleries have been placed models of the Mauretania, 
Shackleton’s Nimrod, “ E,” “‘ K,”’ and ‘‘M” class 
submarines, and of the Mary B. Mitchell, a three- 
masted schooner which was one of the first vessels to 
be used as a submarine decoy ship. During the 
year the historic garret workshop of Watt has been 
arranged and now forms one of the finest exhibits 
in the Mechanical Engineering Section, while the 
British Post Office have added to the Electrical 
Yommunication exhibits the model automatic 
telephone installation shown at Wembley. The 
report gives some details about the library to which 
no fewer than 8,306 complete volumes were added 
during 1925. The total number of volumes in the 
library is now 161,671, while the number of visitors 
using the library was 13,012. Even to-day it may 
be doubted whether the library is as well known 
among engineers as it should be, and professors and 
teachers in the universities and technical colleges 
might well call the attention of their students to 
the facilities granted. 

Progress with the new buildings is enabling the 
staff to show the collections to much greater advant- 
age, and the completion of the new frontage facing 
the Exhibition-road will undoubtedly lead to the 
museum becoming better known. The report 
observes that “‘ There is no doubt that the incon- 
spicuous character of the temporary entrance, and 
the building operations which are in progress at 
the eastern portion of the new buildings which face 
Exhibition-road, discourage many from penetrating 
along the narrow pathway 200 yards in length, 
which leads to the present entrance.” The museum 
will gain much in dignity with the opening of the 
new entrance halls and eastern galleries, but it 
should be remembered that the original plans drawn 
up in 1912-13 included new central and western 
blocks, and we trust that future Governments will 
see that those plans are carried out. Some of the 
galleries still in use are totally unsuitable in character 
for a national institution and, moreover, constitute 
a serious fire risk. 





THE INTERNATIONAL EXHIBITION 
AT BALE. 


THE potentialities of Bale as a port on the Rhine 
have long been recognised, but it is only in recent 
years that any serious attempt has been made to 
provide facilities for handling traffic in any way 
commensurate with the importance of the city as a 
distributing centre. At the present time, owing to 
the river conditions between Strasburg and Bale, 
navigation of the river up to the latter is only 
possible during from five to seven months of the year, 
the exact period depending on the rainfall. In 
spite of this, however, the traffic increased from 
300 tons in 1903 to 286,500 tons in 1924. The 
increase was very irregular, and was always liable to 
be seriously affected by a dry season. There was a 
falling off of traffic to 89,600 tons in 1925 for this 
reason, and, although the optimum fignre for 1924 
has already been reached this year, there is no 
prospect of a really large increase until the condi- 
tions which at present limit the traffic have been 
ameliorated. The river below Strasburg has 
already been regulated, but between that city and 
Bale there is a shifting channel, and the depth of 
water is liable to fall below that required for the 
draught of the barges employed. As an illustration 
of the present difficulties, it may be mentioned that 
navigation was only possible in the optimum year of 
1924 on 180 days, and in 1925 this figure fell to 
120. 

Two schemes are at present under discussion for 
overcoming the difficulties of navigation. The first 
of these is to divert the river by means of a short 
canal at a point a little below Bale, called Le barr 
d’Istein, where the conditions are particularly bad, 
and to regulate the remainder of the river between 
Bale and Strasburg by the method already adopted 
in the reaches below the latter city. This consists 





of the introduction of a number of timber groins, 
held together by steel cables, in the bed of the river 
at suitable points, The groins rapidly become 
silted over, and result in the formation of a perma- 
nent deep-water channel. The alternative scheme 
is to cut an entirely new canal, roughly parallel to 
the river, between the two cities on the Alsace side. 
The canal would have a minimum depth of 7 m., 
and there would be eight locks in a total length of 
about 127 km. Amongst other advantages, the 
canal scheme would enable the fall of the river to 
be utilised to the full extent for power development, 
The final decision regarding the adoption of one or 
other of these schemes rests mainly on political 
considerations, which hardly come within our 
purview ; but it may be mentioned that the total 
cost of the canal scheme, including the provision 
for utilising the power of the river, is estimated at 
750,000,000 gold francs, whereas the regulation 
scheme could be carried out for about 62,000,000 
gold francs. The regulation would render traffic 
possible on about 320 days in the year, on which the 
depth of water would not fall below 2 m. On the 
remaining days it is estimated that the river would 
be either too high or too low, the former condition 
rendering traffic impossible owing to the presence 
of two low bridges under which the barges would 
be unable to pass. 

The importance of commencing work on one or 
other of these schemes is brought out by the fact 
that the present total volume of traffic for and via 
Bale, amounts to 11,000,000 tons yearly ; and of 
this, the greater proportion is brought up to Stras- 
burg by river and sent on to Bale by rail. The 
relative cost of river and rail traffic fluctuates 
considerably, and varies as between different 
materials, but at the present time the freightage on 
river traffic is about 60 per cent. of that carried by 
rail. Estimates have been drawn up for the 
probable traffic on the assumption that the scheme 
for regulating the river is adopted, and these give 
a total of 1,840,000 tons, made up of coal, 1,100,000 
tons; wheat, 250,000 tons; steel, 100,000 tons : 
and miscellaneous products and raw material, 
170,000 tons. The balance of 220,000 tons is 
made up of traffic in the downward direction. These 
figures are based on the probable accommodation of 
the port of Bale at the time the regulation is 
completed. 

It will be recalled that an International Exhibi- 
tion for Inland Navigation and Utilisation of 
Hydraulic Power to celebrate the opening of the 
new port of Bale was opened on July 1, but it should 
be realised that the new works which form the 
subject of this celebration only form part of a 
considerably larger scheme. The new port consists 
of a new basin in the suburb of Kleinhiiningen, 
and a new quay on the bank of the river at 
St. Johann. The new basin has facilities for a 
discharge of about 730,000 tons per annum, and 
the quay for about 400,000 tons per annum. Work 
will shortly be commencedson a second basin, 
leading off the first, and this it is estimated will 
allow of a further discharge of some 700,000 tons 
per annum, and on an additional river quay with 
facilities for dealing with a discharge of 200,000 tons 
per annum. When this work is completed, the 
port facilities will be sufficient for a total discharge 
of some 2,000,000 tons annually, but still further 
extensions contemplated will more than double 
this figure. 

The exhibition to which we have referred is 
being held in the Industries Fair Buildings at 
Bale, and as it will remain open until September 12 
it has been arranged to coincide with the Sectional 
Meeting of the World Power Conference, which, 
as already announced, is being held in Bale from 
the 31st of this month to September 12. The 
Industries Fair Buildings are admirably suited for 
exhibition purposes, as they consist of four lofty 
halls of a permanent nature, constructed with 
due consideration to the somewhat high temperature 
which is usual in the district in the summer months. 
As it is obviously out of the question to show the 
massive structures and large plant which form 
the constituents of different power schemes, the 
exhibits in the majority of cases consist of plans 
or models, and it is inevitable on this account 
that the exhibition should be more comparable 








to a museum than to the different machinery 
exhibitions to which British engineers are accus- 
tomed at Olympia and elsewhere. The museum 
atmosphere is somewhat emphasised by the fact 
that smoking is not permitted in the buildings. 

The first three halls are devoted to the national 
exhibits of various countries, and it is only in 
the fourth hall, which is confined mainly to the 
exhibits of private firms, that any appreciable 
display of machinery is to be seen. The number 
of countries participating in the exhibition is 
large, and includes France, Germany, Austria, 
Italy, Spain, Switzerland, and the United States 
of America. Great Britain is not officially repre- 
sented, and the only British private interest taking 
any part in the exhibition is the British Electrical 
and Allied Manufacturers’ Association. This 
restricted representation, while perhaps inevitable 
in view of the indvstrial situation in the British 
Isles, is none the less regrettable. Although, of 
course, the natural water resources of Britain 
are almost negligible compared with those of 
some of the countries represented, yet our leading 
firms have been responsible for some of the most 
important water-utilisation schemes in the world, 
and it is unfortunate that there should be nothing 
in the exhibition to remind visitors of different 
nationalities of this fact. It would appear that 
a very suitable opportunity has been missed for 
British firms to regain touch with the Continent, 
with a view to recovering the position held before 
the war. 

It is very possible that, as a result of exhibitions 
held in the past, the expression “‘ national exhibit ” 
may convey the idea of serried ranks of tinned meat 
and bottled fruit, and we would therefore emphasise 
the fact that nothing of this sort is in evidence 
at Bale. In the case of each country the stands 
have been arranged to demonstrate the development 
of its natural resources, and the extremely ingenious 
manner in which this has been done in many 
cases is worthy of the highest praise. Large-scale 
models of harbours, and contoured plans of the 
country, showing the course of the rivers and the 
location of power stations and other important 
works, are to be seen on practically every stand. 
In the majority of cases mechanical means, such 
as coloured lamps which are lit up in different 
combinations, are employed to convey information 
concerning the development and potentialities of the 
different countries. It is obviously out of the 
question to describe these exhibits in any detail, 
and we must confine ourselves to one or two typical 
examples. In the Swiss section, the School of 
Engineering of the University of Lausanne have 
alranged a remarkably clever exhibit to bring out 
the leading features of the power developments 
in the basin of the Rhone. The wall at the back 
of the stand is covered by large maps of the district, 
on which are shown the two stations of Chévres 
and Fully, with the network connecting these to 
all the principal Genevese centres of consumption. 
The turbines at Chéevres are of the propeller type, 
the fall at this point being low; while the Fully 
station is equipped with Pelton turbines working 
under a head of about 1,650 m. The two stations 
are some 140 km. apart, and are interconnected 
so that the Fully station supplies any excess above 
the capacity of the Chévres plant. The stations 
are represented on the stand by small turbine, 
of the propeller and Pelton types respectively, 
which are in glass casings so that the action of 
the control gear can be studied in detail. The 
centres of distribution are indicated by groups of 
lamps, the number lit up at any time showing 
the load, and the wiring between the two stations 
is equipped with a series of lamps, which when lit up 
in succession indicate the flow of the current. The 
whole system is energised through a master distri- 
butor, which is connected to the regulating gear 
on the two turbines, and is also arranged to direct 
current to the various centres of consumption in 
such a way as to simulate the conditions under 
which the two stations operate throughout the 
year. The controller is fitted with two dials, 
one of which indicates the load on. the whole 
system by means of a graph, while’ the other 
records} the conditions{existing at various points 
from time to time, From our description it will 
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be evident that the connections are exceedingly 
complicated, and cannot therefore be readily 
described, but the apparatus as a whole will repay 
careful study by those who have an opportunity 
of seeing it. 

The exhibits of other technical institutions are 
also in many cases of outstanding interest, but as 
our space is limited, we are unable to refer to them 
in any detail. In the Austrian section there is a 
model of a canal lock to illustrate a method of 
economising the time usually spent in waiting for 
the water to fall to the outlet level. The essential 
feature of the scheme represented by the model is 
that the lock is of such length, about 800 metres 
being proposed, that the boat is moving continu- 
ously while the lock is being filled. In the same 
section are models of Mr. Gebers, partially immersed 
ships propeller for inland navigation. The blades 
are wider at the tips than near the boss, and a very 
high efficiency is claimed. The blades are pivoted 
so that alteration of the pitch and reversing are 
possible. In the German section, a large model 
is shown of the experimental tank at the 
Technische Hochschule, Dresden. The tank is in 
two parts, one being for the usual work on ships’ 
models, while the other is for the purpose of 
studying the effect of eddies, erosion and similar 
problems on river beds. Beside the tank are a 
number of models illustrating the effect of different 
forms of sill, or of bridge columns, on the bed of a 
river. 

Before passing on to a description of the machinery 
exhibits by private firms, it will not be out of place, 
in view of the fact that many English visitors are 
likely to be present at the World Power Conference 
and will take the opportunity to visit the port of 
Bale and the Rhine between Bale and Strasburg, 
to direct attention to the exhibits dealing with 
these subjects. In the French State Section in 
Hall I, will be found a number of maps, plans and 
‘tables dealing with the proposed Grand Canal 
d’Alsace ; in the body of Hall III there is a raised 
map of the Rhine from Lake Constance to the sea, 
and also scale models showing the course of the 
deep-water channel after training, in the Strasburg 
Bale stretch of the river. A further exhibit in the 
Swiss section is a large scale model of the new port 
of Bale, in which the position of the new basin, 
river quays, and other works can be seen. On the 
wall of the same room is a plan showing all the 
proposed extensions of the port. 

As would be anticipated, the exhibits in Hall IV, 
which is that devoted to the stands of private firms, 
consists mainly of machinery and apparatus 
employed in connection with either the generation 
or utilisation of hydraulic power. There is a par- 
ticularly fine collection of turbines of both the low 
and high pressure types, together with numerous 
examples of different forms of pipe-line construction. 
In connection with the utilisation of power, high- 
tension switchgear, insulators, and mercury arc 
rectifiers can be seen, and the states of Italy and 
Switzerland show a number of electric locomotives. 
In addition to these exhibits, there are a number 
which have only a remote connection with the main 
purpose of the exhibition, such as flour-milling plant, 
weighing machines and small tools. Three firms 
are exhibiting examples of Diesel engines. 

Most of the leading European turbine manufac- 
turers are represented. Messrs. Theodore Bell and Co., 
Kriens-Lucerne, illustrate the conversion which they 
have carried out recently at Beznau, where eleven 
turbines having a total output of about 14,000 h.p. 
have been replaced by an equal number of twice the 
output. The head in this case is 6-8 metres, and 
one of the new propellers is shown on the stand. 
The same fifm are showing a Pelton wheel similar 
to those employed at Kiiblis and at Klosters, 
where the units develop 10,000 h.p. at 500 r.p.m., 
the head being 300 metres; and also an example 
of the Bell high-speed turbine propeller, particulars 
of which were given on page 74 of our issue of 
January 15 last, in connection with our description 
of the installation at Berne. 

Some of the turbines shown are of quite large 
dimensions, the most prominent being one of the pro- 
peller type designed to develop 9,500 h.p., exhibited 
on the stand of Mr. J. M. Vorth, of Heidenheim. 
The turbine ‘is for the Kraftwerk Donan-Kachlet, 





where the installation comprises seven similar 
units working under a head of 7-5 metres. The 
diameter of the propeller is 4-6 metres, and it 
rotates at 75 r.p.m. Another large turbine, in this 
case of the Pelton type, is shown on the stand of the 
Construzioni Meccaniche Riva, of Milan. This 
unit forms part of the installation at Meze, and 
develops 35,000 h.p. at 500 r.p.m. The head is 
740 metres. Other turbines are shown by the 
Ateliers des Charmilles, of Geneva, and Messrs. 
Franco Tosi-San Giorgio. In both these cases the 
turbines are of the Pelton type, that shown by the 
former being of 20,000 h.p. at 333 r.p.m., with a 
640 metre head ; and that by the latter of 40,000 
h.p. at 460 r.p.m., with a head of 500 metres. 

Examples of internal combustion engines are 
shown by the Motorenfabrik Deutz 8.A., of Cologne, 
Messrs. Sulzer Brothers, and La Societi: Nationale 
delle Officine di Savigliano. The first firm men- 
tioned manufacture engines operating on both the 
two- and four-stroke cycles for both marine and 
land purposes. The four-stroke engines are made 
in sizes up to 500 brake horse-power, but the 
exhibit at Bale is confined to a number of small 
two-stroke solid-injection Diesel engines coupled 
up to pumps or generators, or forming propelling 
units for small vessels. An interesting exhibit is 
an engine of this type of only 6 brake horse-power, 
coupled up to a cargo winch. Messrs. Sulzer’s 
exhibit includes a six-cylinder two-cycle engine of 
300 brake horse-power, and a four-cylinder two- 
cycle engine of 80 brake horse-power. The products 
of this firm are so well known that it is needless to 
enter into detail in a general description of this 
exhibit. 

La Societa Nazionale delle Officine di Savigliano 
are showing a 450 brake horse-power Fiat submarine 
Diesel engine of the four-cycle type coupled to one 
of their generators. Another exhibit is a portable 
sub-station mounted on two bogies to run on a 
standard gauge railway. This weighs 90 tons, and 
is intended to be run out to any point where there 
has been a breakdown on the system, or to supply 
additional power in an emergency. It is designed 
to transform from 102,600 to 3,600 volts, the trans- 
formers being rated at 2,250 kv.-a. at 16-7 cycles. 

Among the miscellaneous exhibits, the firm of 
Messrs. R. Stock and Co., of Berlin, are demon- 
strating the use of drills and milling cutters of their 
manufacture, the stand being equipped with a 
number of machine tools for this purpose. One of 
the twist drills shown is designed specially for good 
lubrication, its feature being two oil holes drilled 
through the solid flutes so that oil supplied to a hole 
in the shank is delivered to the lips without inter- 
ference from chips. The drill is, of course, of the 
twisted type, the holes being drilled while the flutes 
are straight, but the interest in the tool lies 
in the fact that the holes are little more than 
} inch in diameter, while the drill shown is about 
1 m. long. We understand that these drills are 
made in two series, having uniform lengths of 1 m. 
and } m. respectively, the drills in both series ranging 
from 12 to 100 mm. in diameter. 

In concluding our review of the Exhibition, it may 
be said that although it is comparatively small, 
there is much to be seen that will repay careful 
study. In view of the fact that 15 different countries 
are exhibiting, and that representatives from no less 
than 32 have signified their intention of being 
present at the World Power Conference, we think 
it is a serious mistake that the major part of the 
exhibits are described in the German language only. 
We may possibly have been unfortunate in the time 
of our visit, but our experience was that information 
was very difficult to obtain. Many of the stands 
are entirely without representatives, and on others 
yerman was the only language spoken. There is a 
general information bureau at the entrance to the 
exhibition, but it is not to be expected that the 
officials there will have detailed information of the 
type required by the technical visitor. This we 
found was the case. There appears to be no particular 
reason why the descriptive placards should not be 
printed in German, French, and English. The 
catalogue has sections printed in those languages and 
Italian in addition, but the English section is 
confined to general information about the exhibition 
and the amenities of Baile, and does not include 





any account of the exhibits. The latter information, 
in fact, does not appear in any part of the catalogue, 
only a bare list of the exhibitors and their stand 
numbers being given. In conclusion, we may say 
that one feature of the exhibition might well be 
copied by the organisers of similar functions at 
home—we refer to the ample seating accommodation 
provided throughout, 





NOTES. 
MARCELIN BERTHELOT. 

THe famous French chemist, Marcelin Pierre 
Eugéne Berthelot, was born in Paris in October, 
1827. He early turned his attention to science 
and showed great promise as a student ; his doctoral 
thesis on the subject of glycerin and the fats, pub- 
lished in 1854, created a very favourable impression 
in French scientific circles, and fully established the 
reputation of the young chemist. He was appointed 
professor of organic chemistry at the Ecole Supéri- 
eure de Pharmacie in 1859. Six years later, he 
accepted the chair of organic chemistry at the 
Collége de France, which post was specially created 
for him in recognition of his researches in the 
realm of organic chemistry. He became a member 
of the Academy of Medicine in 1863 and of the 
Academy of Sciences in 1873. He was appointed 
perpetual secretary of the latter institution in 1889, 
in succession to Pasteur. Berthelot died on 
March 18, 1907, and, during his long and active life, 
he concerned himself chiefly with questions relating 
to thermo-chemistry, explosives, chemical synthesis 
and historical chemistry. A prolific writer, he was 
the author of nearly 1,000 papers, and of some 
twenty books. The centenary of the birth of the 
scientist will be celebrated in Paris in October, 1927, 
and the suggestion has been made that the establish- 
ment of an international chemistry institution would 
form a fitting memorial to Berthelot. The buiiding 
would be called the “‘ Maison de la Chimie,” ; it 
would comprise a library, research laboratories, and 
meeting and lecture rooms. A French central 
committee, under the presidency of M. Paul Painlevé, 
is at present investigating the scheme. It is pro- 
posed, that national committees be instituted, both 
abroad and in Paris ; the latter would bring together 
foreign chemists and chemical engineers residing in 
Paris. We have been informed that the British 
Chamber of Commerce in Paris has been approached 
through H.M.’s Embassy in that city with reference 
to the formation of a committee of British residents 
in Paris, who are connected with the chemical 
industries; the Board of the Chamber is taking 
steps to bring this committee into being. The office 
of the French central committee are at 49, rue des 
Mathurins, Paris (8e), and full information regarding 
the scheme may be obtained from the secretary of 
the committee. 


Furt Economy anp TECHNOLOGY. 


There is undoubtedly a good deal to be said for 
organised attention to the subject of fuel at a time 
when the sources of our supplies are narrowed in 
one direction and expanded in the other to our 
commercial disadvantage. In fact so important is 
the matter that there is no room for the dissipa- 
tion of energy and enthusiasm which so often results 
from overlapping. It has been considered by a 
number of engineers and others concerned in the 
production or consumption of fuel, that the older 
and larger professional bodies have been unable to 
devote as large a share of attention to this subject 
as its importance warranted, and the inevitable 
result has been, as in other directions previously, the 
formation of a smaller group to deal solely with it. 
This in these days of specialising is perhaps inevit- 
able, but it is decidedly unfortunate that two such 
bodies should have been brought into existence 
practically simultaneously. One of these, the 
Institution of Fuel Technology, which is well sup- 
ported, held a meeting in the building of the Institu- 
tion of Civil Engineers on Friday, July 30, at which 
the articles of association were approved, and the 
office bearers elected. Sir W. J. Larke, who occu- 
pied the chair in the unavoidable absence of the 
President-elect, the Rt. Hon. Sir Alfred M. Mond, 
referred to negotiations with the Institution of Fuel 
Economy Engineers, which was brought into being 
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some little while ago and is proceeding with the 
drawing up of its autumn programme. He stated 
that the two bodies had failed to come to an under- 
standing with regard to amalgamation, as the 
Institution of Fuel Economy Engineers were restrict- 
ing membership to persons who were fully qualified 
technically, while the Institution of Fuel Technology 
was designed to be open to all interested in the 
subject of fuel in any way. Its constitution in this 
respect was based upon that of the Iron and Steel 
Institute. Notwithstanding this fundamental differ- 
ence, it was expected that full co-operation would 
exist between the two organisations, and to develop 
this idea still further provision had been made for 
inviting other institutions interested in fuel to 
nominate one of their members to the Council of 
the Institution of Fuel Technology. Mr. L. C. 
Harvey, in proposing the resolution confirming the 
title of the new institution, said he would have 
preferred personally some such designation as the 
National Fuel Association of Great Britain, but he 
had deferred to the more general wish. We are 
inclined to agree that Mr. Harvey’s suggestion 
would have indicated more accurately the scope 
of the institution under its open membership rules, 
and think in spite of the precedent quoted by Sir 
William Larke, the title Institution of Fuel Tech- 
nology appears to imyly s me technical proficiency, 
in which case some qualification by examination, 
as proposed by the Institution of Fuel Economy 
Engineers, is naturally desirable. The value of 
examinations in raising and maintaining the 
standard technical institutions is too well known 
for the point to require argument. In this respect 
we consider that the Institution of Fuel Economy 
Engineers has acted very commendably and with 
some boldness. It has stated definitely to the 
world that it is intent on quality, and if judiciously 
managed it should for this reason make its in- 
fluence felt in the engineering world. We therefore 
wish it success, but at the same time regret that at 
present there seems to be no means of merging the 
two bodies. 





TRIALS oF THE Motor Yacut Eros.—The twin-screw 
motor-yacht Eros, built by Messrs. Ramage and Fer- 
guson, Limited, Leith, for Messrs. 8. Y., Limited, Fen- 
church Avenue, London, E.C. 3, recently completed 
satisfactory trials in the Firth of Forth and was taken 
over by her owners. We gave a brief description of this 
vessel on page 701 of our issue of June 1], iast. 





THe CHEADLE HeatH Works or Messrs. HENRY 
Simon, LiuireD.—The official opening of the new 
works at Cheadle Heath, Cheshire, of Messrs. Henry 
Simon, Limited, flour-milling and conveying engineers, 
of Mount-street, Manchester, took place on July 10 last. 
The opening ceremony took the form of a social gathering 
at which the staffs of Messrs. Simon’s head office, 
Manchester ; of the associated firm of Messrs. Simon 
Carves, Limited, also of Manchester ; and of the Cheadle 
Heath works, were the guests of.the directors. The 
new works, which cover an area of about 5 acres, are 
situated amidst pleasant country, well away from the 
industrial districts of Manchester and Stockport. The 
shops have been laid out with a view to securing the 
maximum production with the minimum of handling, 
and modern machine tools, woodworking machines, 
and other plant have been installed to ensure the greatest 
manufacturing efficiency. The machinery is electrically 
driven throughout, and all the shops are well lighted 
and airy. The front block of buildings comprises large 
managerial, commercial, and drawing offices, and a 
well-equipped canteen for the office staff and workpeople. 
Some 20 acres of land round the works have been laid 
out as playiny fields. 





Pusiic Works Coneress, 1927: PRIZES FoR PAPERS. 
—The organising committee of the Public Werks, Road 
and Transport Congress and Exhibition have decided 
to offer three prizes and medals for papers to he submitted 
for discussion at the Congress, which will be held in 
November, 1927. The first prize will comprise a gold 
medal and 50/., the second a silver medal and 25/., 
and the third a bronze medal and 10/1. The papers 
submitted must deal with one of the following subjects : 
Highways and Bridges; Water Supply ; Sewerage and 
Sewage Disposal ; Cleansing ; Gas ; Electricity ; Housing 
and Town Planning; Tramways and Light Railways ; 
Agriculture (Small Holdings, Land Drainage, Land 
Reclamation and Agricultural Education), and Local 
Government Organisation. There is no restriction as 
to the nationality of candidates. The latest date for 
the sending in of papers is January 17, 1927. Full 
particulars regarding the competition may be obtained 
from the Hon. Secretary, Public Works, Roads and 
Transport Congress, 84, Eccleston-square, London, S.W.1. 
Papers may be submitted for discussion at the Congress 
without being entered for competition ; these should 
be clearly marked, ‘“ Not for competition,” 





THE BRITISH ASSOCIATION 
MEETING AT OXFORD. 

PROBABLY no three decades have ever been so 
tempting for taking a retrospect as the thirty-two 
years which have elapsed since the Oxford meeting 
of the British Association in 1894. Much that was 
dimly foreshadowed and severely questioned at 
that great meeting is now accepted as commonplace 
knowledge. Heinrich Hertz, who had established 
the identity between light waves and electro- 
magnetic waves on Maxwell’s theory in 1889, had 
died on January 1, 1899. At Oxford, Professor O. 
Lodge demonstrated the utilisation of Hertzian 
waves and their reflection, refraction, &c. Professor 
J. J. Thomson discoursed on the relation between 
electric discharges and chemical combination, and on 
the velocity of cathode rays. Rayleigh and Ramsay 
made a preliminary announcement of the discovery 
of a new gaseous constituent of the atmosphere, 
argon, and Hiram Maxim explained how, starting 
an engine running on a rail track, one could keep 
afloat in the air for a little while. But radio- 
telegraphy in the modern sense was no more dreamt 
of than modern automobilism and aeronautics ; 
the electron was not discovered till three years 
later, and radioactivity was quite unknown. 

For the Oxford colleges, which have weathered 
many centuries, those decades have meant quite as 
much, if not more, than for the more recent univer- 
sities. The town of Oxford is only two or three 
centuries older than the university. There was no 
Roman settlement at Oxford; the etymology of the 
name is doubtful. The town is first mentioned 
about 900, and the university seems to owe its 
origin to a law of King Henry II, who, in 1167, 
forbade English scholars from proceeding to France 
for their clerical training, the equivalent of those 
days for higher education. What later became 
known as feuds between town and gown started 
early. In 1209 the Mayor of Oxford hanged three 
clerks, and Oxford seems to have had to bear a 
particularly severe share of the burden of the 
interdict under which Innocent IIT placed England 
for the alleged misdeeds of King John. Before 
colleges were founded, and in later periods as well, 
the students lived mainly in halls. Merton College, 
regarded as the oldest, dates from 1264, Balliol 
from 1268, Worcester from 1283; Oriel College 
celebrated a few weeks ago the sixth centenary of 
its foundation in 1326, the year when Clare College 
was also founded at Cambridge. The cathedral 
church of Christ College, on the site of a house where 
the Saxon Saint Frideswide lived or died in 740, 
was built in the twelfth century; the college was 
provided by Wolsey in 1521. New College was 
originally St. Mary’s College of Winchester in 
Oxenford, established by William of Wykeham in 
1379; Magdalen College, originally Maudelayne 
College, where the Prince of Wales was an under- 
graduate and is now staying during his presidency, 
dates from 1485. 

The Divinity School and the Bodleian Library 
on the floors above it go back to Duke Humphrey 
of Gloucester, who died in 1447; the Sheldonian 
Theatre was built by Christopher Wren after the 
pattern of the Marcellus Theatre in Rome; the old 
Ashmolean Museum, erected 1679, was the first 
natural history museum of the country ; the Lewis 
Evans Collection of Historical Scientific Instruments, 
rich in interesting relics, forms part of this museum 
and was only opened last May. The University 
Museum, and the Examination Schools, which, 
this year as in 1894, make a splendid reception 
room, belong to the latter half of the past century. 
The Clarendon Laboratory and the School of 
Forestry and the new chemical laboratories are still 
more recent. Oxford, which is said to have had 
over 5,000 inhabitants in 1066 and 11,000 by 1800, 
is now a city of 57,000 inhabitants, including about 
3,500 members of the university. That it has de- 
veloped but little industrially is hardly to be 
regretted. Members were presented with copies of 
a new edition of Alden’s “‘ Oxford Guide” and 
with a special handbook on the natural history 
of the Oxford district, edited by Mr. James 
J. Walker. 

The ceremonies at the inaugural meeting, held on 
Wednesday evening, in the Sheldonian Theatre, 





were of impressive simplicity, The Vice-Chancellor 
welcoming the British Association, on behalf of the 
University, in the absence of the Lord Chancellor, 
Lord Cave, detained at the House of Lords, remarked 
that. the University had been said to have invited 
the Association in order to show them what Oxford 
did; in reality, they had wished to see what the 
Association did in promoting science among the 
nations. He was proud, of course, that the new 
President was one of theirs. The Mayor of Oxford, 
in briefly seconding the welcome, wished to accen- 
tuate that the invitation had come from the City of 
Oxford as well. Professor Lamb, in resigning the 
chair and introducing his successor, spoke of the 
deep affection in which he was held by all the nation 
and of the profound interest the Prince took in all 
activities. His Royal Highness opened his address 
by delivering a message from H.M. the King, who 
was sensible of the honour once more conferred 
upon a member of the Royal Family as when his 
grandfather had been President, in 1859, and 
repeated the assurance Queen Victoria had then 
given of her deep appreciation of the important 
work of the Association. The Prince proposed a 
reply message of the Association, to give expression 
to their loyal appreciation of the patronage extended 
to the Association by King George. 

The vote of thanks was proposed by Lord Balfour 
as senior Past-President, who pointed out in a long 
speech, that, when Professor Huxley had, at Oxford, 
in 1814, proposed the vote of thanks to the Presi- 
dent, Lord Salisbury, he had found the right word 
of congratulation and admiration, and yet left little 
doubt about his own disagreement. Thus, the réle 
of the proposer was not without perils, as the réle of 
the non-scientific President himself was ; the Prince 
had pointed that out. After his own presidential 
address in Cambridge, Lord Balfcur continued, 
Lord Kelvin had remarked that “ Arthur Balfour 
was in the hands of metaphysics.” It might sound 
superstitious, but the meetings at the two seats of 
learning had been followed by revolutionary dis- 
coveries ; in 1894, the structure of the atom had 
been the great problem which a few years later had 
given way to new attacks, and after the Cambridge 
meeting of 1904, had followed the enunciation of 
the relativity principle which revolutionised the 
world. So the great lessons the Prince of Wales had 
taught them would become memorable. 

The Prince then left the Theatre to visit the over- 
flow meeting in the Town Hall. The Sheldonian 
Theatre, which Alden’s ‘‘ Guide” credits with a 
capacity of 4,000 seats, actually has only room for 
1,600 seats, as the University found out on this 
occasion. The Treasurer of the Association, Dr. 
Griffiths, announced that so far 3,500 members 
were on the lists ; thus Manchester, the record meet- 
ing with 3,838 members, may at length be surpassed. 
On Thursday, the Prince paid visits to several 
sections, entertained the presidents. of the Sections 
at lunch and met the guests from the Dominions 
and abroad at tea. The last words of his address 
had been a welcome to the distinguished foreign 
guests. 

(To be continued.) 





THE ENGINEERING INDEX, 1925.—Seven years ago 
“The Engineering Index ” was issued for the first time 
by the American Soeiety of Mechanical Engineers. The 


iIndex was founded in the latter part of the nineteenth 
‘century, and vols. i and ii, covering the period from 


1884 to 1895. were edited by the Association of Engineer- 
ing Societies under the direction of Professor J. B. 
Johnson. These and succeeding volumes were published 
by The Engineering Magazine Company until 1919, when 
the publication was acquired by the American Society of 
Mechanical Engineers. As the title of the book implies, 
it constitutes a general index of all articles of interest to 
engineers contained in technical and scientific journals 
and periodicals published all over the world during 1925. 
The volume compirses some 800 pages and contains about 
18,000 items, of which about 3,000 are cross. references. 
It is a guide, not only to articles dealing with mechanical 
engineering, but to those in all other branches of engineer- 
ing, namely, civil, mining and electrical engineering. 
References on allied sciences, such as metallurgy, are also 
included. Previous editions of the book have served a 
highly useful purpose, the references are clearly and 
logically arranged and the succinct summaries of the 
contents of each article indexed have been carefully 
written. The Index is published at the offices of the 
American Society of Mechanical Engineers, 29, West 
39th-street, New York. The price to members is 6 dols., 
and to non-members 7 dols. 
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Building Mechanics. By W. G. Sheppard, B.A. (Cantab), 


M.I. Struct. E. Civilian Educational Staff, Royal Air 

Force. Oxford University Press: Humphrey Milford. 

1926. 264 pp. [Price, 12s. net.] 
Tue title of this book gives a fair indication of its 
purpose which is to introduce the subject treated 
in a manner useful to those practising the arts of 
construction. More recondite works must be 
consulted for a more complete treatment of the 
matters dealt with, but this is no disparagement of 
the author’s effort, who, profiting, it may be 
supposed by his experience as a teacher, has reduced 
his methods to the simplest terms, knowing that 
the average student is greatly helped by a plain 
statement of fact, avoiding the use of symbols in 
a large measure, and illustrating stated principles 





by fully worked examples. The book deals with 
concurrent forces, simple machines, equilibrium of 
rigid bodies, framed structures, stress, strain and 
elasticity, bending moments, shearing forces, | 
moments of inertia, eccentric loads, struts and other | 
allied matters. The results of experimental demon- | 
strations are usefully given to aid in establishing | 
principles, which are commonly stated with clear- | 
ness. Alternative methods of solution are given in | 
many cases of difficulty. For instance, in deter- 
mining the stresses in the members of a trench roof 
truss, for which he gives three devices for dealing 
with the difficulty of too many members at an apex. 
Generally the textual matter is clear, and will be 
found helpful to most readers. The use of influence 
lines is clearly explained. The estimating of 
moments of inertia is given much attention, the 
author directing attention to the fact that this term 
has been borrowed from the study of dynamics— 
to the confusion of students there is little doubt. 

In dealing with the principle of parallel axes, which 
may be used in the computation of such quantities, 
the author hardly makes clear the great convenience 
of this method in deriving the moment of inertia 
of an irregular area about its own neutral axis, 
which quantity is simply the difference between the 
moment of inertia round an exterior axis and the 
second moment of area round the same axis—this 
is, however, involved in his treatment. Though the 
book is elementary in its nature it contains much 
informative matter correctly stated. The author 
includes a simple treatment of masonry arches, 
which will be found quite good so far as it goes, and 
an excellent chapter on the principle of least 
work, calculated to reduce to understanding a 
method which to many would otherwise remain a 
mystery. The essential basis of this theory is not, 
however, established other than by the experi- 
mental illustration quoted. In books dealing with 
the mechanics of structures there is scope for 
considerable variety in the methods adopted, 
differences proper to the requirements and attain- 
ments of different readers. There is a place for 
any of these in engineering literature provided 
they be fundamentally sound. The author has 
produced a book which should be most useful to 
the student not greatly advanced in his studies, and 
useful it may be to others who more advanced, are 
apt to look somewhat slightingly on an elementary 
treatise. Diagrams are numerous, and computa- 
tion work is well displayed. 





Telephone Communication Systems. By K. G. KorEFFLER. 
New York : The Macmillan Company. [Price 17s. net.] 
In 1875 Mr. Graham Bell observed that the vibra- 
tion of a reed before an electro-magnet in a distant 
room caused a like vibration in the instrument 
before him, and under his guiding hand the first 
audible telephone speech was transmitted in 
March, 1876—just 50 years ago—for a distance of 
two miles. To-day it is possible to transmit 
speech for many thousands of miles, and the 
number of telephones in use can be counted by the 
million. In the United States there are over 
sixteen millions in use, New York City alone having 
installed over one million. In securing satisfactory 


communication over long distances many problems 
have had to be overcome, in order to obtain the 
necessary volume of sound at the far end of the 





line without distortion. 


There is, however, another 
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series of difficulties to be overcome when such a 
large number of subscribers, as are involved in our 
large cities, require to be connected to one another, 
and a very great deal of ingenuity has been exercised 
in finding solutions to these problems. Out of, say, 
one million subscribers, any two individuals may 
desire to talk with one another, and the necessary 
connections to enable this to be done have to be 
made promptly and without mistakes. The selec- 
tive system must thus be very efficient indeed 
if the object is to be satisfactorily attained. 
The methods of accomplishing this divide them- 
selves into two classes, namely, those making use 
of a manually-operated switchboard, or automatic 
stations. The different varieties of each are 
described in this work on ‘“‘ Telephone Communica- 
tion Systems,” which is mainly concerned in 
describing and explaining the means by which the 
necessary connections are effected. The opening 
chapters describe the modern transmitter and re- 
ceiver. It is interesting to remember that the 
latter still retains the permanent magnet originally 
used by Bell. 

The electrical and mechanical devices involved in 
manually-operated switchboards are comparatively 
simple, but those of the automatic station are 
complex, as our readers are aware from descriptions 
which have appeared in our columns. The author 
has, however, taken great care to give a clear and 
detailed account of the operations involved, and we 
think it will be found that he has satisfactorily 
accomplished his difficult task. The automatic 
station must be capable of performing every 
function performed by the operators which it dis- 
places, in so far as local calls are concerned, and 
this cannot be accomplished without the use of 
selective mechanism of a very high order of in- 
genuity. These problems have proved to be second 
only to those involved in the actual transmission 
of speech. 

Of the two principal automatic exchange systems, 
the “Strowger” and the “Panel” system, the 
former represents the first really important develop- 
ment of automatic telephony, and arose out of the 
inventions of Mr. Strowger, the first patent being 
taken out in the United States in 1891. This 
system, as modified by the addition of the so-called 
‘‘ director,’ has been adopted by the British Post 
Office. A description of the electrical and 
mechanical apparatus of both these systems is 
included in the book. Owing to the complexity 
of the subject, a full and detailed account of which 
would occupy a great deal of space, it will be 
appreciated that the present book, which is only of 
moderate size, can only be considered as an intro- 
duction to the art and practice of telephony. 
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A CONTROLLER FOR ELECTRIC 
ARC WELDING. 


In electric arc welding, taking the supplies of 
current from @ general direct-current supply system or 
from a separate generator, it is customary to introduce 
resistances to absorb as much of the power as is 
necessary to obtain the required conditions at the 
arc. When this method is resorted to, the full pressure 
of supply exists between the electrode holder and the 
job, whenever the arc is broken. This is not always 
free from danger to the operator, and many attempts 
have been made to devise means, by the use of which 
an are may be struck without the necessity for having 
high pressures at any time. In the illustrations on 
this page are shown a general view of a welding plant, 
Fig. 1, and its connections, Fig. 2, by means of which 
it is claimed that the difficulties have been removed 
and only low pressures are available, for striking 
the arc and for its maintenance, once a start is made 
with the work. This welding apparatus is made by 
Messrs. Harms and Co., of Amsterdam, and we 
were recently afforded an opportunity of studying its 
action in a London works, by the invitation of Mr. 
Robert Welch, of 87, Bishopsgate, London, E.C.2, 
who is concerned with the development of its use 
in this country. 

The principle involved in the design of this welding 
outfit is the provision of a by-pass of equal resistance 
to the normal welding circuit, through which the 
same power can be passed, when the arc is broken, 
as passes through the arc when welding work is in 
progress. An automatic switch is part of the equip- 
ment, and is used to cut out the by-pass circuit, 
whenever welding is started. By this means the 
demands for power from the generator or supply 
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system are at all times substantially the same, whether 
welding work is being done or not. The result of 
this is that the generator works without the fluctuations 
of load common in welding machines, and ,the 
steadiness of action is reflected in the quality of the 
work, and the ease with which it is done. These 
advantages, in combination with that of the improved 
safety of the worker from electric shock, render the 
equipment of much interest. 

The action can best be understood by reference to 
Fig. 2, the diagram of connections. It will be seen that 
the output from a generator G, excited by field coils F, 
is passed through a resistance R to give a supply to 
the welding circuit at about 30 volts. When the arc 
is broken the entire supply is taken through the 
resistance R,, and the switch, which would then 
be in its lowest position, connecting the bottom 
contacts. As the resistance R, is sensibly the same 
as that of the normal arc used in welding, the amount 
of current which flows in this by-pass circuit is the 
same as would be used in welding, when the by-pass 
circuit would be automatically cut out. Starting 
with open circuit conditions, should the bare end 
of the electrode be brought down to touch the job to be 
welded, the momentary action is to pass some current 
through the small coil C,, to the electrode. This coil is 
then energised and causes the switch to rise and con- 
nect the top contacts, when the current would pass 
through the heavier coil C, of fewer turns, through the 
switch §, and so to the work. The heavy coil being 
energised keeps the switch in the position of causing 
the top contacts to remain connected. Should 
the are be broken at any time, both the coils would 
cease to be energised, the switch would fall and all the 
current would again go through the by-pass circuit. 

It seemed, on watching the work of an operator 
using this equipment at the demonstration, that no 
difficulty was experienced in striking or maintaining 
the arc and, it is claimed for the equipment, that the 
are produced is so stable that the quality of the work, 
whether done by a skilled or inexperienced welder, 
is uniformly good. Because of the fact that only a 
low pressure exists between the electrode holder and 
the work, even when the arc is broken, the equipment 
has been given the trade name Harmless electric 
welding apparatus by the makers. Already a number 
of these outfits have been supplied for the vessels 
of European shipping lines, to enable their engineers 
to take supply from the ship lighting sets and effect 
repairs by welding at sea in emergencies. 








ENGINEERING TRAINING AND 
EDUCATION. 


University of Bristol—A prospectus of the Faculty 
of Engineering of the University of Bristol, which is 
provided and maintained by the Society of Merchant 
Venturers in the Merchant Venturers’ Technical 
College, Bristol, has just reached us. Courses of study 
are available at the College for persons intending to 
engage in civil, mechanical, electrical or automobile 
engineering, and full particulars of these courses are 
given in the prospectus. The ordinances and regu- 
lations relating to degrees and diplomas in engineering 
subjects are included, together with information 
regarding the Bristol ‘‘ sandwich ’’ system of training 
engineers. Copies of the prospectus may be obtained 
from the Registrar, Merchant Venturers’ Technical 
College, Bristol. 





THe InstiruTIon oF ELECTRICAL ENGINEERS: 
StupDEnTs’ Premiums.—The Council of the Institution of 
Electrical Engineers has awarded Students’ Premiums of 
the value of 101. each, for the session 1925-26, to the 


following: Mr. W. F. C. Cooper, for his fs r, “Some 
Experimental Work on Relays ”; Mr. F. J. Lane, author 
of “A  Rotary-Converter Automatic Substation ”’ 


Mr. C. T. Melling, M.Se., author of “The Design of 

Current Transformers”; Mr. H. Pryce-Jones, for his paper 

‘* Electric Winding Engines in Collieries”” ; and Mr. E. 

——_ B.Eng., for one on “The Thermionic Vacuum 
ube.” 


Larce Buast-FuRNAcE TURBO-BLOWER PLANT.— 
Messrs. British Brown-Boveri, Limited, Trafalgar House, 
Waterloo Place, London, S.W.1, inform us that their 
associated company, The American Brown-Boveri Electric 
Coporation, recently secured an order for a large blast- 
furnace turbo-blower, from the Carnegie Steel Company 
of Pittsburg. The plant will be constructed entirely in 
the works of Messrs. Brown, Boveri and Co., Limited, 
Baden, Switzerland. The blower is being designed for a 
normal suction volume of 60,000 cub. ft. per minute and 
a delivery pressure of 30 Ib. per square inch gauge, with 
an overload capacity up to 70,000 cub. ft. The normal 
speed will be 2,900 r.p.m. and the power input 4,880 kw. 
The blower will be of the single-ended pattern and will be 
driven by a steam turbine to take live steam at a pressure 
of 225 lb. per square inch gauge, superheated 150 deg. F. 
Automatic regulation will be provided for constant suction 
volume. It is expected that the plant will be ready for 
testing in April, 1927. 


LABOUR NOTES. 


Ar a national delegate conference in London on 
Friday last week, the Miners’ Federation decided]by a 
very large majority to submit the “ memorandum 
agreed upon between the executive and the Church 
leaders ’’ to the districts, with a recommendation that 
the proposals in it be agreed to. During this week the 
men in the coalfields have considered the terms and 
arrived at, it would appear, various decisions upon them, 
but, until the votes have been received and enumerated 
at the headquarters of the Federation, it will not be 
known definitely how the proposals have fared. It 
was officially stated after last Friday’s meeting that 
in interpreting the final clause of the memorandum 
the Federation had decided that the question of hours 
could not be referred to arbitration, because arbitration 
on that issue would be “ outside the report of the Royal 
Commission.” In other words, the Federation will 
agree to arbitration, after four months’ working under 
the old conditions, on any issue on which there is still 
disagreement, apart from the question of hours. That 
is not, of course, a hopeful sign, and there are others 
whose effect is not less discouraging. 





The Ministry of Labour states that on July 26, 1926, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,605,500 
of whom 1,188,300 were men, 45,100 boys, 324,900 
women, and 47,200 girls. Of the total numbers, 78,000 
were ‘persons normally in casual employment.” 
On July 19, 1926, the number of unemployed persons 
was 1,631,268 of whom 1,210,106 were men, 43,077 
boys, 332,720 women, and 45,365 girls ; and on July 27, 
1925, it was 1,197,631, of whom 912,566 were men, 
33,383 boys, 220,414 women, and 31,268 girls. In 
reckoning the total for July 26, 1926, no account has 
been taken of ‘“‘ persons who ceased work in the coal- 
mining industry on account of the dispute.” 





The administration of some trade unions certainly 
leaves a good deal to be desired on the score of economy ; 
but it is not quite fair to make benefit payments the 
measure of the efficiency of the organisations. A little 
study of any issue of say, the Amalgamated Engineering 
Unions’ Monthly Journal would end in the conviction 
that the average member gets a good deal more for his 
contributions than benefits. All the District Delgates 
are, according to these records, continuously at work in 
his interest, ‘‘ protecting ” him at his trade, and doing 
a variety of things for him including the prosecution of 
claims, when necessary, under the Workmen’s Compen- 
sation Acts. They are, in fact, the “agents” of the 
workers, and are not at all extravagantly paid. Nor 
are the executive officers highly paid when the numerical 
strength and financial comings and goings of the organi- 
sation are taken into account. Mr. Brownlie, the 
president, gets, for example, only £450 per annum, and 
his colleagues on the executive council even less. For 
full-time jobs these are poor salaries, and they become 
poorer still when the responsibilities of the offices are 
remembered. National Committees, Final Appeal 
Courts and kindred gatherings certainly run away with 
a deal of money that might profitably be devoted to 
other purposes; but where costs of management are 
high, the cause is not heavy salary lists. 





The weekly official organ of the International Labour 
Office states that in connection with the expiry of the 
overtime concessions in the metal industry in Rotterdam 
a gradual shortening of the working week was agreed 
upon some time ago between the Director-General of 
Labour, Mr. Zaalberg, and the representatives of the 
Christian Metal Workers’ Union. The progressive 
reduction began on April 1 last, when hours were reduced 
from 53 to 52 per week. A further reduction of 1 hour 
was to take effect from July 1. Mr. Zaalberg it is 
reported, promised that the question of hours should 
again be examined, with a view to an eventual return 
to the 48 hour week in the metal industry. 





On May 29 Public Administrative Regulations were 
issued under the French Eight Hour Day Act of April 23, 
1919, relating to the application of the 8-hour day to 
blacksmiths. The provisions extend to all establish- 
ments or parts of establishments in which the black- 
smith’s trade is carried on. Effective hours of work 
may be limited to eight for each working day of the 
week, or to 48 hours spread unequally over the working 
days, with a maximum of nine hours per day, in order 
to make possible the Saturday half-holiday or an equiva- 
lent rest period. In case of a general interruption of 
work resulting from accidental causes or force majeure, 
the working day may be prolonged by way of making 
up time lost, subject to prescribed conditions. The 
effective hours of work per day may be prolonged by 
not more than two hours for workers engaged in special 
shoeing for frozen roads and certain other special work, 
and by not more than half an hour per day for workers 





employed in shoeing, for the purpose of completing 
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any task begun before the end of the normal day’s 
work, 





The extended ballot—it is to last for three months— 
of the members of the National Union of Sailors and 
Firemen on the question of ending or continuing the 
organisation’s political affiliations is now in progress. 
Two questions are set in the voting paper (1) “ Is it 
in your opinion any advantage for the union to be 
associated or affiliated to any political organisation ?” 
(2) “‘ Is it your opinion that the union should continue 
its present association or affiliation with political | 
organisations ?”” In a statement accompanying the 
paper, Mr. J. Havelock Wilson, the general president, 
says that during the debate which led to the decision 
of the annual general meeting to take the ballot, the 
principal arguments used were to the effect that a 
large number of the members objected to the payment 
of the political levy, and, in consequence of refusing 
to pay it, often found themselves out of benefit, accord- 
ing to rule. Other speakers contended that much 
money and time were expended on political work which 
would be more advantageously spent on trade union 
work. Those opposed to the resolution, although not 
against taking a ballot of the members on the subject, 
contended that it was necessary to maintain political 
associations for legislative purposes. “If,” he adds, 
“you decide on continuing political associations, the 
political levy must, and will, be enforced.” 





A scheme of negotiating machinery for dealing with 
questions of wages and conditions of employment of 
railway shopmen was considered at a meeting in London 
last week between the Railway Staff Conference and 
the craft and other unions concerned. Both sides 
eventually unanimously agreed to recommend it for 
acceptance. Mr. Clower, of the London Midland & 
Scottish Railway, presided, and the unions were repre- 
sented by Messrs. W. Dobbie and J. Marchbank 
(N.U.R.), Messrs. J. Compton, M.P., and Frank Smith 
(Federation of Engineering and Shipbuilding Trades), 
Mr. Lorimer (Amalgamated Engineering Union) and 
others. 





At its annual conference at Burnley last week-end, 
the Social Democratic Federation passed a resolution 
declaring that independent democratic political action 
by the workers was “‘ the only means to secure peaceful 
and permanent measures of social change beneficial 
to the wage-earning class.” The opinion was, further, 
expressed that no possible form of industrial or direct 
action should be regarded by socialists as a substitute 
for political action, because every general strike yet 
attempted had only served to emphasize the imperative 
need of political action, and direct action by means of a 
general strike carried to a certain point would inevitably 
lead to anarchy and civil war, with the certainty of 
incalculable suffering and loss of life. 





A delegate conference of the workers’ side of the 
National Joint Trimming Committee has considered 
the demand of the shipowners for a reduction of the 
national tariff and modification of the existing agree- 
ment, without, however, arriving at a definite decision in 
the matter. Some time ago the tariff was reduced by 
334 per cent., and the owners now ask for a further 
reduction of 16% per cent., making a total cut of 50 per 
cent. as compared, with the rates five years ago. There 
is, of course, no export of coal just now and trimmers 
are consequently idle. The owners have, however, 
made it clear that their proposals have nothing to do 
with the coal stoppage, but are deemed to be necessary 
owing to the very serious state of the shipping industry. 
A suggestion of arbitration having been turned down, 
the owners have intimated that the reduction and other 
proposals will be given effect as from August 16. The 
organisations involved in the trouble include the 
National Union of Railwaymen, the Transport and 
General Workers’ Union, the National Union of General 
and Municipal Workers, the National Transport 
Workers’ Federation, and the Cardiff Coal Trimmers’ 
Union. 

The Industrial Court has issued its award in the 
reference made to it by the Association of Wireless 
and Cable Telegraphists and the Engineering and Allied 
Employers’ London District Association. Briefly, 
the main issue raised was the status of the wireless 
operator when on board ship. Was he to be regarded 
as forming part of the ship’s crew, and, if so, how were 
his wages and conditions of employment to be regulated ? 
The representatives of the employers claimed that he 
must be so regarded, and their proposals as to wages 
and conditions of employment were accordingly 
based on those of officers in the Mercantile Marine 
service. The claims of the operators, on the other 
hand, proceeded on the basis that the wages and con- 
ditions of service should be determined by the considera- 
tion that the operators were the employees of the wireless 
companies, and that, their service on board ship being 
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merely incidental to such employment, their wages 
and conditions of employment should not be governed 
by Mercantile Marine practices. In other words, the 
employers claimed that wages should, as in the case of 
Mercantile Marine officers, be related to the class and 
tonnage of the vessel on which the operator is em- 
ployed, while the union claimed that they should be 
determined as at present by years of service. 





The Court held that a system of remuneration 
based on the class and tonnage of the vessel on which 
the operator is employed offered the best solution 
of the difficulties which had arisen, but stated that, ‘ in 
adopting this system as the basis of their decision, 
the Court realise that its successful application must 
depend upon its being operated by the employers in 
such a way as to ensure equality of opportunity for 
promotion to every operator in the service.” The 
rates of wages provided for in the decision for Grade I 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
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operators range from 13/. and 14/. per month in the 
case of Class III vessels to 16l., 17/., 181., and 191. 
per month in the case of Class [ vessels. In Class II 
vessels the rates are 141. and 15l. per month. In| 
addition to these standard rates, the decision of the | 
court provides for an extra payment to operators whose | 
service abroad exceeds twelve months of Il. per month | 
for the first six months of such service over twelve | 
months, and thereafter for each additional six months 
10s. per month extra. Other provisions deal with the | 
rates to be paid on oil tankers and on ships of foreign | 
registry and to various incidental payments and | 
allowances, leave, &c. | 





The Madrid correspondent of The Times states that 
a Royal Decree was published on Saturday last, laying | 
down regulations for the protection of those who work | 
for a daily wage or on piece rates in employers’ houses, | 
or in small premises belonging to an employer. The | 
regulations cover all manual labour and work done | 
with the aid of a small mechanical plant. A protection 
committee for such workers has been formed at the | 
Ministry of Labour. On it are two representatives 
of the workers and two of the employers. This com- 
mittee will elect committees of experts which will 
settle the rates of wages, with minimum rates effective 
for two years, and will deal with other similar questions. 
Employers are in future to contribute to the old-age 
pensions fund. Copies of the decree, together with a 
table of rates of wages, must be displayed in the 
workshops. The protection committee will have the 
right to inspect all premises at any time. 





Owing to ill-health, which his friends on both sides 
of the Atlantic hope will be only temporary, Mr. 
Wm. H. Johnston, the president of the International 
Association of Machinists, has retired. He has filled 
the office since the beginning of 1912. “‘ Few organi- 
sations, if any,” says the Machinists’ Monthly Journal, 
“have had a more capable chief executive. Always 
patient, painstaking and conscientious in all he under- 
took for the benefit of his fellows, his untiring efforts 
to serve to the utmost of his strength and ability finally 
taxed his physical powers to the breaking point. 
We are thankful, however, that his life was spared, and 
it is a great satisfaction to know that, although he 
has relinquished the reins as president, his interest in 
his (our) organisation is unabated. He is rapidly 
recovering his strength, and, after a few months’ rest 
will, we hope, be completely restored to health.” 





A manifesto published in The Worker, the official 
organ of the National Minority Movement, states that 
at the annual conference in London on August 28 and 
29, resolutions will be submitted on ‘‘ (1) The General 
Strike and its Lessons .—({a) The strike leadership. 
(6) The strike machinery. (c) The strike and the 
strikers. (d) The law and the strikers. (e) The future 
of mass strikes. (2) The Reorganisation of the Trade 
Union Movement :—{a) A better leadership. (6) 
Greater powers to the General Council. (c) Speeding 
up union amalgamations. (d) Relations between 
trade unions and co-operatives. (e) Development of 
trades councils and their affiliation to the T.U.C. 
(f) How to secure 100 per cent. trade unionism. 
(3) International Unity :—({a} The Russian workers’ 
aid. (b) The reconstitution of the Anglo-Russian 
Committee, (c) Next steps fo- securing international 
unity. (4) Anti-Labour Legislation :—({a) The Emer- 
gency Powers Act and the workers. (b) Seditious laws 
and the workers. (c) Judge-made laws and the trade 
unions. (d) Amnesty for all political prisoners.” 








Tse Junior InstiTuTION oF ENGINEERS.—Engineer 
Vice-Admiral Sir Robert B. Dixon, K.C.B., Engineer- 
in-Chief of the Fleet, has been offered and has accepted 
the Presidency of the Junior Institution of Engineers 
for the year 1926-27, in succession to Mr. J. S. Highfield. 
Sir Robert Dixon’s induction will take place in December 
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Mechanical Engineer of the War Office, strongly supported 
the movement, and we have been asked to intimate that 
the Hon. Secretary, Capt. J. A. Spencer, 104, Lytton 
Avenue, Letchworth, would like to hear from former 


ORDNANCE MECHANICAL ENGINEERS.—At a re-union 
dinner of former Inspectors of Ordnance Machinery 
held at the Holborn Restaurant, recently, when Major 
G. R. Rosevere presided, it was decided to form an 
association, Colonel P. G. Davies, the Chief Ordnance 





next. 


Inspectors who are interested in the proposal. 
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MOTOR STARTERS AND CON- 
TROLLERS FOR SMALL POWERS. 


Tue design of automatic starting and control gear, 
which is now extensively employed with electric 
motors of moderate and large powers, presents a 
number of special problems when the gear is required 
for use with comparatively small machines, say, up to 
about 10 h.p. The difficulties arise mainly from the 
fact that it is necessary to produce apparatus which 
will combine the qualities of compactness and reliability 
with a reasonable selling price, and will; at the sametime, 
give complete protection to both the motor and the 
operator against the effects of any carelessness on the 
part of the latter. Messrs. Brookhirst Switchgear, 
Limited, of Northgate Works, Chester, have had this 
particular problem under consideration for some time 
past, and, having arrived at what appears to be a 
completely satisfactory solution, have recently placed 
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upon the market a full range of control panels 
for small motors of both the direct-current and 
alternating-current types. We propose, on _ this 
occasion, to deal only with the direct-current panels, 
some examples of which are illustrated on this and the 
opposite pages. 

The panel shown in Figs. 1 to 5 above, is des- 
cribed by the makers as the Midget solenoid panel. 
It is suitable for starting motors up to 3 h.p., on a 
200-volt circuit, used for driving machine tools, pumps, 
&c., and controlled either by start-and-stop push buttons 
by float switch, or by master-control switch. As will 
be seen from the figures, the components are enclosed 
in an iron wall-case, which is provided with a hinged 
front cover fitted with a glazed window, Figs. 1 and 2 
showing the front cover in the closed and open positions, 
respectively. On the upper part of the panel is 
mounted a main switch of the double-pole quick-break 
type, operated by an external handle shown in Figs. 1, 
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3 and 4, the handle being so arranged that the front 
cover cannot be opened unless the switch is in the 
“off” position. In starting up the motor, the sqlenoid 
is energised by operating a push button, or other equi- 
valent form of remote-control switch, and the plunger 
of the solenoid is then pulled up under the control of 
an oil-filled dashpot, which will be referred to later. 
Connected to the solenoid is a wedge-shaped contact 
bar of copper, which makes successive contact with 
four pairs of spring-controlled carbon brushes cutting 
out the resistance in the armature circuit step by step 
as the plunger rises. The weight of the moving parts, 
together with the pressure of the brush springs, com- 
bine to give a positive and rapid return to the “‘ off” 
position when the ‘‘ off’? push button, or other equiva- 
lent device, is used to break the circuit of the solenoid. 
The resistances, it should be noticed, are mounted in 
the back of the case, as shown in Fig. 4. Magnetic 
blow-outs are provided for the first pair of contacts, 
viz., the pair nearest the upper end of the wedge-shaped 
copper bar in Fig. 3, and double-pole fuses of the 
porcelain-handle type are employed for overload 
protection. The solenoid provides the necessary ‘‘ no- 
voltage”’ protection, the plunger with the wedge- 
shaped contact bar falling away from the carbon 
brushes in the event of a failure of the supply. 

The general arrangement of the oil dashpot, which 
controls the upward movement of the solenoid plunger 
and contact bar, is shown in Fig. 4, and its design is 
illustrated in greater detail in Fig. 5. Referring to the 
latter, it will be seen that a piston, carried by a rod 
screwed into the lower end of the plunger, works in a 
cylinder which is surrounded by an outer cylinder 
partly filled with oil. The lower end of the inner 
cylinder, which is turned to a taper, fits into a corre- 
spondingly tapered recess formed in the bottom of the 
outer cylinder, so that, by adjusting the height of the 
latter by means of the screw and lock nut provided, the 
area of the passage through which the oil flows between 
the inner and outer cylinders can be varied. In this 
way the speed at which the plunger rises, and conse- 
quently the rate at which the armature resistance is 
cut out, can be regulated over a wide range. It will be 
obvious that the form of the constricted passage result- 
ing from the arrangement adopted is such that it will 
not be affected to any appreciable extent by particles 
of grit or other foreign matter in the oil. The entrance 
of dust, moreover, is practically excluded and creeping 
of oil through the screwed joint is prevented by the two 
short tubes fitted between the inner and outer cylinders, 
as shown. The level of the oil is well below the 
lower ends of the inner tubes, so that each of the 
creepage paths between the surface of the oil and the 
screwed joint is lengthened by the inner and outer 
surfaces of one of the tubes. The maximum creepage 
of the oil used in the dashpot amounts to about 3} in., 
which is considerably less than the length of the path 
afforded by the surfaces of the cylinders and tubes. 

The type of automatic starter illustrated and 
described above is not suitable for inching duty, 
in which machines, such as printing presses, have to 
be started and stopped frequently at very short 
intervals. For such applications, automatic contactors 
must be employed to make and break the main 
circuits, and Messrs. Brookhirst Switchgear, Limited 
prefer to use an ingenious form of eddy-current brake 
to control the movement of the solenoid plunger in 
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place of the oil dashpot previously described. A 
starter of the inching type, which is also fitted with 
an automatic accelerating device for speed regulation, | 
is illustrated in Figs. 6 to 14 on this and the next | 
pages. This is known as the Junior solenoid panel, 

and is suitable for use with motors up to about 

8 h.p. on 200-volt circuits. As illustrated in Figs. 

6 to 9, the panel is of the pedestal type, although it | 
can obviously be equally well arranged for mounting | 
on a wall. The general arrangement of the parts can | 
be followed from Figs. 6 to 9, and it will be seen that, | 
in this case, the isolating switch is located in a separate 

compartment in the bottom of the casing. The 

mechanical arrangements prevent the door from being | 
opened unless the switch is in the “ off” position in a | 
similar manner to that adopted for the Midget panel, | 
and the switch is also interlocked with the contactors | 
to ensure that the armature current is always made | 
and broken by the latter, and not by the isolating | 
switch which is of the slow-break type. Over the 

isolating switch are the two contactors, with the | 
eddy-current brake, solenoid and armature-resistance | 
contacts mounted centrally above them, and the two | 
overload relays provided are placed one on each side | 
of the solenoid. At the top of the panel are the field- | 
resistance contacts for speed regulation, and a separate 
casting, bolted on to the top of the casing externally, 
houses the automatic-accelerating relay on the left 
and an ammeter on the right. The necessary resis- 
tances for both armature and field circuits are located 
in the back of the casing, as shown in Fig. 7. 

With this panel, the motor can be controlled by 
start-and-stop push buttons, or by float or master- 
control switches, and, if required, a third push button 
can be provided for inching. The operation of the 
push .buttons energises the circuits of the electro- 
magnets of the two contactors which complete the 
armature circuit, first through the maximum resistance, 
the latter then being cut out in steps by the motion 
of the solenoid plunger. This carries a wedge-shaped 
copper strip which makes contact in turn with spring- 
controlled carbon brushes as in the case of the Midget 
starter; but, as previously mentioned, the motion 
of the plunger is controlled by an eddy-current brake 
instead of by an oil dashpot. The brake, which is 
illustrated separately in Fig. 14, comprises an aluminum | 
dise connected through a train of gearing to a toothed | 
rack attached to the lower end of the solenoid plunger 
so that the disc rotates at a high speed as the plunger, | 
rises. At the bottom of the brake is an electro-magnet, 
the windings of which carry the armature current 
while the iron core, which is of rectangular form, is 
fitted with a movable-iron arm, so that a variable air 
gap is formed between the movable arm and the fixed 
portion of the iron circuit. In this air gap the 
aluminium disc rotates, and, as the flux in the gap 
is proportional to the armature current, the eddy 
currents generated in the disc, and consequently its 
resistance to rotation, are also proportional to the 
current. From this it follows that the solenoid plunger 
will rise rapidly when the load on the motor is light 
and the armature current is small, so that the resistance 
will be cut out and the motor speeded up in a short 
time; with a heavy load, on the other hand, the 
resistance will be cut out more gradually and a 
greater time will be occupied in running the motor 
up to speed. The actual rate at which the motor 
runs up to speed at any load can be varied by altering 
the position of the movable arm between the extremes 
indicated by the words “ Fast’? and “Slow” in 
Fig. 14; in the “Slow” position, the air gap is a 
minimum and the flux a maximum, and vice versa. 

Figs. 10 and 11 illustrate the design of the contactors, 
one of which is provided on each pole. They are 
fitted, as shown, with magnetic blow outs and are 
interlocked with the solenoid plunger so that they can- 
not close until the latter has returned to the “ off” 
position in which the whole of the resistance is included 
in the armature circuit. It will be seen, from Fig. 11, 
that the contact is made between the faces of two bent 
copper bars, and that the movable contact is pivoted 
to the armature of the operating magnet, a flat spring 
fitted tending to press the contacts together. A firm 
line contact is made by the pull on the armature 
when the contactor is closec, but, when it opens the 
effect of the flat spring is to turn the movable contact 
about its pivot in an anti-clockwise direction, so that 
the arc formed is broken on a different part of the copper 
bar from that on which the contact is made ; any burning 
of the actual working contact surfaces is thus avoided. 
The contactors themselves afford no-voltage pro- | 
tection, but overload protection relays, of the solenoid | 
type, are provided on each pole, and are so arranged | 
that both contactors are tripped by an overload on 
either pole. 

The shunt speed regulator is operated by hand, but | 
the arrangements are such that the motor is always | 
started up with a maximum field, irrespective of the | 
position of the speed-regulator handle. When, however 
the motor is running at the full speed corresponding to 
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AUTOMATIC STARTERS FOR SMALL POWER MOTORS. 
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AUTOMATIC STARTERS FOR SMALL POWER MOTORS. 


CONSTRUCTED BY BROOKHIRST SWITCHGEAR, LIMITED, ENGINEERS, CHESTER. 





Fig. 11. 
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the maximum field, the latter is automatically reduced 
and the speed gradually increased to a final value 
determined by the position of the handle. This is 
accomplished by the accelerating relay illustrated 
in Figs. 12 and 13. The relay, which is of the fluttering 
type, is operated by an electro-magnet carrying the 
full armature current, and, of the two carbon-block 
contacts shown at the top of Fig. 12, one is connected 
to a point between the first contact of the regulating 
resistance and the field, and the other is connected to 
the final contact of the resistance and also to the mov- 
able contact arm of the regulator. It will thus be 
obvious that when the two relay contacts are bridged, 
the field-regulating resistance will be short circuited 
and the full field applied to the motor. The contact 
with the carbon blocks is made by two bent copper bars 
flexibly mounted on a hinged arm and electrically 
connected. together, the hinged arm being pulled up 
for the purpose by the electromagnet carrying the 
armature current. An adjustable spring, shown on the 
right of Fig. 13, is provided to oppose the pull of the 
magnet on the hinged arm, so that when the armature 
current falls below a certain pre-determined value, 
the contacts are opened by the spring, and that portion 
of the resistance included between the first contact 
of the regulator and the regulator arm is then included 
in the field circuit. As a result of the weakening of the 
field due to the increased resistance, the motor speeds 
up and the current increases sufficiently to close the 
relay contacts again. This strengthens the field once 
more and reduces the armature current, so that the 
relay opens, again inserting the resistance in the field, 
and the alternate opening and closing of the relay con- 
tacts continues until the armature current falls to a 
value below that for which the relay is set. It then 
remains open continuously, leaving the required portion 
of the field resistance in circuit. The relay opens and 
closes at the rate of two or three times a second during 
the period of acceleration of the motor, and the total 
time it is in operation depends, of course, upon the 
nature of the load and upon the amount of resistance 
required to be inserted. It can be adjusted to close 
at any desired current between 75 per cent. and 125 
per cent. of the full-load current, opening when the 
current falls from 15 per cent. to 20 per cent. from 
these values. The contacts, it should be mentioned in 
conclusion, are shunted by a condenser of large capacity 
in order to suppress the sparking which would otherwise 
occur. 

Inching starters, similar to that described above, 
are supplied without the automatic accelerating device, 
and with or without speed regulators. The range also 
includes hand-operated, drum-type starters for inching 
duties, suitable for use with motors up to 12 h.p. 
With the starters of the latter type, if the handle is 
released in any other than the “ full on” position, the 
main contactor is opened and cannot be closed again 
until the handle has been returned to the “ off ’’ position. 
Moreover, the mechanical arrangements ensure that 
the handle is moved from the “ off” to the ‘on” 
position in steps with a ratcheting motion, and, if this 
is done too rapidly, the pawl fails to engage with the 
ratchet and no movement of the drum occurs; there 
is, however, a single forward movement from the 
‘on’ to the “‘ off’ position, and it is not necessary to 
ratchet the drum back through all the intermediate 
positions. 





|a front slate panel containing the meters. 
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THE RUGBY RADIO STATION OF 
THE BRITISH POST OFFICE.* 
By E. H. Saaveunessy, O.B.E., M.I.E.E. 

(Continued from page 149.) 


Power Unit.—The number of valves used for a high- 
power valve transmitter should be reduced to a 
minimum by using the most powerful valve available as 
a unit. When the design for Rugby was prepared, the 
largest power valve commercially available which had 
been subjected to severe traffic tests was the Western 
Electric water-cooled valve which is capable of dealing 
with an input of 20 kw., of giving an output of 10 kw. 
and continuously dissipating 10 kw. when operated at 
a direct-current anode voltage of 10,000 volts—the 
filament consumption being 41 amperes at 22 volts. 
This type of valve had been tested to 13,000 volts 
with an output of 14 kw. The specification stipulated 
that all valves should be tested at an output of 12 kw. 
with 12,000 volts on the anode. All the valves used 
in the installation were manufactured by the Western 
Electric Company at New Southgate, England. 

An efficiency of the order of 95 per cent. can be 
expected from the coupled circuit to the antenna, 
which means that for an aerial power of 500 kw. an 
output from the valves of about 520-530 kw. is re- 
quired. The determining factors in deciding the size 
and number of the power units were as follows :— 

(1) The number of valves in each unit should be pre- 
ferably a multiple of 3 in order to permit the balancing 
of the filaments between the 3 phases. 

(2) The number of units must not be unduly large, 
in order to avoid complications of wiring and excessive 
duplication of meters, &c. 

(3) The number of units should be sufficient to enable 
the number of valves in use to be varied in suitable 
steps (a) for the station to work on low power if this 
proves to be economically desirable, or (6) for the util- 
isation of a smaller number of greater power valves as 
the manufacturing technique of power valves develops. 

(4) The number of units should be suitable to provide 
two transmissions of the order of 300 kw. aerial power 
and still leave a spare unit. 

These considerations led to the decision to provide 
5 power units, each capable of an output of 180 kw. 
from 18-10 kw. output water-cooled valves. With 
this equipment three power units would be required 
for a 500 kw. aerial power transmission, leaving two 
units spare; also two transmissions of over 300 kw. 
aerial power could be undertaken by using two power 
units for each, leaving one unit as a spare in reserve. 

The power unit consisting of 18 valves is a rectangular 
enclosure arranged with nine valves on each side and 
The three 
busbars run above the various power units, and the 
excitation units and each power unit can be con- 
nected to the busbars by a 3-pole switch. The 3-pole 
switch for connecting a power unit to these busbars 
cannot be operated until the Bostwick gates on the 
sides of the unit have been closed and locked, and the 
keys locked in the switch itself ; the converse holds that 
the gates of the unit cannot be opened until the keys 
for opening them have been released by the opening 





* Paper read before the Institution of Electrical Engi- 
neers (Wireless Section), on April 14, 1926. Abridged. 
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of the switch, which “earth ” all parts of the power 
unit. These interlocking device render the operation 
of the power units quite safe. 

The front panel of a power unit carries :— 

(1) Ammeter reading high-frequency feed current 
from the power unit into the oscillating circuit. 

(2) Ammeter reading anode d.c. feed current to 
power unit from h.t. machines. 

(3) Ammeter reading mean d.c. grid current of 
power unit. 

(4) Recording ammeter of filament current, by 
means of which the actual running time of unit and 
the life of individual valves can be obtained. 

(5) An overlay relay for the complete power unit 
which trips the main high-tension d.c. switch. 

(6) An “ Electroflo”’ meter which reads the actual 
total rate of flow of water through the valve jackets 
of the unit. 

(7) A relay in association with the ‘‘ Electroflo” 
meter which operates if the flow of water falls below a 
certain amount and trips the main high-tension d.c. 
switch. 

Fig. 7 is a view of a power unit and Fig. 8 
shows a section through one parallel to the front. 
Slate panels have been used in all cases for mounting 
the various apparatus and fittings, these slate panels 
being supported and insulated from the earthed iron 
framework by suitable porcelain insulators. 

The two anode panels are supported from the 
floor by four 18-in. insulators. These insulators also 
support the copper water pipes between these panels, 
which not only act as headers for the water supply 
to the anodes but also as the anode busbars for the 
valves in the panel. 

The anode panels carry the valves in their water 
jackets and the overload relays in the individual anode 
circuits. In the event of any particular valve taking 
an excess current due to softness or any other reason, 
the corresponding relay operates, releasing a hammer 
normally help up by the armature of the relay which 
in turn operates a mechanism which trips the high- 
tensions, d.c. switch by breaking the “ holding coil” 
circuit. The arrangement has proved to be very 
effective, and oscillograms which have been taken 
show that the h.t. switch is broken in about } sec. 
following an excess of current through the relay. 

The water system used for cooling the anodes is a 
closed system using distilled water which flows by 
gravity through the valves. The water is pumped 
from the bottom tank back to the upper supply tank 
through a “ water cooler ’’ where the heat is extracted 
by an independent circulating water system. 

The distilled water is supplied to the anodes of the 
power unit through 30 ft. of 2-in. diameter rubber hose 
wound on a horizontal wooden drum at the bottom of 
the power units. This rubber hose feeds the 3-in. 
copper header which passes down through the centre 
of the unit and which in turn feeds the individual 
valves on each side through lengths of rubber tubing to 
the lower ends of the valve jackets. The outlet water 
from the upper ends of the valve jackets passes to a 
similar header which discharges through another length 
of 2-in. hose similar to that used for the inlet water and 
wrapped round the same drum. The long length of 
water in the rubber hose provides the necessary insula- 
tion of the anodes from the earthed metal parts of the 
water cooling system, and the drum carrying this hose 
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is a part of the insulated anode system. The short 
lengths of rubber tube from the headers to the valves 
provide the insulation required between valves to permit 
the insertion of relays, coils, &c., in the individual valve 
anode circuits. The porcelain floor insulators and the 
large rubber hose are shown in Figs. 7 and 8. 

The insulation of the anode system of one power | 














Fie. 7. 180-Kw. Power Unit. 
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.9. WIRING DIAGRAM OF POWER UNIT 


the panels) and also any “stopper”? circuits referred 
to later. 

Above the grid panels are the filament rheostats, 
one of which is provided for each valve, together with a 
voltmeter key to enable the actual filament voltage 
to be read by means of a swinging voltmeter’at the 
end of the panel. This independent variation*of the 
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valves or groups of valves forming the condenser of the 
oscillating circuit in association with the inductance 
of the connecting leads, &c. These difficulties are 
increased with water-cooled valves where the existence 
of the water jacket increases the inter-valve and inter- 
electrode capacities very considerably. Every such 
difficulty of this nature must be examined and dealt 


Fig. 8. SECTION OF POWER UNIT. 
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unit under working conditions with water flowing is 
of the order of 520,000 ohms, giving a leakage current 
through the water at 10,000 volts of only 20 m.a. 
Immediately above the anode panels are the fila- 
ment panels which carry the filament busbars for the 
unit and the flexible braided leads from these busbars 
to the separate valve filaments. Above the filament 
panels are the grid panels, which carry the grid busbar 
(in the form of a complete loop of copper strip between 


filament voltage in order to obtain the rated value 
for each valve is very necessary in order to conserve 
the life of the valves, the life being seriously shortened 
if the filament is run continuously slightly above its 
rated voltage. 

One of the difficulties in designing a large power 
transmitter using a large number of valves is the tend- 
ency of such valves to “ self-oscillate,”’ individually, 
or in groups, the inter-electrode capacity of adjoining 
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FPig.10. TYPES OF OUTPUT CIRCUITS. 
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with separately. The arrangements used successfully 
to Rugby are :— 

(1) Two small condensers of 400 » u F each are 
mounted on each valve between the grid and each end 
of the filament. 

(2) A series non-inductive resistance of 100 ohms 
between each individual grid and the grid busbar. 
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(3) The anode feed from the individual valves to 
the top water header (which acts as the anode busbar) 
consists of an inductance of 50 « H in parallel with a 
non-inductance resistance of 60 ohms to the same 
header and a similar non-inductance resistance to the 
bottom water header, these two headers being metal- 
lically connected at the end of the panel. 

Fig. 9 gives the circuit arrangements of a complete 
power unit. 

The paralleling of the power units themselves also 
involves consideration as to the method of prevention 
of inter-oscillation between power units. 

At Rugby the combined anode of the power unit is 
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isolating switch, to two terminals of one side of which 
they are connected. 

The Control Table.—The control table is located in 
the transmitting room. The slate panel contains all 
the essential controls and the most important meters 
of the wireless transmitter. This equipment con- 
sists of :-— 

(1) Press-buttons 
machines, 

(2) Press-buttons to start and stop air compressor 
for keys. 

(3) Press-buttons to close and open high-tension 
direct-current switch. 


to start and stop auxiliary 
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Fig.14. SECTION OF TRANSMITTING BUILDING. 
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fed to the main anode busbar through a “ stopper ” 
circuit consisting of an inductance of 100 u H in parallel 
with a resistance of morganite plates of 8-5 ohms. 
The combined grid of the power unit is fed to the main 
grid busbar through a “ stopper ”’ circuit consisting of 
an inductance of 50 uw H in parallel with a resistance 
of 300 ohms formed by six straight-filament lamps in 
series. The positions of these in the circuit are shown 
in Fig. 9. 


These ‘‘ stopper” circuits are fitted at the back of | table. 





CONDENSERS FOR PRIMARY OSCILLATING CURRENT. 
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(4) Switch to start distilled-water pump. 

(5) Switch to start cooling-water pump. 

(G6) Switch to close and open main filament supply 
switch. 

(7) Filament supply voltmeter. 

(8) High-tension direct-current voltmeter. 

(9) High-tension direct-current feed a: meter. 

(10) Ammeter re ding high-frequency feed current 
to main oscillating circuit. 

(11) Ammeter reading high-frequency current in 
capacitative arm of primary oscillating circuit. 

(12) Ammeter reading high-frequency current in 
inductive arm. 

(13) Aerial ammeter. 

The apparatus terminating the land line from the 
Central Telegraph Office, London, which controls the 
transmission from the station, is fitted on the right- 
hand side of the control panel so that the duty engineer 
can check the signals passing through the transmitter 
and also speak to the controlling telegraph office as 
may be necessary. On the table on the left-hand 
side of the control panel is fitted an ‘ engine-room 
telegraph” operated by push-buttons to enable the 
power requirements to be signalled to the power 
house. A loud-speaker and wireless recorder are 
provided for checking the actual signals transmitted 
from the aerial. In addition, there are fitted on this 
table, two press-buttons controlling a motor-driven 
variometer in the aerial circuit to compensate for any 
changes in the aerial constants due to weather, &c. 
The duty engineer, therefore, has full control of the 
entire station in detail from his position at the control 
The high-frequency and other electrical measur- 


the power unit in the space above the filament trans- | ing instruments fitted in the valve transmitting plant 
former and immediately below the 3-pole power unit! were supplied by Messrs. Everett, Edgcumbe. 
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Type and Electrical Proportions of Coupled Aerial 
Circutt——Any large power valve transmitter should 
be provided with a coupled circuit, since the use of 
a valve transmitter at reasonably high efficiencies 
necessitates the production of a certain proportion 
of harmonics which should be filtered from the 


aerial. This involves a consideration of the following 
points :— a 
(1) Method to be adopted to produce necessary 
voltage variation on anode (commonly referred to as 
“type of anode tap ’’). 
(2) Method of coupling to aerial, i.e., inductive or 
capacitative. 








HEXAGONAL SPIDER INDUCTANCE. 


| (3) Coefficient of coupling between aerial and 
| primary circuit. 

_ (4) Proportion of inductance to capacity in primary 
| circuit. 

The diagrams of Fig. 10* indicate various circuit 
| arrangements which are referred to as Types A, B, 
|C, D and E, respectively. For an “anode tap” the 
| use of a capacity rather than inductance brings with 
}it a reduction of the harmonics in the aerial in the 
| ratio of 1/m? for the mth harmonic; that is, types B 
and D are m? times better than types A and C respec- 
| tively. For preliminary tuning, the use of capacity 
| rather than inductance brings with it the disadvantage 
of having to be tapped in relatively big steps instead 
| of being continuously variable as with an inductance ; 
but, within these steps, variations of coupling between 
the primary circuit and the antenna circuit will produce 
equivalent changes in the adjustment of the complete 
circuit. 

Similar arguments apply to the method of coupling 
the primary circuit to the antenna circuit; that is, 
as regards the undesirable emission of harmonics, 
type E circuit is m? times better than type D, and 
therefore m‘ times better than type C. The ideal 
circuit, therefore, from the point of view of harmonic 
emissions is that shown as type E with capacitative 
coupling to both anode and aerial. 

In practice, however, when designing a circuit for 
an aerial not yet erected of which the resistance and 
capacity are not known accurately, it would be expen- 
sive to provide a range of condenser values for both 
anode and aerial couplings which would cover both 
ell the large and small adjustments required during 
the experimental period of tuning up the plant. If, 
however, a type D circuit is used with a condenser 
having a relatively coarse adjustment for the anode 
coupling and a continuously variable inductive coupling 
for the aerial, all necessary adjustments for the pre- 
liminary testing can be made with facility; then 
when the constants of the aerial circuit are known 
and the preliminary tuning has been completed, if 
necessary, the change from type D to type E can 
readily be made. It has, however, been found un- 
necessary to depart from the type D circuit installed. 

As regards the emission of harmonics, the improve- 
ment obtained by using a coupled circuit of type D 
instead of a plain aerial circuit is dependent among 
other factors upon the product of the decrements of 








* Taken from a paper being prepared by Mr. R. V. 
Hansford and Mr. Faulkner for presentation to the 





Institution. 
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the primary and aerial circuits. When a low-decrement 
aerial tuning inductance is provided, the decrement of 
the aerial circuit at a given frequency is practically 
fixed, being mainly dependent upon the external part 
of the circuit. 

It is therefore important that the decrement of the 
primary circuit be made low, and this involves the 
provision of the most efficient inductance coil and con- 
densers having very low loss. The cost of the primary 
circuit is roughly proportional to the kv.-a. wit 
which it has to deal, except at the higher voltages, 
bec ery the cost increases rather more rapidly than the 

V.-a. 

The efficiency of the coupled circuit and the improve- 
ment as regards harmonic emission obtained by using 
the coupled circuit are both independent of the ratio 
of inductance to capacity in the primary circuit. Under 
these circumstances the actual value of the inductance 
was chosen from a consideration of the following :— 

(1) The cost of the coil decreases slightly as its 
inductance is decreased. 

(2) Above a certain working voltage the cost of the 
condenser increases at'a more rapid rate than its 
capacity. 

(3) The cost and difficulty of insulating leads are 
increased when high working voltages are increased. 

This led to the decision to have a primary circuit 
inductance of the low value of 500 1» H. The values 
of the condensers making up the primary oscillating 
circuit are given in Fig. 11. The condensers, which 
are illustrated in Fig. 12, used are mica condensers 
immersed in oil, made by Messrs. Dubilier to meet the 
Post Office specification. These have a power factor 
of 0-00025 at the working frequency. 

The primary circuit is designed to carry a current 
of 630 amperes, and at this current the value of the 
R.M.S. voltage applied to the condenser would be 
33,000 volts (peak value 46,500 volts), and the kv.-a. 
20,800. Actually at present the value of the working 
primary current is about 300 amperes. 

At Leafield the condensers, consisting of aluminium 
plates immersed in oil and made and erected by the 
Post Office engineers, have been working for about 
two years with a current of 260 amperes and a voltage 
of 68,000 (R.MLS.), dealing with 18,000 kv.-a. The 
Dubilier type of condenser is much less bulky than the 
Leafield type, and its adoption enabled space to be 
saved in the Rugby building. 

Inductances for High Powers.—It is essential in a 
high-power transmitting station that the losses in the 
primary circuit and aerial circuit inductances should 
be reduced to a minimum. The losses which add 
together to form the equivalent resistance of the coil 
may be divided into the following three groups :— 

(1) Losses in the conductor itself. 

(2) Losses in surroundings. 

(3) Losses in the framework necessary to support 

the conductor forming the inductance. 

The losses in the conductor itself (group 1) have been 
discussed mathematically in detail by Mr. Butterworth,* 
and although Mr. Butterworth does not deal with the 
case of a large coil with widely-spaced turns in a deep 
winding space, the formule he has given can be used 
without serious error to compare the efficiency of various 
designs of coils, &c. At the time the designs were 
being prepared the practical manufacturing limit as 
regards number of stands in a cable was 6,561 (= 38), 
and for this number of strands, so far as conductor 
losses only were concerned, calculations indicated 
that the diameter of the coil should be as great as the 
limitations of the space permitted, and the diameter 
of the wire used should be very small and of the order 
of 0-007 in. It was therefore decided to use a cable 
of 6,561 strands of No. 36 S.W.G. wire for both the 
primary and aerial inductances, each strand being 
insulated by enamel and one covering of cotton or 
silk. The cables were mzde to the Post Office specifica- 
tion by Messrs. Henleys Telegraph Works, Limited, 
and Messrs. Connollys, Limited. The maximum current- 
carrying capacity of this cable when wound into an 
inductance is probably of the order of 1,000 amperes. 

With an efficiently-designed coil of large dimensions 
for big powers, the losses in the surroundings and in 
the inductance framework must necessarily be of the 
same order as the conductor losses. The losses in the 
surroundings can only be reduced by having adequate 
clearances between the induc:ance and the floors and 
walls, and by avoiding as far as possible the use of 
materials for the construction of the building which 
are likely to absorb energy from the inductances. 

A considerable amount of experimental workt 
has been carried out in the Post Office Engineering 
Department to ascertain a suitable insulating material 
for use in the construction of radio transmitting in- 
ductances, and it was found that American whitewood 
was very much better as regards dielectric losses than 





* Philosophical Transactions of the Royal Society, A, 
1921, vol. cexxii, page 57. 

t+ E. H. Shaughnessy: Chairman’s Address to the 
Wireless Section, Journal I.E.E., 1925, vol. lxiii, page 60. 





any other material or any other wood. The method 
adopted by the Post Office for the construction of 
transmitting inductances is to mount a cable formed of 
insulated and stranded wires on a framework of 
American whitewood. The cable is wound in slots on 
movable wooden spiders which are supported by rollers 
on a wooden framework (Fig. 13), so that changes of 
inductance can be obtained by the relative movement 
of the spiders without the awkward mechanical con- 


h | struction of ‘‘ tapping points’’ and the disadvantages 


of “overhanging” end-turns. The maximum width 
of the largest inductance coil is 14 ft. 6 in. The 
particulars and general dimensions of the aerial and | 
primary circuit inductances are as follow :— 

Aerial Coil.—This consists of 5 spiders each of 8 turns | 
wound in the form of a hexagon with 7 ft. 9 in. external 
side (5 ft. 9 in. mean side). Distance between indi- 
vidual turns 6 in. Inductance continuously variable 
between 900 and 4,000 u H. 

Primary Circuit Coil—This consists of 3 spiders 
each of 4 turns wound in the form of a hexagon with 
7 ft. external side (6 ft. 2 in. mean side). Distance 
between turns 6 in. Inductance continuously variable 
from 400 to 600 » H. 

Coupling Coil_—One spider wound with 2 turns 
6 ft. 5 in. external side. This coil is mounted on the 
same framework as the intermediate circuit coil and 
is coupled thereto. Inductance 40» H. 

One outside spider can be moved by a screw in order 
to get a fine adjustment of tuning. The method of 
making a joint in the stranded wire between the 
spiders is to splay out the strands on a number of 
insulated flat copper plates and semi-conical copper 
fittings so as to ensure proper circulation of current 
through all the strands and to keep a cool joint. 

It was estimated at the time of the design, from 
previous comparisons between actual and calculated 
decrements of smaller coils, that the decrement of the 
complete primary circuit would be about 0-003 to 
0-005, and that of the aerial tuning inductance would 
be about 0-002. The actual measured resistance at 
16,000 cycles of the entire primary circuit as erected 
was 0-088 ohm, giving a decrement of 0-0053. The 
measured resistance of the aerial tuning inductance 
and coupling coil (2,500 1 H) at 16,000 cycles was 0-11 
ohm, giving a decrement of 0-00137 for the coils. 
These values of decrements are very low, and the author 
has not noticed details in the technical Press of any 
transmitting inductance which is as efficient as these 
have proved to be. 

Fig. 14 is a section of the transmitting building, 
showing the relative positions of the power units and 
their output circuit. It will be noticed that the 
condensers of the primary circuit and the smoothing 
condensers on the high-tension direct-current supply 
are placed on a floor immediately above the power 
units. A large opening is provided in this floor for 
light and observation purposes, through which are 
taken the high-frequency leads from the ground floor 
to upper floors. 

The inductances for the primary and aerial circuits 
are mounted on wooden beams above the condenser 
floor. This arrangement places the inductances as | 
far as possible from the floors, walls, &c. The metal 
work used in the construction of the building above 
the condenser floor is reduced to a minimum, and is 
a negligible quantity. 

Method of Keying and Shape of Signals.—One of the 
greatest difficulties experienced in the design of any 
type of large power radio transmitter is that of successful 
keying, and in each case the best method and best 


adjustment are obtained by experience and experiment. | 


A considerable amount of experimental work on various 
methods of keying a valve transmitter was carried 
out with the 50-kw. transmitter at the Post Office 
Northolt radio station, and as a result of those experi- 
ments it was decided to provide for the simultaneous 
operation of a simple “‘ make” and “ break” key at 
each of the three points in the circuit marked X in 
Fig. 5. The system has proved to be eminently 
satisfactory, and no difficulties have been experienced 
up to the highest powers used at present. Creed 
pneumatic keys are used for points “a” and “ b,”’ and 
a magnetic relay for point “c.” 

It will be observed that there is no oscillation in the 
aerial when the key is “up,” and that this result is 
obtained by breaking the feed to the grid from one stage 
of amplification to the next, as shown in Fig. 15, 
which is a skeleton diagram of the last inter-stage 
circuit. 

There are two points of particular interest in the 
arrangement. The first is that the key splits the 
coupling condenser to the grid and leaves the condenser 
E between the grid and filament when the key is up 
This condenser is of sufficient value to make the 
impedance from grid to filament capacitative, and this 
counteracts any tendency that this stage may have to 
self-oscillate. 

The second point of interest is the series circuit 


frequency choke, ““B” is an adjustable resistance 
(grid leak), and ““C” is direct-current (grid bias) 
generator. When the key is down the mean negative 
grid potential is the sum of that due to the grid leak 
and the generator; when the key is “up” the only 
bias is that due to the generator. By adjusting the 
proportions of the bias due to grid leak and generator 
respectively when oscillating, it can be arranged that 
the generator voltage is sufficient to allow a suitable 
direct-current to pass through the valves when the 
key is up. The advantages of this are two-fold and 
are shown below :— 

(1) The d.c. load with “‘ key up ” reduces the voltage 


|‘ kick” on generator with keying. 


(2) The conductive path through the valve (due to 
the small grid bias) increases the damping of the 
aerial when the key is “up” with a corresponding 
improvement in the shape of the signals. 


(To be continued.) 








THE HEAT TREATMENT OF GAS 
CYLINDERS. 


THE grave consequences that may arise from the 
failure of a compressed-gas cylinder have caused 
regulations to be made with the object of avoiding or 
reducing the chance of a dangerous change in the 
\structure and mechanical properties of the wrought- 
iron or steel. One of these regulations, which was 
included in the recommendation of the Home Office 
Committee of 1895, was that all cylinders of wrought- 
iron or of 0-25 per cent. carbon steel shouid be re- 
annealed every four years. The grounds on which 
this regulation was based appear to have been general 
rather than specific, depending on the fact that anneal - 
ing was known to relieve internal strains, but without 
evidence as to its effect on the structure and mechanical 
properties of the metal. For some time past doubts 
have been felt as to whether, in fact, the regulation is 
necessary or even desirable, and the Department of 
Scientific and Industrial Research set up a few years 
ago a Gas Cylinders Research Committee to investigate 
the whole question of the manufacture, storage, and 
transport of cylinders. In 1921 this committee in its 
first report expressed the opinion that cylinders of 
0-45 per cent. carbon steel made according to its 
recommendations should not ordinarily require to be 
re-heat treated during a normal life of fifteen to twenty 
years. It was, however, thought desirable that the 
matter should be investigated experimentally, which 
has now been done, and the second report of the 
committee has just been published.* 

This report is based on three series of experiments 
carried out under the direction of the committee at 
the National Physical Laboratory and described in 
appendices, the first two by Messrs. A. Bailey, E. W. 
Colbeck and P. L. Thorpe, and the third by Mr. Bailey 
and Dr. Hanson. The specific object of the experi- 
ments was to determine the effects of re-annealing 
and of renormalising overstrained specimens of 0-25 
per cent. and 0-45 per cent. carbon steel. 

The description of the heat treatments vary in the 
report and the three appendices. According to the 
report and the first appendix, the annealing treatment 
consisted in raising the temperature of the material to 
650 deg. C., maintaining this temperature for a period 
of two hours, and then allowing the material to cool 
slowly in the furnace. The heating was stated in the 
first appendix to have been done in a large gas-fired 
furnace, which was initially at 500 deg. C., and after in- 
troduction of the material raised slowly to 650 deg. C., 
the heating taking about half an hour and the cooling 
to room temperature about eight hours. In the second 
series of experiments the annealing was done in an 
electric furnace, the upper temperature being main- 
tained within + 5 deg. C., and the cooling performed 
at the rate of 40 deg. C. per hour down to 400 deg. C., 
when the furnace was switched off, and cooled down to 
room temperature in a further four hours, making 
about 10 hours’ cooling in all. In the third series the 
heating was done as in the second series, except that 
the slow cooling in the furnace is said to have taken 
about three or four hours. The report, again, describes 
the normalising process as being to raise the tempera- 
ture of the material to about 50 deg. C. above its 
critical range, and as soon as that temperature had 
been reached throughout the mass, to withdraw the 
specimen from the furnace and cool it in air. In the 
first appendix it is stated that the normalising tempera- 
ture was reached throughout the mass of the materia! 
in about 15 minutes by introducing the material into 
a large gas-fired furnace at the appropriate normalising 
temperature, and that the material was held at within 
5 deg. C. of that temperature for 30 minutes, being 
then removed and cooled on bricks in a still atmosphere, 





* Second Report of the Gas Cylinders Research Com- 
mittee, Periodical Heat-Treatment. H.M. Stationery 
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the fall to room temperature taking ‘“‘ more than one 
hour.” In the second series of experiments, for which 
an electric furnace was used, the material was also 
held at the normalising temperature for half an hour, 
the cooling to 100 deg. C. occupying about one hour. 
In the third series the specimens were placed in a 
small annealing box, heated in a gas-fired furnace to 
the appropriate temperature, and held there for 
15 minutes, when the box was removed and cooled in 
still air. The discrepancies in detail between the 
several conditions of what are presented as comparable 
experiments may not be sufficient to vitiate the results, 
nor are the differences in the descriptions of what are 
apparently meant to be the same processes enough to 
create any serious doubt as to their meanings. On 
the other hand, they appear to serve no purpose, 
and not only increase the labour of those who have to 
read the report seriously, but indicate a slovenliness, 
if the expression may be forgiven, in defining the details 
of the investigation which is liable to have serious 
consequences. That it does not seem to have had 
such consequences in the present investigation is due 
to its having been kept within apparently safe limits ; 
but the character both of the laboratory in which the 
work was done and of the Department that is respon- 
sible for it would be suited better if such ragged edges 
were trimmed off its work and any report in which it is 
expressed. This seems the more desirable in planning 
and recording work, such as that of the present report, 
involving a vast amount of labour, and yielding 
results that are expressed in tables of admirable 
completeness. 

The material submitted to experiment was tested 
partly in the unstrained and partly in the strained 
condition, in each of which states it was also subjected 
once or repeatedly to each heat treatment. In the 
first two series of tests the straining was done in a 
50-ton Buckton single-lever.testing machine. In the 
first series the strain was released at the yield point, 
which on the steels examined was indicated sharply by 
the drop of the lever, and in the second series it was 
continued somewhat longer, the permanent sets left in 
the two series being respectively of the order of 14 per 
cent. and 6 per cent. extension on 6 in. The results of 
the first series of tests, which were made on both 
0-4 per cent. and 0-25 per cent. carbon steel, showed 
generally that after re-annealing the structure of 
these steels has a tendency to show globular carbide 
instead of lamellar pearlite in the ferrite mass, with a 
fall in ultimate strength and an increased brittleness 
(Izod). These effects become more marked after a 
series of overstrains and re-annealings; but with 
the degree of overstrain used in this series the normalis- 
ing process, applied to steel that had been repeatedly 
overstrained and annealed, restored it substantially to 
its original state both in physical properties and in 
micro-structure. In most of the second series of 
experiments, which was on 0-25 per cent. carbon steel, 
the annealing temperature was prolonged for 24 hours, 
and showed deterioration similar to what was found 
after the two-hour annealing, but still more marked. 
A single normalising treatment, on the other hand, 
applied to steel that had been overstrained and 
annealed several times, removed a great deal of the 
deterioration. 

So far, therefore, it appeared that annealing was 
directly harmful to the steel, and normalising beneficial ; 
but in view of the inconvenience that might be found 
in renormalising all cylinders periodically and the risk 
of undue scaling or decarbonisation of the material, 
especially in the neighbourhood of the screw thread 
at the mouth, the third series of experiments was 
made to see whether renormalising was, in fact, 
necessary. 

The two previous series of experiments showed that 
overstrain produced by internal pressure was unlikely 
to embrittle the material. On the contrary, it would 
probably cause a slight strain hardening, which would 
enable it to resist the applied pressure permanently 
without further plastic deformation. In such con- 
ditions the softening of the material produced by 
annealing would merely facilitate further straining 
under even lower pressures than what would 
produce overstrain in a merely normalised cylinder. 
Where, however, the overstrain was produced by rough 
handling in service, these experiments did not throw 
light on the question, and in a third series of experiments 
four specimens of steel were strained by prolonged 
hammering instead of stretching, and subjected to 
bending tests both with and without heat treatment. 
No evidence could be found either by the results of 
these tests or by microscopic examination that the 
result of hammering was to embrittle the material, 
either with or without heat treatment. 

The conclusion reached is therefore that with plain 
carbon-steel gas cylinders periodical reheat treatment 
is unnecessary and should be discontinued except for 
cylinders that have been obviously damaged, for which, 
by implication if not expressly, renormalising is 
recommended. 





CATALOGUES. 
Turbine Pumps.—An explanation of the construction 
and operation of the turbine pump, in the form of a 


series of questions and answers, has been issued by the 
Pulsometer Engineering Company, Limited, Reading. 


Astronomical Instruments.—A list of second-hand and 
other astronomical instruments received from Messrs. 
Cooke, Troughton and Simms, Limited, York, contains a 
specification of each item and also states prices. 


Soot Blowers.—The Lovick Johnson Company, 5, 
Montana-road, London, S.W. 17, have sent us a folder 
describing soot blowers made by the Bayer Company, 
U.S.A., for whom they are concessionaires. 

Shaft Couplings.—Messrs. Crofts (Engineers), Limited, 
Bradford, have issued a catalogue of flexible couplings 
for shafts in a wide range of designs and giving, in each 
case, a priced list of a considerable range of sizes. 


Electric Fittings ——The Pirrit Specialties Limited. 
27, Park-street, Birmingham, have sent us a card 
illustrating an electric lamp wall fitting with a jointed 
arm for illuminating mechines, work benches or drawing 
boards. 

Electrical Apparatus.—Priced lists of ironclad cut- 
outs and distribution boards, fuse boards, teak cases, 
and a time switch, are to hand from the Ventex Elec- 
trical Company, 220, Cooksey-road, Small Heath, 
Birmingham. 

Heat Treatment of Steel—Another heat treatment 
leaflet in the series issued by Messrs. Automatic and 
Electric Furnaces, Limited, 175, Farringdon-road, 
London, E.C.1, gives particulars of the application of the 
Wild-Barfield magnetic indicator to the heat treatment of 
a number of alloy steels. 

Printing Machines.—A pamphlet issued by Messrs. 
R. W. Crabtree and Sons, Limited, Water-lane, Leeds, 
will interest engineers concerned with the details of high- 
speed rotary printing machines. The firm has recently 
supplied twelve of their machines to one printing 
establishment. 

Marine Motors.—Messrs. J. W. Brooke and Co., 
Limited, Lowestoft, have sent us an illustration of a new 
series of marine engines designed to run with a minimum 
of vibration. The specification given deals with a six- 
cylinder engine of 50 to 65 h.p. consuming 54 gallons of 
petrol and ? pint of oil per hour. 

Lifting Jacks.—A geared screw jack with governor- 
controlled lowering motion is described in a folder 
received from the Consolidated Pneumatic Tool Co., 
Limited, 170, Piccadilly, London, W.1. It is made in 
six standard patterns with capacities from 15 to 50 tons, 
the lifts ranging from 15} in. to 233 in. 

Thermometers.—A list of thermometers with rigid 
steel stems, flexible-tube connection and _brass-cased 
dials with dark background and white markings is to 
hand from the Cambridge Instrument Co., Limited, 
45, Grosvenor-place, London, 8.W.1. They are suitable 
for temperatures ranging from — 10 to 550 deg. F. 


Engine Ignition—A discussion on the comparative 
merits of coil ignition and magneto ignition appears in a 
catalogue issued by Messrs. Delco-Remy and Hyatt, 
Limited, 111, Grosvenor-road, London, §.W.1. The 
coil outfit made by the firm is fully described in the 
catalogue. 

Electric Cables—The St. Helen’s Cable and Rubber 
Company, Limited, Slough, Bucks, have issued a new 
catalogue of their E.T.S. cables for ordinary - wiring 
installations as well as for use under water, or in damp 
and other special conditions. Tables of data are given 
for each class of cable. 


Automatic Recorders.—Another pamphlet on_ the 
advantages of automatic temperature records is to hand 
from the C. J. Tagliabue Manufacturing Company, 
18, Thirty-third-street, Brooklyn, New York. Specimen 
graphs are illustrated for a number of industrial processes 
The British agents for the firm are Messrs. Francis 
Shaw, Limited, Bradford, Manchester. 


Screwing Diecheads.—We have received from Messrs. 
Alfred Herbert, Limited, Coventry, a copy of a small 
book with illustrations of their screwing dieheads as 
used in various automatic machines, and also of a 
number of finished parts to show the special products 
for which the dieheads can be used in addition to all 
ordinary work. 

Motor Vehicles.—A data sheet giving tabulated particu- 
lars of their products is to hand from Messrs. Leyland 
Motors, Limited, 47, New Kent-road, London, 8.E.1. 
Among them are included goods and passenger vehicles, 
tipping bodies, fire engines, steam wagons, lighting sets 
and pneumatic tyres. In all cases prices, dimensions, 
capacities, &c., are given in very full detail. 


Electric Lighting Set.—From Messrs. Stuart Turner, 
Limited, 43, Market-place, Henley-on-Thames, we have 
received a catalogue of a 120-watt generating set suitable 
for lighting small houses or yachts and for charging 
accumulators. The engine which has a cylinder of 
1}-in. bore and a piston stroke of 2 in., develops } brake 
horse-power. 

‘ans.—Messrs. Musgrave and Co., Limited, 42, Deans- 
gate, Manchester, have sent us a catalogue of their fans 
for general industrial purposes, such as mechanical 
draught, dust removal, and ventilation. A description 
is given of several types, and some of the conditions in 
which they have been successfully operated are ex- 
plained. 

Gear-Cutting Machines.—A catalogue of the Pfauter 
automatic gear hobbing machines is to hand from their 





representatives, Messrs. Dowding and Dickinson, Windsor 
House, Victoria-street, London, 8.W.1. The cataiogue 
is printed in English, and includes illustrations of work 
done on the machines which are suitable for gears ranging 
from 4 in. to 157 in. in diameter. 


Lifting Tackle.—A catalogue of lifting tackle received 
from Messrs. Hughes, Bolekow and Co., Limited, Marske- 
by-the-Sea, Yorks., contains priced lists of worm gear 
chain blocks, overhead runway trolleys, pulley blocks 
hand-operated overhead travelling cranes, portable floor, 
cranes, crabs, winches, &c., and also of various slings, 
tongs and clamps for attaching the load. 


Electric Battery Locomotives.—Some particulars of the 
War Office electric battery locomotives are given in a 
catalogue issued by the D.P. Battery Company, Limited, 
Bakewell, Derbyshire, who made the Kathanode battery 
equipment. With a load of 50 tons drawn at 6-6 miles 
per hour, the battery charge is sufficient for 24 miles, 
and with a load of 100 tons drawn at 5 miles per hour 
the charge lasts for 11} miles. 


Brass Stampings.—lIllustrations of specimen fittings 
produced by their die-press methods are to hand from 
Messrs. Guest’s Brass Stamping Company, Belmont-row, 
Birmingham. The fittings are of brass, copper or yellow 
metal formed in dies under heavy pressure, while the 
metal is hot and include bearing brasses and many fairly 
intricate fittings. In comparison with castings the metal 
is denser and the surface is ne harder than the interior. 


Steam Turbines.—Messrs. Peter Brotherhood, Limited, 
Peterborough, have issued a new small catalogue of 
steam turbines explaining the work for which they are 
most suitable, and illustrating a number of installations 
supplied by the firm including, in addition to several 
6,000 kw. sets for generating current, machines of 
smaller capacities for gas boosting, air compressing, 
boiler feeding, high-lift pumping, &c. 

Mobile Crane.—A new edition of the catalogue of 
their petrol-electric mobile crane is to hand from 
Messrs. Ransomes and Rapier, Limited, 32, Victoria- 
street, London, S.W.1. The crane is made in tws 
sizes for lifts of 2 tons and 3} tons, both at 10 ft. 6 in. 
radius, and is mounted on two front wheels and a 
two-wheel castor by which the steering is effected. 
The wheels are cushioned for road travel. 


Conveying and Elevuting Machinery.—We have received 
a catalogue illustrating wire rope conveyors, cable cranes, 
electric trucks and portable elevators made by the 
German firm, Messrs. Adolf Bleichert and Co., Limited, 
whose concessionaires are Messrs. W. Dederich, Limited, 
Stanley House, Dean Stanley-street, London, S8.W.1. 
Brief descriptive matter with particulars of capacities, 
&c., accompanies the illustrations. 

Fencing.—The Darlington Fencing Company, Limited, 
5, Lloyd’s-avenue, London, E.C.3, have sent us a new 
issue of their price list of fencing, gates, railings, &c., 
in wood, iron and woven wire. he wire is galvanised 
after weaving with an alloy which has proved more 
rust-resisting than zinc. With this catalogue we 
received a copy of a printed paper by Mr. P. Garfield 
Blake discussing the causes and effects of corrosion of 
metals with special reference to fencing. 








LAUNCH OF THE §.S8. “ Crry or OxrorpD.”—The single- 
screw steamer City of Oxford was recently successfully 
launched from the Wallsend Yard of Messrs. Swan. 
Hunter and Wighain Richardson, Limited. The vessel is 
of the shelter-deck type, and is rigged as a two-masted 
fore-and-aft schooner ; she has a length of 325 ft., a beam 
of 46 feet 2 in. and a depth of 23 ft. 2in. The ship has 
five cargo holds with ample facilities for quick cargo 
handling. There are five large hatchways leading to the 
holds and 14 steel cargo derricks and 10 steam winches. 
The City of Oxford is being built to Lloyd’s highest class 
and will carry about 4,950 tons on a reasonable draught. 
The propelling machinery is of the inverted, direct-acting 
triple-expansion type and, together with the three single- 
ended boilers, will be placed amidships. The working 
pressure of the boiler is 185 lb. per square inch, and these 
and the engines are being built by the Wallsend Slipway 
and Engineering Co., Limited, Wallsend. 


THe M.S. “ Doxrus.”—-The performance of the 
motorship Dolius, built by Messrs. Scotts’ Shipbuilding 
and Engineering Company, Limited, Greenock, for 
Messrs. Alfred Holt and Co., Liverpool, has been watched 
with interest by shipbuilders and shipowners. We gave 
a detailed description of this ship and of her engines on 
page 639 of our issue of November 23, 1923. An account 
of her trials will be found in our issue of April 11, 1924 
on page 459. Moreover, the second report of the Marine 
Oil Engine Trials Committee of the Institutions of 
Mechanical Engineers and Naval Architects was entitled 
“Trials of the Twin-Screw Motorship Dolius.” This 
report was reproduced on page 397 of our issue of 
March 27, 1925. With the completion of her fifth 
voyage, the Dolius has now covered over 100,000 sea 
miles, often under severe weather conditions. It is 
gratifying to record that her speed, fuel economy, and 
general working have been completely satisfactory. Re- 
cently, on the run from Liverpool to Port Said, on her 
sixth voyage to the East, she maintained an average 
speed of 11-53 knots, when displacing 11,100 tons, on a 
fuel consumption of 8-67 tons per day for all purposes 
This latter figure is equivalent to 0-363 lb. per brake 
horse-power per hour. Messrs. Alfred Holt and Co. 
recently placed an order with Messrs. Scotts’ Company 
for a larger vessel (6,500 tons gross), which will be fitted 
with twin-screw engines of the Scott-Still type, but of 
much greater power than those of the Dolius. 
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PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
te Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed” is appended. 
Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 


247,077. H. F. Marles, Newark. Ball or Roller 
Bearings. (4 Jigs.) July 6, 1925.—The invention 
refers to the separators or cages for use in connection 
with double row journal bearings. The separator is 
formed from a narrow strip of metal @ which is first of all 
bent in the machine to the shape shown in Fig. 1 pro- 
viding a number of oppositely arranged U-shaped bays 
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b for the reception of the balls or rollers. The number 
of bays b provided corresponds to the number of balls 
or rollers intended to be used in the bearing. The strip 
ais then cut off to a suitable length and bent round to a 
circular form as shown in Fig. 2, when the two free ends 
c and d thereof are brought together and fastened. 
(Sealed.) 


MINING, METALLURGY AND METAL- 
WORKING 


246,881. W. Haddon, London, and J. A. Fullilove, 
Market Harborough. Casting Hollow Metal Arti- 
cles. (4 Figs.) August 6, 1924.—The invention relates 
to a machine fer casting hollow articles from hard lead or 
like metal.. 1 is the mould bedplate, which has a mould 
core 2 mounted to slide in the direction of the arrow A. 
The mould is constructed in two similar parts 4, 4a, which 
can slide upon the bed 1 in directions at right angles 
to the arrow A. The bedplate 1 is provided with a 


Fig.t 

















nozzle orifice §, which is connected with a supply of 
molten metal which is delivered to it under pressure. 
The mould and its core are so arranged that a vertical 
plane res through the orifice 5 will bisect the angle 
formed by the adjacent walls of the box so that there 
will be an equal tendency for the metal to flow in both 
directions. Both the mould parts 4 and 4a and the 
mould core 2 are water cooled. (Sealed.) 


MOTOR ROAD VESICLES. 


247,129. The Alvis Car and Engineering Com- 
pany, Limited, Coventry, and G. T. Smith-Clarke, 
Coventry. Leaf Springs. (3 Figs.) December 24 
1925.—The invention relates to leaf springs for use on 
motor vehicles. According to the invention, the main 
leaf or leaves taper and are reinforced above and below 
by parallel-sided leaves which are bolted together through 
clearances holes in the tapered leaf or leaves. To the 
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vehicle frame 2 is attached a two-piece bracket 3, 4 
supporting a leaf spring which projects transversely 
to the vehicle and has its end 5 attached to one end of 
the axle. This spring comprises one or more main leaves 
6 which are very wide where clamped between the two 
parts of the bracket 3, 4 by bolts 7. These leaves become 
narrower towards the end 5 and terminate in an eye at 
that point whereby they are secured to the axle. Above 








and below the main leaf or leaves are subsidiaries 8, 9, 
and these are bolted together by the bolts 10 which pass 
through ears projecting from the sides of the leaves. An 
important feature is that these bolts pass through slots 
or clearance holes in the main leaf so that the spring is 
free to flex. The subsidiary leaves, as will be seen in Fig. 
2, are not fixed to the bracket 3, 4, but are merely gripped 
by the two parts. (Sealed.) 


246,945. C. F. Cleaver, Westminster and The 
Four-Wheel Drive Lorry Company, Limited, 
Westminster. Change Speed Gearing. (3 Figs.) 
November 21, 1924.—The invention has relation to sub- 
sidiary gear changing mechanism employed in series with 
a main change speed gear to provide an extra range of 
gears. The invention comprises the combination with a 
main change speed gear, of subsidiary gear-changing 
mechanism comprising a driving shaft 12 connected with 





* , 






and in alignment with the driven shaft of the main change 
speed gear (not shown), a driven shaft 13in alignment with 
the driving shaft and connected with the load, and gearing 
20, 25, 26, 22 including a clutch 21, 24, 23 to connect 
the shafts either directly or indirectly together, one 
pinion 22 of the gearing and the movable member 24 of 
the clutch being mounted on the driving shaft and 
arranged so that the clutch either connects the two 
shafts together or the pinion 22 with the driving shaft. 
(Sealed. ) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


245,504. P. H. Hancock, Thornton Heath, and 
H. C. Twinn, Clapton, London. Steam Generators. 
(2 Figs.) October 7, 1924.—The invention relates to 
water type steam generators comprising a lower water 
drum and two upper water and steam drums connected 
to the lower drum by banks of water heating%and steam 
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generating tubes, the upper drums being connected to 
one another by a bank of more or less horizontally- 
disposed water heating and steam-generating tubes. 
Such steam generators are generally known as “ three- 
drum” or “tri-drum”’ boilers, According to the 
invention, a boiler of the tri-drum type has, in addition 


15, 16 connected thereto, a relatively small feed drum 
2a arranged in the upper part of the boiler to which feed 
drum the upper ends of laterally disposed rows of feed 
water receiving tubes 12 are connected, the lower ends of 
such feed water receiving tubes 12 being connected to 
the lower or mud drum 3, which is provided with a 
partition 14 so arranged that water flowing into the part 
14a of the drum 3 from the feed water receiving tubes 
12 flows up rows of tubes 15 of the rear bank of tubes 
15, 16 to the usual rear upper drum 2 from which it 
again flows by tubes 16 in the rear bank of tubes 15, 16 
to the compartment 146 of the lower drum. All the 
tubes connecting the feed drum 2a@ to the mud drum 3 
are thus downflow tubes. (Sealed.) 


245,626. Cockburns, Limited, Cardonald, near 
Glasgow, and D. MacNicoll, Cardonald, near 
Glasgow. Isolating Valve. (1 Fig.) February 19, 
1925.—The invention relates to an improved isolating 
valve for steam-boiler installations. In the isolating 
valve of the invention, incorporating a breathing plate 6 
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and a dashpot 2, both positioned on the outlet side of the 
valve proper, the breathing plate 6 is constituted by a 
light plate fitted with depending studs 7 adapted to 
penetrate orifices 8 of a set of orifices in the valve body I, 
the plate having a lift relatively to the valve body 
limited by nuts 9 on the studs 7. (Sealed.) 


246,920. James Gordon and Co., Limited, 
London, and C. H. Armstrong, London. Water 
Level Alarm. (2 Figs.) November 5, 1924.—The 
invention relates to the giving of visible and audible 
signals or alarms in connection with the water level of 
steam generators. The object of the invention is to give 
by electrical means an audible and visible indication 
when high or low water exists in the boiler when con- 
nected to a thermostat, such as is used with the Copes 
feed-water regulator, or when connected to a float.& 6 is 
an indicator pointer pivoted to the front plate of the ap- 
paratus. The pointer b is provided with a spring d which: 
slides (when moved with the pointer b) on a curved and 
insulated contact e connected to an electric circuit (not 
shown). The pointer b carries contacts f, f1, the upper one 
making contact with the contact g when the “ high” level 
is reached, and the lower one making contact with the 
contact gt when the “‘low ” level is reached. The contact 
carriers h, h! are connected with a circuit j in which j}, 72 


are relays. Electric lamps k, k! and horns J, 2 jare- 
























































connected in the electric circuit, so that when contact is 
made to establish the electric circuit at either the 
maximum or minimum levels, the corresponding lamp is 
lighted and the horn is sounded. p is an auxiliary lever, 
pivoted on the same centre as the pointer b, and joined 
to the lever of the thermostat or the lever of the feed- 
water valve by a connector attached at the part r, which 
is adjustable on the lever to regulate its movement in 
sympathy with the thermostatic action. When the 
thermostat is full of steam due to the water level having 
fallen, the thermostat lever will cause the pointer 6 to 
make contact at the bottom of its travel, which will 
complete an electrical circuit and cause a low-toned 
Klaxon horn to be sounded and also the word “low ” 
to be illuminated. In the event of the water level 
reaching the point so that the thermostat is full of water, 
then the pointer b would make contact at the top of its 
travel, and the corresponding horn and lamp pvt into 





to the usual rear upper drum 2 and rear bank of tubes 


circuit to denote high water. (Sealed.) 





Ek 
on 
wit 








AUG. 13, 1926. | ENGINEERING. 187 








PILE-DRIVING AND CONCRETING | Passaic River. The location about 10 miles from | ultimately will give employment to about 30,000 
METHODS .ON A LARGE SUB-| New York City, is on marshy land that had been | men and women, and will involve a total expenditure 


STRUCTURE CONTRACT. partly filled in with 2 or 3 ft. of river sand deposited | of approximately 50,000,000 dollars. The entire 
2 m : me there by hydraulic dredges. A shipbuilding plant | plant will be devoted to the manufacture of telephone 
By Franx W. Skinner, M.Am.Soc., C.E. was located there during the war, but has since been | equipment. Before operations were commenced, 


Tue buildings for the new telephone cable and|removed. Accessibility to the site is provided for | the general surface of the ground was approximately 
switchboard manufacturing works of the Western! on the side opposite the river by a highway, and | level at about 3 ft. above high tide and the soil was 
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Fig. 1. GeNERAL View oF SITE. 


saturated so that it had a very low bearing value. 
It was underlaid at a depth of 10 to 50 ft. below the 
surface by a stratum of fine red sand and clay,- 
capable of carrying pile loads of 20 to 30 tons. The 
river front was protected by a wooden bulkhead 
which has since been replaced by a special new bulk- 
head. This intersects the old bulkhead at one end 
and is 200 ft. beyond it at the other end. 

The buildings are all of steel, brick and concrete, 
and some of them contain heavy equipment, all 
requiring substantial foundations of unquestionable 
stability. As most of the equipment in the buildings 
will be installed above the surface of the ground, 
the superstructures will not extend much below 
the general level of the original surface. Most of the 
concrete footings will be carried down 8 or 10 ft. 
farther to rest on foundations just above mean low- 
tide level (datum) but part will be at El. + 2-5. 
A general view of the site is shown in Fig. 1. 

The total ground area substantially occupied by 
all of the main buildings and other structures 
will amount to about 60 acres, and on it will be driven 
a very large number of wooden foundation piles 
carried down to an average depth of about 35 ft. 
below low-tide level and covezed with concrete 
footings. The selection of this type of foundation 
had many advantages : it permitted the foundations 
or groups of foundations to be constructed complete 
or in sections, separately, successively or simultane- 
ously; it afforded a great flexibility in design, 
providing for the extension in any direction, or for 
an increase or decrease of strength at any time with- 
Fig. 2. CONDENSATION WATER TUNNELS UNDER CONSTRUCTION. out extra cost or delay; and it insured absolute 
‘ stability by the practical tests developed in driving. 
Electric Company are now in process of construction | at one end by the Central Railroad of New Jersey. | As the waters of New York Harbour are not infested 
on a sixty-acre site between Newark and New York, | The work now under construction comprises about | by teredo, and as the ground at the site is always 
with a frontage of about one third of a mile on the! one-fifth of the total installation planned, which| completely saturated to above the pile tops, 
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wooden piles are indestructible and were accordingly 
selected for all foundations. They are all untreated 
yellow pine timber, 6 in. in diameter at the tip and 
up to 65 ft. in length. They are proportioned for 
working loads of 20 tons each. 

The total number of piles that will be required 
for completing the entire plant will be about 200,000, 
making one of the largest installations ever driven 
for a single job. The work now under construction 
requires about 40,000 piles, all driven by contractors 
of wide experience with similar work and of great 
familiarity with the difficulties and conditions that 
prevail in this locality. The combination of land 
and water work, character of the bottom, require- 
ments of sequence and rapidity, and provisions for 
the most advantageous excavation and grading were 


Fig.3. CONDENSATION WATER TUNNELS 
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importané features in the handting of the substruc- 
ture work, which, for the section here described was 
executed by carefully planned methods with abund- 
ance of high-class equipment, and illustrate a fine 
example of successful advanced practice for work of 
this class in the New York district, where a high 
degree of development has been attained in the 
construction of foundations for heavy structures on 
soft, wet ground. 

The buildings recently completed are a 454 ft. by 
437 ft. one-storey and basement cable plant, a 
22,000 kw. power house with an initial installation 
of 8.000 kw., a coal and ash-handling building and 
a six-story building with 756,000 square ft. of floor 
surface. There is, in addition, 1,725 lineal ft. of 
timber and concrete bulkhead. The construction 
of the substructures for this section of the plant, 
the bulkhead and the first storey floor slabs required 
about 35,000 yards of 2: 3:5 and 1: 2: 4 concrete 
made with graded sand and gravel, 200,000 bags 
of Atlas Portland cement and 450 tons of reinforce- 
ment steel. Construction operations were com- 
menced by installating at the site a suction dredger 
which excavated about 300,000 cubic yards of sand 
from the river bottom along the line of the bulkhead, 
discharging it through a 22-in. pipe to fill in an 
area south of the Central Railroad. 

Grading.—The sand was excavated to a maximum 
depth of 30 ft. and discharged through a maximum 





length of about 4,000 ft. of pipe connected with ball 
and socket joints, where it was supported on pon- 


toons, and having bolted flange joints on land. On 
the land the fill was retained by a 5-ft. bulkhead 
made with l-in. horizontal boards nailed to 6-in. 
round posts 8 ft. apart. The bulkhead was patrolled 
day and night to detect immediately any leaks that 
might be developed, and on the few occasions in 
which a break occurred, a new section of similar 
bulkhead was immediately built parallel with and 
adjacent to the old bulkhead and thoroughly 
banked and braced on the exterior. 

Besides the dredged materials used for surfacing 
and back-filling, there were placed on and behind 
the bulkhead about 25,000 yards of cinders and 
earth, ‘delivered by 1,000-yard scows, which were 
unloaded by 2- and 3-yard Hayward clamshell 
buckets, handled by the floating derricks which, on 








The bulkhead, shown in section in Fig. 4 and in 
the view reproduced in Fig. 5, was of special con- 
struction with a timber deck about 40 ft. wide over 
all, supported on transverse bents about 6 ft. apart, 
each consisting of eleven vertical and three spur 
piles. On the shore edge of the platform a con- 
tinuous line of 8 in. by 12 in. square edge sheet 
piling about 30 ft. long was driven to retain the fill 
on the shore side. This was braced by a mass of 
riprap deposited on the river side in water 20 ft. 
deep, although at the outer edge of the bulkhead the 
bottom sloped to a maximum depth of 30 ft. The 
spur piles were bolted to the transverse pile caps, and 
their tops were cut horizontal to engage the lower 
surfaces of three lines of longitudinal 12in. by 12 in. 
timbers which form part of the bulkhead floor, 
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Fig. 5. BULKHEAD UNDER CONSTRUCTION. 


some occasions, were operated on the shore side 
of the bulkhead as well as on the river side. The 
surface of the ground was so soft that it was necessary 
to build about 1,800 ft. of automobile road 40 ft. 
wide to connect with the public road on one side of 
the lots. This was accomplished by dumping 
cinders on the surface of the marsh to form a level 
bank about 2} ft. high. 

The condensation water tunnel, shown under 
construction in Fig. 2, is 9 ft. high and 13 ft. wide 
overall, and has two 4 ft. by 6 ft. passages for intake 
and discharge, and its floor slab, 2 ft. thick, is sup- 
ported on seven-pile transverse bents 3 ft. apart, as 
indicated in Fig. 3. Floor slab, vertical and parti- 
tion walls and flat roof slab were built separately 
and successively, and were bonded together by 
reinforcement bars some of which projected verti- 
cally through the roof for connection with the 
buildings above. The concrete required for the 
tunnel was mixed in a floating plant and spouted 
to position from its hoisting tower. 





to which they were bolted. Holes for all the bolts 
and spikes, as well as for those in the cofferdam brac- 
ing, were made by eight Chicago pneumatic drills. 
Two more lines of longitudinal 12 in. by 12 in. timbers 
were laid on the floor near the river edge of the bulk- 
head to key the concrete sea wall supported there 
that retains the cinder backfill covering the top 
of the earth fill on the pile platform. Iron bollards, 
25 ft. apart, are set in the top of the concrete wall 
and provide moorings for a line of ships or barges. 

The sites for the intake and discharge tunnels 
for the condensation water and for the coal and ash- 
handling building were dredged to the required 
elevation. Piles were driven there to cut off eleva- 
tion by submerged steam hammers. 

After the piles for the condensation water tunnels 
were driven to an extreme low elevation of 17} ft. 
below low tide, they were enclosed by a cofferdam 
250 ft. long and from 20 to 35 ft. in width, the inshore 
end of which was made with 6 in. by 12 in. wooden 
sheet piles. The 200-foot outer end of the cofferdam 
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was made with 14 in. by 35-lb. Lackawanna arch 
web steel sheet piles, 40 ft.long. A similar 54 ft. by 
73} ft. cofferdam for the coal and ash handling 
plant was built entirely of steel sheet piles and 
resisted an unbalanced pressure head of about 
18 ft. The sheet piles were driven at the rate of 
about 35 in one 8-hour shift by the steam hammer 
which, equipped with a steel rope harness, after- 
wards’drove out such of the piles as could not be 
pulled by six-part tackle. 

The coal and ash building cofferdam was braced 
with four tiers of longitudinal and transverse hori- 
zontal struts, about 10 ft. apart in both directions, 
and the joints were so tight that, after being un- 
watered, the cofferdam was kept dry by a 6-in. 
centrifugal pump working part of the time. After 


Fug.6. DOUBLE ACTING STEAM HAMMER FOR 
SUBMERGED — OPERATION. 
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the construction in the cofferdam was completed, 
the sheet piles were pulled at the rate of about 20 
per day, and nearly all of them were salvaged in 
good condition for re-use, only about 5 per cent. 
being seriously battered or distorted. 

The bracing for the condensation water tunnel 
cofferdam was framed on shore, bolted together in 
sections and assembled in position by derrick boats 
before the sheet piles were driven against the outer 
faces. The bracing consisted of three tiers of 
horizontal wales and parallel centre timbers separ- 
ated by vertical timbers at their intersection with the 
longitudinals, where they were tied together by 
vertical l-in. screw rods. The upper transverse 
panels were braced with pairs of 3 in. by 10 in. single 
diagonals. All the rest of the timber was 12 in. 
by 12 in. and an additional set of longitudinal and 
transverse timbers was braced against the concrete 
floor slab after the cofferdam was unwatered. The 
wooden sheet piles in the cofferdams were driven by a 
4,000-lb. drop hammer at the rate of 20 to 30 on one 
high tide, the depth of the water not being great 
enough to permit the floating machine to work at 
low tide. 

When the tunnel cofferdams were unwatered, it 
was found that about 3 ft. of very fine silt had flowed 
into the dredged areas before the sheeting was driven. 
This was removed without the expense and delay of 
ordinary excavating methods by the ingenious 
expedient of covering the bottom of the cofferdam 
from the shore outwards with a layer about 3 ft.'thick 
of cobble-stones that displaced the silt, driving it 
toward the river end where it was removed by a 
battery of two 10 in. and 12 in. centrifugal pumps. 
This rough paving also prevented the water from 
boiling up through the bottom of the cofferdam, and 
its crevices were so well filled with small stones that 
it provided a satisfactory bearing for the concrete 
deposited directly on it. 

Pile Driving.—Pile driving was accomplished as 
much as possible by floating equipment, which 
drove all of the piles for the bulkhead and as many 
of those for the building foundations as could be 
reached from the water. The contractor installed 
on the job six floating machines, three of them 
equipped with 3,000-lb. drop hammers, and five 
land machines, two equipped with 3,000-lb. drop 
hammers, the remainder being equipped with 
McKiernan-Terry 9 B double-acting steam hammers. 
All of the machines were equipped with extra 
heavy hoisting engines, each having two drums and 
four or six winch heads. Four of the machines 








were equipped with plunger pumps to provide for 
jetting piles if necessary, and their leads were 
provided with telescopic extensions to set piles 
80 ft. long and to drive them without followers to a 
depth of 30 ft. below the surface of the water, thus 
enabling them to be driven nearly enough to the 
required elevation to avoid the delay and expense of 
cutting off. 

The hammers used for the submerged work are 
illustrated by the sketch Fig. 6, and shown in use 
in Fig. 7. They were especially fitted for this 
purpose with an exhaust pipe discharging above the 
surface of the water and an air pressure pipe, giving 
air pressure in the casing sufficient to expel the water 
from around the hammer so that operation was 
practically the same as in the open air. With a 
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crew of ten men, one of these machines drove 104 
piles in one 7-hour shift. The double-acting hammer 
weighing 6,450 lb. each, delivered blows with an 
impact of 7,728 ft.-lb. and the rapidity of their 
blows, the elimination of followers and cushioning, 
and their ability to drive continuously through deep 
water, made them very efficient and satisfactory. 
All of the pile driving machines had standard 
towers, varying somewhat in height to receive piles 
of 60 to 80 ft. length. All were thoroughly braced 
and those for the water work, which were mounted 
on 30 ft. by 60 ft. wooden scows, 10 ft. deep, were 
exceptionally well braced transversely by round 
timber batter posts, extending from the sides of 
the scow to the top of the leads, secured by cast-iron 
flanges to the scow deck and with U-straps to the 
horizontal braces. Floats made of four 12 in. by 
12 in. by 18 ft. timbers lashed together, were 
available at each floating machine for men to stand 
on while setting the piles, making adjustments and 
performing other duties. 

All the piles were driven with bark on, with 
blunt points and without shoes. For the piles 
driven with the drop-hammers, the average pene- 
tration was from 1 ft. to 3 ft. for the first three 
blows; usually about 50 blows being required 
for a penetration of 20 ft. The double-acting steam 
hammers delivered 120 to 140 blows per minute. 


causing a practically continuous movement of the 
pile and thus enabling a pile to be driven to a 
penetration of about 20 ft. in two or three minutes. 

A careful record was kept of the length of piles, 
total number of blows, time of driving with a steam 
hammer and the penetration under the last 10 blows. 
The location of all piles was checked by the engineers, 
who measured and recorded them. Almost all of 
them were found to be to centre within 2 in. and ona 
few occasions where they were deflected by accident 
or obstructions, they were pulled and redriven or 
additional piles were driven alongside. All piles 
not driven by submerged hammers were cut off 
in the usual way by two men with a hand saw. 
They were cut within } in. of elevation and provided 








good bearing for the bulkhead caps that were spiked 





SUBMERGED PILE-DRIVING. 


to them. The piles that were driven to cut-off 
grade, either by the submerged hammer or the 
followers, were found on inspection to be in good 
condition, without seriously broomed heads so that 
they did not need to be cut for bearing in the 
concrete, and were usually within 1 in. or 2 in. of the 
required elevation. Those driven in the cofferdams 
by the submerged hammers were, when thecofferdams 
were unwatered, found to be as accurately centred 
as those not driven below land or water elevation. 
The bearing values of these piles may be calculated 
by the Wellington formula which makes the safe load 
a function of the weight and velocity of a drop ham- 
mer (or single acting steam hammer) and the pene- 
tration of the pile under the last blows modified 
by an arbitrary constant, usually taken at unity, so 
as to give a safe load approximately equal to the 
product of the weight of the ram and twice the height 
of its fall. 
2 wh 


The formula for drop hammers is L = oat 


in which L is safe bearing load in pounds (factor of 
safety of 6), w is weight of ram in pounds, h is height 
of fall in feet, s is penetration per blow in inches for 
last few (usually 10) blows, C is constant which 
should be modified for type of hammer and frequency 
of blows. 





For 2,000 to 3,000 Ib. drop-hammers with a fall 
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of 5 ft. to 20 ft. on wooden piles C is usually taken 
at unity. For single-acting steam hammers with 
a 5,000 Ib. ram and a stroke of 2-5 ft. to 3-5 ft., 
C is usually taken at 0-1. 

For double-acting steam hammers, the Nichols 
formula is 


2h (w + Ap) 

é+C 
where A is area of driving piston in square inches, p 
is average steam pressure throughout the stroke, L 
is safe load, w is weight of ram, h is length of stroke 
in inches, s is penetration per blow for average of 
last 10 blows. 

Assuming 80 to 240 blows per minute with a 1,000 
lb. ram under 60 Ib. pressure, a value of 0-3 for 
constant C checks by practical comparisons with 
duplicate piles driven in the same place and under 
the same conditions by a single acting steam hammer, 
the safe loads for which are computed by the Nichols 
formula modified to 


L= 


= 2wh 
w 
where L is safe working load, w is weight of ram 
in pounds, hf is the length of stroke in inches, s the 
penetration per blow in inches for average of last 
few blows, and W is the weight of the pile itself 
if it is very heavy. 
The Nichols formula for very heavy piles driven 
by an ordinary drop hammer (2,000 Ib. to 3,000 Ib. 
falling 5 ft. to 20 ft.) is 


L= 





WwW 
8+ oa 
where L is the safe bearing load in pounds, w is the 
weight of hammer, W the weight of pile in pounds, 
h the fall of hammer in feet, and s the average 
penetration in inches for the last 10 blows. 
A recently developed rule for double acting steam 
or air hammers, called the Navy Formula is 


2E 

es 

O;3w 
8 (1 + “a ) 
where L is the safe bearing load in pounds, E the 
energy per blow in foot pounds (striking weight plus 
average steam or air pressure, multiplied by length 
of stroke), w the weight of pile in pounds, W the 
weight of ram in pounds, and s is penetration of 
last blow ininches. Driving is assumed to be con- 
tinuous and allowance for penetration is made when 
a driving cap is used. For the McKiernan-Terry 
double-acting hammers used on this job the values 
for the 9B and 11B sizes respectively are: E 7,727 
and 22,000 W, 1,250 and 3,625, number of strokes 
per minute 140 and 120. 

The C. F. Rhode formula, considering skin 
friction only, and applicable to long piles easily 
driven in very soft material that subsequently 
sets around the pile developing a much greater 
stability after a few hours than when driving 
ceases, L =1 (Sa +R), in which L is safe load 
in pounds, § is skin surface in square feet of pile 
underground, and / is length in feet of portion 
of pile underground. For different soils the proposed 
values of a and R are: in loam and silt, 1-7 and 47; 
in moist clay, 7-4 and 96; in sand or dry clay, 
19-2 and 203 ; in coars? sand and gravel, 29 and 300. 


(To be continued.) 





NEW ECONOMIC IDEAS OF 
WORKMEN. 


(By a WoRKMAN CORRESPONDENT.) 


Tue old fashioned notion among workmen that 
wages could not be advanced unless prices had been 
advanced has latterly beea replaced by the idea 
which has been established by the men in the 
sheltered industries. Employers in these trades, 
not being severely pressed by competition, can put 
wages advances on the consumers, and yield readily 
to workmen’s demands for higher wages. Though 
these men are generally unskilled, their wages have 
been advanced in this way from the lowest rates 
up to the level of the rates of skilled men, such as 
men in the engineering trades, for instance. The 
mischievous results of this equality of wages 
are numerous. But, it should be said, the upward 
movement cannot be continued indefinitely, for 








trade declines with the resultant increase of prices, 
and that compels workmen to agree to a halt. 
While these high wages enhance the cost of 
transport, thereby injuring some large industries, 
the coal industry especially, they increase the cost 
of living, thereby injuring all classes. The engineer 
who was, not long ago, in the highest class of work- 
men in respect of efficiency and remuneration, 
can scarcely be satisfied with wages of the same 
rate as the corporation scavenger, and his trade 
union actions will be affected by this discontent. 
He will emigrate when the new countries on the 
other side of the world afford a suitable opening for 
him, and thus this country will pay for the training 
of men, who, instead of producing the articles that 
make up our export trade, give our distant com- 
petitors the benefit of their skill and energy. 

Again, the engineer, when told by his employer 
that prices will not bear a further wages advance, 
wonders how unskilled men secure substantial 
advances, and he finds, on thinking the matter over, 
that employers have been forced by the strength of 
the trade unions to advance prices. Continued 
cogitation of the subject leads to the further infer- 
ence that his leaders clinging to old notions and old 
ideas, are no more than old fogies, not fit for the 
duties of leadership. When the mass of the workers 
is stirred by this kind of idea, the leaders demand 
a large wages advance, but action is deferred when 
a conflict appears imminent, and a period of public 
anxiety ensues. Workmen’s temper may be softened 
somewhat by a demand from the employers for 
changes in methods of working which would increase 
output, thus compensating for the higher wages, 
but they again find, on reflection, that conditions 
were not attached to the advances conceded in 
the sheltered trades. The idea of demanding such 
compensation in regard to wages advances is 
becoming common. Coal-owners adopted the plan 
when demanding an increase of working time; but 
when these proposals are brought up, the men 
realise that a great mistake was made in conceding 
so readily the high wages now common in the 
sheltered trades. So long as wages equality exists 
in respect of work that requires different standards 
of efficiency, so long will there be unrest in the 
labour world. 

It was formerly customary for workmen to 
raise their standard of living by the simple plan of 
enhancing their working efficiency ; now the same 
effect must be produced by the legislative machine. 
The seven-hours working day for miners and the 
minimum wage have both been brought into opera- 
tioninthisway. Old age pensions and a multiplicity 
of insurances have recently been introduced by the 
same means, and with nationalisation of industry 
demanding attention, the end of this movement is 
not yet in sight. The actions of the legislature 
are being backed by voluntary actions of an 
ominous character. In the sixties and seventies of 
last century, the miners conducted a vigorous agita- 
tion for the limitation of output, the object being 
to force up wages as well as prices. That agitation 
failed, on account of the strength of the opposing 
forces, but the idea of raising prices and wages in some 
such way has never been abandoned. Only a short 
while before the coal crisis arose, the miners proposed 
to the employers that coal prices in the home market 
be raised as the prelude to a wages advance. A 
proposal had been made at an earlier period to put 
an extra price on coal sold in foreign markets. 
Coalowners could not, of course, consent to an 
arrangement that would make competition more 
severe by forcing the prices of exported coal upwards. 
At the present time, miners leaders are talking a 
good deal about the closing of the unprofitable 
collieries, as a means of raising prices by lowering 
output, and cutting out the lowest rates of wages. 
As a result, a burden would be thrown on the State 
in connection with the maintenance of the people 
thus thrown out of employment. The people who 
had to bear this burden of relief would also have to 
pay the higher prices for coal, but this higher 
price would probably seem nothing to a class 
which is constantly endeavouring to put prices up. 
Miners can hardly expect much sympathy from 
the public, whose lot is ever being made harder by 
the efforts to obtain still higher wages. 

It is not sufficiently appreciated that this easy 





way of forcing up wages without effort on tne part of 
the workmen must undermine the labour efficiency 
of the workers. Competition, having been blamed 
for many of the hardships of the workers, has been 
regarded as an evil force to be got rid of as soon as 
possible. This idea is mainly the cause of the 
effort to build up large trade unions, which would 
prevent internecine competition. The efforts of the 
miners to force up prices and wages are the greatest 
of the evils resulting from this, as success would 
impoverish the consumer without increasing the pro- 
ductiveness of the miners. The miners obtained a 
seven-hour working day by Act of Parliament and a 
wages advance of more than 12 per cent. to compen- 
sate for the loss of earnings resulting from the loss 
of output. We know now how tenaciously they 
have clung to these gains. The president of the 
miners trade union, Mr. Herbert Smith, recently 
stated that he would prefer a wages reduction to a 
longer working day, because there would be some 
prospect of regaining lost wages, while loss in the 
matter of working time might never be regained. 
A trade fluctuation that was the beginning of 
a boom might give an excuse for raising the wages 
question, and the miners might be able to enforce a 
substantial advance. But if a proposal were made 
for shortening hours, the severity of competition 
would be mentioned, and the miners would be frigh- 
tened by the prospect of the collapse of the industry. 
It is well-known that economy of effort was exten- 
sively practised in this industry during the war 
when the minimum wage was in operation. When a 
miner found that his earnings were getting near to 
the minimum rate, he considered that the difference 
was not worth the extra effort, and he slackened off 
so that the minimum rate came into operation. 
His output fell much below the point required for 
the minimum wage, there being a balance of ease 
in the miners’ favour. There followed a further 
change, and the class of workers who had for genera- 
tions boasted of their physical strength and industrial 
efficiency began to boast of the small service rendered 
for their wages. Even young fellows repeated 
this boast, implying that they had found a way of 
living without working. Trade depression, by 
enabling the employers to threaten with discharge 
the worst characters, has practically exterminated 
this evil, but the incident is indicative of the 
strong desire of the worker of the present day to 
avoid laborious tasks. 





INTERNATIONAL Motor SHow, Eeyrr, 1927.—The 
Department of Overseas Trade, 35, Old Queen-street, 
London, §8.W.1, has informed us that an international 
exhibition of motor cars will be held in Cairo, Egypt, 
from February 15 to March 15, 1927. This, the first 
international motor show to be held in Egypt, has been 
authorised by the Permanent International Bureau of 
Motor-Car Manufacturers. It will comprise motor cars 
(complete and chassis); commercial motor vehicles ; 
motor cycles and cycles; motor spirit and lubricants ; 
accessories, parts and touring equipment ; tyres; body- 
work; motor tractors; sundry products relating to 
motor cars and motoring ; motor car publications ; and 
motor boats. A number of copies of the regulations, 
with plans, and general literature are available at the 
Department of Overseas Trade. These will be for- 
warded on loan, in order of application, to firms desiring 
to exhibit British products. Reference A.X, 3437 
should be quoted. 


ENGINEERING IN MaNncuuriIA.—The Commissioner of 
Customs for Mukden states that, in spite of disturb- 
ances, nearly all over China, the year 1925 has been 
fairly satisfactory in Mukden, both as regards trade and 
industrial development. The demand for engineering 
materials has been specially good, and fresh outlets for 
the engineering trade have developed, the most note- 
worthy additions being the demand for motor transport 
and electrical machinery. With improved road condi- 
tions, the sale of motor cars is steadily increasing. Trans- 
port companies have been, and continue to be, formed, 
with a consequent demand for motor-lorries. There is 
undoubtedly a bright future for the motor-car industry 
in Manchuria. The Chinese are also awakening to the 
advantages of using electrical power. The number of 
electric-light plants operated in Manchurian towns is 
increasing ; a large business is also being done in motor- 
driven machinery for hulling and grinding cereals. The 
steel trade was very satisfactory in 1925; the principal 
orders came from the Mukden Government Arsenal for 
large quantities of tool steel. Keen interest is now taken 
in railway extension, and the construction of a line some 
180 miles in length between Mukden and Hailung was 
commenced last August. It is anticipated that the rail- 
way will be completed in about two years ; it will traverse 
and tap a thickly-populated and very fertile agricultural 
district, which provides beans, wheat, hemp, and tobacco 
and also contains much undeveloped mineral wealth. 
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FURTHER RESEARCH IN THE 
PROBLEM OF H.M.S. ‘‘ WOLF.”’ 
By G. H. Horrmann, A.M.I.N.A. 


THE determination of scantlings of ships has been 
in the past, and will always be in the future, a 
question of experience and comparison. Should it 
ever be possible to determine the stresses in a ship- 
girder with mathematical and technical accuracy, 
even then we shall merely have reached the stage of 
being able to compare the strength of a ship with 
that of a test-piece of shipbuilding material. The 
practical method of obtaining the lightest possible 
scantling may be crudely described as follows. 
When a ship has proved to be of adequate strength, 
we know that it is not too weak, but cannot know 
whether it may not really be too strong. Every ton 
of hull weight unnecessarily carried, means a ton less 
cargo, coal, armament or armour; or conversely, 
for the ship to carry a given amount of deadweight 
she must have as many tons more displacement than 
strictly necessary because her hull contains super- 
fluous steel which acts as so many tons of ballast. 
The extra displacement involves a larger hull, 
which means extra first cost and involves greater 
resistance, which, in turn, requires larger machinery. 
This introduces still greater first cost and, more- 
over, a coal bill higher than it would be if 
scantlings were just up to their work. 

The satisfactory working of our ship of adequate 


cradles, placed first to give a sagging, and then 
to give a hogging moment. The length of 
each of the cradles was 6 feet, whereas the 
ship’s length was 210 ft. (b) While steaming in a 
rough and steep sea off the Lizard, a passage 
which would be considered very bad for this class 
of vessel, the stresses measured remained well below 
these experienced in dock. (c) The ship was found 
to be not nearly so stiff and strong as might have 
been anticipated from theoretical considerations. 
It may be argued that the history of this ship and 
her sisters in the British service proves their 
strength to have been adequate, but if this 
establishes anything, it is that with a more 
correct distribution of scantlings, which would have 
enabled the structure to act more closely up to 
theory, the hull might have been of lighter con- 
struction for the same strength. 

In the year 1905 Sir (then Professor) John H. 
Biles read a paper before the Institution of Naval 
Architects, in which he gave a very complete 
description of the calculations and experiments 
made upon H.M.S. Wolf, and also gave the results 
arrived at and the conclusions drawn from these. 
The working method proposed by Sir John Biles 
as a result of the experiments was to treat the 
ship, considered as a whole, as having an apparent 
modulus of elasticity which should be taken at 
about 10,000 tons to the square inch as against 





about 13,500 tons for solid material. This method 
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strength cannot help us to discover the amount of 
these losses. Torpedo-boat and destroyer builders 
who, of all shipbuilders, meet with the most pressing 
claims to saving in weight, followed the only prac- 
tical process when they gradually reduced scantlings 
until signs of structural weakness appeared. Had 
these remained restricted only to buckled deck 
plating, the process, perhaps, would have been 
considered satisfactory as a method of practice ; 
but Fate decided that the procedure should end in 
disaster. 

The first turbine-propelledtorpedo-boat destroyers, 
H.M.SS. Viper and Cobra, were designed to prove 
the superiority of turbines over reciprocating 
machinery, and accordingly were built for nothing 
but speed. Scantlings were reduced as far as 
was thought to be allowable, but afterwards proved 
too weak. The trials were a complete success, the 
ships making about 36-5 knots on the measured 
mile as against about 30 for the maximum perform- 
ance of reciprocating engine boats; but afterwards 
the Cobra was lost at sea with nearly the whole of her 
crew due to lack of structural strength. The British 
Admiralty then decided that this should be the last 
calamity of the kind. A ‘‘ Committee on Destroyers” 
was appointed, including many prominent ship- 
builders and naval officers, who, amongst other things, 
had to inquire and report on the structural strength 
of destroyers as built during the period, i.e., about 
the beginning of this century. The 300-ton destroyer 
Wolf was placed at their disposal for experiments, 
which were to settle (a) whether the ship as a 
destroyer was strong enough; (b) whether the 
calculated stresses were really encountered at sea ; 
(c) whether the usual strength calculation on the 
I/y method was a safe and reliable basis of com- 
parison between different types and sizes of ships. 

The results of experiments on these points were : 
(a) that the ship’s strength was not brought into 
question, although the bending moments brought 
into play were quite high. The data were secured 





enables us to estimate a ship’s deflections with 
considerable accuracy, but with regard to stress 
estimates many shipbuilders remained under the 
impression that matters werenotmaterially advanced, 
as the stress estimate on the I/y calculation method 
is made on a basis of geometrical properties of 
the section, while the value of E is not involved. 
This was the stage reached by naval architecture, 
when the late Marineschiffbaumeister Pietzker of the 
German Navy proposed his method of making 
strength calculations, which, in the main, consisted 
in making deductions by the inclusion of longitudinal 
plating and girders as strength members in the 
I/y calculation. The underlying principle was that 


values of deflection, i.e... y= — y: fi Es had been 


deducted from the Wolf experiments. Now M 
and y were known, and also, from these, the 
value of EI; but there was no indication as to 
whether the reduction of this “ factor of stiffness ”’ 
was due to a reduction in E or to a reduction in I. 
It is difficult to conceive of a change in the modulus 
of elasticity of some material, to which a strain-meter 
is attached, as a consequence of that material 
being joined to other material of the same strength. 
Therefore Herr Pietzker offered a new set of standard 
conditions for the calculation of the longitudinal 
strength of ships, including the stresses to be 
allowed when his method of calculation is adopted. 

The effective I, as found under this method, 
consists of that of all continuous longitudinal 
material, but only so far as this is duly stiffened 
against buckling or bending between the frames. 
Plating is only included within a distance of twenty 
times to twenty-five times its thickness on either side 
of longitudinal stiffening, which stiffening may be 
intercostal itself. 

The Pietzker method, however, was not corro- 
borated by calculations following the method by 
which it was derived from the Wolf experiments. 
This point was investigated by the author in a 


Institution of Naval Architects, when it was pro- 
posed to include all continuous longitudinal plating, 
considered under the Pietzker method to beineffective, 
as contributing resistance up to its buckling stress, 
i.e., the stress at which buckling will occur in it, 
or the measured stress when this was below the 
buckling limit. This way of treating the matter met 
with general approval as far as the compression 
side of the ship girder was concerned, but for the 
tension side the call for further investigation was 
so strong that the author decided to make an 
investigation in order to ascertain whether it 
would be possible to bring experimental and 
theoretical results into line without resorting to 
the calculation of the efficiency of plating under 
tension by means of buckling formule, which 
cannot, in that case, have any real significance, 
but are a kind of standard condition, to be used 
in the lack of better knowledge. 

As a measure of the ship’s failure to fulfil the 
theoretical anticipations, we may take the efficiency 
of section which will denote the ratio between the 
external bending moment of the straining forces 
(which is the same as the actual internal moment 
of the stresses set up in the ship’s plating) and 
the internal moment of stresses which would 
correspond to the recorded strains, all longitudinal 
members being taken as fully effective. This 
internal moment, which is called moment of 
elasticity below, is simply the integral over the 
whole section of the elastic force, exerted by each 
longitudinal member, multiplied by its leverage 
about the neutral axis. The moment may be 
written as f p.y.dA. 

It must be borne in mind that in the investigation 
of the behaviour of thin plating under tension 
and water pressure combined, the general results 
of Sir John Biles’s experiments, viz., the low 
efficiency of section found in all the various 
conditions of loading, pointed towards the fact 
that it cannot be right to take the stress curve 
faired to the strain-meter reading at the keel, 
as giving the true working stress of the bottom 
plating. The combination of these stress curves 
with the true E of the material will invariably 
result in a moment of elasticity which will rise 
materially above the actual bending moment, 
even if we take local buckling of the deck plating 
into account. By making an allowance for these 
buckling effects only, the difficulty encountered by 
Sir John Biles will only be lessened a small amount. 

If we start to investigate the behaviour of thin 

plating under water-pressure and tension combined 
by means of the differential equation of the curve 
of deflection for a particular case, we do not get any 
nearer to the solution of the problem. This method 
was actually attempted, but had to be dismissed on 
account of the fact that it tends to give actual 
bottom stresses still higher than the “ indicated” 
ones, by which term are denoted the stresses as 
deduced from the strain-meter readings. And these 
high bottom stresses, in view of the above, obviously 
cannot be true. An approximate estimate of these 
effects, giving maximum values, may be made on 
the lines followed by Mr. Koch in the deduction 
of his formula for compression and water-pressure 
combined. 
The basis for all investigations of the influence 
of water-pressure or bending in general on plating, 
or on ties and struts, under compression or tension, 
must be the fact that under the bending influences 
the plating will develop a curvature as shown in 
Fig. 1, and that this curve is longer than its chord 
OA, which, to keep to the denominations suited to 
our case, represents the frame-spacing under the 
action of the loads named. If the frame-spacing, 
as is the case with the bottom of a ship in hogging 
condition, is decreased by the strain, the plating 
will be subjected to a less amount of compression 
than a measurement of the decrease in frame- 
spacing would show. On the other hand, if we con- 
sider a ship’s bottom under tension, and thus the 
frame-spacing somewhat lengthened by the strain, 
its measurement would show a smaller stress on 
the plating than the one actually prevailing. But 
the longitudinal tension on the plating will tend to 
flatten the curvature which it would take up under 
water-pressure only, somewhat as shown dotted. 








by supporting the ship in dry dock on two 
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It follows that if we can estimate the excess length 
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of ‘the curve over its chord for the case of water- 
pressure alone, the values so found will represent 
the maximum excess length which for a given case 
can occur for any amount of longitudinal tension, 
and the corresponding stress the maximum value of 
excess tensile stress to be possibly introduced by 
water-pressure in that case. 

The equation of the deflection curve of a beam 
having fixed ends and loaded by an evenly dis- 
tributed pressure works out at 


m2\2 
y= s(t 5) 
as can be found in any manual of applied mechanics. 


It is represented by Fig. 2. 
The total length of this curve is given by 


+1 
u- | soe 1+ y’2 


and the excess length of the curve over its chord 





aye ae al 
1 = 2-44 or 


the deduction of which is given in detail in the 
appendix to the author’s above-mentioned paper. 
The corresponding tensile stress is 2-44 z E, 


wherein J is again the symbol for the full frame- 
spacing, and the actual stress p as compared to the 
indicated one p’ is given by 

p=p' +2-4FE, 


The additional stress may be readily calculated 
and works out as follows :— 
Head of Water. For 7 Ib. plating. For 8 lb. plating. 


Ft. Tons sq. in. Tons sq. in. 
1 0-016 0-007 

2 0-064 0-028 

3 0-150 0-065 

4 0-256 0-116 

5 0-398 0-180 

6 0-573 0-261 


These are the values for zero tension and therefore 





























maximum values, as the flattened curve of Fig. 1 
undoubtedly will show a smaller excess length over 
its chord than the original one does. They have been 
calculated for the “Wolf” frame-spacing, viz. 
20 in., and seem to indicate that at least at 6 ft. 
of water on a 7 lb. plate we ought to make an allow- 
ance ; but this condition does not prevail throughout 
the whole of the experiments. Thus, we may safely 
disregard the influence of the water-pressure on 
plating in tension; at least we may do so in the 
present case. 
(Zo be continued.) 








HOBBING AND END- MILLING GEAR- 
CUTTING MACHINE. 


On Plate XIV and on pages 192 to 194 and 
202, we illustrate a gear-cutting machine of a 
somewhat special character which has been con- 
structed by The Power Plant Company, Limited, of 
West Drayton, Middlesex, for a factory situated on 
the Donetz region of Russia. The class of work for 
which the machine was required varies widely, and 
hence the machine is arranged both for hobbing and 
end-milling operations. It can be used, therefore, 
for cutting double helical, triple helical or straight 
teeth, for producing worms and spiral gears, and also 
for scrolling sugar-mill or other types of rolls. Its 
general character is clearly shown in Figs. 16, 17 and 18, 
pages 194 and 202, where in Figs. 16 and 17 it is repre- 
sented in the process of producing by end mills a 
double helical gear. Another view of the machine 
showing the change gears and driving mechanism 
generally is reproduced in Fig. 18. From these 
views it will be seen that the work to be cut is mounted 
horizontally, which is convenient when long pinions 
are required. By the hobbing process the machine 
can cut double helical pinions of any convenient face 
width, and from 6 in. up to 66 in. in diameter. All 
pitches from 4 diametral pitch to the finest used in 
industrial work for gears of this type can be cut. 

When the machine is arranged for end milling, 
pinions can be cut from 8 in. up to 66 in. pitch circle 
diameter, and having a face width of nearly the full 
length of the machine, or say about 130 in. By this 
end-milling process all pitches can be cut from the 
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finest used in the hobbing process up to the very 
coarse pitches required for heavy rolling mills, where 
a circular pitch of 8 in. to 10 in. is not uncommon. 

As the views reproduced show, the machine is 
of massive design, and as best seen in Fig. 16, is 
composed of one main bedplate which carries the 
fixed and movable headstocks, and a side bed bolted 
thereto which supports the milling head. A base plate 
bolted to the end of the main bed carries the driving 
and change wheel gears. 

A plan and elevations of the machine are reproduced 
in Figs. 1, 2 and 3, Plate XIV. The fixed headstock 
is provided with two independent dividing heads, of 
which the main one is located in the casing A and is 
driven by a worm below it, as best seen in the sectional 
view Fig. 7, opposite. This worm wheel is used in 
the hobbing operation to give the number of teeth 
required, being coupled up by change wheels with the 
gears which traverse the hobbing head along its bed. 
It is also used, when helical teeth are being produced 
by means of end mills, to give the proper angle of 
helix. The second dividing wheel is mounted at B, 
Figs. 1 and 2, and is operated by hand to divide 
the blank when an end mill is being used. Sections 
through it are reproduced in Figs. 8 and 9, opposite. 
As shown in the figure this wheel is coupled directly 
to the chuck. The hole through the hollow spindle 
is 17 in. in diameter. A series of interchangeable 
chucks is provided to suit different classes of work. 
Both dividing wheels are split along the central plane. 
This enables the inevitable small errors made in the 
original cutting of the teeth to be practically eliminated 
by rotating one half of the wheel relatively to the 
other. Provision for taking up wear is made in the 
case of the main dividing wheel, as indicated in 
Fig. 7. This wheel is in continuous use, both in 
the hobbing process and when helical gears are being 
produced by end milling. The arrangement is clearly 
shown in Fig. 7, where it will be seen that the worm 
is carried in a cradle which is supported on a wedge 
by the adjustment of which wear can be taken up. 
In the hobbing process the worm is driven from the 
left-hand end of its shaft, and in the end milling process 
by the bevel wheel shown at the opposite extremity 
of this shaft. 

A section through the milling head is reproduced 
in Fig. 4, Plate XIV, and additional views are given in 
Figs. 5 and 6, opposite. It is mounted on a saddle 
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which slides along the side bed of the machine. The 
drive is communicated to the head through the bevel 
gears shown at X, and is conveyed by a vertical shaft 
to a second set of bevels which transmit the drive to 
the horizontal spindle shown. This spindle carries 
the end milling cutter, and can be fed in or out, sliding 
through the bevel wheel which drives it. As repre- 
sented in the figure the machine is arranged for 
hobbing. When changed over for end milling the hob 
is removed, being disconnected at Y, and the steady 
below it is also taken away. The screw which feeds 
the hob or end mill towards or away from the work 
is provided with a graduated head, each division of 
which represents ;,;\55 in., so that the tool may be 
set with great nicety. The hobbing head casting has 
a circular base, and is secured to the face of its 
carrier by bolts in a slot. By loosening these bolts 
it can be swivelled to any angle. A worm is provided 
for adjusting it, and graduations are provided from 
which this angle can be read. The hob spindle can 
also be traversed axially by thé screw shown at S 
on the left of Fig. 5, page 192. The lead screw is 
of a robust type, and is finished to a high degree of 
accuracy. All the sliding surfaces embodied in the 
machine are scraped true. 

The machine is electrically driven ; the main motor 
which is of 15 h.p., is shown at C, Fig. 2, Plate XIV. 
This drives, through the two-speed box D, a horizontal 
shaft which extends across the machine to a differential 
gear provided at E. This differential gear is used 
for giving the required helical angle to the teeth, 
both when hobbing and end milling. The idlers of 
this differential gear are mourted in a cage, on the 
circumference of which a worm is cut. In the normal 
operation of the machine, if this cage is stationary the 
relative motion of the hob and. blank is such that 
straight teeth will be cut. By continuously rotating 
the cage through the change wheels shown at F, right- 
or left-handed helices will be produced. 

The main drive passes through the differential to 
the gears shown at I, and these communicate motion 
to the worm which drives the main dividing wheel. 
Gears on this worm shaft lead to a five-speed change- 
gear box at J. This box is illustrated separately in 
Figs. 10 to 13, page 192. From this box motion is 
communicated by the train of wheels at K to those 
at F, which rotate the idler cage of the differential 
as already explained. 
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When the work to be done is end milling, the drive 
is conveyed to the main dividing wheel through 
independent sets of change wheels, which are indicated 
by the dotted lines at G. The gears which drive 
the worm in hobbing are disconnected, and motion 
to this worm is passed through a cross-over or reversing 
box at M, and thence by the change gears indicated 
by the dotted lines at N to bevel gearing at the right- 
hand end of the worm shaft shown at Fig. 7. The 
reversing gear is of the bevel type, and it is used to 
change the direction of motion of the main dividing 
wheel when herring-bone or triple helical gears are being 
produced by end milling. In this operation the actual 
dividing is effected by the hand-operated dividing 
wheel at B which is mounted, as glready explained, 
at the forward end of the fixed headstock. 

A sectional plan of the bevel reversing box is shown to 
the right of Fig. 14, page 193, and the gears which 
transmit the motion to the bevel on the worm shaft 
can be seen to the right of the same figure. On the 
left of Fig. 14 a section is given of the high-speed 
return gear-box, by which the milling head is brought 
| back to start a fresh cut in the end milling operation. 
This box is shown in position at O, Fig. 2. An 
independent electric motor of 5 h.p. is used to operate 
|this return motion which is thrown into action by 
| the hand lever shown at the left in Fig. 18. 

The full set of change wheels provides for cutting 
all numbers of teeth and including primes up to 120. 

A motor-driven sud pump is arranged below the 
machine as indicated at P, Fig. 1, and supplies a 
continuous stream of lubricant to the hobs or end mills. 








Force-FeEED Orcan.—A new model of their well- 
known type of force-feed oilcans has been introduced by 
Messrs. Joseph Kaye and Sons, Limited, of Lock Works 
Leeds. This is arranged with a detachable inter- 
changeable spout. In other respects the model 
|follows the lines of Messrs. Kaye’s earlier products 
which are familiar to most engineers. The spring- 
return plunger pump, which is carried in the body of the 
oilean and operated by an external press-button, enables 
a jet of oil to be thrown a distance of several feet, the 
arrangement allowing a definite quantity of oil to be 
forced into a grease cup. The oilcan is a very robust 
article and embodies Messrs. Kaye’s well-known serrated 
joint. For the moment this new, detachable spout 
model is being made in }-pint sizes only. It has been 
supplied in large quantities to the Admiralty. 











THE PRESENT AND FUTURE DE- 
VELOPMENT OF _- ELECTRICITY 
SUPPLY.* 

By Srr Joun F. C. Snett, G.B.E., M.Inst.C.E. 


THE development of electricity supply as a necessary 
agent in the progress of civilisation has been accom- 
plished within a very few years, for there was no general 
supply available in any part of the world prior to 1889. 
3reat Britain may be said to have been the pioneer of 
the public supply of electricity. The first legislation 
actually dates from 1882, but effectively only from 
1888. An electrical supply industry has grown up in 
Great Britain by authorised undertakers (excluding 
railways and private plants), in which alone over 
200,000,000/. has been expended within the short period 
of thirty-seven years. In the earlier years distribution 
was confined to low-pressure direct current, with its 
necessarily restricted economic radius of supply, and 
to single-phase distribution at higher pressures for 
series arc lighting, applied in some districts to what 
was known as the “ house-to-house ”’ system at pressures 
of 2,000 volts, and reduced by house transformers to 
the required service pressure. 

The whole trend of development in this country 
was then towards the adoption of small local govern- 
ment areas as the areas of electricity supply, fostered 
largely by the technical restrictions brought about by 
the imperfect systems then available. The scientific 
world was divided into two camps—one favouring 
direct current, which has the advantage of using 
accumulators or storage batteries, and the other 
declaring in favour of alternating current. At that 
time only carbon filament lamps were available, the 
single-phase alternating motor had not been perfected, 
and multiphase currents were commercially unknown. 
Electricity was supplied mainly for lighting purposes, 
with a consequent low load factor. Hence, very 
numerous independent systems of small size grew up, 
with the result that numerous private generating 
stations were installed in local factories and the larger 
workshops. 

Individual development rather than collective effort 
was encouraged, and was, indeed, probably the only 





* Presidential Address to Section G. of the British Asso- 
ciation, delivered at Oxford, August 6, 1926. Abridged. 
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way at that time along which progress could have been 
made. The whole art of electricity generation and 
supply was also undergoing rapid development, and 
was the subject of numerous experiments by many 
designers, some of whom adopted 100 cycles for their 
alternating-current systems, others 93, 90, 87-5, 85, 
83-5, 80, down to 25 or 16% cycles, so that a chaotic 
condition followed, made worse by a want of agreement 
between the engineers engaged on the work as to the 
most effective pressures of supply. 

Distribution systems were gradually evolved from a 
simple two-wire system which, due to the influence of 
Hopkinson, became a three-wire system, greatly 
reducing the weight of conductor required for any 
given amount of energy distributed and also extending 
the economic radius of supply. 

There were two instances of five-wire distribution in 
Manchester and St. Pancras, but these proved to be 
cumbersome and costly, and were eventually changed 
back to the three-wire systems. 

Among one’s earliest recollections is the change over 
in Kensington, under that veteran Colonel Crompton, 
from 100 to 200 volts and from a two-wire to a three- 
wire system; and again under the late Professor H. 
Robinson, when he laid the St. Pancras five-wire 
system; the space occupied under the streets over 
thirty years ago by electrical mains would not be 
available or allowable to-day. 

It is interesting to note how far we have progressed 
by comparing the ideal put forward by Colonel Crompton 
thirty-two years ago with present-day results. The 
ideal cost of production was then placed at 1-32d. 
excluding capital charges, and the average price to the 
consumers 3d. It is true that the load factor was only 
20 per cent. and the capital outlay then as much as 
1251. per kilowatt-hour. At the present time the 
average revenue from all classes of consumer is 1 -75d.— 
the average station load factor 29 per cent. and the 
capital outlay 521. per kilowatt. 

Far too little credit has been given to the pioneer 
work of Dr. Ferranti, who was the first to advocate 
generation on a large scale and transmission by high 
pressure over an extensive area of supply. It was he, 
in fact, who initiated this system at Deptford, neces- 
sarily limited to single-phase current in those early 
years. The principles now generally accepted were 
enunciated by him many years ago. 

Then came the revolutionary discovery of the practical 
application of multi-phase currents, with all the 
attendant advantages arising from simpler construction 
of machinery, easy transformation by means of static 
apparatus, efficient long-distance transmission and 
facile application to appliances for lighting, power or 
heat. This immensely widened the economic area of 
supply, and when a little later that illustrious pioneer, 
Sir Charles Parsons, after persistent and indefatigable 
research from 1884 onwards, at length overcame his 
initial difficulties, and about the year 1892 gave the 
electricity industry the steam turbine so peculiarly 
fitted to the driving of three-phase generators, electrical 
engineers at last possessed an equipment which enabled 
them to revolutionise the methods adopted in former 
years. Thereafter, all important power stations 
gradually changed over from reciprocating engines to 
the steam turbine, with its enormous gain in higher 
revolutions per minute, a factor of so fundamental an 
importance in the design and cost of modern electric 
generators. At the present time, reciprocating engine 
sets represent only 8 per cent. of the total prime 
movers employed in public power stations, and their 
proportion is decreasing each year. From speeds of 
500 r.p.m. to 600 r.p.m. there was a stride to 1,500 
r.p.m., 2,400 r.p.m. or 3,000 r.p.m., according to the 
frequency of system and size of generator. There was 
almost immediately a significant improvement in the 
machinery constructed for electric supply purposes. 

In 1898 an important inquiry was conducted by a 
committee, under the chairmanship of Lord Cross, from 
whose report sprang the power companies which now 
operate in most of our industrial districts, and whose 
areas of supply extend over whole counties and in some 
cases over several county areas. There had thus been 
growing up not only a constant increase in the size and 
output of the generating stations, but constant increases 
in the pressures adopted for transmission brought about 
an ever-widening radius of supply and enlargement of 
the area served, 

An important result follows from widening an area 
of distribution—it enables supplies to be given from a 
common source to many industries, to railways and 
tramways, and all kinds of domestic and trade require- 
ments. It is found by investigation that the maximum 
requirements of the various classes of consumer do not 
coincide in point of time, and, speaking generally, if all 
their maximum demands occurred simultaneously, no 
less than from two and a-half to three times the generat- 
ing plant would be necessary to meet the load than is 
the case when their several supplies are drawn from 
one common source of generation. It is, in fact, only 
by supplying all the needs of a community within a 





large area from one common system that the maximum 
use can be made of the capital employed. 

When it is remembered that the annual capital charges 
on a generating station represent some two-fifths of the 
total cost of generation, it will be seen how important 
it is to obtain the greatest user of the plant installed. 
In fact, the’ combination of all requirements of a 
community, whether for domestic purposes, traction or 
industrial power, is a fundamental condition of economy 
in the public supply of electricity. . 

The “load factor,” an expression for which the 
industry was indebted to Colonel Crompton at an early 
date in its history, is therefore a very important matter. 
It may shortly be defined as the ratio of the electrical 
energy actually produced by any generating plant in 
any period of time to the amount which would have 
been produced had that plant been working at full load 
continuously during that time. A kilowatt of plant 
working continually throughout a year (which is not a 
leap year !) will produce 8,760 units or kilowatt-hours. 

Now the average yearly load factor (on units sold 
by undertakings) throughout Great Britain to-day is 
under 25 per cent.—that is to say, the aggregate 
kilowatts required to meet the individual demands for 
hundreds of systems only produce one-quarter of the 
units possible were the plant working continuously, 

A small undertaking supplying a district mainly for 
lighting purposes will have only a low load factor, 
probably some 15 per cent. or less. If the consumers 
add other domestic requirements to their demands for 
lighting, such as heating rooms, cooking, and many 
small domestic appliances, it is found in practice that 
there is a great diversity among the times when the 
maximum loads of individual consumers occur. 

A very complete investigation was made a few years 
ago in a large southern residential district, which 
revealed the fact that the maximum demand on the 
power station followed the growth of lighting connec- 
tions almost directly, and did not increase proportion- 
ately to the total connections of heating and lighting. 
In other words, the connections for heating had not 
noticeably affected the maximum load on the station. 
There was, in fact, a high diversity factor. That is 
material in the economics of electricity supply, for it 
meant in that particular case that no appreciable addi- 
tion to the generating plant or capital involved in 
generation was necessary in order to supply the heating 
load, though a heavier outlay on distributing mains 
was necessarily incurred. 

This increased service raised the load factor, which 
was stated to be 15 per cent. or less for lighting alone, 
to 30 per cent. or more with the comparatively limited 
application for heating and cooking at the time of the 
investigation referred to. That improvement refers 
only to one district. Consider further the combination 
of this district with another where the customs of the 
residents are somewhat different, such as their hours for 
meals and an improved diversity would then be 
found. 

If we go further and bring in industrial power loads, 
large and small, a yet higher load factor will generally 
be realised, albeit some industries per se have only a 
small load factor; but again their maximum require- 
ments do not coincide. There are industries such as 
coal mining where the pumping and ventilating loads 
are almost continuous, and the load factor of which is 
therefore very high, and chemical or metallurgical 
works where processes are almost continuous. Other 
industries record a much smaller load factor corres- 
ponding to the length of their working day. Combina- 
tion of these various classes of industrial load again 
raises the general load factor. At the present time 
certain undertakings in this country which are supplying 
a wide range of industrial loads from a common source 
are enjoying load factors ranging from 40 to 50 per 
cent. Were domestic requirements to be expanded 
greatly and added to these industrial loads, the resultant 
load factor would be further raised in value. 

Finally, there is the railway traction load which must 
inevitably grow to large dimensions. The load factors 
of generating stations supplying railway demands are 
found to have values of 40 and 50 per cent. 

If all these classes of demand can be met from a 
common source of supply, the general load factor can 
be raised to a maximum value. The result is to reduce 
the capital expended on generation to a minimum 
value. This has been done on a wide scale in this 
country on the north-east coast, where a supply over a 
wide area of approximately 1,400 square miles has been 
afforded for many years past by three or four principal 
generating stations supplemented by seven smaller 
waste heat stations interconnected by trunk trans- 
mission lines. The annual load factor is not far short 
of 50 per cent., and the average costs of electricity 
supplied are very low; a large proportion of the 
output being delivered, of course, in the form of high- 
pressure three-phase energy. 

At the present time the amount of electricity gener- 
ated in Great Britain, omitting privately-owned gener- 
ating stations, is somewhere about 7,000,000,000 units 
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annually, of which 5,069,000,000 are sold by authorised 


undertakers, the balance being required for railway and 
tramway traction purposes. It is found that in the 
four years 1921-2 to 1924-5 the average rate of growth 
has been exactly 20 per cent. per annum, the growth of 
output for power having been 25-3 per cent., domestic 
supplies 27 per cent., and traction 12 per cent. per 
annum. 

In recent. Government publications it has been 
estimated that the output in Great Britain within the 
next 15 years may reach a total of 21,000,000,000 units 
or an even higher figure if electricity systems fulfil 
the requirements of a more extensive railway electri- 
fication. Let us see what are the possibilities of future 
development. While it may be unwise to predict. an 
estimate of future demands it is at least wise to 
endeavour to make some survey of possible extensions, 
however extravagant the results may seem at the 
moment. 

Let us now try to sketch the probable scope in this 
country—a theme which may be appropriate for such 
an occasion as this, as being of general as well as 
scientific interest. There are three classes of supply in 
which great extensions may reasonably be expected :— 
(1) domestic supplies, (2) industrial power, and (3) 
railway electrification. Let us first consider the possi- 
bility of an extended domestic supply. Statistics 
derived from actual records of several housing estates 
and other sources, where electricity has been exten- 
sively but not wholly employed for heating, cooking, 
and lighting, show that the consumption per capita 
is over 1,100 units per annum or 5,500 units for each 
house. 

When electricity is the sole agent and is used not 
only for the above-named purposes but also for heat- 
ing water for baths and general domestic requirements, 
and for many minor but economic and necessary 
operations such as vacuum cleaning, irons, sewing 
machines, many kinds of small domestic and table 
appliances, and in some cases electrical washers, 
wringers and driers, the consumption per capita rises 
to over 2,500 units (equivalent to 85-3 therms) per 
annum. The amount consumed appears to be largely 
a question of the price of electricity, the cost, reliability 
and availability of domestic appliances and competition 
with other sources of heat such as gas or central heating 
by fuel. 

The existence of a great gas industry would make it 
absurd to suggest that in the course of the next genera- 
tion the requirements of the country for domestic 
purposes would rise to a figure represented by the 
multiplication of the population of the country by 
2,500 units per capita, to which would be added the 
requirements for industrial power and traction. 

The output of the gas supply industry for the year 
1924 was 256,891,922 thousand cubic feet. The actual 
value in therms is not recorded. On the assumption 
that the average calorific value of the gas supply was 
500 B.Th.U. per cubic foot, then the total therms 
supplied amounted to 1,284,000,000, or 30 therms per 
head of population, the total population of Great 
Britain being taken at 43,000,000 (1921 Census). This 
output is thermally equivalent to 870 units of elec- 
tricity per capita. This is not a strictly correct state- 
ment, for a proportion of the population has neither a 
supply of gas nor of electricity, and the consumption 
per capita by the population actually served is really 
higher than the figure given. 

Taking all these factors into consideration, and assum- 
ing that the population at the end of the next twenty- 
five years will have grown to 50 millions, and that the 
methods and extent of distribution have advanced 
and developed—coupled with a sensible reduction in 
the cost of appliances resulting from scientific and 
commercial improvement and greatly increased scale 
of manufacture—the total output for domestic require- 
ments, including residential premises, shops, offices 
and public places, may be estimated at not less than 
20,000,000,000 units with a maximum load of 8,000,000 
kw. 

An interesting speculation may be made, and some 
support afforded to the reasonableness of this estimate, 
from the following figures :—In 1924 the amount of raw 
coal used for domestic purposes was given in the annual 
report of the Secretary for Mines as 34,280,000 tons, 
being 19 per cent. of the total consumption of coal in 
Great Britain. 

Observations by the Fuel Research Board have 
assessed the average thermal efficiency of open coal 
fires, allowing both for radiation and convection of 
heat, at 224 per cent. of the total heat contained in the 
coal consumed. If we assume that the average thermal 
value of the coal per lb. is 11,000 B.Th.U., an average 
which is probably lower than the real figure, this 
tonnage is equivalent to 190,048 x 10° B.Th.U. The 
gas returns published by the Board of Trade show that 
the average increase in the output between 1913 and 
1924 of all the gas undertakings in the United Kingdom 
was 2-2 per cent. per annum based on the 1913 returns, 
and the annual increase expressed in therms (assuming 
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an average calorific value of 500 B.Th.U. per cubic 
foot of gas) was 22-7 x 10° over that period. 

The electricity returns record an average rate of 
increase in the sales of electricity during the same 
period of 25-8 per cent. per annum, being a yearly 
increase of 340,000,000 units, equivalent to 11-6 x 
10° therms per annum. Now it has been stated by the 
Fuel Research Board (Technical Paper No. 12) that the 
radiation efficiency of modern gas fires is generally from 
55 per cent. to 60 per cent., to which must be added 
about 10 per cent. for convection, as is usually claimed. 
The radiation efficiency of electric heaters “ varies 
according to type, but reaches as much as 70 per cent. 
. « «+ Whatever the radiation efficiency, however, the 
total efficiency is 100 per cent., the balance appearing 
as direct convection.” 

In future years, through the public demand for 
effective means of preventing atmospheric pollution 
and reducing the smoke nuisance, for increased cleanli- 
ness of buildings and from other considerations of public 
health, we can imagine most of the coal now consumed 
in open grates and kitchen ranges to be replaced by 
gas or by electrical apparatus. Without making any 
allowance for increased population it would be fair to 
assume that this substituted means of heating at the 
consumer’s premises could be subdivided approximately 
in the ratio of the recorded increased annual sales of 
gas and electricity, paying due regard to the efficiency 
of utilisation in each case. On this basis consumers’ 
heating requirements would be provided as to 22-7 
x 0-7 = 15-9 parts by gas and as to 11-6 x 1 = 11-6 
parts by electricity. The resultant annual sales of gas 
and electricity merely for the purposes of displacing the 
above-mentioned tonnage of domestic coal would then 

Gas, 1569-7 x 10° therms. 

Electricity, 801-6 x 10° therms. 
This will probably not be considered to be an unfair 
proportion of subdivision as between the gas and 
electrical undertakings. 

The quantity of electrical units equivalent to the 
801-6 x 10° therms apportioned to electrical under- 
takings is 23,500,000,000. This figure, to which must 
be added the present electrical output for lighting and 
heating, assists in confirming the estimated total output 
of 20,000,000,000 referred to in previous paragraphs. 

Unfortunately, we have no idea at the moment of the 
total horse-power of machinery employed in the many 
industrial trades of the country. The last census of 
production dates back to 1907 and is, obviously, 
completely out of date. Details are known, however, 
of the total machinery installed in some of the industrial 
districts, which reveal the fact that the proportion of 
private electrical generating plant to public utility 
plant in those districts is 14:9; that is to say, that 
there is in those districts 55 per cent. more electrical 
plant privately owned. This survey, moreover, does 
not account for steam or other machinery unconnected 
with electric generators. In the interim report of 
Lord Haldane’s Coal Conservation Sub-Committee, 
published in 1917 (Cd. 8880), an interesting table was 
taken from the Census of Production showing the 
average net output per employee in relation to the 
mechanical power employed in the factory. The table 
showed that when the net output per employee was 
between 50]. and 75/. per annum the horse-power 
employed (per 100 persons) was 67. The net output 
was increased to 125/.-1501. when the power used was 
269 h.p., or 1751. to 2001. with 221 h.p. per hundred 
persons employed, according to the class of industry. 
Speaking generally, this may be expressed as an 
increase of earning capacity proportionate to the 
increased use of mechanical power. 

Mr. D. Brownlie, in papers published in ENGINEERING 
in 1918-20,* recorded a survey made by him of the 
steam-raising plant in this country, and an analysis 
of the statistics collected by him showed that the 
coal used for the generation of steam in Great Britain 
for heat and power purposes at that time was between 
75,000,000 and 100,000,000 tons a year. He showed 
that the then existing boiler installations could be 
divided into three classes—bad, average, and highly 
efficient. The respective percentages were 10 per cent. 
bad, 85 per cent. average, and 5 per cent. highly 
efficient. It is clear, therefore, that there is scope for 
enormous economies, and as practice is tending more 
and more to centralise, much of the power now provided 
locally by independent plants, 95 per cent. of which are 
only of average efficiency, including some which are 
really bad, will be gradually replaced by power electri- 
cally transmitted from central sources of generation. 
As the late Sir George Beilby said: ‘‘ The problem of 
the future which awaits solution is how to stimulate the 
practical interest of owners of steam-raising plant 
throughout the country. It may be that the perma- 
nentiy increased cost of coal will supply the necessary 
stimulus.” In the Coal Conservation Committee’s 
report (Appendix A) the estimated coal consumption 
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for industries, excluding public utility plants, was given 


as 66,000,000 tons, made up as follows :— 
Mining, 18,000,000 tons. 
Iron and steel, engineering, textiles, chemicals, 
paper and all other trades, 48,000,000 tons. 

In the 1924 coal returns, the coal mines consumed 
16-2 million tons, while general manufactures and all 
other purposes consumed 68-5 million tons, a total of 
84-7 millions. . It will be observed that the coal mines 
have dropped their consumption—due, no doubt, to 
their installation of modern electrical machinery, as 
we know that some of them have done. 

Some of this coal is required for heating purposes by 
the textile trades, or in brewing, chemical trades, 
brick-making, bakeries, and so forth. If we deduct 
25 per cent. for that purpose from the 68-5 millions, 
there remain 51-4 millions plus 16-2 millions used by 
coal mines, or a total of 67-6 million tons of coal for 
which electrical power could be substituted. 

Owing to the prevalence at that time of indifferently 
efficient steam-raising and power plant, it was stated 
in the appendix to the Coal Conservation Report 
that approximately 8-03 lb. of coal per horse-power/hour 
were consumed, which, if true, represented an appalling 
waste, being equivalent to no less than 10-76 lb. per 
kilowatt-hour or electrical unit. 

While so high a figure as 8-03 lb. may have been 
recorded at the time of the last census of production 
in 1907, advances must assuredly have been made in 
recent years. Making some allowance for this advance 
(though necessarily not too liberal an allowance, 
having regard to Mr. Brownlie’s figures for 1918-20), 
we may reasonably assume a reduction from 8-03 Ib. 
to 6 lb. per horse-power/hour, which is equivalent to 
8 lb. per electrical unit. From this it may be directly 
deduced that if all these power requirements could be 
supplied, as in all probability some day they will be 
supplied, from electrical systems, the equivalent output 
would be 19,000,000,000 units per annum. 

Now we know that the usual ratio of plant connected 
to electrical systems to the maximum load is 2-5: 1, 
that the average industrial load factor is about 30 per 
cent., having regard to the variety of trades. The 
output from public generating stations for industrial 
power in 1924-5 was 3,556,000,000 units, and the rate 
of growth has been in recent years 25 per cent. per 
annum. 

From all these data it may be fairly assumed that if 
the majority of our industrial works (omitting certain 
classes which require steam for particular processes) 
derived their supply from public systems of supply, 
and an increasing use of power per employee must also 
be assumed, we should expect a future output for 
industrial power of not less than 20,000,000,000 units 
with a maximum load of 9,200,000 kilowatts. There 
are certain well-equipped collieries which will probably 
continue to retain their own plant by reason of their 
high load factor, and the cheap small fuel which they 
consume, with a consequent low cost of production. 
The larger output from these collieries cannot be credited 
to the future output from public systems of supply. 

There are possibilities of great expansion in railway 
electrification in this country. The present electrified 
systems, with the exception of the Shildon Branch 
Line in the County of Durham, are confined to suburban 
services. The largest development is that of the 
Southern Railway (Metropolitan Suburban) lines ; 
the others being the London Electric Railways, the 
Metropolitan District Railway, London and North 
Eastern Railway (Tyneside), and the London Midland 
and Scottish Watford line, Lancaster-Heysham 
Branch, Liverpool-Southport and Manchester-Bury 
systems. The present output for railway traction is 
about 700,000,000 units, 615,000,000 units of which are 
generated at stations belonging to the railway com- 
panies, the remainder being purchased from general 
supply systems. A Committee of the Ministry of 
Transport reported within the last few years the 
desirability of standardising railway electrical systems 
so far as is practicable, having regard to what has 
already been put into operation. That Committee 
recommended that the supply for traction purposes 
should be generated in the form of 3-phase 50-cycle 
energy, and converted in the requisite sub-stations to 
direct current with a conductor pressure of 1,500 volts 
or a multitude (or sub-multiple) of that pressure. The 
inner London systems have already adopted 600 
volts D.C. extensively, and cannot be reconciled com- 
pletely with a pressure of 750 volts, which would be the 
practical sub-multiple of the recommended standard. 
In the case of the A.C. 11,000-volt system—twenty-five 
cycles—in operation on that part of the Southern 
Suburban services originally known as the L.B. & S.C., 
a recent public statement of the chairman of that 
railway made it clear that a change to the D.C. system 
is being contemplated. In France the Government 
have adopted a standard of 1,500 volts D.C., and 
extensive systems in the Midi are now being electrified ; 
other French railway systems will also be converted 
from steam to electric traction. In a recent report 





published by the British Government it was stated that 
calculations had been made by the Ministry of Transport 
of the total consumption by British railways if the 
whole of the lines were electrified. The result was 
a total of nearly 7,000,000,000 units, equivalent to an 
output of 160 units per capita—a figure almost identical 
with the railway consumption estimated in the survey 
of certain railways in some of the United States. Ata 
load factor of 40 per cent., this output would represent 
a@ maximum demand of practically 2,000,000 kw. 

Summarising these figures, the following total is 
obtained :— 


Units in 
Millions. Kw. D. 
Domestic, etc. ... 20,000 8,000,000 
Industrial power .. 20,000 9,200,000 
Railway traction only 7,000 2,000,000 
Total . 47,000 19,200,000 


The aggregate maximum demand is 19,200,000 kw., 
but an allowance for some diversity should be made on 
this output of 47,000 x 10° units, which would probably 
reduce the maximum demand to 15,500,000 kw., repre- 
senting an annual load factor on the whole output of 
about 35 per cent. 

This then is a reasonably-possible output to be 
provided for at some future date—an expansion which 
can only be met by a much larger conception of the 
methods of generation and transmission than have 
hitherto been adopted. Such a figure may be criticised 
as being entirely visionary and quite unlikely of attain- 
ment—but is it really so? Development has been 
accelerating during the last few years: improvements 
which are already being carried out will certainly 
have a further economic effect, and the whole trend of 
public requirements, domestic consumption, public 
health improvement, improved means of transport, 
better organisation of industry and a greater use of power 
with improved machine tools are all tending to a greatly 
increased application of electricity as being the readiest 
agent for these purposes. This is a development which 
cannot be denied, and must not be overlooked by 
those entrusted with the design of the future electrical 
systems in this country. 

Whether this estimate for Great Britain be exag- 
gerated or not, it is certain that provision for a largely 
increased output will have to be made. 

The sources of power available in this country are 
mainly coal and coke, but there are also inland and 
tidal water power to a small extent, and some sources 
of waste heat. It is certain, however, that the bulk 
of this future electrical output must be produced in 
fuel-fired stations. 

An investigation was made into the water-power 
resources of Great Britain by the Water Power 
Resources Committee appointed by the Board of 
Trade in 1918, whose final report was issued in 1921. 
Many watersheds were carefully examined by eminent 
civil engineers, and these indicated a capacity of 
some 275,000 kw. working continuously, being made 
up of 195,000 kw. in Scotland, 60,000 kw. in North 
and Mid-Wales, and 20,000 kw. in England. Of this 
total it was then considered that 210,000 kw. could 
be economically developed. Since this report was 
issued Parliamentary powers have already been 
granted for the Lochaber scheme (54,000 kw.) now 
in course of construction; the Grampians scheme 
(estimated to develop 80,000 kw.), and for small 
schemes of 7,000 kw. in Ayrshire at Loch Doon, and 
12,000 kw. at the Falls of Clyde, now under con- 
struction by the Lanarkshire Hydro-Electric Power 
Company. 

This committee was careful to note that the figures 
quoted above relate only “to certain specific water- 
power schemes, and that they by no means represent 
the total water-power resources of Great Britain.” 
Having regard to the average rainfall in North Wales 
and in Northern Scotland and the contours of those 
districts, it is almost certain that other economic 
sources of water power would be revealed by a more 
extended survey. For the present purposes, and 
including the important existing works of the British 
Aluminium Company at Kinlochleven (23,000 kw. 
with an annual output of 173,000,000 units) and 
those of the North Wales Power Company and the 
Aluminium Corporation in North Wales, it may be 
taken that at least 400,000 kw. (continuous rating) 
could be developed by inland water power in Great 
Britain. 

There is no known method of storing electricity 
on a very large scale, and thus consideration must be 
given to the most economical means of coping with 
the public demand from hour to hour, or even minute 
to minute. If anyone will look at a 24-hour load curve 
recorded at any electricity station, a considerable 
variation in the height of the curve will to noted 
at various times of the day or year according to the 
demand for power, heating, traction or lighting. But 
it will also be seen that if a line be drawn through 
the curve parallel to the base, at a point some 
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two-fifths of the highest ordinate, all below that line 
represents an almost uniform output all the year 
round, excepting week-ends and holidays; in other 
words, there is a base load of very high value, repre- 
senting generally an annual load factor of 50 per cent. 
or 60 per cent. The remainder of the curve, according 
to the time and season, is less regular and more inter- 
mittent. If we take as example the estimated total re- 
quirements at some future day—namely, the 15,500,000 
kw. and 47,000,000,000 units output—the base load 
would represent a load of 6,000,000 kw., the output 
of which would be 30,000,000,000 units or thereabout, 
while the remaining 9,500,000 kw. would produce the 
balance of the output, viz., 17,000,000,000 units, at 
the low annual load factor of 20 per cent. or thereabout. 
It is a fundamental requirement in the economics of 
electricity supply that the base load or high load factor 
component of the total output must be generated at the 
most economical rate that engineers can devise.. What 
are the lines along which improvements are now being 
made to convert the highest possible number of therms! 
units available in the fuel consumed into useful work for 
the benefit of the consumer ? 

The published Analyses'and Summaries of Returns 
of Fuel Consumption show that the average thermal 
efficiency of 1924-25 for all public generating stations 
in this country was as low as 12-45 per cent. with an 
average station load factor of 28-84 per cent. The 
highest recorded efficiency for that year was at the 
Barton Station of the Corporation of Manchester, 
viz., 19-85 per cent. based on units generated, the 
station working at an average annual load factor of 
only 29-5 per cent. Corresponding figures for the 
year 1925-26 show that the average thermal efficiency 
has been raised to 21-48 per cent.—equivalent to 20-40 
per cent. based on units of “ output ”—with an annual 
station load factor of 48 per cent. 

From a paper recently presented to the Mid-West 
Power Conference in Chicago’ by Mr. Wm. 8S. Monroe, 
it would appear that the Crawford Avenue Station of 
the Commonwealth Edison Company of Chicago has 
recorded, ‘a thermal efficiency based on “ output” of 
22-24 per cent., working at a station load factor of 
between 60 and 70 percent. It is understood that the 
plant at this station is not yet in full operation, and 
therefore higher operating efficiencies may be anti- 
cipated. 

The steam pressure at Barton is 375 lb. per square 
inch, and at Crawford Avenue 550 lb. In the former 
case the condensing water is drawn from the Ship 
Canal, which has its limitations, while the Crawford 
Avenue Station draws its condensing water from Lake 
Michigan, where the volume is relatively inexhaustible 
and the average annual temperature is low. A higher 
average percentage vacuum is therefore probable at 
the latter station, assisting towards higher thermal 
efficiency. 

The published results of other American stations— 
notably at Philo and Boston—would appear to indicate 
that thermal efficiencies of the order of 24 per cent. 
have been obtained. 

Let us examine first the improvements which are 
being tested in practice to turn into useful work the 
highest amount of the heat available in fuel, and then 
consider their commercial value ; having regard to the 
capital invested. If we take a modern station as an 
example, working at an annual load factor of 40 to 
50 per cent., the total costs of generation may be sub- 
divided as follows :— 


Coal .... ... 46 per cent. of the total generating 
costs 
Capital charges 40 9 % ” 
Other costs... 14 PA ” ” 
100 per cent. 


The two principal items in which economies must 
be sought are obviously a reduction in the consumption 
of coal per unit generated, and a reduction in the capital 
expenditure. Many refinements can be employed 
which may economise coal, but at the expense of an 
undue capital expenditure. Broadly speaking, the 
employment of bigger stations and an increase in the 
size of plant employed reduces the capital employed 
per kw. of plant installed. Interconnection of stations 
further reduces the percentage of reserve plant, and 
thus reduces the capital employed per kw. of plant 
demanded. The employment of higher steam pressures, 
reheating the steam in the later turbine stages, so as 
to reduce its total volume and minimise the difficulties 
of design experienced in the vacuum stages of the 
turbine, stage feed water heating through “ bleeding ” 
the turbine, and thus utilising the latent heat in the 
steam, are all producing higher thermal efficiencies 
between the electricity generated and the fuel con- 
sumed. 

Sir Charles Parsons, to whom the world owes so 
much, has shown that with a steam pressure of 500 Ib. 
per square inch and a 97-5 per cent. vacuum we may 
hope to reach a full load thermal efficency (steam to 
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electricity) of 334 per cent., while with an initial 
steam pressure of 1,000 lb. per square inch we may 
obtain a thermal efficiency of 35 per cent. Assuming 
a boiler plant efficiency of 83 per cent., the equivalent 
efficiencies (fuel to electricity) are 27-97 per cent. at 
500 Ib. pressure, and 29-2 per cent. at 1,000 lb., which 
are figures comparable with the best realised results 
claimed from internal-combustion engines. The equi- 
valent heat consumptions per kw.h. are 12,200 and 
11,685 B.Th.U. respectively, or, assuming coal as fired 
to have a value of 11,500 B.Th.U. per Ib., the coal 
consumed is 1-16 lb. and 1-11 lb. per kw.h. 

The development and steady improvement of the 
steam-using plant at the generating station is proceed- 
ing satisfactorily, and we are certainly within sight of 
a heat’ consumption not exceeding 12,000 B.Th.U. per 
kw.h. generated at base load stations. Where a group 
of stations is interconnected the peak load stations 
with annual load factors of only about 20 per cent. 
would, ceteris paribus, require a fuel consumption of 
about 20,000 B.Th.U. per kw.h. generated. Although 
the annual load factor is low, the programme for running 
the plant can be so arranged that the plant load factor 
is high. There is a probability that fewer refinements 
would be commercially justified in peak load stations, 
and in the estimates which follow the heat consumption 
at such stations is advisedly taken at 22,000 B.Th.U. 
per unit generated. The average B.Th.U. per unit sent 
out or available for transmission would thus be 16,500, 
at a station load factor of 35 per cent., and representing 
a thermal efficiency all round of 20-6 per cent., which 
would be a notable advance on the last recorded figure 
of 12.45 per cent. for the whole country. 

There is also the steam-raising plant to be considered, 
and it may be well to review briefly the economic 
developments which may be looked for. 

With the coming of the larger turbine,'a demand 
has arisen for larger boiler units and higher evaporative 
capacities. The present general land practice is some 
7 to 8 lb. of water evaporated per square foot of heating 
surface, but in marine practice, and in naval practice 
particularly, evaporations up to 20 lb. per square foot 
are normally called for. Boilers are already in com- 
mission with an evaporative duty of 300,000 Ib. per 
hour. For pressures of 800 lb. and over, it is necessary 
to avoid riveting and to adopt a seamless drum. With 
high evaporative duty per square foot of heating sur- 
face, the de-aeration of the feed water becomes of great 
importance in order to avoid rapid corrosion of the 
tubes, and in modern types especially, where pulverised 
fuel is used, the combustion chamber is practically 
lined with tubes so as to obtain as large a tube surface 
as possible exposed to direct radiation. The tendency 
in boiler design for large power stations is unquestion- 
ably towards higher evaporative capacities, larger 
boiler units, and higher steam pressures. The use of 
pulverised fuel appears to lend itself to these modern 
requirements in capital stations, enabling better control 
to be exercised, a higher thermal efficiency to be 
obtained, and less wear and tear of plant, a better dis- 
tribution of heat in the boiler, and therefore a better 
evaporation. 

It is reported that at the Lake Shore Station, Cleve- 
land, U.S.A., boilers of 30,000 sq. ft. heating surface 
and fed with pulverised fuel are maintaining an average 
efficiency of 90-4 percent. The utilisation of pulverised 
fuel also raises a larger question. Not only is there a 
possibility of commercially utilising the waste from 
coal mines, but it would appear to bring within the 
ambit of possibility a combination of some form of low- 
temperature carbonisation of the fuel so as to enable 
some of the valuable by-products to be recovered, 
coupled with the production of a soft coke which can be 
applied in a pulverised form to the boilers for steam- 
raising purposes. 

Suggestions have been made that gas and electricity 
undertakings should be combined for the purpose of 
conserving fuel. It is significant that although a large 
number of local authorities in Great Britain have 
owned both gas and electricity undertakings for many 
years past, there is no single instance of any such 
authority having effected a complete amalgamation of 
its undertakings. There are a few cases where com- 
panies operate gas undertakings in conjunction with 
electricity supply undertakings, but their total plant 
capacity is very small, and represents only 0-1 per cent. 
of all the generating plant installed by authorised 
undertakers in the country. There can be no advantage 
to a gas undertaking unless the price at which the gas 
or coke can be supplied to the power station shows a 
margin over the costs incurred in producing the gas or 
coke; nor is there an advantage to the electricity 
undertaking unless the price paid for the coke or gaseous 
fuel on an effective heat value basis is at the best not 
greater than the cost at which raw coal of equivalent 
heat value can be purchased. 

The average price paid for coal by electricity under- 
takings between 1922 and 1924 was approximately 20s. 
per ton. If we assume the average calorific value as 
being 10,600 B.Th.U. per pound, there would be no 





economic advantage to the power station unless the 
gaseous fuel could be purchased in the necessary quan- 
tity at 1-02d. per therm delivered to the power station, 
which is equivalent to 5-1d. per 1,000 cub. ft. of gas, 
having a calorific value of 500 B.Th.U. per cubic foot. 

In the case of low-temperature carbonisation it is 
obvious that more coal must be consumed for any given 
heat requirements at a power station. Various tech- 
nical problems still remain to be solved, and reliable 
commercial data both as to capital and operating costs 
still remain to be established. The application to a 
definite purpose, such as steam-raising in a base load 
power station, would, of course, minimise any com- 
mercial uncertainty, for there would be a definite 
purchaser of the heat products, while the other market- 
able products would be limited to the crude fuel oils, 
for which a sale could probably always be found. 

Whatever the future may bring forth in the applica- 
tion of coal carbonisation to large power stations, it is 
clear that developments are taking place which will 
bring about a substantial reduction in the cost of 
generating electricity and effect a more scientific 
utilisation of our natural fuel resources. 

There can be little doubt about the modern tendency 
to concentrate the points at which electricity can be 
generated and made available for general distribution 
and consumption, whether it be for railway traction, 
power stations taking the place of the individual loco- 
motives; or in large industrial plants where a public 
system of generation and distribution of electricity 
takes the place of individual generating plant at the 
local works; or in domestic requirements for heating 
and other purposes in place of the open coal fire. All 
of these measures assist in preventing a wasteful 
expenditure of coal. It is clear, therefore, that any 

m.-which can recover the greatest amount of the 
stored energy available in coal should be fully explored, 
and it is the large power’station of 200,000 kw. and 
upwards that would appear to offer a.means of investi- 
gating the value of new fuel processes on a practical 
scale. 

There seems little doubt that we may expect that within 


‘a few years electricity will be generated at modern power 


stations even with direct firing at a figure of 0-3d. or 
less per unit. This will be transmitted at high pressures 
for such purposes as railway traction, large blocks of 
industrial power, and supplies in bulk to local under- 
takers, who in turn will retail it to their consumers. 
This involves the construction of high-tension trans- 
mission lines or cables and the provision of transformers 
and switchgear. Broadly speaking, transmission costs 
would add 10 per cent. to the cost of the units sent out 
from the power stations, assuming a reasonable average 
load factor. So we can hope to transmit energy in 
quantity and transform it locally to the required 
service pressure at a cost of 0-33d. or less per unit sent 
out when applied at an average load factor of, say, 
33 per cent. This cost of bulk supplies is equivalent to 
about 0-4d. per unit transmitted and delivered by 
means of high-tension mains, and transformed locally 
to the requisite pressure. 

It is the cost of local distribution which causes a 
considerable addition to be made to the cost of genera- 
tion and transmission, and'in which economies must 
also be made possible in future extensions. As the 
published official statistics show, the present average 
capital expended on distribution systems in Great 
Britain is 21/. per 1,000 units sold, including the cost 
of sub-stations; in numerous cases rotary converter 
sub-stations are included, the cost of which is some 
seven to eight times that of static transformer stations. 
The actual cost, for example, in Glasgow, is 15-961. per 
kw.i. for rotary sub-stations and only 1-822/. per 
kw.i for static sub-stations; the ratio of costs in 
this case being 8-76:1. If one compares the oper- 
ating costs, including capital charges on the sub- 
station, the rotary sub-stations required 0-1926d. per 
unit sold, as against only 0-0334d. in the static sub- 
stations—in other words, the rotary sub-station 
expenses are nearly six times those of the static sub- 
stations per unit sold. 

In a large English city where alternating-current 
distribution has been exclusively adopted (excepting the 
supply to the local tramway system) the capital outlay 
on distribution, including high-tension feeders. and 
sub-stations, low-tension mains services and meters, is 
actually reduced to 13-48/. per 1,000 units sold. The 
future cost where alternating-current distribution is 
exclusively used is estimated at 11-251. per 1,000 
units sold. In ordinary town distribution systems the 
capital cost depends upon the number of consumers 
obtained per mile of main laid. The conditions of 
domestic electric services and loads are changing so 
rapidly that it requires considerable judgment on the 
part of the engineer to lay out a distribution system with 
a due regard to a reasonable balance between future 
requirements and the immediate outlay. It is not 
unreasonable to assume that future capital investment 
in distribution will not exceed 11l. or 121. per 1,000 
units sold, since the bulk of future distribution will be 
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by means of alternating current and the simpler static 
transformer sub-stations. 

Assuming that the average price of coal (of 10,500 
B.Th.U. value) delivered to the generating stations 
throughout the country is 20s. per ton, it is safe to say 
that the average price at which electricity should be 
available within a few years should be under nine- 
tenths of one penny per unit. This may be expressed 
in the following terms when applied to various classes 
of consumer :— 

Alternating-current energy 

transmitted in bulk to 
large consumers, such as 


From 0- 5d. to 0-25d. 
per unit, accord- 
ing to increasing 


railways and large in- load factor. 
dustries. 

Alternating-current energy About 0-8d. per 
distributed locally for unit. 

general domestic pur- 


poses, including lighting. 
Lighting only . 
Small power supplies 


About 2d. per unit. 
About 1-25d. per unit. 


As was previously mentioned, energy in bulk and 
supplied after simple transformation directly from the 
high-pressure transmission system can then be sold for 
an average of 0-4d. It is the capital expenditure 
thereafter on local distribution systems and their 
operating costs which raise the price to the local 
consumer, In the figures referred to it will be noted 
that the average cost of low-tension energy after 
distribution is 2} times the average cost of energy 
requiring only high-pressure transmission lines. And 
when one speaks of an average cost of nine-tenths of a 
penny, even after this cost of local distribution is 
included, it must be remembered that local costs of 
distribution differ widely at the present time, due 
mainly to the differing densities of load and load factor 
and number of consumers served per unit length of 
main laid. Therefore, although it will be possible 
hereafter to supply electricity for lighting purposes at 
an average cost of 2d., it is certain that sparser districts 
will have to pay more owing to the incidence of the 
capital expended on local distribution, unless a much 
greater freedom is allowed in the use of overhead lines. 
One cannot readily understand the great objection 
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raised to the use of such lines if they be properly 
designed and erected. They are far less obtrusive than 
the ordinary telephone and telegraph lines which are 
now so ubiquitous. Light steel taper poles painted to 
suit their environment are barely noticeable, and in 
many places bracket attachments can be made to 
buildings. Without entering into too much detail, it is 
enough to say that local distribution systems in villages 
can be installed at a quite small expenditure, and local 
communities must assist in this matter if they desire 
to obtain the benefit of a cheap electrical service at an 
early date. 

It is a duty laid on those of us who may be in respon- 
sible positions to shape properly and with foresight the 
lines along which this progress shall be made. Although 
a steady development is already discernible, much 
bigger things are before us, and it may be that we shall 
sow that a succeeding generation may reap. As Great 
Britain is essentially dependent on imported foodstuffs 
to a large degree and on other raw materials for the 
feeding of her essential industries, it is clear that the 
most efficient and economic systems of industrial power 
and transport are necessary parts of the future equip- 
ment of the country. If we can add to this work of 
increased power application a notable improvement in 
the conditions of rural life, we shall help to improve the 
physical conditions of our people in both urban and 
rural districts, in addition to providing those engaged in 
industrial pursuits with better means of competing and 
holding their own with manufacturers in other countries. 
In this, electricity must necessarily play a great part. 
Public opinion will increasingly require that this 
indispensable service shall be brought to the highest 
degree of efficiency, and made as generally available 
throughout the country as true economic development 
will allow. 





Finst-Aip Cupsoarps.—The Factory Department of 
the Home Office, Whitehall, London, S.W.1, has issued 
a leaflet, designated Form 1822, July, 1926, dealing with 
the contents of first-aid boxes and cupboards. The 
materials and equipment prescribed by H.M. Secretary 
of State, under paragraph 47 of the Building Regulations, 
1926, drawn up in pursuance of Section 79 of the Factory 
and Workshops Act, 1901, are given in detail in the leaflet. 








HIGH - PRESSURE THREE - CYLINDER 
COMPOUND EXPRESS LOCOMOTIVE. 


In our issue of April 17, 1925, page 473, we described 
the Léffler system of high-pressure steam generation, 
and it may be remembered that this system involves the 
use of a boiler which is not exposed to fire, but in which 
evaporation is effected by steam, bled from the main 
steam pipe, after it has passed through a superheater. 
The latter only is exposed to fire, the transfer of heat 
to the water in the boiler being effected by the higher 
temperature of the superheated steam. The resulting 
higher pressure in the superheater necessitates a pump 
between it and the boiler to maintain the circulation. 
Deposition of scale is likely to take place in the boiler 
only, where it would be comparatively unobjectionable. 

We now describe a further attempt to employ high- 
pressure steam as an evaporating agent, though the 
method of application in the present example is funda- 
mentally different from that outlined above, insomuch as 
the steam used for evaporation does not mix with the 
water to be evaporated, and no circulating pump 1s 
necessary. ; 

The example is that of a locomotive, illustrated in 
Figs. 1 to 4, annexed, in which only chemically pure 
water at a very high pressure is used as a vehicle for 
heat transmission. The operating steam supplied to 
the cylinders, is, for the most part, taken from a boiler 
at ordinary working pressure in which difficulties 
arising from scale are nothing more than have 
hitherto been accepted as inevitable. ; 

We can dismiss in a few words the general design of 
the locomotive, the boiler and its accessories being the 
novel part. The locomotive was designed and built 
by Messrs. Henschel and Sohn, Cassel, for experimental 
purposes. A 4-6-0 three-cylinder compound express 
engine was allocated by the German State Railways, 
and the boiler and inside cylinder were removed. The 
two outside cylinders, the valve gear of the inside one, 
and all the remaining parts of the driving gear, frames, 
wheels and so forth were not altered and are of standard 
construction. Their retention, whether by intent or 
not, certainly gives a logical aspect to the experiment, 
as only one factor has been modified. es 

Consumption tests are shortly to be run, when it 1s 
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expected that a very considerable saving of fuel will 
be realised ; or, for the same fuel consumption as before, 
the capacity of the engine increased by an amount 
ranging from 35 per cent. to 40 per cent. Economies 
of this magnitude being anticipated, it is certainly 
important not to confuse the issue by a host of minor 
changes in design. 

We have used the term boiler, above, but strictly 
speaking, the locomotive has three boilers, all steaming 
at different pressures. One, near the grate, works at 
1,100 to 1,300 lb. per square inch pressure (80-90 
kg./cm.*). A second boiler works at 853 Ib. per square 
inch (60 kg./cm.*) while a third is of only 199 Ib. per 
square inch pressure (14 kg./cm.?). Each is structurally 
distinct from the others, the necessary steam and water 
connections being made by means of pipes. Fig. 1 
shows the general appearance of the completed engine. 
Figs. 2 and 3 are diagrammatic only, and no attempt is 
made to show the boilers exactly as they have been 
constructed. Fig. 4, on the other hand, is a repro- 
duction of a photograph showing the two high-pres- 
sure boilers as actually constructed before they were 
built into the engine. 

The first boiler, of 1,100 to 1,300 Ibs. per square inch 
working pressure, is of the water-tube type, and forms 
the sides and top of the firebox. Referring to Figs. 2 
and 3, a square header a, with a circular bore, runs 
round the base of the firebox in the usual position of the 
mud ring. To this the water tubes are attached. These 





are carried up the sides of the firebox, and are crossed 
over the top to join up with circular headers, or steam 
drums 6, on each side of the drum e. A certain number 
of the tubes near the back of the firebox are crossed 
midway up it to support a brick arch. The steam 
drums 6 are connected to coils inside the drum e, which 
constitutes the second boiler. The other ends of these 
coils terminate, outside this boiler, in collectors c. 
These are coupled by downtake pipes d to the bottom 
headers a. The water level of the first, or firebox, 
boiler is at the top of the ascending tubes, that is, at 
the lower part of the drums 6. Here Fig. 4 must be 
consulted in order to understand correctly the relative 
positions of the drums 6 and e in the boilers as actually 
constructed. 

From this it will be seen that the outlets of the 
heating coils are above b, and not below, as shown 
diagrammatically in Fig. 3, which latter arrangement 
would involve the flooding of the lower parts of the 
coils, Further, the collector c and downtake d in 
Figs. 2 and 3, are replaced in the actual boiler by a 
pipe leading direct from each outlet coil to the bottom 
header. 

The steam generated in the firebox boiler has no 
exit, The water in the second boiler e, which is merely 
a cylindrical drum, is evaporated by the heat imparted 
to it by the steam from the firebox boiler inside the coils. 
This steam condenses in the operation, and the con- 
densate drains out of the coils by the outlet pipes 
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referred to above, and is returned to the bottom headers 
for re-evaporation. As the whole of the firebox boiler 
is hermetically sealed, theoretically no feed water is 
needed, and the chemically pure and inert water with 
which it is originally charged does not tend to deposit 
scale, or to corrode the internal surfaces. Occasionally, 
of course, losses caused by leakage, or through the safety 
valve, must be made good. Fig. 4 shows clearly the 
inlet and outlet connections for the coils in the second 
boiler. The former are attached to branches on the 
top of the steam drums of the firebox boiler, the latter 
can be traced down to the bottom headers. There are 
six water gauges on each steam drum; five of these 
are to be seen in the illustration. They are of the 
window type, but each has three short panels of glass, 
or other transparent material, instead of the customary 
long one. The lagging on the outside of the boiler 
covering these gauges is readily removable. Fig. 4 
also shows the construction of the second boiler, 
which is simply a long drum forged from the solid. 
The method by which it is carried on the frames, 
which form the structure to hold the refactory for 
the walls of the firebox, is also clear. 

The high-pressure operating steam is derived from 
the second boiler, and, as already stated, this is at a 
pressure of 853 lbs. per square inch. After passing 
through a regulator this steam is led, by means of the 
pipe f, Fig. 2, to a superheater in the lower tubes of 
the third boiler. This boiler is practically identical 
with the barrel of an ordinary locomotive boiler, that is, 
it is a cylindrical drum containing a number of horizon- 
tal tubes extending from end to end. Low pressure 
steam is generated in this boiler. There are thus two 
supplies available for the cylinders. The high pressure 
supply on leaving the superheater passes through 
the pipe g to the single inside high pressure cylinder. 
From this it is exhausted, through the pipe h, to a 
header i, where it mixes with steam from the low 
pressure boiler. The steam from the latter, collected 
from the dome, is passed through a superheater in 
the upper tubes in the barrel. Its temperature on 
leaving the superheater is about 572° F. (300° C.) and, 
as the exhaust from the high pressure cylinder with 
which it mixes probably still has a little superheat, 
dry steam is fed to both low-pressure cylinders. The 
steam is afterwards discharged in the normal way 
through the blast pipe 7 up the chimney. 

The course of the feed water for the second and third 
boilers may now be traced. The third boiler, it will 
be remembered, steams at 199 Ib. per square inch, but 
the feed water to it is first passed through an exhaust 
steam feed-water heater placed across the locomotive 
just in front of the chimney, as will be seen in Fig. 1. 
Here scale-forming matter is partially deposited, but as a 
further precaution a second dome, fitted with a grating 
at its base, is provided. Into this dome the hot feed 
water, broken up into a fine spray, is pumped, the feed 
pump delivering the water through the feed heater. 
An injector is fitted as a stand-by. The second boiler 
is fed with hot water from the third boiler by a high- 
pressure pump, but there is also, for emergencies, a 
high-pressure injector which can draw water direct 
from the tender. 

The use of the hot water from the third boiler as 
feed for the second boiler might, it seems, give rise 
to trouble if there were any tendency to concentration, 
owing to insufficient washing out or water changing. 
In this connection, a reference might be made to the 
article, entitled ‘‘ Boiler Water Treatment,” which 
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appeared on page 632 of our issue of May 28 last. The 
following table gives some of the leading particulars 
of this interesting engine :— 


Cylinders— 
H.P. (1), diam. 11 % ins. 
L.P. (2), diam. 19 +! ins. 
Stroke e ie 24 42 ins. 
Wheels, driving, diam. 6 ft. 6 ins. 
a. ogie, diam. 3 ft. 3% ins. 
Wheel base, rigid 15 ft. 5 ins. 
oi! ote eel 0% a 30 ft. 
Heating surface of first boiler .. 211 8q. ft. 
9 ” of third boiler .. 1,525 sq. ft. 
Pe . of tubes in third 
boiler (internal) .. 1,313 sq. ft. 
” oy of superheaters .. 974 sq. ft. 
Grate area .. +s - 28 sq. ft. 
Generating steam pressure 1,100 to 1,300 Ib. per 


sq. in. 
853 and 199 Ib. 


Working pressures .. per 
sq. in. 
Weight empty os on 82-5 tons 
» in working order .. 89-2 tons 
» on drivers .. ‘ 58-8 tons 


The development of this type of locomotive is due 
to the Schmidt’sche Heissdampf-Gesellschaft, Cassel- 
Wilhelmshéhe, the agents in Great Britain being Messrs. 
Gossell and Son, Limited, 110, Cannon-street, E.C.4. 





NON-DESTRUCTIVE TESTS OF WIRE 
ROPES. 


THERE are many uses to which metallic structures 
are put in industrial life, where continued inspection is 
essential to safety. In some of these the inspector 
can, at a glance, detect the development of a flaw and 
order the removal of the part in question before the 
danger-point is actually reached. In other cases the 
matter is not so simple. This is the case with wire 
hoisting ropes; with these it is very difficult to decide 
when removal and replacement are necessary. While it 
is very desirable that the full life of a wire rope should 
be worked, it is dangerous, and often very expensive, to 
keep a rope at work too long. Visual inspection does 
not give any certain information on the condition 
of the rope, and it is, therefore, not surprising that 
occasionally ropes fail soon after being pronounced safe 
by an inspector. This is not due to any fault on the 
part of the inspector, but rather to the lack of 
adequate means of ensuring an accurate estimate of 
the condition of the rope. 

During the last two years, the Bureau of Standards of 
the American Department of Commerce has endeavoured 
to find some means of testing wire ropes which does not 
necessitate their destruction. The first proposal, 
which was thought to offer the greatest promise, 
was magnetic analysis, and a recent paper by 
Mr. R. L. Sanford, of the Bureau of Standards, pub- 
lished by the Government Printing Office, Washington, 
at 10 cents, shows how far the work has progressed. 
The method used consisted in measuring the degree of 
magnetic uniformity throughout the length of the 
specimen, by means of simple magnetic exploration. 
As irregularities in the mechanical properties of the 
specimen are accompanied by corresponding irregu- 
larities in its magnetic properties, this method was 
immediately recognised as a possible means for the 
detection of flaws and imperfections. The apparatus 
used consisted of a magnetising solenoid surrounding 
the specimen, a test coil connected to an indicating 
instrument, and means for producing relative motion 
between the coils and the specimen. 

The difficulties involved were soon appreciated, when 
a sample of wire of stream-line section, such as are 
used for aeroplane ties, was tested. Although varia- 
tions in magnetic permeability of considerable magni- 
tude were chewvall it was found that the wire showed 
no signs of weakness in actual service, and no flaw or 
imperfection was revealed by any other physical test. 
When artificial flaws of a serious nature were introduced 
at various points along the specimen, the variation in 
magnetic indications was sometimes of such small 
magnitude that it would have been neglected altogether, 
had it not been known that the defect was present. In 
view of these results, it was decided to conduct investi- 
gations of a fundamental nature on the magnetic 
properties of hard-drawn steel wires, of which rope is 
made, and also the effect upon them of various influences 
known to cause deterioration 0; wire ropes in service. 
When the curves of magnetic induction in relationship 
to magnetising force were plotted for an unloaded 
wire and for one subjected to a tension of 51,000 Ib. 
per square inch, it was found that the curves crossed 
each other. For the lower values of the magnetising 
force, the magnetic induction was increased by tension, 
but for the higher values of magnetising force it was 
reduced by tension. It was thus easy to see that the 
effects of stress might interfere very greatly with any 
deductions made on mechanical properties, as indicated 
by the magnetic characteristics of the material. The 


effects of mechanical stress upon the magnetic properties 

of steel were found to be of very great importance. 
To determine the effects of wear, under controlled 

conditions, a machine was constructed by means of 


which the cross-sectional area of a wire could be uni- 
formly reduced by rubbing against a steel wheel, 
along a sufficient length to permit of magnetic measure- 
ments. Samples of the wire, having been tested 
magnetically, were worn down on the machine and 
removed at intervals for further magnetic tests. It 
was found that the change in magnetic properties was 
similar in kind to, but much less in magnitude than, 
that resulting from the application of a tensile force. 
Preliminary investigations on the effects of repeated 
stresses showed no measurable change in magnetic 
properties from the start to the occurrence of failure. 

Although the work done so far has not resulted in 
the development of a definite magnetic method of 
testing wire ropes, certain results have been obtained 
which have an important bearing, not only on this 
problem but also on the general subject of magnetic 
analysis. As a laboratory method of studying the 
properties of wire rope, magnetic analysis may have 
some value, but there are yet so many sources of uncer- 
tainty that there seems to be no immediate prospect 
of the development of a magnetic method of inspecting 
wire rope, which could be put to practical Service. 





TENDERS.—The Administration of the Victorian 
Government Railways is inviting tenders, to be presented 
by October 20, 1926, for the supply and delivery of rail- 
motor equipment (Contract No, 39614).—The Municipal 
Council of Johannesburg is calling for tenders, to be 
presented by September 18, 1926, for the supply of 
underwriters’ wire, and of ironclad switchgear panels of 
6,600-volt truék type.—The South African Railways and 
Harbours Board (Mechanical Department) is inviting 
tenders for helical, elliptical, and spiral bolster side- 
lunger springs. Tenders must reach Johannesburg not 
ater than noon on September 2, 1926. Local representa- 
tion is a gg. essential.—The Indian Stores Depart- 
ment, Simla, is calling for tenders, to be presented by 
September 6, 1926, for the supply and delivery of two 
40-k.w., 240/480-volts, 3-wire, oil-engine driven, D.C. 
generating sets. Further particulars regarding any, of the 
above tenders may be obtained from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1. 





Contracts,—Sir W. G. Armstrong, Whitworth and Co., 
Limited, have secured a contract for the building of 25 
heavy goods locomotives and tenders for the Queensland 
Government Railways. These will be built. at the 
Scotswood Works, Newcastle-on-Tyne, and will be 
shipped to Brisbane fully erected and in running order.— 
The General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2,:have received a contract from 
H.M. Office of Works for the supply of Osram vacuum 
and gas-filled lamps for a period of twelve months.—The 
Canadian Pacific Steamships, Limited, have placed an 
order with Messrs. Yarrow and Co., Limited, Scotstoun, 
Glasgow, for the complete. designs for high-pressure 
Yarrow water-tube boilers, superheaters and airheaters 
for the two Atlantic liners, which they are about to build. 
The boilers will be constructed by the builders of the 
vessels under licence from Messrs. Yarrow. Three cargo 
steamers are also being built for the same firm; in this 
case Messrs. Yarrow are constructing the water-tube 
boilers, which will also have Yarrow superheaters and 
airheaters. An interesting feature of the cargo steamers 
is the fact that, instead of the ordinary hand-fired grates, 
it has been decided to fit mechanically-operated stokers, 
which es be supplied by Messrs. Erith’s Engineering 
Co., Ltd. 





THE Late Masor T, J. Moss-FLowER.—We note with 
regret the death of Major Thomas James Moss-Flower, 
which occurred on July 19, last. Major Moss-Flower was 
for many years in private practice as a civil and consulting 
engineer in Bristol and London, He was born in 1864 
and began his career as a consulting engineer in Bristol 
at the early age of 23, Four years later he was appointed 
engineer and surveyor to the Portishead Urban District 
Council and, during the next eight years, carried out 
several important public works, including an entirely 
new sewerage scheme for the whole of the district of 
Portishead, comprising about 9 miles of sewers, a long 
sea outfall, engines, pumps, and other incidental works. 
He also acted for some considerable time as engineer to 
the Portishead District Water Company. He left the 
service of the Portishead Council in 1899 and continued 
his private practice in Bristol and London until his death. 
From 1900 onwards, he was chiefly engaged in the 
carrying out of public works for various Corporations, 
These consisted mainly of drainage and water-supply 
schemes, and included such works as Hullavington water 
supply, Allington water supply, the main drainage of 
Hartley Wintney, Hants., of Rye Harbour, Sussex, of 
Tenby, Pembrokeshire, of Fleet, Hants., and of Victoria, 
Brazil, Major Moss-Flower took a keen interest in the 
work of various engineering institutions. He was 
elected an associate member of the Institution of Civil 
Engineers on December 4, 1894, and a fellow of the Royal 
Sanitary Institute in November, 1906. He was also a 
member of the Institution of Municipal and County 
Engineers and a past president of the Institution of 
Sanitary Engineers and of the Bristol Association of 
Engineers. Major Moss-Flower served for some years 
in the volunteer and territorial forces in which he attained 
the rank of field officer. He offered his services to the 
War Office in 1914 and served with the Rifle Brigade in 
Egypt. He subsequently proceeded to France, where he 
was engaged with the Royal Engineers until the cessation 
of hostilities. 
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THe Large Mr; CAMILLE CAVALLIER.—We regret to 
record the death, which occurred a few weeks ago, of 
Mr. Camille Cavallier, a French ironmaster and director 
of the Société Anonyme des Hauts-Fourneaux et Fonde- 
ries de Pont-A-Mousson, whose principal establishments, 
situated in the East of France, and well known for their 
cast-iron pipes and other waterworks castings, were 
almost totally destroyed during the German occupation, 
as recorded in our issue of June 3, 1921. Mr. Cavallier 
was born in 1854, and on leaving the Technical College 
of Chalons, where he had been the most accomplished 
student, he entered, in 1874, the service of the above- 
named firm, which at that time employed about one 
hundred men, working four small blast-furnaces and 
producing 10,000 tons of pig-iron per annum, He was 
apne director of the concern in 1900, On the eve 
of the war, the pig-iron production of the company had 
risen to about 200,000 tons annually, all of which was used 
for the production of pipes and castings. During the war, 
Mr. Cavallier displayed great activity in contributing 
to the defence of the country and put down foundries 
for this purpose near Rouen, and in the South of France. 
Immediately after the Armistice, he started the recon- 
struction of the company’s main works in Eastern France, 
and before his decease he had the satisfaction of seeing 
their production exceed that of 1913 by about 25 per 
cent. The company now employ 7,000 men, all of whom 
had the greatest regard for their chief, who was also # 
highly-respected member of industrial associations 0! 
Mr. Cavallier was elected a member of the 
Iron and Steel Institute in 1903. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Nothing new of moment is 
ascertainable concerning Cleveland pig-iron. Sellers 
have little of this commodity to offer, and they adhere 
firmly to recently advanced quotations, though customers 
hestitate to pay figures asked, and are buying more 
extensively from foreign producers. Several firms 
abroad have now, however, quite good order books, and 
are becoming less keen to enter into contracts at the 
comparatively low, rates they have been accepting. 
Founders express themselves satisfied with the quality 
of iron they are receiving from overseas. No. 1 Cleveland 
is 92s, 6d.; No. 3 g.m.b., 90s.; No. 4 foundry, 89s. ; 
and No. 4 forge, 88s. 6d. 


Hematite.—Stocks of East Coast hematite have been 
substantially drawn upon, and, in fact, with the exception 
of one firm, producers have now very little iron stored. 
Output is trifling, being confined to the make of one 
furnace, The strengthening statistical position is encour- 
aging makers to take a rather firmer stand, but quotations 
keep comparatively low. Customers claim that they 
can still place orders for Nos, 1, 2 and 3 at 81s., but up to 
82s, is asked. 


Foreign Ore.—There is absolutely nothing passing in 
foreign ore. Nominally market rates remain on the 
basis of best rubio at 21s. 6d., c.i.f. Tees. 


Coke.—Business in coke continues to be reported, and 
sellers are realising high figures for this commodity. 


Manufactured Iron and Steel.—Sales of manufactured 
iron and steel materials are little heard of. Business in 
one or two branches might be on a little more extensive 
scale if producers were able to guarantee the early 
delivery insisted on by customers, but almost all com- 
modities’ are scarce. Common iron bars are l1Ii, 5s. ; 
iron rivets, 127, 15s.; packing (parallel), 8/.; packing 
(tapered), 11/.; steel billets (soft), 77. 5s.; steel billets 
(medium), 77, 10s. ; steel billets (hard), 82, 2s, 6d.; steel 
ship, bridge and tank plates, 8/.; steel angles and joists 
each, 71. 10s.; heavy steel rails, 87, 10s.; fish plates, 
127, 10s, ; and galvanised corrugated sheets, 177. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—In consequence of the fuel shortage 
and a scarcity of British steel, the holiday set down in the 
local staple trades has been of longer duration than in 
normal times. The inability to obtain fair supplies of 
home-made steel has tended to make the position 
uncertain, and several departments have been compelled 
to suspend production rather than commit themselves 
to the use of foreign material. On the other hand, the 
fuel position continues to be eased by the further importa- 
tion of foreign coal, and a bigger output of outcrop coal. 
At one local works where there has been a complete 
stoppage since the commencement of the coal trouble, 
the rail mill has been put into operation by the utilisation 
of this fuel, and work has been found for over 100 men. 
Unemployment, which for the last fortnight tended to 
decrease, has again increased, but it is. believed that 
after the holidays a further reduction will be witnessed. 
The steel-producing furnaces show no signs of resuming 
activity, and it is calculated that close on 350,000 tons 
have been lost in output. The railway furnishing depart- 
ments, despite a plentiful supply of orders, are not 
operating so satisfactorily owing to the shortage of 
material. It is felt that, though foreign competition is 
not so keen, the inability of local producers to carry out 
contracts will result in increased business being placed 
abroad. 'The implement and machinery trades are also 
feeling the pinch resulting from the dearth of British steel. 
Many makers have been compelled to rely on foreign 
material in order to expedite contracts. In contrast, the 
automobile-steel trade continues to maintain a strong 
position and is coping with a steady call from home users. 
In the lighter trades, a good fight against the effects of the 
labour situation is being waged. A fair output is main- 
tained by tool makers and there is a prospect of better 
times for makers of garden, agricultural, quarrying, and 
road-making implements. Business in mining gear and 
equipment continues negligible, 


South Yorkshire Coal Trade.—Users are now praciically 
dependent upon the use of foreign and outcrop coal, 
owing to stocks at local pits having been exhausted. 
Gas companies have stopped the sale of gas coke. A 
normal supply of gas and electricity, however, is main- 
tained, and stocks of fuel at local railway depots are still 
fairly substantial, Industrial concerns are using overseas 
and outcrop coal, of which big tonnages are available. 





ASS@CIATION OF SPECIAL LIBRARIES AND INFORMATION 
BureEAvx.—In view of the very large amount of scientific 
and technical information now available in periodicals 
and libraries, an association, designated the Association of 
Special Libraries and Information Bureaux, was recently 
formed to assist in making such information available 
to all who wish to use it. Associate membership is 
open to anyone interested in the movement, and further 
particulars regarding the aims of the association may be 
obtained from the General Secretary, Mr. G. W. Keeling, 
38, Bloomsbury-square, London, W.C.1. With the 
assistance of the Carnegie United Kingdom Trust, the 
association has undertaken, as one of its first activities, 
the compilation of a directory of sources of specialised 
information in Great Britain and Ireland. The general 
editorship of this work has been entrusted to Mr. G. F. 
Barwick, late Keeper of Printed Books at the British 


Museum. 








NOTES FROM THE NORTH. 
2 Giascow, Wednesday. 

Scottish. Steel and Iron Trades.—Conditions in the 
steel and iron trades of the West of Scotland have not 
varied during the past week, and the outlook is as 
uncertain asever. The large steel works, capable of an 
extensive turnover, are all still standing idle, and when 
plant may be restarted is not at present known. Book- 
ings amounting to quite a considerable tonnage have 
been made during the past few weeks, and after the 
present trouble in the coal mining industry is over a 
fair run should ensue, The black-sheet makers are 
experiencing a very good demand, and despite the 
prevailing difficulties are turning out a very satisfac- 
tory tonnage. Order books are well filled ahead, 
and autumn hipments are likely to be large. In the 
malleable-iron trade, a number of tlie works have a 
portion of plant running, and all the _bar-iron 
and re-rolled steel bars being turned out meet with a 
ready sale. The amount of business booked is fair, 
but makers could deal with very much more. The coal 
strike is now in its fifteenth week, and the net result 
is that the general trade of the country is gradually 
getting less and less. Inquiries from abroad have. fallen 
away considerably, while that from the home trade has 
almost entirely vanished or is only a fraction of what.it 
might be. Prices all have an upward tendency, but the 
following are about current quotations :—Boiler plates, 
112. per ton ; ship plates, 71, 17s, 6d. per ton ; sections, 
71, 78, 6d, per ton; sheets under ¥ in, to } in., 111, 5s. 
to 121, 5s. per ton; and Crown bars, 11/, 5s, per ton, 
all delivered Glasgow stations, 


Scottish Pig-Iron Trade.—Little change has taken place 
in the state of the Scottish pig-iron trade this week. 
Production is, of course, still off, and all deliveries are 
ex stock, The latter is becoming smaller, and some 
special brands are very high in price, because of the 
scarcity, while some others are all sold out. The current 
quotations are as follows :—Hematite, 82s. 6d. per ton 
delivered at the steel works; foundry iron, No. 1, 90s. 
to 95s. per ton; and No. 3, 85s. per ton, both on trucks 
at makers’ yards, 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, August 7, was very small, and only amounted 
to 185 tons. Of the total, 130 tons went overseas, and 55 
tons coastwise. For the corresponding week of last 
year the amount shipped was 1,111 tons. 





PERSONAL.—Messrs, Rd. Johnson, Clapham and Morris, 
Limited, have been appointed sole agents in the North of 
England: and in North Wales for Armco ingot iron in 
black, galvanised (flat and corrugated), bright-tinned and 
lead-coated sheets. They will keep stocks of these 
materials at their warehouses, Jacem House, Trafford 
Park, Manchester.—Messrs. Heenan and Froude, Limited, 
Worcester, have entered into a manufacturing and selling 
agreement with Messrs. Highfield Electrical Company,, 
Limited, Coventry, by which, as and from May 1, 1926, 
they are incorporating electric dynamometers in the 
range of their productions. In future all inquiries relating 
to this subject should be addressed to Messrs. Heenan 
and Froude.—The Empire Forestry Association has 
transferred its offices from the Imperial Institute to 22, 
Grosvenor-gardens, London, 8.W.1. Allinquiries respect- 
ing the Association or the Empire Forestry Journal should 
in future be sent to that address.—Mr. Henry Pels has 
removed his office from 40, Great Marlborough-street, 
London, W.1, to 32-38, Osnaburgh-street, London, 
N.W.1. A showroom has also been opened at the new 
address. 





THE CrysTaL PaLace ScHOOL oF ENGINEERING.— 
Certificates gained by students at the summer term 
examination, held recently at the Crystal Palace School 
of Practical Engineering, were presented on August 5 
last by Sir Robert Elliott-Cooper, K.C.B., Past Presi- 
dent of the Institution of Civil Engineers. Some 50 
certificates were awarded ; 33 of these were gained by 
students in the first year’s mechanical engineering course, 
and 17 in the second year’s civil engineering course. 
In awarding the certificates, the work done during 
the term is also taken into account. The College Medal 
was gained by Mr. P. W. Loveday, he having obtained, 
during his course through the school, the necessary 
eight certificates, none of which was below third in 
order of merit. The examiner in the mechanical- 
engineering section was Mr. R. C. Hall, A.M.Inst.C.E., 
A.M.I.E.E., while students in the civil-engineering 
section were examined by Mr. F. G. A. Pinckney, 
M.Inst.C.E. In the course of his speech, Sir Robert 
Elliott-Cooper paid a tribute to the work done by civil 
engineers during the European War. These men, he 
said, had been responsible for the organisation of such 
works as the water supply, drainage, and electric-light 
systems of huge military camps; they had also built 
or reconstructed innumerable bridges. A great many 
changes had taken place in the engineering world during 
the past few years. As a result of the recent amalgama- 
tion of the various companies, the position of an engineer 
on one of the British railways was very much like that 
of a government employee; promotion was largely a 
question of seniority. Other branches of the profession 
had seen great developments. Municipal engineering, 
for instance, which was in its infancy some 30 or 40 
years ago, now offered attractive openings to the young 
engineer; it was now looked upon as one of the most 
important branches of engineering. In conclusion, he 
urged engineering students not to specialise too soon ; 
it was their duty to obtain a thorough groundwork in 
general principles first. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Though the miners have rejected the 
Bishops’ peace proposals, there is growing evidence of 
restiveness on the part of the men and hopes are enter- 
tained of an early drift back to work on a larger scale, 
A sign of the evident change in the attitude of the 
men is the fact that meetings are being held or called 
with a view to influencing the strikers to hold out, 
and although this may temporarily restrain them from 
returning to work there is no doubt that they are 
getting tired of the enforced idleness and promises 
of their leaders which fail to materialise. Colliery 
owners during the week received a shock in the form 
of an intimation from the Great Western Railway 
Company of a storage charge of 6d. a day per wagon 
for all idle trucks, whether empty or loaded, standing 
on the company’s system. As there are between 
100,000 and 150,000 privately-owned wagons, the 
decision of the railway company would mean an 
expenditure of about 15,0007. per week by the colliery 
owners who own the bulk of the wagons, and can only 
provide accommodation on their own sidings for about 
a third. The commercial committee of the coal owners 
have, however, decided that they cannot agree to pay 
the 6d. demanded, as it had always been the custom 
for colliery wagons to be stored on railway sidings 
free of charge. The railway company were also urged 
to withdraw their intimation so as to avoid any friction 
at the present time in view of the position of the coal 
trade. In the meantime, while export business remains 
idle, importations of foreign coal continue to increase. 
In the past week, no less than 130,070 tons of American 
Continental and South African coal were imported into 
South Wales, compared with 84,860 tons in the previous 
jin! The arrivals at the different ports were as 
follows :— 








Week ended 
July 27. Aug. 3. Aug, 10. 

Into— ons. Tons. ‘Tons. 
Cardiff 8,340 53,760 72,990 
Newport 23,790 15,350 25,540 
Swansea... 8,090 9,180 19,750 
Port Talbot 340 6,570 11,790 
Totals ... 40,560 84,860 130,070 


Arrivals in the past week included 84,740 tons from 
America, where the dockers are working three shifts 
a day, besides Sundays and holidays, in order to cope 
with the demand. Importations from Germany totalled 
20,580 tons, from Belgium 4,730 tons, and from Holland 
13,060 tons. A cargo of 7,960 tons was also received 
from South Africa and is the first cargo of Natal coal 
ever brought to South Wales. 








Directory or CoNTRACTORS AND PusLIC Works 
ANNUAL.—A copy of the first post-war edition of the 
“ Directory of Contractors and Public Works Annual” 
has been sent us by the publishers, Messrs. Wightman 
and Co., Limited, 104, Regency-street, Westminster, 
London, 8.W.1. The directory, which was established 
in 1889, is edited and compiled by Mr. C. W. Biggar. 
It contains complete lists of building, road, cartage, 
dredging, gasworks, railway, dock, reinforced-concrete, 
tramway and waterworks contractors, and particulars 
regarding engineers, surveyors and other officials of 
municipal bodies, harbour authorities, railway companies 
and corporations. Lists of the leading professional civil 
engineers, architects, gas, sanitary and waterworks 
engineers are also given. A section of the directory 
is devoted to the enumeration of the public works at 
present under construction, and the book closes with 
a buyers’ guide for contractors’ plant and material. 
The book will prove very useful, not only to the contractor 
but also to the engineer, surveyor, architect or public 
authority, when inviting tenders or requiring professional 
assistance. It contains some 420 pages and measures 
8$in. by 54in. The price is 15s. net. 





New ZEALAND Ratuways MacGazine.—We have 
received copies of the first and second issues of The New 
Zealand Railways Magazine, a new monthly journal 
published by the Railway Administration of New Zealand, 
Wellington, The object of the journal is to interest the 
staff in safety-first movements, in health and general- 
welfare matters, in education, in co-partnership, in 
efficiency, and in matters of social development and 
progress. It is intended to increase co-operation between 
the public, the administration, and the staff. One of the 
articles in the first issue deals with exhibits of interest 
shown in the New Zealand Government Court at the 
Dunedin exhibition. Photographs of the first loco- 
motive imported into the country, and of the first 
Pacific t locomotive built in New Zealand, are repro- 
duced. The “ Josephine ” arrived at Port Chalmers on 
August 5, 1872, and hauled the first train on the Port 
Chalmers—Dunedin line in September of the same year, 
The first engine-driver and fireman of the locomotive, 
who are now both over 80 years of age, are shown standing 
beside the “ Josephine.” The “ Passchendaele,” built 
at Addington Railway Workshops in October, 1915, forms 
a striking contrast. The diameter of the cylinders is 
17 in. and the length of the piston'stroke is 26 in. The 
total weight of the locomotive and tender, in working 
order, is 84 tons 15 cwt. The “ Passchendaele ” has 
already run 309,544 miles, hauling trains on the South 
Island main line. The magazine is well produced and 
deals with a variety of subjects of interest to the railway 
stafis and to the general public. Each issue comprises 
48 well-printed and illustrated pages, and the price is 
6d. The editor, Mr. George G. Stewart, informs us that 
the journal has already had a good reception. 
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FAILURES AND FRACTURES. 

In the light of our present knowledge, surprise 
may well be felt as to how it was that our pre- 
decessors managed to achieve such notable successes 
in the art of the engineer. Their knowledge of 
stress analysis was rudimentary, and metallurgical 
science was practically non-existent. Heat treat- 
ment, which to-day is regarded as a process of no 
little delicacy, was perforce confided to the judg- 
ment of the blacksmith. The operation of welding, 
again, which is now viewed with such suspicion that 
many engineers are reluctant to subject a welded 
joint to tensile stress, was in universal use, even 
in positions where failure spelt disaster. There 
were, in fact, hundreds of such welds in the roof 
of Charing Cross station. Of these, only one failed, 
and that after a useful life of over 40 years. Such 
a record constitutes a striking testimony to the 
skill of the smiths, whose shop at that period con- 
stituted a far more prominent section of most 
engineering works, than it does to-day, when it is 
only in certain special branches, such as the making 
of agricultural machinery, that the smithy still 
compares in importance with the machine shop. 
Indeed, at no very distant date every nut was 
formed by welding up a ring from a flat bar, and 
swaging it to form on the anvil. 

An important factor in the excellent record 
of our pioneers was the use of wrought iron 
where steel would now be employed. In most 
regards, steel is greatly superior to iron. It 
has a higher tensile strength and greater endur- 
ance under alternating stresses, and much modern 
machinery could never have been built were iron 
alone available. On the other hand, steel resents 
maltreatment in a way unknown to its meeker fore- 
runner, and wrought iron, therefore, is still specified 
for certain purposes, in which ill-usage is known to 





be inevitable. A second factor which simplified the 
problems faced by our grandfathers was the low 
|; Speed of machinery in general. Fractures that are 
| at once instantaneous and complete are rare, and 
with running speeds of 30 to 60 r.p.m. there is a 
fair prospect of an incipient flaw being detected 
before the collapse is complete. To-day speeds 
are in many cases 10 to 100 times as high, and 
hence even if, strictly speaking, failure is not 
instantaneous, there is in general but a very small in- 
terval of time between the initial warning and 
the total wreck. Thus when destroyers were 





driven by high-speed reciprocating engines, there 


were a number of disastrous failures of connecting: 
rods, which involved in their secondary consequences 
the death of most of the engine-room crew. With 
slow-speed engines on the other hand, it is often 
possible to stop the machine before the breakage is 
complete. A number of such cases are described 
in the annual report on machinery failures, just 
published by the British Engine, Boiler and Elec- 
trical Insurance Company, Limited. One of these 
instances was provided by an engine built in 1873, 
which had cylinders 29 in. and 58 in. in diameter, 
and ran at 40 r.p.m. This suddenly developed a 
tapping sound, but as the brasses did not appear 
loose, the engine was allowed to run for another 
40 minutes before it was shut down. It was then 
found that one of the connected rod jaws was 
nearly cracked through. A subsequent examina- 
tion showed the metal to be of good quality, and, 
in fact, during its useful life of 52 years, the rod had 
passed through 360 million reversals of stress. It 
is suggested that a contributory factor to the 
failure was over-strain, during an overhaul carried 
out some years ago, in which it was found necessary 
to wedge the jaws a little apart. A second possible 
factor was the failure on two occasions of the small 
end bolts, which subjected the fork to unfair strain. 

These bolt failures still continue, and the report 
states that makers and users still persist in practices 
which have been repeatedly denounced in previous 
reports. Bolts are even now made without proper 
fillets, and with “stretching lengths” of greater 
section than the core of the threaded portion, 
with the result that the latter is overstrained. More- 
over, these stretching lengths are often only rough 
turned, though both experience and experiment 
have shown that cracks may originate in tool marks 
if these are not polished off. Users, on the other 
hand, often ruin their bolts by well-meant attempts 
to anneal them. The report gives striking micro- 
graphs showing the structure produced by the 
misguided zeal of the blacksmith, and that of 
the same material after proper treatment in the 
company’s laboratory. 

Another malpractice which persists is the use of 
erankpins having a collar at their junction with 
the web into which they are shrunk. Two failures 
due to the adoption of this bad design are described. 
The shank which enters the web should be parallel, 
of larger diameter than the journal, and the collar 
should be omitted. 

Several failures of gas engine crankshafts are 
reported. In one case this was due to excessive 
stress, which, as calculated in the ordinary way, 
was as much as 21,500 lb. per square inch on the 
pin and 16,500 lb. per square inch on the web. 
The material used was of excellent quality, but 
the experience of the company indicates that 
figures of 14,000 lb. and 12,500 lb. per square inch 
respectively are the very maximum which should 
be permitted. This engine was of Continental 
make, and possibly the high values adopted for 
the working stresses were in part attributable to 
the lesser importance attached on the Continent 
to experience as contrasted with theory. Another 
crankpin failed owing to the provision made for 
oiling it. The pin was 7}-in. diameter and a 
#-in. hole had been drilled at an angle from the 
web to the mid length of the pin. This hole was, 
the report states, much too large, and the company 
have carried out a series of experiments with model 
pins subject to reverse torsion and reverse bending 
stress. These models were 4 in. in diameter and 
were pierced transversely with holes }in. and 4; in. 
in diameter respectively. Unfortunately the results 
of the tests were somewhat erratic, but they showed 
clearly the weakening effect of the holes. 

The remarkable resistance of wrought iron to 
abuse is exemplified by the way in which cracked 
shafts of this material can, in certain cases, be 
allowed to run. The report states that longitudinal 
cracks in wrought iron shafts are not uncommon, 
and though these cracks are liable to extend under 
torsional stress, the shafts may continue to run 
safely for many years. If, however, the crack 
begins to extend transversely, as it always does 
with steel, a complete fracture will quickly ensue. 

Many designers have a strange predilection for 





the unnecessary addition of stiffening ribs to cast- 
ings. One of the most familiar paradoxes in 
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theoretical mechanics is that a rectangular bar can 
be weakened by reinforcing it by a rib. In prac- 
tice, with ordinary structural materials, no doubt 
this theoretical deduction is not wholly to be 
relied on; but castings are less ductile, and where 
exposed to changing temperatures, the addition of 
ribs often leads to failure. Two instances of this 
are described in the report, the victim being in 
each case an impulse turbine rated at 1,600 kv.-a. 
The casing was of cast iron stiffened by ribs 1 in. 
thick and 4 in. deep. Cracks developed in these 
and extended to the very roots of the ribs. It was 
accordingly decided to cut them completely away, 
otherwise it is~probable that the cracks would have 
continued into the body of the metal. 

Four cases of blade stripping are recorded, but 
present no unusual features. In one instance the 
failure is attributed to bad methods of fixing, and 
in another case to an accumulation of a greasy 
deposit on the blading, the turbine being operated 
by exhaust steam from reciprocating engines. This 
steam was not passed through an oil separator as 
it should have been before it entered the turbine. 
In the two remaining cases the strips are attributed 
to priming carried over from the boilers. Admiral 
Oram has stated that erosion of turbine blading 
does not occur in the Navy, where the make-up is 
distilled water. In land service erosion troubles 
are far from infrequent, and in one of the two cases 
above referred to, the steel partition plates of the 
nozzle block had been worn to a knife edge and parts 
broken away. 

One accident from disc vibration is recorded. 
The disc in question was 38} in. in diameter and 
ran at 3,000 r.p.m. Its centre had a conical profile 
with a double taper, and the crack occurred at the 
junction of the two tapers where the metal was 
slightly undercut. It had, moreover, been further 
weakened here by two {” holes intended to 
facilitate the removal of the disc from its shaft 
should the occasion arise. The crack started at one 
of these holes and had spread to a total length of 
nearly 8 in. before it was discovered. The wheel 
ran with partial admission, and calculation showed a 
dangerous degree of synchronism between its 
natural periodicity of vibration and the frequency 
of the steam impulses. 

The report gives particulars of a test of a totally 
enclosed induction motor which shows that a very 
high efficiency is now attained even with very 
small units. The motor in question was rated at Lut 
1} brake horse-power, but nevertheless an efficiency 
of 91 per cent. was recorded. This figure was 
observed with a load of about 0-5 h.p. At full 
load, the efficiency was about 88-3 per cent. 

Included in the report is an original paper by Mr. 
L. W. Schuster, M.A., on the effects produced by 
changes in the resistance, capacity and inductance 
of a resonant circuit. In the last report some con- 
venient diagrams were given for facilitating the 
calculation of the stresses in curved beams. An 
error has now been detected in these and an erratum 
slip, we may add, is appended to the present report. 





THE GERMAN ENGINEERING TRADES 


MANy industrial consequences of the war are 
common to all manufacturing countries who 
took part in it, and, in particular, to their engineering 
industries. Each country was compelled to raise its 
productive capacity far beyond normal level, and, 
as far as possible, to improvise an increased 
efficiency so as to make the most of its overstrained 
resources. Countries overseas that found them- 
selves dependent on others for their supplies of manu- 
factured goods have been stimulated to start or 
develop manufactures of their own, so as to avoid 
the risk of being without these products in some 
future crisis. The world’s manufacturing capacity 
in the engineering trades has, in fact, been increased 
enormously, while the destruction of capital values 
and the arrest of useful production and of savings 
have both reduced its purchasing power, and 
disorganised the mechanisms which could do most to 
restore it. The reaction of each country to these 
influences has, however, been affected by its indi- 
vidual circumstances. At all times prosperity may 


be sought by directing econdmic forces not merely 
to serve the country, but also to obstruct the efforts 


of competing countries the more those countries 
seek to oppose them—a sort of economical jiu- 
jitsu. Few, if any, countries have shown the 
same foresight -and dexterity in this play as 
Germany. By encouraging the fabulous deprecia- 
tion of the mark, the industrial interests of that 
country succeeded in wiping out their enormous 
debenture and other internal debt, while creating 
in the eyes of the world an appearance of poverty 
that has been of the utmost value to the country 
in making its post-war settlements with its former 
enemies. More, probably, to this than to any 
other measure, Germany owes her present economical 
position and prospects ; but, whatever the cause or 
causes may be, and whether with the object of 
competition or for co-operation, the British engi- 
neering industries have a fundamental interest in 
learning and recognising the situation of their 
opposite numbers in Germany. 

This view is already taken by many among the 
leaders of these industries, and is well illustrated 
in a publication just issued by the Economic and 
Statistical Department of the British Electrical and 
Allied Manufacturers’ Association.* It is intended 
particularly to throw light on the financial and 
competitive position of the German electrical 
industry, and, without advocating any policy, to 
define the facts of which account will have to be 
taken when policies are being framed. The electrical 
industry is, however, so closely interwoven with the 
general economic conditions of the country, and so 
nearly allied to the iron, steel, and engineering 
trades, that it cannot be discussed intelligently 
without considering its relations to present German 
economic conditions, and to other industries. In 
six out of its seven sections the volume deals 
accordingly with the general economic position, and 
with the situation not only of the electrical industry, 
but of those of coal, iron and steel, and mining and 
metallurgical work. 

The present financial position is perhaps best 
summed up in two statements comparing the 
balance sheets in gold marks of 262 and 110 typical 
firms for 1913 and 1924. The figures of the 262 
firms are published by the Government Statistical 
Office, and of the 110 are derived from the investi- 
gation of an independent authority, Mr. Heinrich 
Grobel. The figures are very different, and at 
least Mr. Grobel’s selection has the peculiarity that 
it does not seem to include manufacturers of electrical 
plant. What, however, they have in common is 
the fact that in each statement the total liabilities in 
1924, including share capital, reserves, debentures 
and loans, and other creditors, were less than those 
in 1913 by approximately the amount of the reduc- 
tion in debentures and loans. In each, moreover, 
the item of creditors was roughly a third less in 
1924 than in 1913; and though the reserves are 
reduced by about 40 per cent., the balance is pro- 
vided by increased share capital. When the rise in 
the cost of material and working expenses, including 
taxation, is remembered, this broad view of the posi- 
tion shows that for any turnover of the same order 
as that of 1913 and on the same lines of credit, the 
industries were decidedly short of capital in 1924. 
On the other hand, the practical extinction of deben- 
ture and other loans and the substitution of share 
capital for liabilities to creditors, left them in a much 
healthier position, and far better placed for obtaining 
additional funds on sound lines. At the present 
time the engineering industries, of which fuller and 
later information is given than of others, appear 
still to be feeling the shortness of capital, and to be 
hampered in competition through this cause. This 
situation seems likely to be remedied. Substantial 
financial help is being obtained from the United 
States, and a contract for railway electrification 
in Spain taken recently by the A.E.G. seems to show 
that the financial resources of that company now 
enable it to undertake work requiring long-term 
finance. The German State, moreover, has acquired 
large interests in a number of industries, and, in 
common with various public authorities, is applying 
large sums derived from taxation to their support. 
It is said, indeed, that in at least some instances the 
surplus of funds in the hands of these authorities 





* The Electrical Industry in Germany. London: 





B.E.A.M.A., 36, Kingsway. 10s. 6d, net. 


has led to the purchase of manufacturing interests 
at rates much above their actual value, as indicated 
by stock exchange quotatious. The State is, more- 
over, co-operating with industrial concerns in large 
measures of export credit insurance, and although 
these may take some time to become effective, they 
are likely to have considerable influence in the 
future. 

For the present, however, German industries are 
hampered by shortness and dearness of long-term 
capital, and their difficulties are increased by the 
considerable increase in taxation which the adjust- 
ment of the country’s affairs has made necessary. 
This increase has not, indeed, brought the burden of 
taxation on German industry up to the level of 
that borne in this country; and its effect is miti- 
gated considerably by the readiness of the Govern- 
ment to return its proceeds to the national indus- 
tries instead of applying them directly to the dis- 
charge of external State liabilities. The effect of 
taxation has been to reduce the buying capacity of 
the home market, and is leading manufacturers to 
reconsider the policy of selling at artificially low 
prices in export markets on the strength of higher 
rates obtained at home. To maintain the indis- 
pensable home market in the face of increased 
taxation it is necessary, on the contrary, to reduce 
home prices, and the Vereinigte Stahlwerke A.G. 
has been, or is being, formed with a capital of some 
40,000,000/. in the hope of so reducing overhead costs 
as to permit a reduction of selling prices. If this 
hope is realised, as in the B.E.A.M.A. report seems 
to be thought likely, it will assist the heavy industries 
in resuming their demands for heavy electrical 
plant, which of late have had to be curtailed. How 
this will affect the export policy of the electrical 
plant manufacturers remains to be seen; but 
ultimately it can only result in intensifying their 
competition, as well as that of steel works and engi- 
neering manufacturers, in all markets in which they 
are interested. As it is, the electrical industry is a 
powerful economic force. The Allgemeine Elek- 
trische Gesellschaft and the two Siemens companies 
employed, in 1924-25, some 187,000 persons, and 
are estimated to have turned out work to the value of 
from 40,000,000/. to 50,000,000/. They have already 
procured large loans from the United States, and 
have entered into working arrangements by which 
the A.E.G. co-operates. with the General Electric 
Company of America and the Siemens companies 
with the Westinghouse company both in respect to 
manufacture and research and, so far at least as 
concerns the former combination, in the allocation 
of the European and American markets. Their 
own elaborate financial organisations have wide- 
spread interests in countries all over the world, and 
the tendency to introduce large generating units 
and high transmission voltages gives works of their 
size and experience an increasing technical advan- 
tage in competition. Already the pre-war output 
has been exceeded, and it is thought that the home 
market for electrical power is strong enough to keep 
manufacturers of plant busy up to over 80 per cent. 
of their output, thus allowing them to dump in 
foreign markets in which competition is specially 
keen. In the engineering trades generally the present 
run of prices for raw materials and of wages puts 
British manufacturers at a disadvantage of between 
10 and 20 per cent. as compared with German. 

The report gives many interesting details of 
reorganisations which have been made or are in pro- 
gress in German industries, tending to increase the 
central control over groups of works, though | 
perhaps modifying its character. For the present 
purpose it is enough to quote the conclusion that 
“a formidable industrial machinery is being 
tuned up by reorganisation preparatory to the 
biggest onslaught of modern times on the markets of 
the world.”” Many other conclusions deserve 
careful study. Among them not the least important 
is the view that British manufacturers must in their 
own interest press for the drastic revision or even 
abolition of the Dawes reparation plan. The 
considerations which are advanced in_ support 
of this depend on the assumption that Germany 
can only make the Dawes payments by an extra- 
vagant and indeed impossible increase of her 
exports, which would have a disastrous effect on 





British industry. This assumption seems to go 
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further than the facts warrant. In the current 
financial year German industry has to contribute 
12,500,000/. to these reparations, rising next year 
and thereafter to 15,000,000/., and the balance of 
the annuities—about 100,000,000/. per year— 
is provided out of the budget, the earnings 
of the railways, and a tax on transport. Doubt- 
less if the revenues out of which these payments 
should be made are diverted into the subvention 
of industry in one form or another, and interest 
has to be paid on money borrowed to replace 
them, difficulty may be found in obtaining the 
further loans and providing the interest. No 
necessary reason appears, however, for so diverting 
these funds. Under the Dawes arrangement they 
were hypothecated morally, if not technically, to 
the purpose of making good the very small fraction 
they represent of the damage done by German 
operations. Such misappropriations might acceler- 
ate the recovery of German industry, and assist 
it in struggling for a world power in the economic 
field analogous to that which the nation sought in 
the political sphere. That it could have this 
result is, however, no ground on which her creditors, 
already most inadequately indemnified, should 
acquiesce in the diversion of the relatively small 
funds that have been promised them. Germany 
may be poor now, compared to what she may 
reasonably hope to become, and, like most of us, 
might get rich quicker if she could use other people’s 
money to help her. She welcomed the Dawes 
settlement as an indication that account was being 
taken of her capacity to pay rather than of the real 
amount of her debt. That by applying reparation 
funds to promoting her own industries she should 
lessen her capacity to pay the Dawes annuities as 
they come due, would be neither tolerable to her 
creditors nor honourable to her. 

It may be that German industrial policy is now 
addressed to an inexorable struggle with the 
industries of other countries with the object of win- 
ning the peace, and that other countries may be 
preparing counter-plans. That such a course 
would be repeating in industrial matters the 
futile experience of the war is unfortunately no 
reason why it should not be contemplated. The 
thought, however, of the vast energy that must be 
dissipated in such a competition suggests the alter- 
native of what might result from co-operation. If 
the resources that are now being sought to provide 
fodder for competitive weapons were conserved, and 
turned to fertilising the markets in which they are 
to be spent, they would develop greater and more 
stable industries, and make a vast addition to the 
sum of human well-being. The B.E.A.M.A. report, 
unhappily, does not show, at least so far as this 
country is concerned, that a serious attempt has 
been made to avoid waste of energy in competi- 
tion, and to enhance its value by co-operation. 





THE BRITISH ASSOCIATION 
MEETING AT OXFORD. 
(Continued from page 175.) 

In our last issue (page 175 ante) we referred to 
the opening of the British Association mecting at 
Oxford and also dealt with the speech of this 
year’s President, H.R.H. the Prince of Wales, in 
our leading article. The meeting, which com- 
menced on Wednesday the 4th inst., was continued 
during the latter part of last week and the early 
part of this, being concluded only on Wednesday 
last. As has been our custom in the past we 
shall report in these columns certain sections 
which are concerned with topics of interest to 
our readers, and, as usual, commence with the work 

of Section G, Engineering. 


SECTION G.—ENGINEERING. 


When the section assembled in the Electrical 
Laboratory, which adjoins the University Museum, 
on the morning of Thursday, August 5, the Vice- 
President, Professor C. M. Jenkin, announced that 
the President, Sir John Snell, was unavoidably 
prevented from being present that morning. 
Professor Jenkin, however, took the chair and called 
upon Dr, Ezer Griffiths to read a joint paper by 
himself and Mr. E. A. Griffiths entitled “Some 





Engineering Problems in Connection with the 
Refrigerated Transport of Apples.” 


Tor REFRIGERATED TRANSPORT OF APPLES. 


The paper, with which we hope to deal more fully 
in a subsequent issue, was based on the observations 
made during the course of an experimental investi- 
gation of conditions in the holds of ships bringing 
apples from Australia to England. Dr. Griffiths 
first explained the different systems used for cooling 
and circulating the air in the holds of fruit-carrying 
ships and then demonstrated by models the method 
of stacking cases of apples with strips of wood 
between them to permit the air to circulate. He 
described the arrangement of thermometers, and 
showed diagrams illustrating the variations of 
temperature and humidity of the air and the dis- 
tribution of temperature throughout the bulk of the 
cargo. The question arose, he said, whether it was 
possible to study the problems involved in the trans- 
port of apples by means of small-scale models in the 
laboratory, and models representing cross-sections 
of a loaded vessel had been successfully employed. 
With such models, the air currents set up had been 
investigated visually by means of tobacco smoke. 
As a result, it had been concluded that the provision 
of narrow horizontal spaces between the cases was 
of little value, and that a more satisfactory practice 
would be to form large vertical channels at intervals 
between the piled cases. For this purpose, frames, 
of the same size and shape in plan as the apple cases, 
were placed in the bottom of the hold, and vertical 
posts were fitted at each of the corners of the frames, 
with a similar frame at the top, spaces thus being 
left for the air to circulate without permitting the 
movement of the cases in a seaway. 

Referring to the question of ventilation, Dr. 
Griffiths remarked that this was necessary to avoid 
excess of carbon dioxide produced by the respiration 
of the fruit. With excesseof carbon dioxide, the 
disease known as “ brown heart” developed; it 
was also necessary to remove moisture from the air. 
Special attention had been given to the design of 
instruments for use in connection with the sea 
transport of fruit, and Dr. Griffiths illustrated a 
robust form of junction box for connecting the 
leads from. resistance-type thermometers to a 
central instrument panel. He mentioned, however 
that he favoured the mercury-steel type of distant- 
reading thermometer for this class of work, and 
illustrated four of these instruments arranged to 
give a continuous record on a single chart. For gas 
analysis, the author illustrated and described instru- 
ments of the hot-wire type, and also explained a 
simple form of experimental instrument for deter- 
mining the proportion of carbon dioxide in air. 
This consisted of a glass tube bent almost to a 
complete circle, but having one end bent inwards 
alongadiameter. This portion of the tube contained 
the absorber and, with the tube held in a vertical 
plane, the air was circulated backwards and forwards 
through the absorber by tilting the tube, the lower 
portion of which contained a quantity of mercury 
acting as a piston. 

At the conclusion of Dr. Griffith’s paper, the 
Chairman invited Sir William Hardy, Director of 
the Food Investigation Board, to open the dis- 
cussion. Sir William, who said he would speak 
from the biological, rather than from the engineering 
standpoint, remarked that engineers desired to 
know what limits of temperature variation were 
permissible in the transport of fruit, but the question 
was very difficult to answer. Fruit, he said, was a 
living thing going through a cycle of changes 
ending in death and decay. Cold would lengthen 
the period of the cycle and heat and other factors 
would reduce it ; but there were so many variables 
involved that it was impossible to define the per- 
missible temperature limits with any degree of 
accuracy. In the case of apples, fortunately, there 
was a considerabie margin of time before decay set 
in and it was for this reason that comparatively 
good results were obtained in the transport of this 
fruit. Actual results, however, might not be 
so favourable as appeared to be the case, as no 
statistics of wastage were available. Of the factors 
affecting the temperature limits for the transport 
of apples, the most important were the cultural 





history of the fruit and the time which elapsed 
between the landing of the cargo and its consump- 
tion; the problem, however, was greatly compli- 
cated when the question of disease had to be 
considered. To solve it satisfactorily, more bio- 
logical data were required as well as more technical 
knowledge with respect to the control of air currents 
and the concentration of carbon dioxide. Dr. 
Griffiths had referred to experiments on models, and 
although these ought to be useful they could not give 
a complete solution to the problem. Such experi- 
ments would have to be followed up on a commercial 
scale by those engaged in the fruit-carrying trade 
and also by the construction of large model stores 
of one-third to one-half the size of those employed 
in commercial work. The industry was suffering 
large losses which could be obviated if greater 
knowledge existed, and the resulting saving would 
easily cover the cost of large-scale experiments. 

The only other speaker was Sir Richard Glaze- 
brook, who first remarked that it was interesting 
to recall that the work was undertaken as the 
ordinary work of the Department of Scientific and 
Industrial Research. Sir William Hardy and 
Dr. Griffiths had shown how important was the 
application of scientific knowledge to the investiga- 
tion of the problem, Sir Richard thought all 
engineers would agree that the problem, from their 
point of view, was an extremely difficult one, and 
one which required more exact knowledge for its 
solution. He agreed with the previous speaker 
that experiments with models would give an indica- 
tion of the manner in which the difficulties could 
be met, and that experiments on a much larger 
scale were necessary to obtain the exact knowledge 
required to prevent the waste which now went: on, 
The work, he added, well exemplified the necessity 
for applying science to the problems’ of everyday 
life. 

No other member desired to continue the dis- 
cussion, and the Chairman, who remarked that no 
reply appeared to be necessary, then proposed a 
vote of thanks to the authors. 


REFRIGERATING MACHINERY. 


The next item on the programme was a paper by 
Professor C. M. Jenkin entitled “Small Refrigera- 
ting Plants,” and, before reading it, Professor 
Jenkin invited Sir T, Hudson Beare to take the 
chair. Professor Jenkin first explained that he had 
arranged an exhibition of small refrigerating plants 
suitable for shopkeepers and for domestic use, the 
machines being shown in operation in the Engi- 
neering Laboratory. Members were invited to 
inspect these plants at any time in the course of 
the meeting. Professor Jenkin’s paper cunsisted 
mainly of brief descriptions of the plants exhibited, 
but he first described the essential features of the 
vapour-compression and absorption types of plant 
and referred to the total heat-entropy charts, which 
were exhibited, for the principal refrigerants, viz., 
ammonia, sulphur dioxide, ethyl chloride, and methy| 
chloride. The first machine described was that 
known as the “ Frigidaire,”’ supplied in this country 
by the Delco Light Company. It is of the vapour- 
compression type, employing sulphur dioxide, and 
comprises a single-cylinder compressor driven by an 
electric motor and an air-cooled condenser. By 
this means, the use of water circulation is avoided, 
but the author referred to the large number of 
mechanical joints used in the construction of the 
plant. A machine of the compression type supplied 
by Messrs, Robert Crittal and Co., and made by 
Messrs. Escher, Wyss, was next referred to. This 
machine, which is known as the “‘ Autofrigor,” em- 
ploys ethyl chloride as the refrigerant, its special 
feature being that it is entirely enclosed in a metal 
casing, together with the motor, so that leakage 
is impossible. We described this machine in 
ENGINEERING, vol. cxvii, page 104, to which we 
must refer our readers for further particulars. In 
the “‘ A.S.” machine, which Professor Jenkin next 
described, the mechanism is enclosed in a sealed 
metallic case resembling a dumb-bell in form, but 
having a driving pulley at one end. The compressor 
is suspended like a pendulum inside one of the spheres 
from a shaft which passes through the axis, and the 
other sphere, which forms the evaporator, is partially 
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immersed in brine. The rotation of the shaft by 
means of the driving pulley actuates the compressor, 
which remains stationary relatively to the casing, and 
the compressor supplies the vapour (sulphur dioxide) 
to the evaporator, where it expands and absorbs 
heat, afterwards returning to the compressor. A 
machine similar in principle to the above, and known 
as the “Magnet” refrigerator, is made by the 
General Electric Company, Limited, and this was 
next described by Professor Jenkin. We illustrated 
this machine on page 674 of our last volume, 
so that we need not refer to it again here. An 
ingenious design of vapour-compression machine 
using ethyl-chloride, and made by Messrs. J. and E. 
Hall, Limited, of Dartford, was next dealt with. 
In this, the motor is entirely enclosed in oil in the 
lower portion of a casing, in the upper part of 
which is a three-cylinder compressor driven from 
the motor by an eccentric. The compressor 
delivers the vapour into a chamber filled with steel 
wool to collect any oil, and the vapour, condensed 
by cooling water, is supplied to the evaporator and 
thence returned to the compressor. The casing, 
although completely closed, is not welded up, and 
can be opened to obtain access to the mechanism, 
if necessary. An alternating-current motor, of the 
three-phase or single-phase type, is used for driving 
the machine. Finally, Professor Jenkin described 
the “ Electrolux” refrigerator, of which full par- 
ticulars will be found on page 75 ante. 

At the conclusion of Professor Jenkin’s paper, 
the Chairman remarked that the discussion on it 
would be taken after one by Professor E. H. Lamb, 
that had been added to the programme, had been 
read, the two papers being discussed together. 
Professor Lamb’s paper was entitled “The Car- 
bonic-Acid Refrigerator and the Cooling of the 
Working Fluid,” and it dealt with the Voorhees’ 
multiple-effect cycle, giving a theoretical investiga- 
tion of the cycle followed by an account of the 
results obtained with an experimental plant. We 
hope to reprint this paper, in an abridged form, ina 
subsequent issue. 

But little time was available for discussion after 
the reading of Professor Lamb’s paper, and the 
only speaker was Mr. A. R. T. Woods, who referred 
to Dr. Griffith’s paper, remarking that it was neces- 
sary to prepare fruit for transport by cooling it before 
storingit on board. If this were done the difficulties 
encountered would be reduced. 


THE PRropvuction or Motor Cars. 


Professor Jenkin, who then resumed the chair, 
called upon Mr. A. A. Rouse to deliver a lecture, 
bearing the above title, which formed the last item 
on the programme for the Thursday-morning meet- 
ing. This lecture, which was illustrated by lantern 
slides and kinematograph films, dealt with the manu- 
facture of the Morris-Cowley motor car at the 
works of Morris Motors, Limited, Cowley, Oxford. 
Mr. Rouse first referred to the disturbance of 
manufacturing programmes by strikes and other 
causes affecting the supply of raw materials, to 
the difficulty of avoiding slight variations in the 
quality or dimensions of materials, and to the 
seasonal variation in the demand for the products. 
Such matters, he pointed out, were of the utmost 
importance when, as at Cowley, a car was produced 
every two minutes of the working day. He illus- 
trated the development of the Cowley works from 
1919 to the present time, when 52,000 cars were 
produced annually by 3,100 employees, whose 
average earnings amounted to 86s. weekly. He 
showed, by means of a curve. how unforeseen 
circumstances, such as the abolition and re- 
imposition of the McKenna duties, affected con- 
tinuity of operation, remarking that continuity was 
the secret of economical production. Dealing with 
erection operations, the author first briefly explained 
the means adopted to ensure adequate supplies of 
parts and then described in detail the process of 
erecting the chassis. The kinematograph film, then 
shown, illustrated the operations most effectively. 
The chassis pass at the rate of 30 an hour along 
the main assembly line, the various components 
being added as they are received from sub-assembly 
lines running at right angles to the main line. The 


completed chassis, after painting,€are delivered to 





the test shop, and are subsequently fitted with 
bodies. A second film illustrated the manufacture 
of bodies at the Cowley works, dealing with the 
woodworking and sheet-metal working machinery 
and also with the painting and finishing operations. 
All cars are subjected to a road test before delivery. 

At the conclusion of Mr. Rowse’s lecture, which 
was exceptionally well attended, a vote of thanks 
was proposed by Professor F’. C. Lea and, in reply- 
ing to this, Mr. Rowse explained that but for the 
fact that the works were closed for the annual 
holiday, the members of the Association would have 
been invited to visit them. He mentioned, how- 
ever, that members would be welcome at any other 
time. 


Tue Supply aND DIstTRIBUTION OF ELECTRICAL 
ENERGY. 


The President of the Section, Sir John Snell, 
occupied the chair at the meeting of Friday morning, 
the 6th instant, and after having expressed regret 
for his unavoidable absence from the meeting of 
the previous day, proceeded to deliver his presiden- 
tial address. This we reprint, in abridged form, on 
page 194 of this issue, so that we need not refer here 
to its subject-matter. At the conclusion of the 
address, a vote of thanks to the President was 
proposed by Sir Oliver Lodge, who reminded the 
meeting of the fact that electrical engineering had 
begun its career in the lifetime of some of those 
present, and had already reached a remarkable state 
of development; the developments in the next 
fifty years could only be imagined. While the 
test of civilisation was formerly the amount of 
soap used, the address appeared to indicate that 
the present test was the consumption of electrical 
energy and he thought there was much to be said in 
favour of that view. It was most important for 
the workers to realise that, by the use of more power 
in industry, wages could be increased and the condi- 
tions of living improved. What had been said in 
the address with regard to water-power and tidal 
power schemes should be studied by politicians and 
by the committees who had to carry out such 
schemes. The reference to pulverised fuel was also 
important, and in this connection Sir Oliver pointed 
out that Lord Kelvin had said that, as combustion 
was a chemical process, the more the fuel was sub- 
divided the better. 

The vote of thanks proposed by Sir Oliver was 
carried with acclamation and after acknowledging 
it, the President called on Mr. J. M. Kennedy, to 
read his paper on the distribution of electrical energy, 
which formed the next item on the programme. 

An abstract of this paper will be found on page 214 
of this issue, so that we may at once proceed to deal 
with the ensuing discussion which, however, had to 
be curtailed owing to lack of time. The first 
speaker, Prof. E. W. Marchant, remarked that the 
paper showed how much the electrical engineer had 
to deal with economics, and quoted his experience 
in Liverpool on the extent by which the consumption 
of energy increased following a reduction in the 
price per unit. He pointed out, however, that the 
author had referred to a lighting ‘efficiency of 
100 per cent. and remarked that, actually, the light- 
energy only amounted to about 10 per cent. of the 
electrical energy supplied to the lamp. Great 
improvements had been made in electric lamps, but 
much more remained to be done. He was interested 
in the figures given in the paper for the diversity 
factor of domestic appliances, and mentioned that 
he knew of a case where a cooking load had a diver- 
sity factor as high as 12 ; much, however, depended 
upon the character of the district served. He was 
not in complete agreement with the author’s views 
on coal conservation, and did not think that any 
waste of coal was incurred by the use of gas and 
electricity for domestic heating. Coal had to be 
burnt in the power station and for the production 
of gas, but his experience was that the amount 
used would be less than would be required for 
ordinary fires. 

Prof. W. Cramp, the only other speaker on 
Mr. Kennedy’s paper, said he felt some doubt 
whether the shape of the author’s diagram was due 
to the fact that reduction of price led to increased 
demand or that increased demand led to reduction 
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of price. The author apparently held the latter 
view, but his own opinion was that if supply 
authorities reduced their prices, increased demand 
would follow immediately. On the question of 
distribution charges, the author had called attention 
to the increased proportion of these charges in the 
future, and Prof. Cramp remarked that it remained 
to be seen whether that would be an economical 
arrangement. Prof. Cramp also criticised the two- 
part tariffs based on maximum demand and total 
consumption as suggested in the paper, and remarked 
that these would attract only the owners of works 
with large load factors. It was desirable also to 
attract those having poor load factors, and it was 
important therefore to consider the relationship 
between the two parts of the charge. On the 
subject of electric water heaters referred to in the 
paper, Prof. Cramp remarked that these were 
thought by some to be uneconomical, as compared 
with gas water-heaters, but when the former were 
used day and night, under automatic control, the 
cost of hot water was very low and compared 
favourably with gas water heaters. The current 
consumption necessary to maintain a constant 
supply of hot water at a temperature of about 
92 deg. C., sufficient for an average small household, 
he added in conclusion, was less than that of an 
electric iron. 

The author’s reply was then taken, and in it 
Mr. Kennedy said he was interested to hear from 
Professor Marchant of the success that had followed 
the reduction of price of electric energy in Liverpool. 
He noted the slip with respect to the efficiency of 
electric lighting, and was glad to learn that Professor 
Marchant did not consider that “all electric” 
houses involved any waste of coal as compared with 
houses using coal fires. He thought Professor 
Cramp had not quite understood his views as to 
the relationship between the cost of electrical 
energy and the demand. Actually, he fully agreed 
that supply companies should reduce prices to 
bring about an increased consumption. With 
regard to the increase of distribution costs, this 
was not due to the present Bill, but to the great 
concentration in generation. The tariffs put 
forward in the paper were only an indication of 
what could be offered for retail purposes. For large 
works, tariffs could be lower, and they should, of 
course, be adapted to attract all classes of con- 
sumers. 

ELECTRIC PLOUGHING. 


A paper by Mr. R. Borlase Matthews, on “ Electric 
ploughing,” which formed the next item on the 
programme, was then taken, the author reading it 
in abstract. The paper is given in full on page 211 
of this issue. At its conclusion, Sir John Snell 
remarked that he was glad to find that the author 
disagreed from the views expressed in his own 
address with regard to the use of electricity in 
agriculture. Anything which would tend to arrest 
the reversion of land from the cultivation of crops 
to pasture deserved every encouragement. 

The first speaker in the discussion on this paper 
was Mr. W. Coulman Brown, who remarked that the 
author, in advocating the rotary tiller, seemed to 
suggest that ploughing was becoming out of date. 
This, he said, was not the case, although the rotary 
tiller was a very valuable implement. Captain R. 
Butler inquired if the rotary tiller were suitable for 
market-garden work. One rotary tiller on the 
market was made primarily for market-garden culti- 
vation, and he wished to know if this were suitable 
for electric driving. Professor Marchant said he had 
been surprised to hear the number of days per 
annum on which ploughs could be used. Agricul- 
ture had been regarded as having a very bad load 
factor, but if electricity could be used for ploughing, 
the load factor would be improved. The drawback 
to the use of electricity appeared to be the capital 
charges. 

Mr. J. R. Bond, the next speaker, said the prin- 
ciples of tilling were the same whether horses, tractors 
or electricity were employed, but it was a great 
advantage to possess a reserve of power that would 
enable the work to be done at the right time. That 
was an important advantage of the electric system. 
He hoped Mr. Mathews would continue his experi- 
ments to show if the costs were less and the method 
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were more reliable than was the case with other 
systems. He also wished to know whether the 
electrical plant could be easily transported from one 
field to another. Professor J. J. Guest asked for 
further information on the subject of costs, and the 
last speaker, Mr. J. H. Blackaby, pointed out that 
if ploughing were done more quickly it was possible 
that it would not be done so well, and the yield 
might then be decreased. 

In his reply, which was then taken, Mr. Matthews 
said he did not disagree from Sir John Snell, but he 
thought if the question of power requirements 
were carefully investigated and developed, the 
results indicated in the paper would be obtained. 
Power consumption was important to the electrical 
industry and to the farmer, so that it might well be 
discussed by engineers. In reply to Mr. Brown, 
he said he held no brief for the rotary tiller, but 
considered it was a thing to be investigated. The 
machine referred to by Captain Butler was suitable 
for market garden work, but the same makers 
supplied a larger machine for farm use. He did not 
quite agree with Professor Marchant’s statement 
that the load factor in farm work was not good, 
remarking that if the farmer were educated in the 
uses of electricity the load could be made an attrac- 
tive one, as he had shown in a paper read before 
the Institution of Electrical Engineers early in the 
year. He agreed with Mr. Bond that it was most 
important to do the work at the right time, and 
that was one of the reasons why he advocated the 
electric system ; the latter, he added, was certainly 
more reliable than other forms of power. The use 
of electricity in agriculture would probably involve 
the re-design of the various implements employed. 
He agreed that it was no advantage to do the work 
more rapidly unless it could also be done at least as 
well as at present. What was actually required 
was to do the work in the best possible way at the 
lowest cost, and electricity would go a long way 
towards achieving that object. 


PHENOMENA OF ELECTRIC CONDUCTION. 


A paper by Professor W. Cramp, entitled 
“‘ Some Phenomena of Electric Conduction,” formed 
the last item on the programme for the Friday 
morning session. In this, it was pointed out that 
an electric current was generally regarded as being 
due to the relative motion of protons and electrons, 
the view receiving support from the work of Row- 
land and being also in accord with the general 
facts of electrolysis. Professor Cramp, however, 
did not regard Rowland’s experiments as conclu- 
sive, pointing out that there was no experimental 
proof of the assumption that a negative charge of 
given magnitude, moving at a given speed, produced 
the same magnetic effect as a similar positive charge 
moving at the same speed in the opposite direction. 

In metallic conduction, it was generally assumed 
that only electrons drift, whereas in electrolytic 
conduction both anions and cations drift. The 
question was, therefore, whether the magnetic 
field produced by an electrolytic conductor was 
the same as that from a metallic conductor of similar 
form carrying the same current. To test this, 
Professor Cramp had compared the magnetic field 
produced by a tube of electrolyte carrying a given 
current with that produced by the same current 
when the tube was full of mercury; the elec- 
trolytes used, respectively, were silver nitrate and 
hydrochloric acid. In all his experiments, the field 
due to the silver nitrate was less than that due to 
the mercury, and that due to the hydrochloric acid 
was slightly less than that due to the silver nitrate ; 
the difference between the fields due to the mercury 
and hydrochloric acid amounted to just under 2 
per cent. 

After examining various possible causes of the 
difference, Professor Cramp said he had been forced 
to the conclusion that it was due to the fact that 
in the metal, conduction was due to an electron 
drift of comparatively high velocity, and, to prove 
this, experiments were made on metallic conductors 
in which there was a sudden change of cross section. 
By measurements taken on reversal of the current, 
a limiting value of electron velocity in metals was 
determined, and this was shown to be far higher 
than that of the ions in a solution. This, in the 





bviana's opinion, introduced phenomena at the. 


cathode which had hitherto been neglected but 
which, however, were plainly visible in the case of 
silver nitrate and were sufficient to explain the 
observed differences between the magnetic fields 
produced by metallic and electrolytic conductors. 
Professor Cramp’s final conclusion was that the 
usual assumptions concerning the relationship 
between current and the movement of the electrons 
and protons were correct for metallic and for 
electrolytic conductors, but that, when a circuit 
contained both, new electrode phenomena should 
be taken into account. 

Very little time was available for the discussion 
of Professor Cramp’s paper, the only speaker being 
Dr. Kennelley, who said the matter was of great 
interest from the point of view of the theory of con- 
duction and should be carefully investigated and 
discussed. Sir John Snell, in proposing a vote of 
thanks to Professor Cramp, also referred to the 
interest and importance of the work, and suggested 
that members who could assist the author, or who 
desired further information, should communicate 
with him in writing. 


Tue Rotating WING IN AIRCRAFT. 


Wuen the section reassembled on the morning 
of Monday, the 9th instant, the chair was again 
occupied by Sir John Snell, who at once called on 
Mr. H. E. Wimperis to read his paper bearing the 
above title. Mr. Wimperis’ paper, which we 
propose to reprint in full in a later issue, dealt with 
the action of the Cierva autogiro flying machine, 
which was illustrated and described on pages 521 
and 549 of ENGINEERING, vol. cxx, but, before 
commencing to read it, the author explained 
that the investigations were not yet completed 
and that the paper struck a note of aspiration, 
rather than of achievement. Much had been 
done at Teddington and at Farnborough, and 
some advance had been made, but there were 
still numerous points to be cleared up. An 
interesting anomaly, for instance, had been found 
in model experiments at Farnborough. A model 
of 2 ft. span had been allowed to fall from the top of 
the airship shed there, and the rate of descent of this 
model was such that that of the full-size machine 
should have been 30 ft. per second, instead of 15 ft. 
per second, which was the actual figure. A much 
larger model, of 10 ft. span, also indicated a rate of 
descent for the full-size machine of twice the correct 
amount. The explanation for this, Mr. Wimperis 
remarked, had still to be found. 

At the conclusion of the paper, the Chairman 
expressed the thanks of the meeting to the author 
and called on Mr. R. V. Southwell to open the dis- 
cussion. Mr. Southwell, first remarked that the 
paper contained so many points of interest that it 
was difficult to select one on which to speak. He 
expressed regret that the autogiro was not of British 
origin, but congratulated the Research Department 
of the Air Ministry upon the way they had taken the 
matter up and examined into it, not by ordering a 
number of machines to see what would happen with 
them, but by investigating the principles and study- 
ing the dynamics of the problem. He inquired 
whether the action of the machine as a helicopter, 
that was when some driving torque was applied to 
the windmill, had been studied, adding the remark, 
however, that he had no faith in helicopters as such. 
The principle of the autogiro, Mr. Southwell con- 
tinued, appeared to be more useful for application to 
seaplanes than to land machines, as the importance 
of a short run in getting off and in alighting was 
greater with the former than with the latter. If the 
getting-off run was to be shortened, however, more 
use must be made of the windmill disc as a lifting 
agent. He inquired if any information was available 
as to the maximum lift co-efficient of the windmill 
when pulled round at large angles of incidence. 
Finally, the speaker remarked that the machine 
worked because the hinging of the wings enabled them 
to adjust their incidence and thus avoid a heeling 
couple. He wished to know if it were correct to 
think that this hinging had been first introduced 
from the point of view of stress reduction. In any 
case, the invention was one of the most remarkable 
aercnautical advances of our time. 

Professor C. F. Jenkin here inquired how the 





machine could be controlled when descending 
vertically, and another speaker, whose name did not 
transpire, asked what were the disadvantages cf the 
system and what was the effect of the alteration of 
the position of the centre of pressure on the two 
opposite sides of the windmill. Dr. A. P. Thurston, 
who also spoke, said, in the course of his remarks, 
that endeavours should be made to obtain more 
information from models, and expressed the view 
that the structural problems involved presented even 
greater difficulties than the aerodynamic ones. The 
lift of the windmill, or the parachute effect, could be 
measured by braking under certain conditions. He 
finally expressed appreciation of the diagram in the 
paper, due to Major A. R. Low, and suggested that, 
if applied to the co-ordination of full-scale and model 
experiments, it would probably throw light on the 
difficulties experienced. 

Only a few minutes remained for the author’s 
reply, which was then taken. Mr. Wimperis first 
remarked, in reply to Mr. Southwell, that the 
machine had not been investigated as a helicopter, 
but work had been done to ascertain whether 
it would be any advantage to apply some power to 
the windmill ; the answer however, had been in the 
negative. The use of the principle with seaplanes 
was certainly most promising, provided that a satis- 
factory form of starting device for the windmill were 
forthcoming. In reply to the speaker who had 
inquired about the movement of the centre of 
pressure, Mr. Wimperis explained that with the 
section employed, viz., Géttingen 429, there was 
no change in the position of the centre of pressure. 
The windmill arms could therefore be made with 
very little twist in them and of light and simple 
construction generally. The disadvantage of the 
system was that there was a tendency to a loss of 
speed, so that the number of miles covered per 
gallon would be less than with a machine of the 
usualform. In countries of large area which were ill 
equipped with roads, however, the autogiro machine 
would be particularly useful owing to the fact that it 
could be flown easily and landed safely; these were 
very important advantages. In the course of the 
author’s reply to Professor Jenkin, the latter ex- 
plained that by control in descent he meant the 
possibility of altering the angle of descent, and this, 
we understood the author to say, could not be done. 


THe Hiau-Duty CoMPRESSION-IGNITION ENGINE. 


The next item on the programme was a paper by 
Mr. D. R. Pye bearing the above title. We shall 
reprint this paper in full in a future issue, so that 
we now propose to give only a brief indication of 
the nature of its contents. It dealt with the re- 
search work of the Air Ministry in exploring the 
possibility of developing a compression-ignition 
engine burning heavy oil and having a weight/power 
ratio suitable for use on aircraft. Although con- 
siderable advances had been made with respect to 
the output from a cylinder of given dimensions 
with this type of engine, the weight/power ratio 
was still prohibitive for aircraft. Increased fuel 
economy with compression-ignition engines would 
compensate, to some extent, for their greater 
weight. Actually a weight of 3 Ib. per horsepower 
was aimed at, as compared with 2 lb., or less, per 
horsepower for a petrol engine. The paper dealt 
with the requirements of the case, the cycle em- 
ployed and with the physics of jet formation, as 
well as with jet formation in the engine. Finally 
the experimental results obtained with a single- 
cylinder engine having a mechanically-operated 
fuel valve, were given. With this engine, which had 
an 8 in. by 11 in. cylinder, satisfactory burning and 
good economy were obtained at speeds up to 1,200 
r.p.m., corresponding to a mean piston speed of 
2,200 ft. per minute. The highest recorded, effi- 
ciency, with the maximum pressure limited to 800 Ib. 
per square inch, was obtained at 1,000 r.p.m., 
when the brake mean-effective pressure was 78 lb. 
per square inch and the fuel consumption 0-358 lb. 
per brake horse-power per hour; this corresponded 
to a brake thermal efficiency of 38-8 per cent. The 
author pointed out, however, that the design diffi- 
culties of reproducing these research results in a 
multi-cylinder engine were very formidable. 

Sir Dugald Clerk, who was invited by the Chairman 
to open the discussion, first congratulated the author 
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on his paper and on the work which he, and others, 
were doing at the Royal Aircraft Establishment. 
Many years ago, Sir Dugald said, he had attempted 
to inject gas into the cylinder of a gas engine and 
had obtained a diagram similar to that which the 
author had sketched upon the blackboard to illus- 
trate the constant-pressure cycle. He had shown this 
diagram to Dr. Diesel, when the latter read his 
paper at the Institution of Mechanical Engineers, 
to show that he (Sir Dugald) had obtained a diagram 
of the Diesel form many years before Diesel himself. 
In the course of his remarks, Sir Dugald referred to 
the fact that with the so-called solid-injection type of 
engine, the explosion was always of a slightly rough 
character. The effect was found in one of the large 
marine Diesel engines tested by the Joint Committee 
of the Institution cf Naval Architects and other 
institutions, and was also found in engines of the 
cold-starting type. He had been particularly 
interested in the figure of 38-8 per cent. given in the 
paper as the brake thermal efficiency obtained 
with the experimental engine. It was certainly 
very remarkable, but he had always put it forward 
that a thermal efficiency of 40 per cent. should be 
obtained. With regard to efficiencies, Sir Dugald 
remarked that one reason why these fell short of 
the maximum obtainable was that the proper 
consumption of oxygen was never attained. He 
noticed that the author had obtained the combustion 
of 75 per cent. of the air present in the cylinder, 
but he, Sir Dugald, had never got higher than 60 
per cent. It was, however, more difficult to inject 
gaseous fuel than liquid fuel, penetration being 
impaired if the fuel particles were too small, while 
if they were too large, good combustion was not 
obtained ; a compromise had therefore to be effected 
as in the case of many other engineering problems. 
He suggested, in conclusion, that it might be worth 
while to try the effect of making arrangements to 
permit the air and spray to mix before entering the 
cylinder. 

Professor C. F. Jenkin also congratulated the 
author on his paper, and the discussion was con- 
tinued by Colonel H. T. Tizard, who said the real 
difficulty lay in the production of a direct-injection 
engine suitable for aircraft of the heavier-than-air 
type. There was not much to be gained from the 
lower price of the fuel, and more than the difference 
could be earned by the extra carrying power of the 
machine with a petrol engine. The experiments 
referred to in the paper were, however, extremely 
valuable and would lead to the production of a very 
good engine suitable for other commercial purposes 
and weighing, say, 20 lb. per horse-power. He had 
seen one running at 1,000 r.p.m., having a degree of 
control almost as good as that of a petrol engine ; 
it was surprising, therefore, that more interest was 
not being taken in this class of engine by manufac- 
turers. He asked if the author would state what 
was the consumption of lubricating oil, as that was 
a very important point, and also inquired if he saw 
his way to the production of a light starting device 
and whether any considerable weight reduction 
could be effected by employing the two-stroke 
eycle. 

The next speaker, Wing Commander Cave-Brown- 
Cave, said the value of the experiments could not 
be assessed in terms of weight and fuel economy | 
alone. The author had considered the use of a fuel | 
with a flash-point of over 200 deg. F., which was a 


of the dimensions. Sir Henry Fowler, the last 
speaker on the paper, remarked that a lighter engine 
did not necessarily mean a cheaper engine. In 
cutting down weight, cost was often increased. 

Mr. Pye then replied to the discussion, first 
referring to Sir Dugald Clerk’s suggestion of the 
employment of an auxiliary mixing chamber. The 
suggestion was a very interesting one and worthy 
of careful consideration, but the matter was largely 
a question of weight, so that it was necessary to 
employ only the simplest possible mechanical 
details. With regard to the future application of 
the direct-injection engine to heavier-than-air craft, 
referred to by Mr. Tizard, Mr. Pye agreed that this 
was problematical, but he thought it worth while to 
continue the investigations. The work, as far as it 
had proceeded, should be available for commercial 
exploitation, and he could see, in that direction, 
an immediate future for it. The question of safety 
of aircraft was of far greater importance for com- 
mercial work than for service conditions. In 
commercial aviation, the saving in the cost of 
insurance would be an important relief. The 
increased safety, in fact, would compensate for a 
great deal of extra weight, and the diminished 
return from paying load would be met by reduced 
insurance charges. The matter, however, must be 
left for the future to decide. He agreed with 
Col. Tizard that the omission to include the figures 
for the consumption of lubricating oil was an 
important one. The consumptions, he thought, 
had been recorded, but he was unable to give them 
then. A light starting device was not in the 
programme for aeroplanes, but he thought one 
which could be carried on an airship was a more 
likely proposition. He agreed with Wing-Com- 
mander Cave-Brown-Cave that the important 
problem was the speeding up of combustion. It 
was probable that, as any liquid fuel had to be 
injected in the form of drops, evaporation had to 
precede combustion, and this might be the cause 
of the delay. If we could succeed in reducing the 
time interval between injection and the commence- 
ment of combustion, it would be a distinct step 
forward ; the delay might be the cause of the rough 
running referred to by Sir Dugald Clerk. 


THE PROTECTION OF ALUMINIUM AND ITS ALLOYS 
AGAINST CORROSION. 


At this point, the President, Sir John Snell, had 
to leave the meeting, and, before doing so, asked 
Professor C. F. Jenkin to take the chair. Pro- 
fessor Jenkin then called on Mr. H. Sutton to read 
the paper, of which he was the joint author with 
Dr. G. D. Bengough. The paper, which we intend 
to reproduce in a subsequent issue, was entitled 
“The Protection of Aluminium and its Alloys 
against Corrosion by Anodic Oxidation.” It 
described a process developed for effecting this by 
means of a coating produced electrolytically. The 
article to be treated is made the anode in a suitable 
electrolyte, such as chromic acid, and its potential 
is gradually raised in a manner described in the 





paper. The effect of the treatment on the alu- 


|minium or alloy is to produce a thin, hard and 


adherent coating of oxide, or hydroxide, of alu- 


|minium, which coating renders the metal much 
‘more resistant to corrosion in the atmosphere, in 


| contact with sea water, and in other corrosive 
‘media. It affords a good base for greases, paints 


very important advance and a factor of great |or enamels, which further increase the resistance 


importance for both commercial and _ fighting | 
aircraft. The parts of a petrol engine which gave | 
the most trouble were the carburettor and the | 
magneto, and he thought that the troubles with | 


the fuel-injection pump, when perfected, would be | 


to corrosion, and can also be coloured by dyes. 
|The process has proved to be capable of industrial 
application, and has been operated on a considerable 
scale. 

The paper was read in abstract by Mr. Sutton, 


much less. We were left wish a physical problem | after he had apologised for the unavoidable absence 


as the next step, the factor of uncertainty being 
the time taken to burn the fuel in the cylinder. 
If that could be made infinitesimal we should be | 
able to control the pressures developed completely. 
Professor Sir J. B. Henderson pointed out that, 
in comparing the weight per horse-power, it was 
important to know the size of the engine. The 


weight increased as the cube of the linear dimensions, | 
and the horse-power as the square. The weight 
per horse-power should therefore be proportional | 
to the dimensions, whereas it would be better to 
deal with some factor which would be independent 


lof Dr. Bengough, and, on its conclusion, Professor 
| Jenkin referred to the great practical importance 
of the work it described, remarking that owing to’ 


|the uncertainty with regard to the corrosion of 
Duralumin it had been necessary to prohibit its 
use for certain purposes. It was now used to a very 
large extent in aircraft. He then called on Pro- 
fessor T. Turner to open the discussion. Pro- 
‘fessor Turner remarked that it was well known 
that when aluminium was heated in air, a thin 
|protective film was formed, and it had been the 
‘object of the authors to produce a similar coating 





by a cold, or comparatively cold, process. It was 
very interesting to note that the film was obtained 
by the use of a solution of chromic acid. Obviously 
the film must adhere closely to the metal, and in 
some processes it had been found advisable to 
sand blast the surface before treatment. He under- 
stood, however, that the authors had obtained 
good results both with or without sand blasting. 
The process, he said, resembled Coslettising, in 
which there was produced a thin deposit of phos- 
phate of iron which was quite protective but was 
not perfect. The results, however, were much 
improved by oiling the surface of the work, the 
combined effect being better than either method 
of treatment alone. In the authors’ process, a 
second treatment with varnish, or grease, was 
beneficial. In rolled metals, such as brass, pores 
were found irregularly distributed on the surface, 
and when the brass was pickled, and subsequently 
plated, the pickle exuded from the pores. A 
similar effect had been mentioned by the authors, 
but had no injurious effect; with copper alloys, 
on the other hand, a minute quantity of pickle 
caused considerable trouble. In such cases, a very 
effective test for the presence of pickle was to 
place a drop of water on the suspected point and 
insert in the water a small insect such as an aphis. 
The latter would be killed by a slight trace of 
pickle, so that, if it survived, it could be concluded 
that no pickle was present. 

Wing Commander Cave-Brown-Cave, the next 
speaker, referred to the fact that the most exacting 
test for the corrosion-resisting properties of a metal 
was to attach it to one of the piles of a pier half- 
way between high and low tide levels, so that it 
was alternately wetted and dried. He enquired 
why it was that this test was so exacting. The 
authors’ method of treatment seemed to have many 
advantages from the practical point of view. It 
was easily carried out, and there was no likelihood 
of parts being missed accidentally, which was very 
important in the case of built-up work. Another 
valuable feature was that if the surface of the 
treated work were scratched so as to expose the 
underlying metal, the corrosion of the latter was 
not accelerated as compared with the unprotected 
material, as was the case with some protective 
coatings. 

Professor W. Cramp, who followed, said he 
noticed that the authors were using chromic acid 
in an electrolytic process, whereas in most previous 
cases alkalies had been used. He referred to the 
use of aluminium for certain types of lightning 
arresters used for the protection of power trans- 
mission lines, and inquired whether the authors’ 
process would be suitable for the protection of power 
transmission lines using bare aluminium conductors 
near the sea. He asked whether the thickness of 
the coating could be increased to give greater 
resistance to breakdown at high electrical potentials, 
and also inquired how long the protective coating 
would last. It was very remarkable that the 
aluminium tube referred to in the paper showed the 
same effect inside as outside. He thought if the 
thickness of the deposit were actually measured it 
would be found to be thinner inside than outside. 
Finally, Professor Cramp asked for further informa- 
tion on the subject of the non-protective porous 
coatings produced under certain conditions men- 
tioned in the paper. 

The next speaker, Professor F. C. Lea, also 
referred to the subject of non-protective porous 
coatings, and stated that he had not found the 
corrosion of thin aluminium sheets much worse 
than that of similar sheets of iron and steel. If, 
however, the whole structure could be provided 
with a protective coating it would be very valuable. 
With regard to the bending tests referred to in 
the paper, which showed the treated aluminium to 
be more brittle than the untreated, he remarked 
that this might not be of much importance, as 
any necessary bending would probably be carried 
out before treatment. He suggested that the 
brittleness might be due to the fact that when 
starting the pracess, in the case of certain alloys, 
the CuAl, constituent was removed from the 
surface and this might give rise to small surface 
cracks which would diminish the capacity of the 
material to resist bending. He noticed that, in 











‘AUG. 13, 1926. | 


ENGINEERING. 


209 








some cases, it was necessary to give the work a 
coating of lanoline and asked what was the value 
of lanoline alone. 

Mr. D. R. Pye, the last speaker on this paper, 
said it was interesting to reflect that the work had 
been brought to its present stage of commercial 
utility almost entirely by Government aid, Dr. 
Bengough, who carried out the fundamental work, 
had done it at the Imperial College, with the aid of 
a grant from the Department of Scientific and 
Industrial Research. The work had been continued 
at the Royal Aircraft Establishment, where it had 
been developed into a process of direct commercial 
application. It was useful not only for aircraft, but 
for other technical and commercial applications. 

As time was pressing, Mr. Sutton then replied 
briefly to the various points, raised in the discussion. 
In reply to Professor Turner he said that sand blasting 
had no advantage in the process, but it was useful 
to know that a sand-blasted surface could be treated. 
He noted that oil had been’successfully employed in 
the Coslettising process, but in the anodic process 
it was not so good as lanoline and other greases. 
The sea-water test referred to by Commander 
Cave-Brown-Cave was certainly a most exacting 
one ; it was the alternate wetting and drying that 
ultimately led to breakdown. The sea-water spray 
test, however, was a very useful one. The matter of 
scratches on the treated surface was a very 
important one, and the facts had been correctly 
stated by Commander Cave-Brown-Cave. Coatings 
of nickel or copper, when scratched, certainly did 
accelerate the corrosion of the underlying metal. 
Professor Cramp had referred to the use of the 
process in the electrical industry, and to the 
possibility of increasing the thickness of the films. 
The electrolytes used, so far, gave an adherent 
film of a low order of thickness. It might be 
possible to use a bath of fused sodium nitrate, 
but the film produced, though thicker, would be 
less adhetent. He realised the importance of the 
protection of overhead conductors of aluminium, 
but it seemed difficult to apply the process to that 
purpose, and, at the moment, he was not prepared 
to do so. With regard to the durability of the 
treatment, he mentioned a simple comparative test 
in which treated and untreated parts had been 
exposed to alternate wetting and drying. The 
former, he said, only showed signs of incipient 
corrosion after twelve months’ exposure, whereas 
the latter had been completely corroded away in 
four months. In the matter of the formation of a 
film inside a tube, he explained that the test 
employed was a dyeing test and no difference 
between the internal and external coatings could 
be detected by that means. It was, of course, 
possible that in long tubes the amount of film 
formed inside would be less than that formed 
externally ; however, long tubes could be protected 
internally without the use of internal cathodes. 
The question of the treatment of porous spots was 
certainly an important one as there were few 
castings without some surface defects. The anodic 
process, however, gave satisfactory protection in 
such cases, the electrolyte penetrating as far as 
the defects did. The bending tests in the paper 
were included’ to show the influence of the treat- 
ment, but they showed the embrittling effect in an 
exaggerated form ; with Duralumin the effect was 
less marked. He thought the effect would be 
difficult to explain on the lines suggested by 
Professor Lea. In thanking Mr. Pye for his 
remarks, Mr. Sutton mentioned that Dr. Bengough 
and he were much indebted to the Department 
of Scientific and Industrial Research and to the 
Air Ministry for permission to publish the results. 

A vote of thanks to the authors was then 
proposed by Professor Jenkin and duly carried 
and the meeting adjourned. 


(To be continued.) 





Hypro-Etectric DEVELOPMENTS IN IcELAND.—A 
long term concession has been granted by the Govern- 
ment of Iceland to the local chemical factories and the 
Danish-Icelandic Construction Company for the develop- 
ment of hydro-electric power in the north of the island. 
Five large waterfalls in Atnarfiord, with a total capacity 
of 40,000 h.p., are to be used. The terms provide that 
the work must begin within four years, and the power 
plants be completed within the three following years. 


LETTERS TO THE EDITOR. 


OIL SEPARATORS FOR BILGE AND 
BALLAST WATER. 


To THe Eprror oF ENGINEERING. 

Str,—In your issue of July 30 two letters appear 
under the above heading which require an answer. 
The letter of Mr. Knight, who represents the Conduit 
separator, takes up the statement in the paper by 
Dr. H. 8. Hele-Shaw and myself, that the difference 
in level between oil and water needs to be adjusted. 
This statement does not necessarily imply that the 
adjustment is disadvantageous, and a mere statement 
of fact is no ‘‘ misuse of words.” The explanation in 
the letter of Mr. Knight that the adjustment is a 
“simple device which can be set in a few moments,” 
does not alter the fact to which we referred. The 
possibility of adjustment on the control might be an 
advantage ; but, as the point has been raised, I should 
like to point out that any alteration in the density 
of the oil would need, of course, a corresponding 
alteration in adjustment. 

In our paper we carefully refrained from any form of 
criticism, but it is of interest to note that the Board 
of Trade report on “‘ Oil Pollution ” says of the “ U” 
type of separator, which if not actually a Conduit 
separator, is very like it :— 

“The oil mixed with the water was stated to have 
a specific gravity of 0-96 to 0-98. It was found, 
however, that a considerable proportion of the oil was 
in the “ emulsion” condition, and this part of the oil 
was not satisfactorily separated, a proportion of the 
emulsified oil passing overboard. Consequently, after 
repeated endeavours to adjust the height of the weir 
in the discharge leg, so as to ensure the separation of 
all the oil, the process had to be stopped.” 

Referring to the letter from Mr. Ogden, I am obliged 
to him for setting forth so clearly the case for hori- 
zontal flow as compared with that of vertical flow. 
For a prismatic tank of sides XY and depth Z, he 
demonstrated quite correctly that the velocity of rise 
of a globule which is to be effectively separated is 
given by 


v< yy 


where Q is the volumetric rate of flow. In his compu- 
tation, however, Mr. Ogden assumed that in the 
horizontal flow the globule has to rise a distance Z 
in order to be separated. In the Stream-Line separator, 
on the contrary, the necessary rise is only the height of 
one of the numerous small separating elements which 
operate in parallel, and not the height of the containing 
vessel. Calling this small height z and pursuing 
Mr. Ogden’s method of calculation, we have 


2 x 
Vv a Q/Y Z 
1.€.5 Vv Q 
2 xY% 
so that Q Zz 
Vt pty 


Thus, with the Stream-Line form of separator globules 
of oil are removed whose velocity of rise is only 3 


of that of globules which could be dealt with in any 
other form of separator of the same overall dimensions, 
In the separator constructed for the Admiralty this 
ratio is ,;, and nothing could more clearly indicate 
the advantages of the Stream-Line separator for 
dealing with even the smallest oil globules. 

In conclusion, I would point out that it is, of course, 
impossible to achieve a similar result by subdividing a 
vertical flow. 

Yours faithfully, 
ALBERT BEALE. 

64, Victoria-street, Westminster, August 6, 1926. 





THE REMISSION TO CHINA OF THE 
BRITISH SHARE OF THE BOXER 
INDEMNITY. 

To tHE Eprror or ENGINEERING. 

Smr,—The amount of money involved in this matter 
is estimated at 11,000,000/., and the writer’s intention 
is to try, briefly, to show why the money should be 
utilised for engineering works, such as irrigation, 
canals, conservancy, and railways, &c., rather than 
for purely educational purposes. Annually, whole 
harvests are wasted in various districts, owing to lack 
of protection from rivers flooding, or inability to get 
produce moved to consumers for want of means of 
transport. 

The subject is one of considerable interest to British 
engineers and manufacturers but is, I am afraid, too 
large to discuss in detail in a technical paper. Those 





who are interested may fittingly refer to excellent 


letters which have appeared in The Times by Mr. M. T. 
Liang, of Tientsin, dated December 18, 1924, and by 
Dr. 8. L. Hart, of the Anglo-Chinese College, Tientsin, 
dated December 19, 1924. These gentlemen show 
very clearly how the money could be advantageously 
applied in engineering undertakings. 

It is reported that Lord Willingdon said, while in 
China recently, that many of the people interested in 
the indemnity question at home were in favour of 
education. The Commission, of which Lord Willing- 
don was the head, has returned to England, and the 
subject will doubtless be debated in the Houses 
of Parliament, and educationalists and many mis- 
sionaries will try their utmost to have this money 
devoted to purely educational purposes. 

It is well known, however, to us who reside in China, 
that there are even now in normal times hundreds of 
returned students, who have been educated abroad, 
waiting for jobs in Peking. This also applies to all 
large cities in China. The writer was engaged as 
works manager and also in educational work for a 
number of years in China, and has been intimately 
connected with students and their ambitions. There 
are numerous instances of students having spent several 
years at universities and technical colleges in England, 
who find on their return that there are no positions 
for them, unless they are content to go back to the land, 
or take jobs as clerks. Added to the numbers of 
returned students, we have annually a multitude of 
students released by the universities and colleges, &c., 
in China. 

If schemes for irrigation, the cutting of canals, con- 
servancy work and building of railways were under- 
taken, Chinese students would be. able to get practical 
education and mellowed judgment with experience. 
Such projects would enable produce to be transported, 
would increase trade, and multiply positions on the 
staffs for the control of canals, conservancy work, and 
railways. Mills and factories would spring, up, and 
this would again create more positions and act as an 
jnducement and encouragement to Chinese to build 
more railways, at the same time creating an increasing 
demand for machinery and materials from British 
factories. 

Yours faithfully, 
G. Witrrip Cocksurn, M.I.Mech.E. 
Hankow, China. 
July 19, 1926. 





Tur Bottvian Posts AND TELEGRAPHS AND THE 
Marcont Company.—Messrs. Marconi’s Wireless Tele- 
graph Company, Limited, Marconi House, Strand, 
London, W.C.2, inform us that a contract has been 
signed between themselves and the Bolivian Government, 
whereby the company will, as from October 1, 1926, 
control and operate, for a period of twenty-five years, 
the postal, telegraph and wireless services of Bolivia, 
on the basis of a percentage of the gross receipts of 
the services as remuneration for management, plus a 
proportion of the profits, when there may be a surplus. 
It is interesting to recall that in 1921 Messrs. Marconi 
took over the control of the postal, telegraph and wireless 
services of Peru. ‘Those services were then showing 
an annual deficit, but within a very short time the 
budget was balanced and for several years a substantial 
surplus has been realised. 





Lone-DistTaNce Cruise BY Fiyine Boats.—The two 
‘** Southampton ” flying boats which flew from Plymouth 
to Aboukir and back, starting on July 1, completed their 
journey on July 30, having covered a total distance of 
just over 6,000 sea miles. The flight was carried out to 
a set time table, as an ordinary service exercise of the 
Royal Air Force, under the command of Squadron 
Leader G. E. Livock, a crew of four, and a full service 
load being carried throughout. The machines used were 
of the type adopted for coastal reconnaissance duties, 
and no troubles were experienced with the aircraft 
or with the Napier Lion engines fitted. Wireless 
communication was maintained throughout the flight 
with R.A.F. and other stations. The flight, we may 
remark, was the first long-distance foreign cruise to be 
undertaken with R.A.F. flying boats, but it may be 
remembered that a long-distance flight was carried out 
in Scottish and Irish waters last year with aircraft of 
the same type. 





" Launcp or THE 8.8. Warerata.—Built to the order of 
the Union Steamship Company of New Zeaiand, Limited, 
the cargo steamer Waipiata was launched recently at the 
Old Kilpatrick shipyard of Messrs. Napier and Miller 
Limited. The vessel has been built to the highest class 
at Lloyd’s under the supervision of Messrs. Wm. Esplen, 
Son and Swainston, Limited. Her length, between 
perpendiculars is 315 ft., her breadth moulded, 45 ft., 
and her depth moulded, 25 ft. 4 in. She has a gross 
tonnage of about 2,800 and a deadweight of about 
4,400 tons. The vessel has two decks, poop, bridge and 
forecastle, and three large cargo holds; exceptional 
facilities for the rapid handling of cargo are provided. 
Steam steering gear has been fitted aft, together with 
telemotor control from the bridge. After launching, 
the vessel was towed to Greenock, where tziple-expansion 
engines will be fitted by Messrs. John G. Kincaid and Co., 
Limited. The Apes machinery will be installed in 





the after part of the vessel. 
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LABOUR NOTES. 

A MEETING of the executive committee of the Miners’ 
Federation was held in London on Tuesday to receive 
reports from the districts regarding the attitude of the 
men towards the settlement planoutlined in the so-called 
Bishop’s Memorandum. According to an official report 
given out at the close of the proceedings, the recommen- 
dation of the national delegate conference, that the 
memorandum, with certain modifications, should be 
adopted, has been rejected by the workers, and another 
national delegate conference has been called for Monday 
to receive a report on the voting. The result is assumed 
to be a disappointment to the executive, which would 
have been glad, it is understood, to have had an 
opportunity to re-open negotiations with the Govern- 
ment. In some well-informed circles the importance 
of the voting as an expression of rank-and-file opinion 
is, however, regarded as negligible. Under the rules 
of the Federation the voting should have been by 
ballot. None of the districts voted by ballot. 





The Ministry of Labour states that on August 2, 
1926, the number of unemployed persons on the registers 
of Unemployment Exchanges in Great Britain was 
1,618,800, of whom 1,199,800 were men, 46,900 boys, 
324,600 women, and 47,500 girls. Of the total number 
77,500 were “ persons normally in casual employ- 
ment.” On July 26, 1926, the number of unemployed 
persons was 1,605,420, of whom 1,188,248 were men, 
45,095 boys, 324,850 women, and 47,227 girls ; and on 
August 3, 1925, it was 1,260,407, of whom 960,056 were 
men, 37,189 boys, 229,887 women, and 33,275 girls. 
The total of 1,618,800 on August 2 is “ exclusive of 
persons who ceased work in the coal-mining industry 
on account of the dispute.” 





In an interesting communication which he has sent 
to us, Mr. J. R. Clynes, president of the National Union 
of General and Municipal Workers, points out that 
“the chief benefits returned for a trade union con- 
tribution do not pass through the accounts at all. 
These are in the form of better conditions of employ- 
ment, higher wage standards, advances secured, reduc- 
tions prevented, and betterment in the conditions of 
labour. A trade union is not an insurance company, 
savings club, or benefit society in the ordinary sense, 
and its members may treat with contempt the devices 
now being employed to mislead workmen on this 
subject.” ‘* No critic,” he concludes, “ can cite a single 
instance where the benefits assured have not been paid.” 
That is, he believes, “the real test.” Mr. John 
Beard, president of the Workers’ Union, testified to 
much the same effect in the course of a speech at Golders 
Green, on Saturday. He declared that much of the 
expenditure of the union was, like the main benefits 
of every employers’ federation, for services rendered, 
which were inestimable in terms of money, yet, as in 
the case of trade unions, they were working expenses, 
The first function of a trade union was to establish 
machinery for the protection of the workman. 





The All-Australian Trade Union Congress has 
decided that every member of the Australian Labour 
Party must vote against the Federal Government’s 
referendum proposals, which include (1) A measure for 
the regulation of industry and commerce; (2) A 
measure empowering the Government to carry on the 
public services in the event of their being threatened or 
interrupted. The Federal Parliamentary Labour Party 
had previously declared itself in favour of the first, and 
against the second measure. 





At York, on Tuesday, the executives of the shipyard 
trade unions are to take into consideration the report 
of the Joint Committee which recently carried out an 
exhaustive investigation of the causes of the British 
shipbuilding industry’s present very unsatisfactory 
state. The Joint Committee, it will be recalled, divided 
its labours into two parts, dealing in one with costs 
over which the industry has control, and in the other 
with costs which are beyond its control yet enter into 
the costs of completed ships. Certain agreed conclu- 
sions were reached in both stages of the investigation, 
and these, with a great deal of valuable, additional data, 
were embodied in a report. That report—including 
the agreed conditions—was adopt»d, without a reser- 
vation of any kind, by the Shipbuilding Employers’ 
Federation. The trade unions have been much slower 
to act, but that they will move now, and along lines simi- 
lar to those followed by the employers, is the hope of 
all who are concerned about the welfare of the indus- 
try. Therepresentatives of the unions will, presumably, 
find no difficulty in approving the conclusions arrived 
at in the second stage of the inquiry, the stage, that is, 
in which costs beyond the control of the industry were 
dealt with, for practically the whole of these affect 
what may be called outside interests. 





It must not be ignored however, that if the industry 
is to get the chance of recovery which it deserves, the 





Committee’s report must be adopted asa whole, and 
not partially. What that involves for the unions is not 
in the least. degree obscure. In the Continental 
countries which are British shipbuilding’s keenest 
rivals, the hours worked are longer, the wages paid 
lower, and the working conditions much more favourable 
to economical production and reasonable deliveries. 
Nobody on the employers’ side wishes to reduce wages 
or increase working hours; but a belief prevails—and 
it is shared by level-headed operatives—that such a 
redisposition of the industry’s labour power, both 
mechanical and manual, is possible as will bring about, 
apart from these things, an approximation to Continental 
production costs. Consider, for example, the effect 
on British costs of the multiplicity of “ crafts”? employed 
in the construction of ships and engines, each with its 
own lines of demarcation which it vigilantly guards 
against the encroachments of neighbours. Stoppages 
over demarcation disputes are far too common, and 
the heaviest loser by them is always the employer. 
The inelasticity of British shipyard labour and its 
dislike of interchangeability slows down production 
and increases its cost. So do the British workers’ 
dislike of payment by results and his inclination to make 
the employment of labour-aiding machinery unprofit- 
able to employers. 





If wages, hours, conditions, and facilities were alike 
all the world over, these things would not, of course, 
collectively represent a hopeless handicap for British 
shipbuilding. Unfortunately, wages, hours, conditions 
and facilities are not alike all the world over. In the 
European countries which are doing best against Great 
Britain, there are large groups of shipyard workers, 
within each of which all workers are interchangeable. 
There are no demarcation troubles; payment by results 
is permitted wherever it is possible to introduce the 
practice; and there are no objections to the use of 
labour-aiding machinery, or attempts to restrict its 
output. These are important facts which, it is hoped, 
the union executives will keep steadily before them at 
York on Tuesday, for their clear significance is that, 
unless our own conditions and facilities are speedily 
approximated to them, our shipbuilding and ship- 
repairing industries will go to the wall. The plain duty 
of this York conference is to adopt the report as a whole, 
and proceed, without undue delays to negotiate agree- 
ments on the basis of its conclusions. 





The agreed conclusions of the Joint Committee on 
these points are clear enough. ‘‘ We believe,” the 
Committee say, ”’ it is possible to secure greater elasti- 
city and interchangeability without infringement of 
the broad principles of craftsmanship.” ‘‘ Certain 
sections already work,” they admit, ‘‘ upon systems of 
payment by result, and they believe that this has bene- 
ficial results in a quickened and less costly production.” 
“We recognise,” the Committee further declare, 
“that in the interests of the proper organisation and 
evolution of the industry the use of labour-aiding 
machinery is to be encouraged. We believe also that 
in the present state of trade and world competition it 
is the duty of all parties to secure for the industry as 
a whole, all such savings in cost as can be obtained from 
the fullest use of machinery and methods conducive to 
economic output.” 





The Factories (No. 2) Bill, which has been introduced 
in the House of Commons by the Home Secretary, 
seeks to consolidate, with amendment, the enactments 
relating to factories. In a memorandum explaining the 
changes which it is proposed to make in the existing 
law, it is stated that the measure abolishes the distinc- 
tion which exists in the present law between factories 
and workshops and between textile and non-textile 
factories, and employs only the one term “ factories,” ; 
and that, except where otherwise expressly provided, 
the provisions apply indifferently to factories of all 
descriptions. Under the existing Acts, the provision 
relating to the sanitary condition of workshops, 
cleanliness, overcrowding, ventilation, and the drain- 
age of floors are enforced in the first instance by the 
local sanitary authorities and not by the factory 
inspectors (as in factories), and the provisions as to 
sanitary conveniences, both in factories and in work- 
shops, are, in London and in any place where section 22 
of the Public Health Acts (Amendment) Act, 1890, 
is in force, also enforced by the sanitary authorities. 
In the measure which has now been introduced, all the 
corresponding provisions are enforceable by the factory 
inspectors, except that in any factory in which 
mechanical power is not used and which forms part of 
a dwelling-house or shop, or is adjacent to a dwelling- 
house or shop in the same occupation, the provisions 
are to be enforced by the sanitary authority ; and in 
the case of any other factory in which mechanical 
power is not used, the Secretary of State, if satisfied 
that the provisions would be satisfactorily enforced 
by the sanitary authority, is to delegate the duty to 
them. These alterations are of general application. 





The other modifications are alterations of particular 
provisions. A number of the provisions in the Bill 
correspond to, or are based on, provisions which are 
already in force in particular industries under statutory 
regulations or orders made in pursuance of powers 
given by the existing Acts. 





Subject to certain exceptions, the total hours worked 
by any woman or young person in a factory, exclusive 
of intervals for meals and rest, shall not, it is proposed in 
the Bill, exceed ten in any day or forty-eight in any 
week; and a woman or young person shall not be 
employed continuously for a spell of more than four and 
a half hours without an interval of at least half an 
hour for a meal. 





In the House of Commons last week, Mr. Cadogan 
asked what action the Government proposed to take 
with regard to the affiliation of Civil Service associations 
to outside bodies. Mr. Churchill, in reply, said that 
the Government had had the matter under close 
consideration. They had come definitely to the con- 
clusion that it was contrary to the public interest that 
associations of civil servants should be affiliated 
to outside industrial and political organisations, and 
intended in due course to introduce legislation to deal 
with the matter. In political circles it is considered 
improbable that the contemplated action will be 
taken this session, but whenever it is taken, soon or 
late, it is practically certain to be opposed by the 
Labour Party. The question is one on which the 
civil servants themselves appear to be sharply divided. 





The Government have decided to send a delegation 
to Canada and the United States of America, for the 
purpose of studying industrial conditions in those 
countries, with special reference to the relations between 
employers and employed in their bearing upon industrial 
conditions in Great Britain. The delegation, which will 
leave this country in the early autumn, will be con- 
stituted as follows: Sir William Mackenzie (chairman), 
Mr. Ernest Bevin, Mr. Michael B. Dewar, Mr. J. Kaylor, 
Mr. F. W. Leggett, Mr. I. Haig Mitchell, and Mr. 
Randolph Smith. Mr. H. C. Emmerson of the Ministry 
of Labour, is to be secretary of the delegation. Sir 
William Mackenzie was president of the Industrial 
Court from 1919 to 1925, and chairman of the Railway 
National Wages Board (1920-25). Mr. Bevin is 
general secretary of the Transport and General Workers’ 
Union, and a member of the Trades Union Congress 
General Council. Mr. Dewar is managing director 
of the Metropolitan Carriage, Wagon & Finance Co., 
Ltd., and director of a number of other companies. 
Mr. Kaylor is a member of the executive council of 
the Amalgamated Engineering Union. Mr. Leggett is 
assistant secretary in the Industrial Relations Depart- 
ment of the Ministry of Labour. Mr. Mitchell holds the 
post of Principal Conciliation Officer of the Ministry 
of Labour. Mr. Randolph Smith is a director of 
Messrs. Barclay, Curle and Co., Ltd. 





Representatives of the trade unions which have 
amongst their members railway shopmen, are to meet 
at York on August 18 for the purpose of considering 
a provisional agreement arrived at with the companies 
defining procedure to be followed in the adjustment of 
differences. The agreement seeks to provide that in 
each shop in which not less than 75 workpeople are 
employed a shop committee shall be established, and 
that where more than one such body is formed in any 
establishment a works’ committee shall also be set 
up. A National Railway Shopmen’s Council will deal 
with national questions. Provision is made for 
arbitration, and there is to be no stoppage of work, 
or “any unauthorised action’ while negotiations are 
in progress. The agreement is to remain in force for 
two years and be terminable thereafter on twelve 
months’ notice by either side. 





TRIALS OF THE §.S. ‘‘ OrTERPOOL.”’—Built by Messrs. 
William Gray and Co., Limited, to the order of Messrs. 
The Pool Shipping Co., Limited, West Hartlepool, the 
8.8. Getenseel ies completed her official sea trials. 
The vessel has an overall length of 402 ft., a breadth of 
55 ft. and a depth, moulded to the upper deck, of 28 ft. 
9 in. ; she has a long bridge, poop, and forecastle. The 
hull is built with deep channel frames, with cellular double 
bottom; large fore and after peak ballast tanks, are 
provided. Ten steam winches, and all the necessary 
equipment for the speedy handling of cargo, have been 
installed. The propelling machinery has heen supplied 
by the Central Marine Engine Works of the builders at 
West Hartlepool, and consists of triple-expansion engines 
having cylinders 26 in., 43 in., and 71 in. in diameter 
and a piston stroke of 48 in. Steam is supplied by three 
large boilers having a working pressure of 180 Ib. per 
square inch. A number of steamship auxiliaries, also made 
by the Central Marine Engine Works, have been installed. 
These include an evaporutor, a general-service, and a 
ballast pump, a surface feed-water heater, and a combined 
drain and scum tank. 
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ELECTRIC PLOUGHING.* 
By R. Bortase Matruews, Wh.Ex., A.M.Inst.C.E., 
M.I.E.E. 


Economic Considerations.—It is not so universally 
appreciated as it should be, that agriculture requires 
more power than all other industries combined. Of 
- by far the greater portion is required for cultivating 
the soil. 

Not only is ploughing one of the most important and 
heaviest of farm tasks, but it is also the most expensive 
item in the arable farmer’s bill ; in fact, it is more costly 
than the manure which is used on the land. The 
economics of the question have arrived at the stage 
where it is necessary for the engineer to step in. The 
question of increasing the rate at which the work is 
carried out, seems to offer the greatest benefit. Results 


TaBLe J.—Typzs or Tractor Drive. 
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Rear wheel drive. 
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coupled drive. 








Half creeper track with 
steering wheel. 
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Tasie I].—(1) Execrric Tractors. 


(11) Electric Accumulator Tractors, 


TyPe 111. Electric trac- 
tor with accumulaior 
mounted on tractor. 








Tyre 112. Electric 
tractor with accumulator 
hauled by tractor. 





have shown that the cost of the extra power required to 
perform any cultivation at a higher rate than is usually 
done to-day, is much less than the amount saved in 
labour and other costs. It is therefore important to 
examine what contribution electricity can make towards 
solving the problem. 

Continental engineers have given a great deal of 
attention to this matter, with the result that there are 
over 200 electric ploughs in use on the Continent to-day. 
Successful as these engineers have been, there is still 
a great deal of research and experimental work to be 
done, not only in the method of using the electric 
power, but also in the re-design of the actual implements. 

Opposition to all kinds of mechanical power for 
ploughing is sometimes met with in agricultural circles, 
on the grounds that it is absolutely necessary to have a 
number of horses about a farm for hoeing, harvesting and 
general carting. It is therefore claimed that the intro- 
duction of power-driven cultivating machinery, instead 
of reducing costs, would of necessity increase them, as the 
keep of the horses would be the same and the mechanical 
power would only be carrying out work which the horses 
would otherwise be doing, with the result that the 
horses would be standing idle for a considerable part 
of the year, while the machines were doing the work. 
This would be a strong argument if the work of 
ploughing could be extended over a long period, and if 
the horses were only used for this purpose during slack 





_* Paper read before Section G. of the British Associa- 
tion at Oxford, on Friday, August 6, 1926. 








periods, but this is far from being the case. For land 
to be well cultivated, it is necessary to get the ploughing 
completed as early as possible in the autumn, and, 
again, it often occurs in England that long, wet 
periods are experienced, which delay work on the land, 
so that it is a great advantage, when a favourable 
opportunity presents itself, to have something quicker 
than the horse to carry out the work. 

As scientific methods of farming are increased, there 
will be a still greater need for some quick and cheap 
method of ploughing, so as to enable the farmer to take 
full advantage of the new methods. For instance, on 
the author’s farm, where his new system of artificial 
curing of hay and cereal crops is carried out, the crop 
is carried within a few hours of cutting and afterwards 
cured in the rick. -One of the advantages of this system 
is that the field is cleared immediately the crop is cut, 


Taste II.—(1) Erecrric Tractors (continued). 


(12) Electric Tractors connected to Main Supply. 


Type 121, Elec- 
tric tractor with 
a tram-car type 
trolley and mov- 
able overhead 
bare conductor. 
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Type 122, Elec- 
tric tractor cable 
reel at side of 
field, 





TyYPe 123. Elec. 
tric tractor with 
bare overhead 
conductor and 
automatic reel at 
side of field. 





Type 124. Electric 
tractor with trailing 
cable, automatic reel 
on tractor. 


Tyre 125, Electric 
tractor with trailing 
cable, automatic reel 
on tractor’ and auto- 
matically movableself- 
winding supply point 
= at centre of. furrow. 
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and ploughing is begun at once. The enterprising 
farmer of the future, having adopted these new and 
efficient methods, will not be prepared to use the horse 
plough and so lose the valuable time he has gained. 

The Objects of Ploughing.—Before discussing the 
details of the electric plough, it might be as well to 
consider the objects of ploughing. They are :— 

(1) To break up, refine and aerate the soil. 

(2) To conserve moisture and drain off excess water. 

(3) To bury the weeds and rubbish by turning them 
under the surface, where they will decompose and 
provide humus. 

(4) To liberate the available plant food from the 
reserve of food constituents which the soil contains. 

(5) To allow the seed to be drilled at a proper depth 
and be sufficiently covered. 

Many scientists doubt whether the operation of 
ploughing, as at present practised, is really an essential 
part of tillage. Sir J. Russell, of Rothamsted Experi- 
mental Station, remarked a short time ago, that until 
a great deal more research work had been done it would 
be impossible to express a definite opinion. It is 
very questionable as to what value may be placed on 
long unbroken furrows, as demanded by so many 
farmers in this country. They keep down the speed 
and increase the power required. By far the greater 
majority of the ploughs in the world to-day are of the 
short breast, broken or digging type, which permit 
of higher speeds. The rotary cultivator, however, is 
making rapid progress—there are over 500 in England 
alone to-day. The efficiency of the present day plough 








is very low, and its design has been more on a rule of 
thumb basis than upon modern scientific and mathe- 
matical research. The matter is complicated by the 
fact that the soil has not the uniform characteristics 
of water or air. In fact, in one and the same field, 
there is always a very great variation in the properties 
of the earth. On the other hand, the metals employed 
in the construction of these implements have been 
developed to a remarkable extent—in fact, it is 
difficult to foresee much further improvement, except 
possibly in obtaining equivalent characteristics, 
from rustless steels at similar costs. 

Types of Electric Ploughs.—There are a number of 
different systems of electric ploughing in operation 
to-day, though they practically all fall into one of two 
classes, viz., tractors or rope haulages. The diagrams 
in the accompanying Tables I, II and III indicate 


TaBLe IIIJ.—(2) Rope Havutaces. 
(21) Moving Winding Gears. 


Type 211. Double- 
haulage system, 
with two single- 
drum progressing 
winders. 





Type 212. Modi- 
fied double rope, 
single-haulage sys- 
tem with onesingle- 
drum progressing 
winder and one 
progressing anchor 
carriage. 
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(2) Ropz HavtaGes. 


(22) Stationary Winding Gears. 
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TYPE 221. Round- 
about or anchor 
pulley single-haul- 
age system and 
progressing anchor 
carriage pulley. 








TYPE 222, Modi- 
fied round-about 
or single-haulage 
system with two 
anchor pulleys 
and two progres- 
sing pulleys posi- 
tioned by clamps 
on fixed side 
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Note.—The “‘ vees ” with three crossing marks in the 
above diagrams, represent anti-balance reversing ploughs. 


the most important types, the majority of which the 
author has had the opportunity of seeing under actual 
working conditions. 

Transport of Ploughing Equipment.—The transport of 
electric ploughing equipment is accomplished by (a) 
horses or oxen; (6) accumulators (either incorporated 
in the winders or mounted on a separate truck) ; 
(c) petrol engines incorporated in the winders; (d) 
separate oil engine tractors; (e) placing the equip- 
ment (by aid of its own power) in petrol lorries. 

Tractors.—When electric tractors, Type 12 (see Table 
II), are connected to supply mains, one of the main 
problems is the method of dealing with the feeder cable. 
Dragging the cable on the ground (Type 122) has not 
proved satisfactory, as the cable is easily run over and 
damaged. It is also worn very quickly. 

Electric tractors fitted with a tram-car type collect- 
ing trolley or bow, that picks up the current from a 
bare overhead conductor have not proved satisfactory, 
chiefly on account the trouble in designing the sup- 
ports so as to maintain sufficient tension on the 
conductor and at the same time to facilitate pro- 
gressive movement at the end of each furrow. This 
method (Type 121) has been tried for lawn-mowers by 
Mr. Turnbull at Aylesbury. 

The suspended bare conductor, with automatic 
friction controlled winder on a stationary feeder wagon 
(Type 123) has been employed in Sweden for some time. 
The cable runs from a transformer cabin to a special 
cable trolley, on which a mast is fixed as shown in 
Fig. 1. A bare conductor runs from the mast to the 
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tractor; see Fig. 2, The overhead line consists of 
three bare, tough, aluminium alloy strips, spaced apart 
with insulating material. The trolley is placed at a 
suitable point for supplying the whole field, and 
the overhead line is kept at a definite tension by 
means of a motor on the trolley, which is kept 
continuously running. The tractor is fitted with a 
full creeper track. The motor is of the 500 volt, 15 
horse power, 3-phase induction type, and propels the 
machine at a normal speed of 2} miles per hour. 

A machine representing a considerable improvement 
in electric plough design, has been designed by 
N. Forssblad of Sweden, Fig. 3 (Type 124). The main 
driving motor of the tractor is 30-h.p., three-phase, 
with controller, and oil switch with overload device. 
The cable drive is operated by an additional small 
motor through a friction drive, the motor being pro- 
vided with a special hysteresis control rheostat. When 
the tractor is driven away from the source of supply, 
the cable is drawn out against the friction drive. When 
the tractor returns, the cable is slackened and as the 
resistance to the motor is thus removed, the motor 
comes into operation and winds up the cable. Owing 
to the hysteresis control, the operation of the motor is 
automatic, and it does not tend to burn out when it 
is stationary. A tractor of this type, with three shares, 
will plough, on an average, six acres per day to a depth 
of 8 in. The current consumption is about 28 units 
(kw.-hours) per acre. 

Major A. McDowall has recently developed an 
original form of creeper tractor (Type 125) which falls 
into this group of automatic cable winders. It has the 
great advantage of minimum wear on the cable, as it is 
provided with an automatically movable self-winding 
supply point. The tractor also incorporates a novel 
method of side stepping the whole machine, ready for 
the next furrow. 

Electric tractors hauling on a chain laid across the 
field, anchored at the ends (Type 126) have not proved 
very popular. They introduce the difficulties of anchor- 
age without removing the weight of the haulages from 
the soil, as the round-about systems do. 

Rope Haulages.—The steel wire-rope electric haulage 
systems, (‘Type 2, see Table III) have a number of 
advantages over all others when employed as large 
and very powerful units. The chief of these advantages 
are that the tractor does not pass over the soil, and 
the plough is of the anti-balance type, which means a 
great saving in time as compared with the time taken 
by most tractors in travelling over the headlands for 
turning purposes. (Types 121 and 125 are an excep- 
tion, as they are reversed each time.) Where a 
system of rope haulage is used, double-ended anti- 
balance ploughs are employed, one set of shares being 
in operation while the other is in the air, ready to be 
dropped for the return journey. This avoids any 
necessity for turning the whole implement at the end 
of each furrow. The only limiting factor in the 
length of the furrow, is the distance at which signalling 
can be conveniently done. In practice, this seldom 
exceeds 440 yards, owing to mists, slight hills in the 
land, &c. 

A double-haulage system, with two  single-drum 
winders, one progressing up each side of the field, is per- 
haps the most popular type of equipment with farmers, 
co-operative societies and ploughing contractors (Type 
211). Its capacity for work is enormous ; it will plough 
up to 30 acres in one day, as compared with a bare acre 
for a team of horses. One of the best examples of this 
type of equipment is supplied by the Société Générale 
Agricole, of Paris, and has been in use in France for a 
number of years. Each set is fitted with either an 80, 
100, 125 or 150 h.p., 5,000-volt, three-phase, slip-ring, 
induction motor, which is protected against rain and 
is capable of a momentary overload of 60 per cent. 
The makers supply the whole of the necessary equip- 
ment, including haulages, plough, transformer wagons, 
flexible cable and hooks for tapping the high-tension 
line. An auxiliary petrol engine of 50 h.p. is fitted to 
each set for moving it from place to place. This type 
of equipment is often drawn into position by animals, 
though, in case of difficult ground, it can be made to 
haul itself along by its own ropes and tackle. Another 
double-haulage equipment, in France is that designed 
by Estrade. Each set is equipped with a 35 h.p., 
three-phase, squirrel-cage type n.otor, which can be 
coupled to the wheels so as to move the haulage. 
It is designed for two speeds of 1-83 or 2-75 miles 
per hour. This is much lighter and less expensive than 
the previous set. It is capable of ploughing six acres 
in an eight-hour day. A special feature of this equip- 
ment is a very ingenious anchoring device, which per- 
mits of comparatively light weight haulages. The 
haulage cable passes over a pulley at the end of a pivoted 
arm. The greater the tension on the cable, the lower 
will be the position of this arm and the point of applica- 
tion of the pull. The downward movement of the arm 


is resisted by a system of oil dash-pots, so that for 
every value of the pull there is a position of equilibrium, 
such that the resultant of the pull and the weight of 
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Fie. 1. Automatic FrEpInG PoINT FOR 
THREE-PHASE, BARE- WIRE, OVERHEAD SUPPLY 
FOR Exvectric Ptover. (Type 123.) 
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Fig. 2. Crrreper-TrAcK ELEctTRIc PLOUGH 
WITH THREE-PHASE OVERHEAD SUPPLY. 
(TypPE 123.) 








Fie. 3. 30-H.P. ELEctrRic 


the haulage always passes through the points of con- 
tact with the soil of the two inside wheels. The wheels 
are fitted with flanges, which, with the rims, enclose 
a prism of earth, so that instead of depending on the 
friction of iron on earth, the much greater friction of 
this compressed prism of earth on that lying beneath 
is utilised. 

A two-motor equipment is also supplied by Siemens 
Schuckert and consists of two winding trucks (Fig. 4, 
Type 211). The drum for the steel cable is mounted on 
the winding truck and is equipped with an automatic 
brake for controlling the paying out of the cable ; there is 
also an auxiliary brake for the operator’s use, which can 
be released instantly. An 80-h.p., 750-volt, three-phase 
motor is used for driving the gearing of the cable drum. 
The resistances, which consist of cast-iron grids, are 
placed in a separately-arranged iron frame. The fuses 
on the motor are capable of taking from two to two and 
a half times the normal current, so that the motor will 
not stop every time a current surge occurs. The cost 
of the complete equipment, including two winding 
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(TyPE 124.) 


trucks, transformers, cable, plough, &c., is about 
4,500. A five-share balance plough is used, which has 
a working width of about 6 ft. 6 in. and a working 
depth of from 8} in. to 16 in. 

It is claimed that with these sets the current con- 
sumption for depths not exceeding 7 in. is as low as 
15 kw.-hours per acre; this is an exceptionally low 
figure as compared with other equipments. Four 
men are required for the operation, two being needed for 
the winding trucks, one for operating the plough, and 
the fourth as a help when fixing the plough in the new 
furrows. The winding trucks are sometimes equipped 
with a 20-h.p. petrol motor for travelling from place 
to place. 

A single-winder system is also used in some areas on 
the Continent (Type 212) ; this is really a compromise, 
both in cost and size, between the double winder and 
round-about systems. An anchor wagon of special 
design, having wide cutting flanges on the wheels and 
loaded with a weight of ballast, is used at the opposite 
side of the field and so displaces one of the winders. 
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80-H.P. Exectric PLovueH HavaGceE Set. 


(Typ 211.) 











Fig. 5. 60-H.P. Rounp-ABout SystTEM OF 


Another very suitable method is to be found on some 
French farms. It is an anchor-pulley method, which, 
though old from the steam tackle point of view, is 
comparatively new as an electrical method (Type 221). 
The haulage wagon, Fig. 5, is equipped with a single 
60-h.p. motor and two haulage drums, either of which 
can be operated by the motor while the other pays out 
the rope. It is stationary at about the centre of one 
side of the field to be ploughed. ; 

The haulage rope is arranged, by the aid of suitable 
pulleys, to follow round the sides of the field. At the 
two. corners nearest the plough, anchor pulleys are 
provided, while at the other two corners anchor wagons 
are used, from which an anchor rope is taken to the 
end of the field. When the haulage rope is pulled 
along, the wagons are drawn along to the extent per- 
mitted by the slack in their anchor ropes. The 
balance plough is attached to the haulage rope, between 
the two pulley wagons, and is hauled from one pulley 
wagon to the other. Upon completing one set of 
furrows, the plough is tipped ready for the next set. 
The anchor rope of the farther pulley wagon is now 
slackened out, thus permitting this wagon to travel 
a distance of twice the width of the new furrows. The 
plough is then drawn over to this farther pulley wagon. 
In this way the pulley wagons gradually approach the 
hauling sets, as the ploughing proceeds. 

The length of the cable supplied with these ploughs 
is sufficient to plough 40 acres without moving the 
haulage wagon. Operating the plough is a compara- 
tively simple task, which can be performed by any 
farm worker. This system is very suitable, both for 
the farmer with an average sized farm and for the power 
company supplying the current. As the motor is only 
of about 30 h.p., itis likely that a number of motors of 
this size would operate in the same district, so that 
the power station would supply, say, five 30 h.p. 
motors in place of one 150 h.p. motor, and the peak 
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loads of 30 h.p. motors would be much better distributed 
giving a more uniform load. 

The Douilhet system differs from the previous one, 
in that it displaces the anchor wagons for two simple 
pulleys, and the anchorage is obtained by burying 
pieces of timber in the ground to a depth of 3 ft. 
(Type 222). It is a modified apparatus of this type, 
fitted with a 12 h.p. motor, that is now in use on the 
author’s farm at East Grinstead, in an attempt to 
solve the problem for the small farmer (see Figs. 6 and 
7). With this system, ropes, fixed and anchored at 
each end, run along each of the two sides of the field, 
at right angles to the direction of ploughing. A clamp 
is fixed on each rope and acts as a stop, beyond which 
the anchor pulleys cannot slide when the strain comes 
upon them. These clamps are moved towards the 
haulage set, a distance equal to the width of the new 
furrows ploughed at each traverse. This system re- 
quires only one man to operate the complete apparatus, 
as the author has devised a method whereby an insulated 
cable is included in the haulage rope, and contactors, 
controlled by a switch or push button, operate the elec- 
trical gear. For fields ploughed every year, it is 
cheaper to leave the angle irons or logs of wood per- 
manently in the ground. 

The Ideal Small Plough.—As a result of the author’s 
tests carried out on his own 600 acre farm at Greater 
Felcourt, East Grinstead, and his investigations in all 
Continental countries where electrical ploughs are in 
use, he has concluded that the most suitable equip- 
ment for the individual farmer with 150 acres and 
upwards, would be an electric tractor with a half- 
creeper track, a storage battery, a trailing cable, an 
automatic reel on the tractor, and an automatic and 
movable supply point at the centre of the furrow 
supplied from the side of the field (Type 125 in combina- 
tion with Type 112). 

The tractor system is preferred because it avoids the 





work entailed by anchorages. The storage battery 
will supply the power for moving the equipment from 
field to field, and it also allows the tractor to be used 
at other times for general haulage purposes. The 
creeper track is of special importance, as it avoids the 
compression of the soil due to the weight of a wheeled 
tractor, and it becomes possible to reduce the pressure 
on the soil to less than that due to the weight of a 
man’s foot. 

A mast should be fitted to the tractor so that the 
cable which is feeding the tractor from the movable 
supply point (which should also be provided with a 
mast) may hang free in the air for, say, 40 yards. In 
this way all risk of the tractor running over its cable 
is obviated and wear and tear is eliminated. A tractor 
of this type could deal with 50 to 60 acres from a 
single contact in the middle of the field and furrows 
half a mile long could be ploughed. Even if it were 
desired to plough a longer distance, it would only be 
necessary to attach another length of cable. 

A tractor of this type could also carry out such work 
as cultivating, harrowing, rolling, seed drilling, harvest- 
ing, &c., as well as act as a road transport vehicle. 

Cost of Ploughing.—The following figures were given 
in the report of the Institution of Electrical Engineers, 
Electricity in Agriculture Committee* (of which com- 
mittee the author is a member) as generally accepted 
British prices for work at about 6 in. deep (according 
to the nature of the land) :— 

Per Acre. 

15s. to 25s. 

178. 6d. to 308. 
20s. to 35s. 


As there is so little electric ploughing in this country, 
it is necessary to compare these prices with the con- 
tract price for electric ploughing in France. The 
following are the 1924 prices, according to Hubert :— 


Steam ploughing 
Tractor ploughing .... 
Horse ploughing 




















Depth. 
Total Price per Acre. 
Depth. 
Ploughing | Subsoiling in. 
in. in. Francs.t s. d. 
10-12 5-6 15-18 137 34 3 
8-10 5-6 13-16 130 32 6 
12-14 _— 12-14 127 32 0 
10-12 — 10-12 120 30 0 
6-8 5-6 11-14 120 30 0 
8-10 —- 8-10 93 23 0 
6-8 _— 6-8 66 16 6 








+ 80 Francs to £. 


The charge for scuffling to a depth of 4 in. is 40 francs 
per acre. 

Any attempt at making actual comparisons is likely 
to be misleading, owing to the number of assumptions 
that must be made. However, the author suggests 
that the following figures give a fair basis for judging 
the comparative costs of ploughing by electricity and 
with an internal-combustion engine. 

The consumption of electrical energy is taken as 
22 units (kw.-hours) per acre. This is the average figure 
on the Continent, though it would be in the neighbour- 
hood of 15 units (kw.-hours) in England. The efficiency 
of the motor and transmission of the electric tractor 
is taken as 75 per cent. The thermal efficiency of the 
internal-combustion engine is approximately 14 per 
cent. 

The fuels used are :— 








Calorific 

te Value in Specific Price per 

a B.Th.U. per} Gravity. Gallon. 

Ib. 
PP 

Petrol 19,900 0-7 a 3 
Paraffin 18,900 0-8 0 9 
Fuel Oil 18,000 0-9 O 54 














Allowance for lubricating oil— 


34d. per acre with petrol 
44d. paraffin 
8d. 3 fuel oil. 


The cost of electrical energy is taken at one penny per 
unit (kw.-hour). In both cases the area ploughed in 
one day is five acres. Cost of labour on internal-com- 
bustion tractor, 8s. 6d. per day, and on electric tractor, 
6s. The figure for the internal-combustion tractor is 
estimated higher, since more skill is required for driving 
and additional labour is necessary for carrying fuel and 
water to the tractor. 

Depreciation.—Oil-engine driven tractor with plough, 
first cost 4751, replaced in five years. 

Electric tractor with plough, but without cable, first 
cost 5001., replaced in fifteen years. 

The times for replacement cannot be considered 


” ” 





* Journal I.E.E, 1925, Vol, 63, page 840. 
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ELECTRIC PLOUGHING. 








Fie. 6. 
GREATER FELcouRT Farm. 


unreasonable, since it is well-known that the electric 
motor has a very long life, and always gives a very 
smooth drive. 

The interest on capital is taken as 6 per cent. 

Work done per year. 200 days at 5 acres per day= 
1,000 acres. 

Repairs and maintenance of engine-driven tractor, £40. 

Repairs and maintenance of electric-driven tractor £20. 

An additional sum of £24 per annum should be 
added for the electric tractor for wear on the cables 
and replacement every two years. 

Cost per Acre.—The 22 units (kw.-hours) required by 
the electric tractor will produce at the axle— 


0-75 x 22 x 3,400 = 56,000 B.Th.U. 
The following quantities of fuel are required to do 
the same amount of work— 


56,000 
P ee tick «at | = 29 . 
etrol 0-14 x 19,900 1 Ib gals 
56,000 
P ——___——._ == 9} -2 Ib, = 2°7 : 
araffin 0-14 x 18,900 1-2 |b 7 gals 
56,( 
Fuel oil ee. teh. «Obes 


0-14 x 18,000 
Comparative costs are given by the following table :— 





Internal-Combustion 














| 
| Tractor. ‘ 
Electric 
is | | ae Tractor. 
| Petrol. pm on 
Cost of | s. d e. @. | a. ¢. oé. 
Fuel .. * oe, va 2.2: (be 1 10 
Engine Lubricating | 
Oil ; ..| 3%) 0 4) 08 | — 
Labour — Ok Sey 27 ee 2 Oe 1 2} 
Repairs ‘ ..| O OF] O 9] O 98] O 5 
Cable os x _ | - | _- 0 5 
Depreciation a ee 2: me |! 0 8 
Interest . 0 7 o FT | a 0 7} 
RES CEE ERIE ERE ae eS 
8 83| 7 6b] 610 | 5 2 
| ! 





To the above, of course, must be added the usual over- 
head charges. The table shows that, with electricity 
at one penny per unit (kw.-hour), electric ploughing is 
cheaper than petrol, paraffin or fuel oil tractors, and 
to this should be added the further saving owing to 
the fact that breakdowns are far less frequent, thereby 
permitting longer hours in the field. : 

The advantages of electric plougaing may be summed 
up as follows :— 

(1) Practically unlimited power is available behind 
the plough; thus any obstruction within the power of 
the plough can be overcome. 

(2) Deep ploughing is possible, an important factor 
in the growth of sugar beet, sugar cane, &c. 

(3) The cost per acre for electric power is considerably 
lower than for the fuel in non-electric types of plough. 

(4) Low labour costs as compared with other forms 
of fuel, e.g. the work of carrying fuel and water is 
entirely eliminated. 

(5) Evenness of ploughed land, which gives a flat 
surface on which water will distribute itself. 

(6) Increase of marketable produce. Prof. Fletcher 
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of the University of California states that on farms 
where there is no mechanical power, 24 per cent. of 
the wheat, 67 per cent. of the oats and 44 per cent. of 
the hay produced are consumed by the working 
animals. 

(7) During favourable weather, large areas can be 
ploughed quickly. 

(8) When the electric cable systems are used, the 
ploughed land remains light and aerated, and the 
machines do not traverse the main portion of the land. 

(9) The ploughing load is practically essential in 
the development of rural electrification; when com- 
bined with threshing it provides a load for about 
200 days of the year and the amount of the load is 
from two to three times that required for all other 
purposes. 

A great deal of arable land is being turned into 
pasture owing to the high cost of cultivation. This 
national calamity can be averted by the introduction 
of the cheaper and more economical electrical method. 

From what has been said, it will be appreciated 
that electric ploughing is a serious proposition which 
it is well worth while to tackle. Its problems are not 
so difficult as might at first appear, for much experi- 
ence has been gained from the electric ploughing 
work done in other countries under commercial con- 
ditions. Thus it is not too much to hope that in this 
country, provided we take advantage of the experience 
at our command, we may bring to fruition plans which 
will undoubtedly serve a turn in the solution of our 
agricultural problems. 








Tue Farapay House Journat.—The summer-term 
issue of the Faraday House Journal contains three 
articles by old students of the Faraday House Electrical 
Engineering College, Southampton-row, London, W.C.1. 
The first is by Mr. H. Rainford, and is entitled ‘ Flame- 
proof Mining Electrical Apparatus ” ; the second deals 
with the protection of alternators, and is by Mr. B. J. 
Rowe ; and the third is by Mr. H. E. M. Kensit, and is 
on the subject of the financial value of education. Notes 
on current events at the college, appointments secured 
by Faradians, and other items of interest complete the 
Journal, which is edited by Mr. H. W. Fairman, F.I.S.A., 
Secretary of Faraday House. 

STANDARD SPECIFICATIONS FOR PAInT MATERIALS.— 
The British Engineering Standards Association has recent- 
ly issued Specifications No. 254—1926, Zine Oxide for 
Paints; No. 255—1926, Asbestine for Paints; No. 
256-—1926, Interior Oil Varnish; No. 257—1926, 
Exterior Oil Varnish; and No. 258—-1926, Flatting or 
Rubbing Oil Varnish. Each booklet contains clauses 
regulating the composition of the material together with 
standard reception tests for the guidance of purchasers. 
Appendices, in which methods of carrying out the tests 
are indicated, are included in each pamphlet. These 
specifications have been prepared at the request of the 
paint manufacturers by a committee representative of 
both the buying and the manufacturing interests and, 
as in the case of all British Standard Specifications, 
they will be reviewed as experience of their working 
or progress in the industry renders it necessary. 
Revised issues will be published from time to time. 
Copies of the five new specifications may be obtained 
from the B.E.S.A. Publication Department, 28, Victoria- 
street, London, S.W.1, price 1s. 2d. each post free. 
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SOME FEATURES OF THE ECONOMICS 
OF ELECTRICAL DISTRIBUTION.* 


By J. M. Kennepy, M. Inst. C.E., M.LE.E. 


Ir the proposals now before Parliament for the 
co-ordination of generation throughout the country 
materialise, the majority of the existing undertakings 
will be able to purchase electricity in bulk at a con- 
siderably lower price than that at which they can at 
present generate in their own stations, and they will 
thus become distributing authorities only. The object 
of this paper is to consider some of the problems with 
which we are faced under this new set of conditions. 

It will be useful, at this stage, to consider the rela- 
tive importance of the generating and distribution side 
of the electric supply business at the present time. 
Table I below shows, for each of the last four years, the 
total capital expenditure on electricity supply under- 
takings in Great Britain, and it will be seen that the 
total invested at the end of 1924-25 amounted to 
194,000,000/., of which 54-6 per cent., or 106,000,000/. 
had been invested in the distribution side of the system. 
From the capital point of view, therefore, the dis- 
tribution side is more important than the generating 
side. With co-ordinated generation in the future, it 
seems probable that the capital spent on distribution 
will amount to a still greater percentage of the whole 
than it does at the present time. 








TABLE I, Capital Expenditure on Electricity Supply 
Undertakings, 
Total Capital on Percentage 
Year. Capital. Distribution. ere re 
Millions. Millions. Capital. 
£ £ Per Cent. 
1921-2 144 77°5 53-8 
1922-3 158 84-7 53-5 
1923-4 174 93-4 53° 
1924-5 194 106-0 54- 

















Table II shows the total revenue in each of the 
last four years and the revenue per 1001. of capital 
invested in the distribution side of the business. It 


TABLE II, Revenue from Electricity Supply Undertakings. 











| 
AGES Revenue per 100I. 
Year. Fete Raven: Distribution 

es Capital. 

{ 

| ¢ £ 

| 35-4 45-7 
35-5 41-8 
38-8 41-5 

41-8 39-4 








will be seen that there is an annual reduction in the 
amount of revenue per 100/. of capital invested, which 
indicates that the increase in revenue is not so rapid 
as the increase in capital invested. This in itself is 





* Paper read before Section G of the British Associa- 
tion at Oxford, on Friday, August 6, 1926. Abridged. 
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not a bad sign, as long as it is accounted for by a 
reduction in the cost of production and/or distribution ; 
but if it indicates a falling off in the number of units 
sold per ll. of capital invested, it is a matter which 
requires investigation. 

Table III shows the total number of units sold in each 
of the last four years, the number of units sold per 1/. 
of capital invested in the distribution business and, 
conversely, the amount of distribution capital per 
1,000 units sold. It will be seen that there has been an 
actual increase in the number of units sold per 11. of 
capital, but that there is a decline in the rate of increase 
in the last few years, and it looks as if the sales might 
become steady at a figure of about 48 units per ll. 
Conversely the rate of capital expenditure on distri- 
bution is becoming steady at a figure of about 211. 
per 1,000 units sold. 








Tasue III. Units of Electrical Energy Sold. 

y Distribution 

Year, | Units Sold. | 17"Distribution | Capital per 
: A ,000 units 
Capital. Sold 
£ 

1921-22 3,145 41 24-6 
1922-23 3,789 45 22-3 
1923-24 4,339 46-5 21-5 
1924-25 4,998 47 21-2 














In connection with Table III, the important point, in 
general terms, is that the units sold per ll. of capital 
should be a maximum, and conversely that the dis- 
tribution capital per 1,000 units sold should be a 
minimum. It should be noted, however, that the 
actual figure of units sold per 1l. of capital on distribu- 
tion for any one undertaking is not by itself a criterion 
of the efficiency or otherwise of that undertaking. 
Due regard must be paid to the nature of the district 
and of the loads supplied. 


The corresponding figure for the larger companies | 


in the West-end of London, where street work is very 
One com- | 


expensive, averages about 31 units per 1l. 
pany with a big railway supply averages 78 units per 
1l., and one or two of the big local authority under- 
takings in the East-end are about the same. For 
overhead distribution in rural districts, if current is 
offered at reasonable rates, the sales should average, | 
at least, 60 units per 1/. of capital on the distribution 
system and a much greater amount when domestic | 
and other supplies have been developed more inten- | 
sively. Looking to the future and bearing in mind | 
that the load factor of most supply undertakings should | 
be very greatly increased—in many cases nearly 
doubled in the next five to ten years—it certainly 
appears that the units sold per ll. should, on the 
average, increase from the present figure of 47 to 
between 70 and 80. Conversely the amount of dis- 
tribution capital per 1,000 units will fall from its 
present figure of 211. 2s. to between 121. and 141. | 
Although not entirely relevant to this paper, it is of 
interest to note that the present sales of 47 units, repre- 
senting 160,000 B.Th.U. per ll. distribution capital, 
compare with a sale of 1,120,000 B.Th.U. in the form 
of gas per ll. distribution capital by the Gas, Light 
and Coke Company. Assuming that each ll. of capital 
invested in the distribution business requires a return 
of only 15 per cent. for interest, sinking fund, repairs, 
maintenance, rates and management, it would appear 
that a charge of 36d. on this account has at present 
to be borne by, say, 48 units, i.e., 3d. per unit, in addi- 
tion to the cost of generation. The importance is evi- 
dent, therefore, of increasing the number of units’sold 
per 1l. of capital invested in the distribution business. 

The extent of the demand in many districts depends, 
to a great measure, on the price at which electricity is 
offered. The accompanying diagram shows the rela- 
tionship between the number of units sold per head 
of population and the average revenue obtained per 
unit for private supply in the areas of most undertakers 
in Great Britain. It will be seen that, for an average 
revenue of from 10d. down to 3d. per unit, the average 
sales increased from 20 up to 60 units per head. The 
lower the average revenue per unit the more rapid is 
the increase in the number of units sold per head, being 
about 110 units per head at 2d. per unit and 170 units 
per head at 1$d. No undertaking with an average 
— of 1}d. or less is selling under 200 units per 

ead. 

Table IV shows how the total revenue of all supply 
undertakings in Great Britain was allocated in the year 
1922-23, the latest year for which these details are at 
present available. With the concentration of genera- 
tion which is now likely to take place, it seems very 
probable that, in the next few years, not less than 50 
per cent. of the total revenue will go towards distri- 
bution charges as compared with 36-5 per cent. in 
1922-23. 

In the year referred to it will be seen that approxi- 
mately 13,000,000/., out of a total revenue of 35,500,0001., 
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| was allocated to distribution, and of this amount 


}no less than 60 per cent. represents capital charges. 
| This again emphasises the necessity of increasing the 
| Sales of units So 1l. of capital invested, if any effective 
reduction in distribution costs is to be made. 
Summarising the position we may consider the 
distribution side of the electrical business in this 
country as an undertaking having, in the year 1925, 
a capital invested of 106,000,000/., with a total revenue 
of approximately 42,000,000/., and that of this revenue 
the distribution undertaking has to pay for its raw 
material (i.e, electricity in bulk) an amount of 
26,000,000/. to the generating authority. It may be as 
well to consider here the actual position of a new 
distributing authority starting operations at the 
present time. Its function is to transmit electricity 
bought in bulk to certain load centres, there to 
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TaBLe IV. Analysis of Revenue from Electricity Supply 


Undertakings, 1922-23, 








Percentage 
—_—_— Millions. tO) 
Total Revenue. 
£ Per cent. 
Allocated to general expenses. . 22-5 63-5 
Allocated to _ distributing 
expenses ée <i 13-0 36-5 
Total revenue aa 35-5 100-0 
Allocation of distribution 
expenses :— 
Working expenses .. we 2-4 18-5 
Management, rates and 
sundries .. ae ae 2-8 21-5 
Capital charges and reserves 7:8 60-0 
£13-0 100-0 
Percentage Average 
of Revenue. 
Total Revenue. | Pence per Unit. 
Per cent. 
Domestic supplies 44-4 5-30 
Public lighting .. 1-8 2°45 
Traction. . e 6-8 1-45 
Power .. 40-3 1-30 
Unallocated 6-7 2-00 
100-0 07d. 











transform it, and possibly convert it from alternating 
into direct current, and then to distribute it from 
these load centres to the actual consumer’s premises. 
The raw material should be obtained from a modern 
generating station of reasonable size at a fixed charge 
of, say, 41. per kilowatt of maximum demand and 
a running charge of, say, 0-2d. per unit sold. These 
figures may be varied up or down, depending on the 
extent of the demand and the distance which it 
finally has to be delivered from the generating station. 
The 41. charge represents the “fixed charges” in 
the station, including all capital charges, management, 
rates, most of the repairs and maintenance costs 
and a small portion of the coal. These are referred 
to as “fixed charges,” because they do not vary 
with the number of units sent out from the station. 
The costs which are dependent on the number of 


plus a small proportion of wages and incidentals. 
These costs are referred to as the ‘“‘ running charges.” 
The fixed charges in connection with any generating 
undertaking divided by the number of kilowatts of 
maximum demand supplied gives the ‘‘ fixed charge 
per kilowatt of maximum demand.” Similarly the 
running charges of any generating station divided 
by the total number of units sold represent the 
“running charge per unit.” 

This method of charging is adopted almost univer- 
sally in connection with bulk supplies from one under- 
taking to another, but where an undertaking owns 
both the generating and distribution systems in any 
area, the accounts are not generally kept in such a 
form that this so-called two-part tariff can be readily 
ascertained. This is a great disadvantage from the 
point of view of those responsible for the distribution, 
as without proper allocation of capital and overhead 
charges it is impossible to frame tariffs to the best 
advantage. The work done on the “raw material” 
before it reaches consumers’ premises involves the 
distributing authority in the expenditure of considerable 
sums of money on distribution mains and plant, and 
also the expenditure of a certain amount of energy 
for the various processes. 

The undertaker who supplies low-tension alternating 
current has to invest in transforming plant only 4l. 
per kilowatt of maximum demand (for an average-sized 
substation), as compared with 101. per kilowatt for 
converting plant in the case of an undertaker supplying 
direct current; the cost of the low-tension mains 
and services themselves is the same for either alternating 
or direct-current distribution at the same voltage and 
amounts to an average of 201. per kilowatt of maximum 
demand. The amount of money spent both on capital 
and revenue accounts is principally dependent on 
the maximum demand which the distribution system 
has to deal with, and all outgoings of this character, 
therefore, are fixed irrespective of the number of 
units sold. On the other hand, the losses of units 
in the transmission and conversion system are almost 
entirely dependent on the number of units sold and 
the cost of the lost units has to be added, therefore, 
to the unit charge of the bulk supply. Table V shows 
the amount which has to be allowed to meet the cost 
of a reasonably-sized distribution undertaking at 


Taste V. Charges for Transformation, Conversion and 











stribution. 
Rate per 
Kilowatt of | Percentage to 
p 0 
a Maximum ‘| Unit Charge. 
Demand. Be. 
£ Per; cent. 
Main transmission as aa 0-5 3 
Conversion to low-tension 
alternating-current .. aa 0-4 7 
Conversion to direct-current .. 1-3 14 
Low-tension distribution 2-2 9 
Allow for management, rates 
and sundries .. ma a 0-8 1 
Total costs of distributing 
authority for low-tension 
alternating-current, exclud- 
ing cost of bulk supply and 
without allowance for diver- 
sity factor .. Ja wa 31. 18s. 20 
per kilowatt 
Total costs of distributing 
authority for low-tension 
direct-current, excluding 
cost of bulk supply and 
without allowance for diver- 
sity factor .. a =f 4l. 168. 27 
per kilowatt 











various stages, set forth as the amount per kilowatt 
of maximum demand per annum which has to be 
added to the bulk supply price per kilowatt, in order 
to pay the expenses of the distribution undertaking. 
The table also shows the approximate percentage 
which has to be added to the bulk supply unit charge 
in order to cover the losses of energy at the different 
stages. 

Now considering the net amount which the distribut- 
ing undertaker has to charge to each of his consumers, 
it must be borne in mind that among a large number of 
consumers there is a considerable diversity factor on 
maximum load, and it is not necessary for the distributor 
to lay out his system to cater for the arithmetical sum 
of all the consumers’ maximum loads. It is a fair 
assumption, for an average case, to allow a diversity 
factor of 1-33 on the kilowatt charge. Assuming that 
a bulk supply is available at the price already referred 
to of 41. per kilowatt, the tariff for a low-tension alternat- 
ing-current supply delivered to consumer’s premises 
wt 
of consumer’s maximum demand. Likewise, if the bulk 
supply unit charge is 0-2d., this will be subjected, in 
the case of a low-tension alternating-current supply, 
to an increase of 20 per cent., making the retail price, 


= approximately 61. per kilowatt 





units sold amount almost entirely to the cost of coal 





say, 024d. per unit sold to the consumer. The lower 
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the unit charge in the bulk supply tariff, the more | has to be adopted. Various methods have been tried, 
possible will it be for the distributing undertaker to | many with great success, and it is not possible to say 
makes his tariff attractive for consumers requiring a | that there is any one method which is most suitable 
large number of units at a very cheaprate. Similarly, | for the needs of every district. The two most successful 
for a low-tension direct-current supply, the tariff works | methods are probably charges based on the floor area 
out at 61. 12s. per kilowatt of maximum demand and | of the premises supplied and charges based on the 
0-254d. per unit sold. We now have to consider how | rateable value of the premises. 

the existing undertakings who are only selling on the! In the fixing of tariffs for alternating-current supplies 
average 47 units per 11. of capital invested can improve | in general, consideration must be given to the power 
their position. For any existing undertaking where | factor of the consumer’s apparatus. A consumer with 
capital has already been spent and mains and other} a poor power factor requiring a large wattless current 
apparatus have to be kept in working order, it is| ought to be made to pay for the loading up of mains 
probably impossible to reduce any of the items of! and transformers. In the case of larger industrial 
expenditure given in Table IV, such as those for distribu- | supplies, it is open to the distributing authority to 
tion expenses, management, rates and taxes and capital | install maximum-demand indicators, recording the 
charges; but what the distribution authority can do is | kilovolt-amperes, instead of the more usual kilowatt 
to adopt a tariff, or series of tariffs, which will enable | indicators; but it is preferable, from all points of 
more units to be sold from the equipment representing | view, that the consumer should alter, or add to, his 
the expenditure already involved, and to see that all | installation in such a way that his power factor is 





future capital is spent on a policy which will ensure 
the sales of a greater number of units per ll. of capital. 
Turning again to Table IV, it will be seen that over 
44 per cent. of the total revenue is received from domes- 
tic consumers. This represents rather less than 18 per 
cent. of the total units sold in 1922-23, and the average 
revenue from these consumers is 5-3d. per unit. The 
sales of units to domestic consumers amount to less 
than 20 units per head of population served for domestic 
supplies. It has only recently been recognised that 
the domestic consumer really offers one of the widest 
fields for the development of electricity supply that 
exists in the country to-day, and it is obviously more 
economical for a distribution undertaking to get an 
existing consumer to purchase for heating and cooking, 
etc., anything from 50 to 100 times his present con- 
sumption of units, rather than get new consumers to 
take the equivalent quantity. It is sometimes stated 
by distributing authorities that they are unwilling 
to offer a low tariff for cooking purposes, because they 
are afraid that, if they do so, such a large number of 
consumers will come on to their mains that they 
will be involved in very heavy capital expenditure in 
increasing the size of their mains and the low rates may 
ultimately prove unremunerative. It may be of 
interest to mention here some tests which have recently 
been carried out in the United States to ascertain the 
diversity factor of electric cooking ranges. These were 
carried out in a very thorough and systematic manner | 
over many months in two separate residential districts, | 
and the extent of the diversity factor, as shown by 

Table VI, is very remarkable. 
TaBLeE VI. Diversity Factor of Electric Cooking | 
Ranges, 











rea = Average Maximum Diversity 
Circuit. Demand per Range. Factor. 
1 3-61 a 
5 1-75 2-05 
10 1-36 2-65 
40 1-00 | 3-63 
50 0-95 | 3-7 
75 0-90 4-05 
100 0-86 | 4-18 
1,500 0-72 5-00 








An average small household will use from five to 
eight units a day for cooking, and the annual consump- 
tion for cooking only may easily reach a figure of 
500 to 600 units per head of those supplied. Even at 


the high figure of 1d. per unit, this means an expendi- | p 


ture of only, say, 48. per week, which compares favour- 
ably with other methods of cooking. A valuable 
addition to the electric cooking range is the electric 
water heater, and the introduction of this apparatus on 
any system will have a still more marked effect in 
improving the load factor. In order to reduce the 
maximum load of any household so equipped, a two-way 
switch can be fitted, so that the electric oven and 
water heater cannot be connected to the mains simul- 
taneously. Normally the water heater is connected, 
but when the oven is wanted the water heater is 
automatically switched off. Residential consumers’ 
load factors of nearly 60 per cent. have been recorded 
with electric equipment of this description, and the 
load factor of an undertaking in a residential district 
may thus be increased from te usual figure of 15 
per cent. to 20 per cent. up to 40 per cent. or 
50 per cent. 

In order to attract the domestic consumers, it is 
essential to frame a tariff so that if his equipment is 
arranged to take the largest possible number of units 
with the minimum possible load, #.e., he has a really 
good load factor, he will get his supply at an average 
price of, say, jd. per unit or less. A two-part tariff 


with a kilowatt and unit charge, on the lines which 
have been discussed earlier in this paper, is hardly 





applicable to domestic consumers, owing to the compli- 
cation of putting in a maximum-demand indicator, 
and some other method of determining a fixed charge 


brought to near unity. In the case of domestic 
consumers, from whom such a big increase in demand 
is to be expected, all the important items of equipment, 
such as water heaters and cookers, are likely to give a 
power factor of unity, and this question will not, 
therefore, arise. 

Special study should be given to such uses of elec- 
tricity as will contribute most to an improvement of 
the local load factor, and rates should be based 
accordingly. It is not sufficient to decide that a rate, 
say, of ?d. per unit can be offered for a certain service ; 
inertia in the minds of consumers has to be overcome, 
and a sales policy must cater for this disability by 
advertising, demonstrations, loans, or hire, of apparatus, 
and other such means. 

It is often maintained that, owing to the low thermal 
efficiency of converting coal into electricity, it is very 
wasteful to distribute electric power. It must be 
pointed out, however, that the modern generating 
station has a thermal efficiency of well over 20 per 
cent., in fact, during the past year one of the laigest 
stations in the country has already touched 22 per 
cent. The distribution of electricity does not entail 
any very serious losses; taking as an example a 
generating efficiency of 21 per cent. and 15 per cent. 
losses in the distribution system, the consumer obtains 
18 per cent. of the heat value in the coal. Now the 





consumer has the great advantage in using electricity 
that, for whatever purpose he wishes it, he can use| 
it at a very high efficiency. For lighting or heating | 
one may say that the efficiency is in the nature of | 
100 per cent. For power purposes the efficiency | 
may be anything from 80 per cent. to 90 per cent., | 
depending on the size of motor used. The 100 per) 
cent. efficiency for heating, coupled with the great | 
ease of control and absence of fumes and ashes, make 
electricity one of the most desirable agents for all | 
heating purposes. There is one other aspect that must 
be touched upon in connection with this question of | 
thermal efficiency—the large generating station of | 
to-day can be equipped so as to use, with advantage, | 
the cheaper classes of coal which are on the market, | 
ranging from 10s. per ton to 15s. per ton at the pre- | 
sent time, whereas the individual consumer requiring 
coal for furnaces or domestic purposes has to pay 
two or three times this amount for fuel suitable for 
his particular purpose. Taking cost of fuel into 
consideration and cost of maintenance of local plant, 
there are very few, if any, installations at the present 
time which can compare with a bulk supply of energy | 
derived from a modern high-efficiency generating 
lant. 

The size of area covered by any single distributing 
authority is a matter of great importance in the 
economics of distribution. It should be as large as 
possible, in order to reduce the overhead charges to 
a minimum in relation to each unit sold. In many 
instances in this country the areas already scheduled 
by local authorities or companies are much too small 
to permit of economical development, as the sales 
in a small area will not justify the expenditure necessary 
to ensure rapid expansion. Where such areas can be 
extended to a more economical size, the defect can 
be remedied, but in other cases the supply areas 
of neighbouring towns adjoin one another and little 
or no extension is possible. In such cases concerted 
action between adjacent authorities, whether municipal 
or company, is most desirable in order that all money 
spent on equipment, management and propaganda 
may have the maximum effect. 

In conclusion, reference must once again be made 
to the change which is coming over the electrical 
supply industry by the divorcement of generation 
from distribution—a change gradual but inevitable, 
due to economic forces. Similar specialisation is 
going on in all branches of science and engineering, 
and those whose generating stations may no longer 
be required should not look upon the taking of a 
bulk supply as a curtailment of their activities, but 
rather as a setting free of their energies for a more 
active development of electricity supply. 





THE INFLUENCE OF VOLTAGE HAR- 
MONICS ON POWER-FACTOR COR- 
RECTION BY CONDENSERS.* 

By Epwarp Hucuss, B.Sc., Ph.D., A.M.I.E.E. 


A Few months ago the author had occasion to 
determine the value of the capacity required to raise 
to unity the power factor of an alternating-current 
ceiling fan. The power factor of the fan motor was 
0-51. When the calculated capacity was connected in 
parallel, and the supply was taken from an alternator A 
having a fairly good wave-form, the power factor given 
by the power and volt-amperes was only 0-815. 
With the supply taken from another alternator B, the 
power factor was found to be 0:74. The wave-forms 
of the voltage, the fan current and the total current 
with alternator B are represented by curves V, F and 
T in Fig. 1. The phase of T has been reversed so that 
its shape may be seen more clearly. Curve T was taken 
with 12 , F in parallel with the fan motor. It will be 
evident that, as the current taken by the latter is 
practically sinusoidal, the trouble is due to the har- 
monics in the voltage wave being accentuated by the 
condenser. 

The power factors obtained with different capacities 
have been plotted in Fig. 2, curves A and B representing 
the values for alternators A and B, respectively. It 
was found that by connecting a three-phase balanced 
non-inductive load of a certain value across A, the 
wave-form of its e.m.f. could be so modified that a 
maximum power factor of 0:99 was obtainable, the 
variation of power factor with capacity, under these 
conditions, being as represented by C in Fig. 2. 

It may be argued that these results are of little 
importance, since alternators can now be designed to 
give almost a pure sine wave of voltage; but it must 
be remembered that there are in operation a large 
number of alternators—particularly  salient-pole 
machines—the voltage waves of which contain 
prominent harmonics.t It is therefore of interest to 
examine the extent to which power-factor correction 
can be carried out by condensers when the voltage wave 
is non-sinusoidal and to consider briefly its reaction 
upon the cost of electrical energy. 

Since condensers are usually installed by the con- 
sumer in order to reduce the cost of his electrical energy, 
we shall consider only the case where the power (and 
not the kv.-a.) remains constant. 

Suppose the applied voltage to be represented by 


v=Visin@+ ... + Vasin(n 6 — an) 
where V, = amplitude of the nth harmonic. 

As we are examining the effect of harmonics in the 
capacity current, let us assume the current taken by 
the load to be sinusoidal and represented by 

ay = I,sin (0 — pr) 
where ¢,, = lag of current behind the fundamental 
voltage. Hence, the power taken by the load 
=0-5 I; Vi cos Pu 

Suppose the phase difference between the voltage 
and current fundamentals to be reduced from ¢;, to ¢ 
by the installation of a condenser of C farads. The 
current taken by the condenser can be represented 
thus :— 

ig =I, sin (0 + 90) +... + Insin (2 @ — an + 90) 
Let I, be the maximum value of the resultant funda- 
mental current ; then, from Fig. 3, it is seen that 


In? = 1,2 cos? gu + (I, sin ¢, — T,)2 
= ],2 { cos? dy + (sin gu — ty} 
L 
Also 
lh =wCV; 


Tn =nwCV, =I, 


« @) 


Hence, the volt-amperes after installation of con- 
denser are given by 








0-5 J/(Vi2 +... + Vn?) (2 + 2. + Tn?) 
vV,\2 
1 pthc s2 gr + 
=0-51LV; { + (3) Phas , 
2 
(omen eh (pe) Ue) J 
and the power factor by 
cos d. 





Vn 


{i +(t), } { cos? gd, + (sino - 
/ Vi 
’ Vn \2 i)" \ 
me oe pe 
V +(" a) (z 
* Paper read before Section G of the British Associa- 
tion at Oxford on August 10, 1926. ; 
+ See Hawkins’s “‘ The Dynamo,” vol iii, Chapter 26, 


and Miles Walker’s ‘ Dynamo-Electric Machinery,” 
page 304, 
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I. 











AUG. 13, 1926.] 


ENGINEERING. 


217 








But 2 is the ratio of the kv.-a. of the condenser 


L 

as usually calculated (from sinusoidal quantities) to 
the kv.-a. of the load. For a particular value of the 
harmonic voltage and for a given initial power factor, 
it is now a simple matter to calculate the power factor 
obtainable with a given ratio of =. 

L 
Figs. 4, 5 and 6 show the improvement in power factor 
for different initial power factors obtained with— 


The curves in 


10 per cent. of funda- 
mental (Fig. 4). 

1 per cent. of funda- 
mental (Fig. 5). 

5 per cent. of funda- 
mental (Fig. 6). 


(a) a 3rd harmonic voltage 
(6) a 25th harmonic voltage 


(c) a 25th harmonic voltage 


For purposes of comparison, Fig. 7 has been added 
to illustrate the effect when there are no harmonics. 
From Figs. 6 and 7, it will be seen that with a prominent 
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high harmonic, such as a tooth ripple, the power factor 
due to a capacity that would have given unity power 
factor with sinusoidal waves may be less than the 
initial value. 

It has been shown* that when there are no harmonics, 
the rate of change of power factor with the kv.-a. 
capacity of the phase-advancing apparatus is a maxi- 
mum when the power factor is 0-82—a fact that is 
demonstrated by the curves in Fig. 7. From Figs. 4 
5 and 6, however, it is obvious that the lower the 
initial power factor, the lower is the power factor 
at which the rate of improvement of the power factor 
attains its maximum value, and, consequently, the 
lower is the most economical power factor of that 
section of the supply system; also, the greater the 
magnitude and the higher the frequency of the har- 
monic, the lower is the most economical power factor. 

Effect upon Tariff—Let us now consider briefly the 
influence of the harmonic currents taken by the 
condenser upon the cost of electrical energy to the 
consumer. 

The tariffs for alternating-current energy in force in 
Great Britain may be divided into two classes : 

(1) Those involving a charge per kv.-a. of maximum 
demand, as indicated by a kv.-a. demand meter. 

(2) Those involving an adjustment of the charge 
depending upon the power factor of the system. 

Class I.—The most common types of maximum- 





* «The Improvement of Power Factor,” Journal 
LE.E., vol. 1xi, page 117. 








demand meters are: 

(a) The thermal pattern, and (b) The induction 
pattern, with or without voltage compensation. 

The thermal indicator registers the full effect of the 
harmonics. Consequently, if condensers were installed 
with the idea of increasing the power factor from an 
initial value of 0-5 up to unity (on the assumption of 
no harmonics), but if only a power factor of 0-8 were 
attained, the reduction in the consumer’s maximum 
demand would be 37-5 instead of 50 per cent., and 
he would be required to pay 25 per cent. more on his 
maximum demand owing to the presence of harmonics. 

As regards the induction-type of demand meter, 
there seems to be no experimental data on the effect 
of frequency on this type of instrument.* To deter- 
mine this effect, tests were carried out on an inverse 
time-lag relay (N.C.S.) of the induction type, as the 
latter was the nearest approach to the induction 
demand meter that the author happened to possess. 
From these tests, the curve in Fig. 8 has been deduced, 
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where the torque per ampere at various frequencies 
has been plotted in terms of the torque per ampere 
at 50 cycles. It will be seen that up to about the 19th 
harmonic, the torque per ampere in this instrument 
may be anything up to 3-5 times that at 50 cycles. 

Hence, it follows, that from the standpoint of the 
consumer, the induction-type of demand indicator is 
more unfavourable than the thermal type when con- 
densers are being used to improve the power factor 
of a system having a non-sinusoidal voltage wave. 





* A curve is given in Drysdale and Jolley’s ‘‘ Electrical 
Measuring Instruments,” Vol. 2, p. 143, for an induction- 
type ammeter ; but owing to the non-circular shape of 
the latter’s disc, the values may not be applicable to a 
meter. 








Class II.—Let us consider two cases :— 

(a) Single-phase circuit with a power-factor meter, 
and 
(6) Three-phase circuit with two wattmeters, or 
watt-hour meters, the load being assumed balanced. 

Case (a).—Consider the well-known type of power- 
factor meter shown diagrammatically in Fig. 9, and 
suppose the inductance of A and the resistance of B 
to be negligibly small. Then 

i, =k {V, sin? +... + Vnsin (n? — an)} 

and 


. . Vn 
in = hy {Vi sin (9 — 90) +... + —"ssin (nd—an—90) } 
Also, suppose the current through the fixed coil to be 
iy = I, sin (@— $) +... + Insin (n? — gn) 
Then the mean force acting on A 


= fa = kv’ {I, Vi cos fg + .. + In Vn cos (Pn-an)} 
AV 
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and the mean force acting on B * 
Tn n 
= fo = ke’ {T, Vi cos (p, — 90) +... +. a 008 (Pn 


—-h— 90) } 


. Tn Vn ) 
= k,;’ {l, V, sin 4, ya npr e sin (gn =e an) F 


A ssume that the field due to F is uniform and that 
is the angle between the axes of F and A (Fig. 10). 
Let R be the radius of each coil; then 

fs Resin B = fs Roos 8 


r In Vn , 
I, Vi sing; +...+ ar sin (gn — Gn) 
I, V; cos 9, +e ee t+ In Vn cos (dn 6 Gn) 
when ka’ = ky’ 

Case (b).—The effect of harmonics upon the power 
factor derived from the ratio of the two wattmeter 
readings will, for simplicity, be considered by a 
numerical example. 

Example.—Let us examine the application of the 
above discussion to a particular case. Thus, suppose 
the voltage applied to a single-phase circuit to be repre- 
sented by 


(2) 





*, tanp 


v = 500 siné + 50 sin 50, 
the fundamental frequency being 50. 
Let the initial load current be sinusoidal with a 
maximum value of 10 amperes and a P.F. of 0-5. 
Power = 0°5 X 10 X 500 X 0°5 = 1,250 watts. 
To bring the fundamental current into phase with 
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the corresponding voltage, the fundamental capacity 
current must be 10 sin 60, namely, 8-66 amperes. 


*. the maximum value of the resultant fundamental 
current = 10 cos 60 = 5 amperes. 


From expression (1) the maximum value of 5th 
harmonic current = 4-33 amperes. 





-, volt-amperes = 0°5 «/ (5002 + 502) (5? + 4°332) =1,6665. | 


and power factor = Loe = 0-751 





The reading on the thermal demand meter would 


correspond to 1,665 volt-amperes, whereas the induction | their automatic control system for centrifugal pumps, 


demand meter would give a higher reading; thus, if | 


its frequency characteristic were represented by Fig. 8, | ein Ci. Wesleten, Ponnn, CALA 


its reading would correspond to | 





0°5 n/ (5002 + 50?) {52 + 3°5 (4°33)2}, | Company, Limited, Prescot, Lancs, have sent us copies 


st 2 | 
namely, 2,380 volt-amperes, a value that would be! testing cables, insulating varnishes, house fuse boxes, 
43 per cent. greater than the actual volt-amperes. | and fittings for cables and wiring. 


With a power-factor meter of the type described | 


above, we have from expression (2) and Co., 1, Victoria-street, London, 8.W.1, have issued | 
| a booklet and illustrations of buildings, bridges, tanks, 


tan 8 = 0°0173 
fp = 59 
so that reading on meter = cos 59’ = 0-:9998. In 
other words, the power-factor meter is reading unity 
when the power factor is really only 0-75. 

Let us next examine the case of a balanced three-phase 
load by assuming the values given above to be the 
phase voltages and currents of a star-connected system. 
It can be shown that the readings on the two watt- 
meters W, and W, are 


construction. 


CATALOGUES. 


Thermometers and Pyrometers.—Messrs. Negretti and 
Zambra, 38, Holborn-viaduct, London, E.C.1, have 
issued a new list of totally-enclosed electrical thermo- 
meters and pyrometers for temperatures up to 3,000 
deg. F. 

Electric Ignition.—A further pamphlet explaining the 
construction, repair and operation of their coil-ignition 
system for petrol engines has been issued by Messrs. 
Deleo-Remy and Hyatt, Limited, 111, Grosvenor-road, 
London, 8.W.1. 


Automatic Control of Pumps.—A catalogue describing 


and illustrating several colliery installations in the 
United States, is to hand from Messrs. Barrett, Haentjens 


Electrical Equipment.—The British Insulated Cables 


of their catalogues of fault-localising apparatus for 


Reinforced Concrete Construction.—Messrs. K. Holst | 


chimneys and other structures in reinforced concrete 
which they have designed and erected under contracts. 


Small Castings.—A catalogue of malleable-iron castings 
and grey-iron castings, received from Court Works, 
Limited, Madeley, Salop, illustrates some very clean 
and accurate forms, both simple and intricate, made 
for the motor-car trade, as well as for general machine 


Sanitary Equipment.—Messrs, Stitson, White and Co., 
Limited, 102, Victoria-street, London, S.W.1, have 


W, = 0-5 x 865 x 5 cos 30 + 0° 


(— 120) = 1,870 — 93° 
and 


We. = 0°5 x 865 X 5 cos 330 — 0°5 xX 86°5 X 4°33 cos 
120 = 1,870 + 93°5 = 1963°5 


W, 
W, 


When the voltage and current are sinusoidal, the 
power factor of a balanced three-phase system is 


given by 


= 0°903 








1 
1l—- =— 
, WwW, 
Ri ; (8 


1+ WwW, 
re i one: 
Substituting for w, 2 this expression, we have a value 


of 0-996. Hence the power factor calculated from the 
ratio of the wattmeter readings is practically the same 
as the power factor that would have been obtained if 
there were no harmonics. 

Conclusions.—(1) The power factor of a system 
having harmonics in the voltage wave cannot be 
increased to unity by means of condensers. 

(2) With sinusoidal waves, the maximum rate of 
change of power factor with the kv.-a. capacity of 
the phase-advancing apparatus occurs at a power factor 
of 0-82, independently of the initial power factor ; but, 
with non-sinusoidal waves, the lower the initial power 
factor the lower is the power factor at which the rate 
of improvement attains its maximum value; also, 
the greater the magnitude and the higher the frequency 
of the harmonic, the lower is the power factor at 
which the maximum rate of improvement occurs. 

(3) It is quite possible that after the capacity 
calculated to give unity power factor for sinusoidal 
waves has been installed, the final power factor may 


forwarded us a booklet illustrating twenty large cffice 
and other buildings in which they have installed the 
sanitary equipment, including water, heating, vengjla- 
tion, lavatory, and other fittings. 


Lubricants.—The Vacuum Oil Company, Limited, 
Caxton House, Westminster, London, §8.W.1, have sent 
us a catalogue dealing especially with the lubrication 
of stationary steam turbines. It contains useful infor- 
mation about suitable packing and lubrication of the 
various parts, with notes on oil circulating systems and 
on the various difficulties encountered in working. 


Condensing Plant,p—Messrs. Hick, Hargreaves and 
Co., Limited, Bolton, have issued a new catalogue of 
surface-condensing plant equipped with the Hick- 
Breguet Ejectair. The illustrations are ample, and the 
text includes much useful technical information as well 
as general descriptive matter. The catalogue describes 
complete condensing sets with the necessary pumps. 


Foundry Plant.—We have received from Messrs, 
George Green and Co., Keighley, a catalogue of machines 
made under the patents of Mr. J. Pickles, Bradford, 
from whom they have acquired the patterns, drawings 
and goodwill. The machines include hand and power 
moulding machines, and wet and dry type tumblers. 
In future these machines will be made at Keighley. 


Pulverised Fuel.—Messrs. Alfred Herbert, Limited, 
Coventry, have sent us a special catalogue of the Atritor 
system of preparing and firing pulverised coal, coke, &c. 
The apparatus, made under Blyth’s patents, is illustrated 
and very fully explained. This catalogue will be in- 
structive to engineers, especially those who may have 
access to supplies of cheap coal and coke dust which are 
very often considered worthless. 


Elevating and Conveying Plant.—Messrs. Spencer 
(Melksham), Limited, Aldwych House, London, W.C.2, 
have issued a catalogue illustrating and describing a 
number of elevators and conveyors which they have 
constructed for special work. These include inclined 
slides, a conveyor having the surface flush with the 
floor, examples of portable stacking plant, and types 
suitable for handling boxes, packages, &c. 


Machine Tools.—A catalogue of slotting and shaping 
machines and surface grinding machines has come to 





be lower than the initial value. 


(4) When a consumer is being charged on the kv.-a. 
of maximum demand as indicated on a demand meter, 
he is penalised by the presence of harmonics in the 
condenser current, particularly if the demand meter 
Under these circumstances, 
his most economical power factor will be less than that 


is of the induction type. 


based on sinusoidal wave forms. 


(5) When the power factor determining the charge to 
the consumer is taken from a power-factor meter, or 
from the ratio of meter readings, the consumer may 
obtain practically full benefit from the installation 
of condensers, and his most economical power factor 
is, for practical purposes, the same as that based on 


sinusoidal wave forms. 


The author desires to express his thanks to the 
Principal and the Governors of the Brighton Technical 
College for facilities to carry out the experimental 


work described in this paper. 





THE PURCHASE OF RarLway Mareriass, Cxtna.—In 
order to prevent irregularities, the Chinese Ministry of 
Communications has drawn up a set of detailed regula- 
tions governing the purchase of materials by the various 
government railways. It is stated in a recent issue of the 
Chinese Economic Bulletin that these regulations are to 
be strictly observed by all government railways whenever 
materials are purchased. 





hand from Messrs. Dowdings Machine Tool Co., Limited, 
Bush House, Aldwych, London, W.C.2. The slotting 
machines are of 4-in. stroke for precision work, and 
the shapers range from 12-in, to 22-in. stroke. The 
grinders are made in two sizes of 24-in. and 18-in. 
longitudinal feed, both having a 7}-in. cross feed, 


Brake Solenoids.—Mr. George Ellison, Perry-bank, 
Birmingham, has sent us a new catalogue of totally- 
enclosed brake solenoids or electro-magnets for direct- 
current circuits up to 660 volts and 300 amperes. They 
are suitable for any definite pull through a limited 
stroke, and are used largely for brakes and, to some extent, 
for the intermittent feeds on machine tools such as 
planing machines. Full technical particulars are 
given, 

Repetition Lathe Work.—A pamphlet dealing with the 
tool equipment and slide and turret construction for 
repetition work on chucking lathes is to hand from the 
Jones and Lamson Machine Company, U.S.A., whose 
London office is at 19, Water-lane, E.C.4. It is interesting 
to note that the single-screw American tool box is con- 
demned in favour of the British two-stud clamp and also 
that the turrets favoured are on a turntable of larger 
diameter than usual. 


Transformers.—The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
have issued a description of the 110,000-volt trans- 
formers they constructed for the Bombay receiving station 
of the Bhira hydro-electric power station. The current 
is transmitted at 110,000 volts and transformed down 





to 23,000 volts for the distributing mains of the district. 
One of these transformers was illustrated in our issue 
of February 19 last, on page 233, 


Brick-Making Machinery.—Messrs. Clayton, Good- 
fellow and Co., Limited, Blackburn, have sent us a copy 
of their catalogue of brick and tile machinery in which 
a full range of machines is shown under the following 
headings : Semi-plastic brickmaking machines; grind- 
ing mills and details; plastic brickmaking plants and 
presses; and wagons, barrows and accessories. The 
sizes included range from the largest power-driven 
machines to those driven by animal power or worked by 
hand. 


Steam Engines and Boilers.—Messrs. Robey and Co., 
Limited, Lincoln, have issued a catalogue of steam 
engines and boilers specially suitable for laundries. 
Both vertical and horizontal engines are shown, in 
powers ranging from 9 h.p. to 200 h.p. Particulars 
are also given of a series of combined engine and boiler 
units ranging from 2 h.p. to 30 h.p. Cases in which 
floor space is limited are provided for, and independent 
boilers—portable, semi-portable and fixed—are shown, 
with tables of capacities and dimensions. 


Oxygen-Jet Cutting Machines.—A machine for cutting 
shapes from sheets or plates by means of an oxygen-jet 
blowpipe is illustrated on a card received from the 
Godfrey Engineering Works, Boundary-road, Wood 
Green, London, N.22. The blowpipe, in vertical position, 
follows a horizontal template track, the jet impinging on 
the work which is mechanically held above the jet. 
In the example illustrated, a piece shaped like a scale 
beam with hooked ends is shown cut from a plate 1} in. 
thick and over 5 ft. in length, the cutting time being 
20 minutes, 


Tyre Pump.—The Boreas electrically-driven air pump 
for inflating tyres at pressures up to 150 lb. per sq. in. 
is made in two forms—one mounted on a four-wheeled 
truck and the other stationary. A receiver is provided 
for the stationary type with a capacity of 5 cubic ft., and 
also an automatic switch which starts and stops the 
motor to maintain any desired pressure in the receiver 
from 80 lb. to 150 lb. persq. in. A catalogue relating 
to these pumps has been issued by the makers, Messrs. 
Lacy-Hulbert and Co., Limited, 91, Victoria-street, 
London, 8.W.1. 


Sand-Blasting Apparatus.—We have received from 
Messrs. Tilghman’s Patent Sand Blast Company, Limited, 
Broadheath, near Manchester, a copy of a new issue 
of their catalogue of sandblast equipments showing 
operating chambers, sand and shot elevators, mixers and 
dust separators, exhausters for ventilating the chamber 
and elevating the abrasive, air compressors and receivers, 
and washing apparatus to free the exhaust air from 
dust and grit before it is returned to the atmosphere. 
There are also special machines in which the apparatus 
is embodied for scouring and sharpening files, engraving 
glass, &c. The introduction to the catalogue shows 
that sand blasting has a much wider application than is * 
yet fully appreciated. Chilled-iron shot is now largely 
used in the blast, but, in all cases, the material projected 
will cut substances much harder than itself. The air 
pressure required is generally 30 lb. per square inch, 
but often less. 





TRIALS OF THE Moror T'uc “ Jotty Tar.’’—Intended 
for service on the Thames, the motor tug Jolly Tar recently 
completed her official trials, when a mean speed of 
from 8 to 9 knots was attained. The vessel has an over- 
all length of 60 ft., a breadth moulded of 14 ft., and a 
draught of 6 ft. 2in. The propelling machinery consists 
of a 135 brake horse-power two-cylinder, direct reversible, 
heavy-oil, Bolinder-type engine. A small auxiliary set is 
also provided ; this comprises a 6-7 brake horse-power 
Bolinder ‘* Beta ’’ engine driving a compressor and @ 
4-inch salvage pump. The usual towing gear, consisting 
of a large slip tow hook and stand, stop posts and hand 
windlass, is also provided. The builders of the tug are 
Messrs. James Pollock. Sons and Co., Limited, Faversham, 
Kent. 





THE SwepIsH SAWMILL AND Woop Putp INDUSTRIES. 
—According to the Swedish Economic Review tho unsatis- 
factory position of the market for sawn timber has 
resulted in a decided reduction in cutting for the 
sawmill industry during the winter. But this has been 
more than counterbalanced by an increase in the 
felling for the pulp industry. Asa result of the prolonged 
winter, the shipment of timber was commenced 
late. The best demand has been from France, 
Spain, Holland, among other countries, whilst buyers 
in England have been perceptibly holding back. In 
regard to the wood pulp industry it is stated that by 
the beginning of the year by far the greater part of 
the present year’s production of cellulose had already 
been disposed of. Sales were fairly brisk, even after the 
turn of the year, but latterly a certain lifelessness has 
shown itself which, however, is probably not due to 
a falling-off in requirements. On the contrary, every- 
thing points to the fact that the consumption of pulp 
this year will be greater than ever before. Over 90 per 
cent. of the calculated year’s production of sulphite 
and sulphate was reported as sold long ago, and it is 
said that as early as the end of April contracts had 
been closed for at least 325,000 tons for 1927 delivery. 
An important factor for the Swedish cellulose industry 
is the recent enormous increase in the manufacture of 
artificial silk. During 1925 Sweden delivered some 
40,000 tons of bleached sulphite for this purpose. This 
year the total world’s demand for raw material for 
the artificial silk industry is estimated at about 150,000 
tons, of which Sweden will deliver about one-third. 
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Fig. 52. Earty INTAKE Diversion Dam AND SPILLWAY 


THE HETCH-HETCHY WATER SUPPLY 
OF THE CITY OF SAN FRANCISCO. 
(Continued from page 97.) 

CoNTINUING our account of the new water supply 
scheme for San Francisco, being carried out under 
the supervision of Mr. M. O’Shaughnessy, City 
Engineer, ard following the water released from the 
Hetch-Hetchy reservoir down stream, the first work 
of importance is the Early Intake Diversion dam. 
Between these points, a distance of 12 miles, both 
the city and the irrigation water at present flow 
down the natural channel of the Tuolumne River. 
In the future, as the scheme is further developed, 
the water will be passed through a 12-mile tunnel, 
which will make it possible to utilise it to develop 
some 60,000 h.p. at a site just above. the 
present diversion works. Water from the Lake 
Eleanor dam and discharged from the temporary 
power house on Cherry Creek, is now brought by 
flume to a point just above the diversion dam at 
A, Early Intake. Eventually these supplies will be 
<+—)RIVER TUVOLUM NE | 2300-5 1056! 0 x ; carried by an 11-mile aqueduct to the Tuolumne 
Ss River canyon, where, at a point about a mile above 
the Early Intake dam, it will be possible to site a 
power house for the development of about 40,000 
h.p. The discharge will join the water from the 
Hetch-Hetchy reservoir and all in excess of the 
irrigation requirements will be diverted into a tunnel 
by the works we are about to describe. The supply 
guaranteed to the Turlock and Modesto districts 
is passed over a spillway at the diversion works, and 
follows the natural course of the river for 40 miles 
to the Don Pedro reservoir which has been built 
ENGINEERIN by other parties for purely irrigation purposes. The 
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provision for irrigation supplies to be made. by the 
city is that when the natural stream flow, including 
all the Tuolumne tributaries below the city’s water- 
shed, is less than 2,350 cusecs, or when, between 
April 15 and June 15, the flow is below 4,000 cusecs, 
measured at La Grange, about 40 miles below 
KarlyjIntake, enough water is to be released from 
the city’s reservoirs to make up these amounts. 

The location of Early Intake is shown in the map 
reproduced in Fig. 2 (page 64ante). Fig. 52 is a view 
at the site, before the works were completed, while 
a plan is also given in Fig. 53 on the previous 
page. The works consist of an arched diversion 
dam, a spillway provided with automatic regulating 
sector sluices, and an intake tower at the entrance 
to the tunnel through which the supplies are 
diverted. The dam has a crest level of El. 2,356, 
and is 85 ft. high from the lowest point of founda- 
tions to crest level. It stands 56 ft. above the river 
bed level, but 25 ft. of excavation was necessary 
below this to reach good rock, into which the 
structure is let some 4ft. At the highest part, the 
concrete wall, shown in section in Fig. 55, is 16 ft. 
thick at the bottom of foundations, tapering to a 
thickness of 6 ft. at El. 2,541 (15 ft. below the crest). 
From this point the thickness remains uniform to 
within about 5 ft. of the crest, thereafter increasing 
to a width of 8 ft. by cornicing out the down stream 
face. The upstream face is vertical and struck to 
a horizontal arch of 100 ft. radius. The whole of 
the batter is on the downstream face and is 6-6 
onl. 

On the south side the dam abuts against the rock 
of the canyon side. On the north it was necessary 
to provide an abutment of mass concrete. This 
had a width and length, at crest level, of 14 ft. and 
40 ft., respectively. From this level the sides were 
spread at an angle of 45 deg. After extending 
to a width of about 21 ft. on either side of the centre 
line, the sides were carried vertically downwards: 









Fig.56. PLAN. 
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Itcontains 3,611 cub. yards of concrete. From 
the plan, Fig. 53, it will be seen that the concrete 
wall gradually expands to the dimensions of the 
abutment block. The junction of the two consists 
of a face 14 ft. wide at the top and expanding to 
something like 42 ft. below. The two parts are 
keyed together by a vertical projection 9 ft. wide 
and | ft. 3 in. deep standing out from the wall 
and let into the mass of the abutment. The parts 
are also bonded together by 20-lb. rails embedded 
for 10 ft. in each part. These are arranged in pairs 
4 ft. apart vertically, and 3 ft. 3 in. apart hori- 
zontally. A copper cut-off strip, yy-in. thick and 
16 in. wide, crimped to a width of 13 in., is 
set vertically across the face joint at the key. 
Above El. 2,310 (10 ft. above stream bed level) 
the dam wall proper was built in three sections, 
separated by two 18-in. key gaps, which were 
located 55 deg. apart, or approximately at the 
points of contraflexure of the arch ring. After 
the wall had set thoroughly these slots were con- 
creted up in winter. Copper cut-off strips were 
embedded in the concrete, projecting into both the 
wall sections and closing keys, across each joint. 
The upper part of the dam wall, 6 ft. thick, was rein- 
forced with 3-in. bars which projected, and were 
concreted, into the closing keys. The dam con- 


tained about 6,500 cub. yards of concrete. 
The arch dam is provided with two 36-in. by 36-in. 
gate sluices placed at El. 2,315, i.e., 41 ft. below the 
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crest. These are situated in wells built out on the 
up-stream face, about 300 ft. apart, the positions 
being indicated in Figs. 53 and 56. Fig. 57 is a 
sectional elevation at one of these wells, which are 
of reinforced concrete of a general wall thickness of 
12 in. Internally they measure 4 ft. 3 in. by 3 ft. 
9in. On the up-stream face of each well are slots 
for the accommodation of shutters, which are built 
up of steel and are 4 ft. square. Both these and the 
sluice gates work against the faces of castings 
embedded in the concrete ; these are shown in the 
section Fig. 62. Figs. 59 to 61 show the deck plan 
and typical horizontal sections, from which the 
arrangement for the valves and shutters will be 
followed. For a height of some 17 ft. upwards from 
the river bed, wing walls are provided, to protect the 
3 ft. 6 in. by 3 ft. 6 in. entrance to the well. Sections 
of these are given in Fig. 61. They are 12 in. thick 
and are reinforced by }-in. and $-in. bars. They 
are flared at 45 deg. either side of the centre line. 
The sluice gates are operated by hand gear and rod. 
from the deck level. The steel shutters are handled 
by a small hand jib crane of the portable type 
with horse-shoe base, so that it can be run out on to 
the well decking and the arm located correctly in 
relation to the shutter slot. The outlets through 
the dam are 3 ft. in diameter, circular in section. 

The most interesting feature of the works is the 
spillway fitted with automatic regulating sector 
sluices. From Fig. 53 it will be seen that the 
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spillway lies to the north of the dam. At the) 
up-stream end it has a width of 130 ft., narrowing to | 
119 ft. below the sluices, and to 60 ft. for the lower | 
part of the channel. It is to be seen in the fore- | 
ground in Fig. 52. A typical section is given in 
Fig. 54. At the upper end the slope, commencing 
at 4 per cent., increases to 14-5 per cent. and then 
to 22 per cent., flattening out again thereafter to 
8 per cent. and ending with a long stretch of 1-25 per 
cent. The sides of the channel are formed of retain- 
ing walls battered on the front face to }:1. The 
thickness of the floor varies as a result of easing 
off the gradients into each other. 

The regulator structure is set on an alignment 
radial to the dam, as will be clear from Figs. 53, 
63 and 64, the two latter showing the general arrange- 
ment of this part, in plan and elevation, and inci- 
dentally the dam abutment block into which the 
regulator structure is keyed, the joint being furnished 
with a copper cut-off strip. There are five auto- 
matic sector sluices each 23 ft. in length The total 
capacity of discharge is 20,000 cusecs. The structure 
consists of the foundation and body of the spillway 
proper, with the crest level at E. 2,341, and finished 
to an ogee form on the down-stream side. At the 
north end, the structure terminates in an abutment 
built against rock. At the south end, and between 
the five regulators, are piers carrying a light 
girder bridge. 

Figs. 65 to 70 show details of the regulators. 
Fig. 65 is a cross-sectional elevation between two 
piers, Fig. 66, a longitudinal elevation looking up- 
stream and Fig. 67 a section through one of the 
piers and the sector pit. Figs. 68 and 69 are plans. 
The spillway dam is let well into the solid rock, into 
which deep foundation and cut-off trenches were 
cut and filled with concrete. The upper surface of 
this was finished with 2 ft. by 1 ft. rectangular ribs, 
and bent bars, at 3-ft. spacing, were half embedded 
in it to form a bond for the dam structure. A 
copper sheet water cut-off was also inserted across 
this construction joint. The dam contains the) 
pits for the sectors which, as stated, are each 23 ft. 
long. The piers are 12 ft. in an up and down stream 
direction, but this is reduced, for the upper 10 ft., 
to 8 ft. The thickness of the piers is 3 ft. 9 in., 
reduced above to 3 ft. where the width is also 
reduced. 

A syphon is located in each pier. They are set 
at different levels so that the sectors control for 
successive water levels. The centre sector syphon is 
2 in. lower than the one on each side of it, and these 
again are 2 in. lower than the outermost. A syphon 
is seen dotted in elevation in Fig. 65. On the 
up-stream side the syphon is connected with a 
longitudinal passage, 18 in. square, running parallel 
with the sector pit, with which it is in communication 
by means of eight 6-in. feed pipes. Water from the 
pit is drawn off by the syphon through these pipes 
and the passage. On the down-stream side, the | 
syphon continues straight forward in line with its pier 
and discharges through an opening near the toe of 
the ogee. Direct communication exists between the 
pit and the reservoir, by means of three 6-in. intake 
pipes. The sectors are watertight, and built of 
steel. They are hinged to the up-stream top lip 
of the pit, The position they take up depends on 
the relative volume of water admitted through the 
three intake pipes to the pit, to that drawn off 
through the syphon angi its eight feed pipes. 

The syphon is primed by water from the reservoir 
entering a short 12 in. by 15 in. passage leading 
to an air shaft in which is an adjustable bell, | 
covering the end of an upright pipe, as shown in | 
Fig. 65. The lower end of this pipe is branched | 
off to the syphon, with which connection is made | 
close to the crown. As the reservoir level rises, | 
if the syphon is not working, water enters the pit | 
and raises the buoyant sector to a corresponding | 
degree. When the priming level is reached, water | 
seals the entrance to the bell shaft, passes under the | 
bell and over the lip of the vertical pipe and flows | 
into the syphon. The backward curve of the 





latter on the down-stream side causes a sheet of 
water to close the syphon passage by striking across 
it (as in syphon spillways) to the outside wall. | 
This results in the air in the crown being rapidly | 
evacuated by surface friction, causing the syphon | 
to fill and start working. 


As the syphon draws | 


| Repeated Bending Stresses,” 


‘off more water than can enter by the three inlet 
pipes to the pit, the sector falls, allowing an increased 
amount of water to pass over the top. When the 
reservoir level falls sufficiently the seal is broken 
| by air passing under the edge of the bell, and the 
syphon breaks off. 

The proportions of the gate are such that the 
moment of the water pressure on the lower face of 
the sector is greater than the combined moments 
of the water pressure on the upper face and the 
weight of the sector, about the hinge, for all reservoir 
levels up to El. 2,346, in the case shown in Fig. 65. 
Above this level, the moment on the upper side of 
the sector is the greater, and if the level rises the 
sector will fall. This movement is steady, the sector 
being cushioned on the water in the pit, which it 
tends to force out through the three inlet pipes. 
With the syphon acting, the motion is slightly 
accelerated. If, for any reason, the sector should 
tend to stick, owing to excessive hinge or seal 
friction, the reservoir level might rise to El. 2,346°25. 
The syphon would then be working full bore and, 
as already pointed out, would draw off more water 
than can enter the pit. The pressure above the 
sector then forces it down. With a falling water 
level, if the surface drops to El.2,345:5 air is admitted 
and the syphon breaks off. The bell, which acts as 
a seal, is carried by a rod extending to the top of the 
pier, where its height can be adjusted by means of a 
nut and screw. The reservoir level at which air 
will break off the syphon can be regulated within 
+ 6 in., by raising or lowering this bell. 

On the down-stream side of the pier there will 
be seen in Figs. 65, 66, and 68, embedded in the con- 
crete, an 8 in. vertical pipe, branched (Fig. 66) and 
continued down to the down-stream lip of the pit. 
This pipe supplies air under the front edge of the 
sector when it is in its lowest position, so as to 
destroy any tendency to form a vacuum due to 
the flow of water over the top. 


(To be continued.) 





THE BRITISH ASSOCIATION 
MEETING AT OXFORD. 


SECTION G.—ENGINEERING. 
(Continued from rage 209.) 


CoMBINED TORSIONAL AND REPEATED BENDING 
Stresses; STRESS CONCENTRATION. 


At the commencement of the session held on 
the morning of Tuesday, August 10, the Chairman, 
Sir John Snell, explained that as a part of the morn- 
ing would be occupied by a visit to the Lewis Evans 
collection of scientific instruments, it would be 
necessary to limit the time allowed for the reading 
and discussion of papers. The first paper taken 
was one by Professor F. C. Lea, entitled ‘“‘ The 
Effect of Superimposing a Torsional Stress on 
which we reprint 
on page 242 of this issue. Professor Lea gave a 
brief summary of the paper, describing the machine 
used for the tests and explaining the results 
obtained. He also mentioned that he had recently 
learnt that Professor Akimasa Ono, of Kyushu 
Imperial University, Japan, had carried out some 
similar work and obtained similar results. In 
passing a vote of thanks to the author, the Chairman 
said he proposed to call on Mr. S. Timoshenko to 
read a paper on stress concentration produced by 
fillets and holes, and this paper would afterwards 
be discussed together with that by Professor Lea. 

Mr. Timoshenko pointed out in his paper that 
very high stress concentration was produced, in 
|many practical cases, by holes, grooves, notches 
and sharp variations in cross section, and that 
this concentration was particularly undesirable 
where materials were subjected to reversals of 
stress. He showed that the elementary theory 
of the bending of curved bars gave an approximate 
solution for the stress distribution in the case of 


'a plate with a circular hole having a bead reinforce- 


ment. In the case of two-dimensional problems, 


| he said, the stress distribution could be determined 


by examining transparent models by means of 
polarised light. This method had been used to study 
the stress at the roots of gear teeth, and the paper 
showed that, with the usual proportions, the maxi- 





mum stress was about 1-6 times that determined by 
the usual beam formula. The root stress increased 
with a decrease in the radius of the fillet at the 
root of the tooth. The effect of stress concentration 
with reversal of stress was studied by a fatigue 
testing machine, and, by comparing the loads 
necessary to cause fracture under these conditions 
with standard specimens and with specimens 
having fillets, the weakening effect of stress con- 
centration could be obtained. ~The effect, the 
author stated, depended not only on the proportions 
of the fillet, but also on the properties of the 
material. He also mentioned that the stress 
distribution had’ been investigated by observations 
of Liiders’ lines. 

The first speaker in the discussion on the two 
papers referred to above was Mr. C. E. Stromeyer, 
who remarked that Professor Lea’s paper appeared 
to confirm the results obtained by Gough. He 
then proceeded to show how Professor Lea’s results 
could be expressed in the form of a diagram, in 
which the cyclical bending stresses were plotted 
as ordinates and the constant shear stresses as 
abscisse. The results gave lines which were either 
horizontal or slightly inclined upwards at first, but 
fell off more or less suddenly towards the ends. 
In connection with Mr. Timoshenko’s paper, in 
which the use of Liiders’ lines was referred to, 
Mr. Stromeyer called attention to the Fry method 
of etching steel for stress distribution (see Enat- 
NEERING, vol. cxix, page 585 and 588), and also 
remarked that the Liiders’ lines could be made 
apparent by enamelling the steel. In recent 
German experiments on boilers, he added, white- 
washed specimens had been used so that fine 
cracks in the scale were shown up at once. In 
this connection, he said, the recent publications 
of the Kaiser Wilhelm Institute on dished ends 
were of considerable interest. 

Professor E. G. Coker, the next speaker, referring 
to Mr. Timoshenko’s paper, said he was interested 
to see that experiments had been made on the 
effect of thickening up the material round holes. 
He had himself suggested something of the same 
kind some years ago, and thought it might be 
worth while to do this with eyebars in some cases. 
He inquired whether the author had developed a 
theory to account for the stress distribution he 
found. With regard to a discrepancy between the 
stress distribution determined by Liiders’ lines 
and by photo-elastic methods, referred to by 
Mr. Timoshenko, Professor Coker remarked that 
this would be accounted for by the fact that the 
Liiders’ lines were produced only after the elastic 
limit of the material had been passed. 

Professor Ono, then read a contribution to the 
discussion in which he stated that he had been 
engaged in testing various steels under the combined 
action of alternate bending stress and steady tor- 
sional stress, the results for soft iron and ordinary 
mild steels having been published some five years 
ago. Since then, investigations had been continued 
on higher carbon steels and on special steels. The 
fatigue testing machine used was of the rotating- 
beam type, in which the specimen was subjected to 
a uniform bending moment, and the steady torque 
was introduced by driving an electric dynamometer. 
Tests had been carried out up to several millions, 
or several tens of millions, of cycles, both with and 
without the superposition of torsion, the results 
obtained being very similar to those of Professor Lea. 
The fracture of materials in fatigue, he suggested, 
took place first by the slipping of the crystals 
causing the enlargement of minute cracks originally 
existing in the material, and subsequently breaking 
would occur when the size of the cracks became 
sufficiently great. If this were so, he added, 
shearing stress would have an important influence 
on the first stage of the fracture. 

Mr. J. 8. Wilson, the next speaker, congratulated 
both authors on supplying the kind of information 
which was of value to engineers. Tests of riveted 
joints and other parts made under direct stresses 
were of little use as failure rarely occurred in that 
way. It was due to fatigue that cracks formed and 
failure ultimately occurred. Mild steel, he added. 
was a remarkable material, capable of adjusting 
itself closely to high stress concentrations, which 
thus had no appreciable effect upon the fatigue 
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limit. He had shown this by drilling a small hole | discuss it in his official capacity, but he would see 
in a plate, which would give a stress concentration | that it was given due consideration in the proper 
of 2} or 3 times the mean, and subjecting the plate quarter; it was, obviously, of considerable impor- 
to a fatigue test ; the hole, however, had practically | tance to consumers. 
no effect. Mild steel was a material in which| Professor W. Cramp, who was invited to speak 
engineers could have the utmost confidence, and | by the Chairman, referred to the fact that, some 
that it would safely withstand high stress con-| twenty years ago, the problem dealt with in the 
centrations was fully realised by those responsible | paper had been investigated by Steinmetz. who 
for the maintenance of bridges. | devoted a chapter in “ Alternating-Current Pheno- 
Sir T. Hudson Beare remarked that he had, in| mena ” to the effect. The fact that the explanation 
1913, designed a machine for the same purpose as | existed in Steinmetz’s book had been overlooked 
that used by Professor Lea, but the work had been | owing to the difference between the conditions 
discontinued owing to the war. It was intended | existing at the time it was published and the 
to take it up again now, and he hoped to bring the| present; the paper, he added, was of value in 
results before the meeting of the Association next | calling attention to this. The author, moreover, 
year. Sir Henry Fowler said that what engineers | had gone farther than Steinmetz with respect to 
wanted was to know the behaviour of material| the simplicity of the formule employed, and | 
under stresses applied at irregular intervals, such as | anything which simplified analysis was helpful. He) 
occurred under practical conditions. He also| was not clear whether it was permissible to include | 
remarked that the number of stress repetitions | currents of different frequencies in the same vector | 
should be very much higher than the 3 million or so | diagram, as the author had done, and he asked, 
applied by Professor Lea. Dr. A. P. Thurston, the | when a power factor of less than unity was obtained, | 
last speaker, enquired if Professor Lea had made any | whether the current would be lagging or leading. | 
experiments with constant bending and cyclic | Some supply companies, he added, differentiated be- | 
torsion, to which Professor Lea at once replied that | tween lagging and leading currents in making allow- 
he had not. Referring to Mr. Timoshenko’s | ance for the power factor of the load. The author’s | 
paper, Dr. Thurston said that if a structural part, | conclusion that the power factor of a system having | 
or other specimen, were coated with a hard material | harmonics in the voltage wave would not be increased | 
the localised stresses were revealed very clearly. |to unity by means of condensers, Professor Cramp 
He mentioned that the fact that dangerous stresses | regarded as rather too sweeping. It was not neces- 
had been applied to the spars of aeroplanes in| sarily true that because the power factor could not 
certain cases, had been indicated by the cracking of | be raised on one series of harmonics, that it could 
the varnish. not be raised on another series. The author had 
Professor Lea then briefly replied to some of the | referred to the use of phase advancers, and it would 
points raised in the discussion, remarking that he | be of considerable benefit if he would deal with the 
was glad that his work had confirmed that of | case of phase advancers and the effects of harmonics 
Professor Ono. In reply to Sir Henry Fowler, he| on them; the results, he said, would be entirely 
pointed out that his work was not for the determina- | different from thosé obtained with condensers. 
tion of fatigue limits. He had specimens, however, 
which had been subjected to 500 million stress ANCIENT ScrENTIFIC INSTRUMENTS. 
reversals without stopping, but he had also shown| No time remained for the author to reply before 
that if the reversals were continued to 10 millions, |the members proceeded to the Old Ashmolean 
the true fatigue limit was obtained to within a few | Museum to inspect the Lewis Evans Collection of 
per cent. In the course of his reply, which had to | ancient scientific Instruments. The exhibits, which 
be given very hurriedly, Mr. Timoshenko remarked, | were explained by Mr. R. T. Gunther, include a 
that, in the case of small holes, stress concentration | collection of astrolabes, sun-dials and orreries, of 
could not be investigated satisfactorily by means of | eighteenth-century philosophical apparatus, mathe- 
Liiders’ lines, but with larger holes, of, say, 1 in.| matical instruments, surveying instruments, and 
in diameter, the results obtained were in reasonable | optical instruments, including many early micro- 
agreement with theory. scopes and telescopes. The space at our disposal 
PROPERTIES OF SANDSTONES AND LIMESTONES Wit not allow wi to deal with these at any Haath. 
* | but we may refer briefly to two of the exhibits that 
The next paper taken was one by Mr. Edgar| appear to be of particular interest to engineers. 
Morton, entitled ‘‘ The Composition and Texture of | One of these is the earliest known form of theodolite, 
Sandstones and Limestones in Relation to Strength | the invention of Leonard Digges, and constructed 
and Durability.” In this paper, which we shall} by Humphrey Cole in 1586. It was discovered in 
reprint in a later issue, the author showed how, in| the library of St. John’s College a few years ago, 
the case of both sandstones and limestones, increase | and consists of a sighting bar mounted on a graduated 
in the grain size resulted in reduced crushing strength, | semicircle, so that it can be moved in the vertical 
and also dealt with the durability of these stones for | plane and also capable of being moved through a 
building purposes as determined by microscopic | complete circle in the horizontal plane. The base 
investigations. Mr. Morton gave a brief summary | plate and horizontal circle have been reconstructed, 
of his work, illustrating his remarks by lantern) but the sight bar, vertical semicircle, and vertical 
slides of micro-photographs. The only speaker on | axis exist in their original form. Another particu- 
the paper was Sir T. Hudson Beare, who mentioned | larly interesting exhibit is Oughtred’s Circles of 
that, some years ago, he had carried out extensive | Proportion, made by Elias Allen and dated 1635. 
research work on many of the building stones of | It consists of a large brass disc having a spiral 
Great Britain, but had not used the microscope in | logarithmic scale engraved towards the edge of the 
his investigations. He had found that the density | face and fitted with a bar pivoted to the centre 
of a stone was an almost certain indication of its|so that it can be moved over the scale. Other 
crushing strength, and also that stones of low density | moving parts, we understand, are missing, but the 
absorbed considerable quantities of water, which | instrument is believed to be the earliest existing 
was an important factor in their durability as a/form of slide rule, and was probably used in a 
building material. He hoped that the systematic | somewhat similar manner to the modern watch 
investigations suggested by the author would be| type of calculator. Engineers and students able 
carried out, and that they would include not only | to visit Oxford would certainly derive much useful 
physical tests, but microscopical examinations. and interesting information from a careful inspection 
| of this unique collection. 
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CORRECTION. SunpHuR Bacteria. 


A paper by Mr. E. Hughes on the influence of| The first paper taken on the morning of Wednes- 
voltage harmonics on power-factor correction by | day, August 11, was one by Professor David Ellis 
condensers, forming the last item on the programme | entitled “ The Use of Sulphur Bacteria as Indicators 
for the morning session, was then taken, the author/in the Investigation of Polluted Water: The 
giving a brief summary owing to the short time | Blackening of the Sand in the Clyde Estuary.” In 
available. This paper was reprinted on page 216| this paper, which we reprint in full on page 231 
of our last issue. so that we need not refer here to|of this issue, the author states that he has 





the nature of its contents. At its conclusion, Sir | found sulphur bacteria valuable agents in enabling 
John Snell remarked that he did not desire to|him to detect sewage pollution in waters which, | 





superficially, appears to be clean, and in conse- 
quence of this aid has been better able to select 
samples for more detailed analysis. The sulphur 
bacteria, he states, are readily identified. the 
organism most usually present being that known as 
Beggiatoa alba. This microbe and the methods 


|of identifying it are described. The paper also 


deals with the application of the author’s method to 
an investigation of the cause of the blackening 
which has occurred under the surface of the sand in 
the Clyde estuary. As a result of the investigation, 
the cause of the blackening was found to be the 
formation of ferrous sulphide produced by a chemical 
reaction between the ferruginous constituents of 
the sand and the hydrogen sulphide liberated by 
bacteria which consume the animal and vegetable 
remains on the shore. 

Professor Ellis read his paper in abstract, illus- 
trating his remarks by lantern slides of micro- 
photographs of Beggiatoa alba, and at its conclusion 
the Chairman, Sir John Snell, proposed a vote of 
thanks to the author. He added that the paper 
appeared to be of very great practical importance, 
and commended it to the notice of the Ministry of 
Health. 

The paper was followed by a discussion which had 
to be very brief owing to a re-arrangement of the 
programme. Professor C. H. Bulleid mentioned 
that black sand similar to that in the Clyde estuary 
was also found in Torbay, where there was no 
possibility of sewage contamination. There was, 
however, a submerged forest which would supply 
the vegetable matter. Professor Cramp said similar 
conditions existed at Rhyll, and other speakers 
referred to the presence of black sand on different 
parts of the coast. In his reply, Professor Ellis 
stated that he was interested to know of the occur- 
rence of black sands in other parts of the country. 
He had found them in certain parts of Russia and 
Germany, but had not been aware of their existence 
in other parts of the British Isles. 


STANDARD GLOSSARY OF ELECTRICAL ENGINEERING 
TERMS. 


The next paper was a criticism of some of the 
definitions used in the “ British Standard Glossary 
of Terms used in Electrical Engineering *’ recently 
issued by the British Engineering Standards Asso- 
ciation, its author being Professor G. W. O. Howe. 
The paper will be found on page 245 of this issue, 
and, after reading it, Professor Howe said he wished 
to make it quite clear that his criticism was of a 
purely impersonal nature. The first speaker in 
the discussion on the paper was Mr. C. C. Wharton, 
who said, as a member of the committee, he wished 
to thank Professor Howe for his criticism. Criticism, 
he added, was fully expected, and as some 1,500 or 
2,000 terms had to be considered, it was very 
difficult, as Professor Howe had said, to get a clear 
and definite statement in each case. In general, 
the publications of the British Engineering Stan- 
dards Association were put out in a tentative 
manner, the idea being that if the standards were 
not acceptable they could be revised. The glossary 
came into the same category. It would be difficult 
to get every definition right the first time, although 
he would have expected the fundamental section 
to have been more crystallised than appeared to 
be the case. The definitions, he explained, had 
been drafted by various sub-panels, and the editing 
panels went over the terms to remove discrepancies 
and referred them back. He did not, however, 
wish to go into the criticisms in detail, as the 
place was not a suitable one to thrash the matter 
out and he was not then in a position to do so. 

The Chairman, Sir John Snell, here remarked that 
certain fundamental definitions upon which the 
whole structure of electrical engineering depended 
had been criticised, and he thought the meeting 
offered an opportunity for debating the matter. 
He hoped it would be possible to come to some 
agreement on the points raised by Professor Howe. 
The next speaker, Professor C. F. Jenkin, suggested 
that the alteraticn of a few words in the definitions—- 
possibly the insertion of the words in vacuo in certain 
cases—would put them right. He thought the 
errors were not very serious, but said it was essential 
that the definitions should be correct. 

Mr. P. Good, who continued the discussion, said 
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the difficulty in replying to Professor Howe arose 
from the fact that the work of preparing the terms 
had been done by a number of people and as they 
were not aware, until about 10 days previously, that 
the paper was to be presented at the meeting, 
it had not been possible to get into touch with the 
persons principally concerned. A formal reply by 
Professor C. L. Fortescue could, however, be put in. 
Undoubtedly one or two small editorial changes 
were necessary, slips having crept in, as was fre- 
quently the case in a collected effort. On the 
main points, he said, there was room for discussion 
and for wide differences of opinion. Professor 
Fortescue was not in agreement with much of 
what had been said by Professor Howe, although 
he admitted several points. Mr. Good, however, 
did not think Professor Howe’s request that the 
glossary should be withdrawn was reasonable. 
A portion of Professor Fortescue’s prepared reply 
was then read by Mr. Good to the meeting. This 
was to the following effect : 

With regard to Professor Howe’s suggestion that 
there is serious confusion between electric and 
magnetic forces and the results of these forces, 
a complete answer would require a long paper, but, 
briefly, the situation is as follows: The field 
strengths are defined in terms of unit quantities. 
Lines of force are easily drawn and enclose tubes of 
force. These tubes of force are supposed to indicate 
the distribution of displacement or induction, 
but whatever these are, they can be measured in 
only one way, viz., by the surface integral of the 
normal field strength over an area of cross section 
of the tube. There is thus only one definite dis- 
tinction between field strength and tube of force 
or tube of induction, viz., one is measured by the 
mechanical force per unit charge at the point in 
question, whereas the other is the surface integral 
of the field strength. Whatever mental pictures of 
displacement or induction are formed, these two 
definitions are the basis of the whole theory. 
Maxwell used the term displacement, but carefully 
pointed out that the only underlying assumption 
in his theory was that rate of change of “ displace- 
ment,” “number of unit tubes,’ “ electric flux,” 
whatever it may be called, was magnetically equi- 
valent to a current. Modern conceptions of the 
constitution of the atom also demand that the elec- 
trical and magnetic fields in all media shall be pheno- 
mena associated with what is generally known as 
the ether. The classical theory requires that the 
displacement or induction in a vacuum shall be the 
same as the flux, and, as far as modern knowledge 
goes, they are always the same. Faraday’s experi- 
ment shows that electromotive forces are induced 
quite independently of whether the magnetic 
flux is in the air, which is practically equivalent 
to a vacuum, or in any other medium. The defini- 
tions have therefore been so worded that they are 
not incompatible with these views. The only 
definition that can be regarded as in any way 
different from the classical one is No. 1307, which 
defines magnetic flux as “The number of unit 
magnetic tubes of force traversing a given surface.” 
Professor Howe would presumably prefer “‘ tubes of 
induction”; but whatever magnetic induction 
may be, the tubes can only be measured as tubes 
of force and the definition must therefore be regarded 
as a reasonable alternative. 

At the conclusion of Mr. Good’s remarks, the 
Chairman, Sir John Snell, announced that the sec- 
tional committee had decided to recommend the 
formation of a committee to deal with the question 
of electrical definitions and terms, and this recom- 
mendation had been approved by the General 
Committee of the Association. He added that if 
Mr. Good would let the committee have Professor 
Fortescue’s answer, he had no doubt that they 
would confer with the British Engineering Standards 
Association Committee, and in that way some agree- 
ment would be reached. 

Professor F. G. Baily, the next speaker, said it was 
very appropriate for the British Association to take 
the matter up. He wished to associate himself 
with what Professor Howe had said. The funda- 
mental conceptions of cause and effect were entirely 
different and should not be used indiscriminately. 
That was the basis of much of Professor Howe’s 
criticism ; it did not matter whether in vacuo were 


left out or not. To say that two quantities which 





| 


differed dimensionally were equal, was to talk 
nonsense. It was not, however, a new story. The 
International Electrotechnical Commission had 
done the same thing some 14 or 15 years ago, at 
which time he had taken up the same position as 
Professor Howe was taking now. 

The discussion was continued by Professor W. 
Cramp, who first remarked that the importance of | 
the work of the British Engineering Standards 
Association on standard terms and symbols was 
taken for granted. Of the definitions, however, he 
could quote 15 or so more than had been mentioned 
by Professor Howe, which were hopelessly wrong 
and should be as strongly criticised, although 
those quoted by Professor Howe were the most 
important. In describing a tube of force and a 
tube of flux as the same, or similar, the Standards 
Association had made a fundamental blunder ; 
they had confused the two components of energy. 
In connection with Professor Howe’s remarks on | 
definition No. 1315, Professor Cramp said the com- | 
pilers seemed to have the idea that if a magnetic | 
field were produced by a permanent magnet the 
term magnetic force must be employed, but when 
the field was produced by a solenoid, magnetising 
force must be used; that was a trouble they had 
fallen foul of. With regard to definition No. 1207 
relating to the unit electrostatic tube of force, 
Professor Cramp said he had to criticise Professor 
Howe himself. The latter had said it was not the 
usual convention to take one tube of force as corre- 
sponding to one electrostatic unit of quantity. 
That, however, depended upon what was meant 
by usual. Reference to J. J. Thomson’s or Max- 
well’s work would show that they expressed elec- 
trostatic work in terms of Faraday tubes, the 
Faraday tube being a tube of force such that at 
either end of it there was one electrostatic unit 
of quantity. That definition would fall under the 
British Engineering Standards Association’s ex- 
planation, but they put the Faraday tube as one 
of the alternatives. There was much confusion 
between Faraday tubes and Maxwell tubes ; several 
text books muddled them up, and while he felt 
Professor Howe was right it was necessary to have 
a clear idea whether we should follow engineers or 
physicists in this matter. The matter should 
have been thrashed out before the publication of 
the glossary. 

Sir Henry Fowler here remarked that the diffi- 
culty was that the criticism was not put in the hands 








of anyone connected with the British Engineering 
Standards Association until July 30, so that those | 
responsible for the glossary were not able to deal | 
with it. It could not possibly, he said, be dealt with | 
at the meeting. Criticism, however, was welcomed, | 
and the committee would be indebted to Professor | 
Howe. 

The last speaker, Mr. F. S. Barton, said he wished | 
to join issue with Professor Howe with respect to | 
the use of 4 7 in the definition of the unit elec- | 
trostatic tube of force, and to raise the question of | 
the matter being referred to members of the teach- 
ing profession. The state of affairs brought to 
light by Professor Howe was alarming, and he 
thought some of the older physicists should be con- 
sulted to secure agreement between physicists and 
electricians. 

In his reply, which was then taken, Professor 
Howe said that, with regard to the short time given 
for the British Engineering Standards Association 
to reply, he had written his criticism within four 
days of receiving a copy of the book, and had at 
once forwarded a copy to Sir Archibald Denny. He 
felt very strongly on the subject and this might 
account for the wording of the paper. He had been 
trying to boil down these terms and definitions for 
students, and the glossary went contrary to all his 
efforts. With regard to the points raised, he did 
not agree with Professor Jenkin that the inclusion 
of in vacuo would put matters right. He agreed 
with Professor Cramp that there was some con- 
fusion between Faraday and Maxwell tubes, and 
had therefore avoided using either name. While 


writing the paper, however, he had referred to 
some books on elementary physics, and found that 
they treated the matter in the same way that 





electrical engineers did. The inclusion of 4 7 was 


a very debatable point. He had no objection to 
it being got rid of, but that was not the usual 
convention among electrical engineers. Finally, 
he remarked that if students in a degree examina- 
tion had written the definitions in the form in which 
they appeared in the glossary, the examiners 
would have crossed them out. 


PRESSURE DISTRIBUTION IN STEAM TURBINES. 


The next item on the programme was a paper 
by Mr. W. J. Kearton on the distribution of pres- 
sure in impulse steam turbines at varying loads. 
This we shall reprint in a later issue, and as it was 
not discussed we need not deal further with it here. 
We may mention, however, that in the course of 
Mr. Kearton’s paper, Sir John Snell, who had to 
leave the meeting, resigned the chair to Professor 
Jenkin. Professor Jenkin proposed a vote of thanks 
to Sir John Snell for his conduct of the meetings 
and, in expressing thanks for this, Sir John apolo- 
gised to Mr. Kearton for the interruption to his 
paper. 

THE Fatiave or Cast-Iron. 


After a vote of thanks to Mr. Kearton had been 
duly proposed and carried, the Chairman called on 
Professor C. H. Bulleid, to give a short paper 
on the fatigue of cast-iron, which was an addition 
to the programme as originally arranged. We hope 
to deal with this paper more fully subsequently, 
but we may now mention that it described a 
multiple-spindle fatigue testing machine of the 
rotating-cantilever type, designed and used by the 
author at the University College, Nottingham, for 
tests on cast-iron. The loads were applied to the 
ends of the specimens by weights acting through 
the medium of helical springs. The results of 
tests were also given. 

At the conclusion of the paper, the Chairman, in 
proposing a vote of thanks to the author, pointed 
out that the multiple-spindle arrangement had 
advantages and disadvantages. He mentioned 
that, at the National Physical Laboratory, it had 
been found that when a specimen broke on one 
machine another would break on a neighbouring 
machine, and he thought that difficulty might 
arise in delicate work on the machine described 
in the paper. The method of hanging weights on 
springs was sound, and he had used it himself. It 
was essential, however, to apply the load when the 
machine was running, and not when it was 
stationary. He expressed regret that no time was 
available for the discussion of the paper, and called 
on Dr. A. P. Thurston to read his paper on the 
classification of patent specifications, which formed 
the last item on the programme for the session. 


CLASSIFICATION OF PATENT SPECIFICATIONS. 


In this paper, the author first explained the 
objects of classification and then the basic laws 
to which any system of classification must conform. 
Patent classification, he continued, was a classifica- 
tion of subject matter, rather than of literary 
material, so that it was not necessary to follow 
one of the laws of book classification by which a 
book was allotted to the nearest heading of the 
classification that would wholly contain it. The 
American schedule, he said, obeyed that rule, but 
the British schedule, in which every sub-division 
was self-contained, and in which there were no 
“ superior ” or “inferior” headings, did not. The 
system adopted by the British Patent Office, the 
author regarded as a superb achievement. It had 
been in operation now since January 1, 1905, and 
had enabled searches to be made with precision. 
In the existing British classification, every specifica- 
tion was indexed thoroughly for all matter of 
interest, whether claimed or not, and appeared 
in the ‘indexes under all relevant sub-headings. 
Each class, or sub-class, was specifically defined by 
the headings appearing under it and the references 
from it to other classes; there were no “see 
also” references. The published classification and 
allotment of cases under it, was exactly that used 
by the examining staff, but that was not the case, 
the author said, in the United States Patent Office 
where repeat copies were placed in the official 
search files that were met only by cross references 
in the printed key; neither was it the case in 
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German practice. The British classification, the 
author concluded, was based upon construction or 
structure, and not upon application, but the classifi- 
cation bore marks of its evolution from a classifica- 
tion based upon industries or application. 

There was no time for the discussion of this paper, 
and at its conclusion the meeting terminated. 


Kuvetic ELUTRIATION. 


Before concluding our report of the proceedings of | 
Section G, we should mention that Mr. Leonard 
Andrews demonstrated, each day in the Engineering 
Laboratory, his process of rapidly and continuously 
classifying fine materials by hydraulic means. 
The system is known as “ kinetic elutriation,” and 
the plant is supplied by Kinetic Elutriators, 
Limited, 104, Victoria-street, London, S.W.1. 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCE. 


This section which originally intended to hold its 
meetings exclusively in the Clarendon Laboratory, 
found it necessary from the first to take only the 
mathematical papers in that building, and to discuss 
physical problems in simultaneous sessions in the 
more spacious Union Society’s Hall. On the physical 
side, to which we mainly confine our attention, 
radiation and electronic collision were the chief 
problems dealt with. If we disregard the order in 
which the communications were presented, we may 
say that these subjects were introduced by the 
presidential address on line spectra, that they were 
generalised in the papers on quantum mechanics, 
and specialised by accounts of recent experimental 
researches; they also led on to the communications 
on X-ray crystal analysis. Outside this range, and 
apart from communications on matters geophysical 
and astronomical, there were two papers on an 
acoustic generator and on colloidal fibres. Most 
of the theoretical and experimental investigations 
referred to in the discussions had only been published 
within the last year. 


ANALYSIS OF LINE SPECTRA. 


In his presidential address, Professor A. Fowler, 
F.R.S., reviewed the immense progress which 
spectroscopy has made in the last three years, 
since 1923, when Professor J. C. McLennan dealt 
with these problems from the same chair at the 
Toronto meeting. The spectrum, Professor Fowler 
remarked, had become a key, not only to chemical 
composition, but also to atomic and molecular 
structure. Since Kirchhoff discovered the nature 
of the dark lines of the solar spectrum in 1859, 





and the subsequent discovery that spectra were 
modified by the conditions of their excitation, the | 
stars had been regarded as the seats of natural high- | 
temperature experiments; on the other hand, 
astrophysics owed much to laboratory experiments. | 
The search for regular series of lines in the spectra, 
first formulated by Balmer in 1885, was extended 
by others, and four types of series—the principal, 
sharp, diffuse, and fundamental series—were dis- 
tinguished. Ritz, adding the combination prin- 
ciple, represented the wave-number of a line as the 
difference between two terms, and a series as a 
regular succession of differences between a limiting 
term and a sequence of terms, the limit itself being 
a term of another sequence. Thus, the whole 
Balmer series of hydrogen consisted of differences of 
terms of the form R/n?, where R was the Rydberg 
constant (equal to 109,678 in wave-numbers) and 
n took values 1, 2, 3, etc. In complex spectra, 
n was itself a compound, and not always integral, 
term. Professor Fowler briefly outlined these rules, 
with which he had dealt on other occasions.* 

In Bohr’s theory, based upon the Rutherford atom | 
and upon electronic orbits restricted by quantum | 
relations, the spectroscopic “terms” were translated | 
into energy levels, and it was ascertained that the | 
Rydberg constant had the value R for the excited, | 
but still neutral, (i.e., not ionised) atom, in which | 
the most loosely-bound electron had not passed | 
outside the sphere of nuclear influence. With simple 
or multiple ionisation, the constant assumed the | 
values 4R, 9R, 16R. Paschen found, in 1923, | 


* See ENGINEERING, February 18 and 25, and March 4, 
1921, pages 205, 233 and 265. 








the value 4R for doubly-ionised aluminium, and 
Professor Fowler himself found the value 9R for 
trebly ionised-silicon. To account for the com- 
plexity of the spectra and their series, some of 
the lines of which might be doublets, triplets or 
higher multiplets, several quantum numbers were 
introduced, viz.,a principal quantum , the azimuthal 
quantum k, the inner quantum j,and the multiplicity 
factor r (which, for example, is 3 for triplets), as 
well as rules restricting the numbers of possible 
combinations. These researches, connected with 
the names of Kayser and Runge, Catalan, Sommer- 
feld, Landé, &c., and quite recently of Main Smith 
and Stoner, had made it possible to compile a table 
of the electronic arrangements of all the 92 elements, 
necessitating considerable subdivision of some of the 
levels or shells of electrons. Thus the K level alone 
was found only in the first period, consisting of 
hydrogen and helium. In the second period, 
lithium to neon, there were, in addition to the 
K level, three L levels ; in the third period (sodium 
to argon) there were up to three M levels; in the 
fourth period (potassium to krypton) two more 
M levels and three N levels; in the fifth period 
(rubidium to xenon) three O levels were added ; in the 
sixth period (caesium to bismuth and farther), some 
P levels ; in the seventh period of the radioactive 
elements finally there were also Q levels. This table 
might be regarded as substantially correct, though 
the very recent work of Hund, Pauli, Heisenberg, 
Goudsmit and others on spinning electrons and 
quantum mechanics, suggested new methods of 
analysis. The old experimental methods of exci- 
tation (by flame, arc, spark or in vacuum tubes) 
remained useful. For observation, the 1,000 ampere 
100-volt ares of A. S. King, and the admixture (by 
Merton) of helium to the gas under test had proved 
valuable, as well as the electrodeless ring discharge 
of J. J. Thomson. Werner had ionised lithium by 
bombardment of the vapour at 1,000 deg. C. ; Schiiler 
used a hollow cathode, Millikan and Bowen a vacuum 
spark, and Saha’s theory of high temperature ioni- 
sation in stars had been developed by R. H. Fowler 
and Milne. 

In proposing the vote of thanks to Prof. Fowler, 
Sir Arthur Schuster said that vibrations were the 
language in which molecules talked to us, but 
molecules had become garrulous, and we did not 
understand their grammar. Professor Carl Runge 
(now of Géttingen), who remarked that spectro- 
scopy had been the joy of his life for forty years, 
first in association with Kayser, reminded the 


section of Johnstone Stoney’s discovery of the | 


integral relation of wave lengths and of Helm- 
holtz’s foresight of modern views. Professor Bohr 
(Copenhagen), commented upon the great pro- 
gress which the last few years had seen in the 
interpretation of spectra. The view that the 
atom could change by the transference of elec- 
trons from one stable state to another, involved 
properties deviating from any mechanical or 
electro-magnetic: theory. On the other hand, the 
application of the quantum theory to the nuclear 
atom had met with serious difficulties in the finer 
structure of spectra. The nuclear model of the atom 
was crude, and we had come to the point where 
it did not even give a qualitative picture, while the 
electro-magnetic theory could not account for the 
scattering. Methods of overcoming the difficulty had 
been indicated by the correspondence principle (of 
Bohr) according to which the possibility of any 
transition process connected with emission of radi- 
ation was conditioned by the presence of a corres- 
ponding harmonic component in the motion of the 
atom, and by Kramers and Landé’s Copenhagen 
and Tiibingen studies of optical dispersion, re- 
flection, etc., according to which an atom exposed 
to radiations became the source of secondary wave- 
lets. Further, by Heisenberg’s initiation of a new 
quantum mechanics, extended by Born (see next 
paper), and by the spinning electron of Uhlenbeck 
and Goudsmit (Leiden) based upon similar considera- 
tions. Heisenberg’s fundamental equations had been 
confirmed by P. Dirac (Cambridge), and Schroedinger 
had, by different mathematical methods, arrived at 
similar results. Atoms containing spinning electrons 
and magnet electrons might have parallel and 
anti-parallel axes and would account for anomalous 
Zeeman effects, and an emitting atom might 





exchange energy with an absorbing atom as two 


pendulums did. We were on the high road to 
success, Professor Bohr concluded ; the difficulties 
being no lo :gcr fundamental. 


MeEcHANICS OF ELECTRON COLLISIONS. 


The remarks which Professor Max Born, of 
Géttingen, made under this heading were of the 
character of a further contribution to the spectro- 
scopy discussion. Collisions and excitation of spec- 
tra by electronic impact, as studied by J. Franck 
and G. Hertz, recently in association with Blackett, 
Professor Born said, were of the highest importance 
as they admitted of level valuations. We had, how- 
ever, no real theory of the loss of energy by elec- 
trons. We could not ascertain the orbits and the 
instantaneous positions of electrons in the atom. 
Hence Heisenberg, and the new quantum mechanics, 
disregarded the motions inside the atom and all non- 
observational quantities, and based his arguments 
on the observational evidence of spectral vibrations. 
Those vibrations were not like acoustical oscillations. 
In optics we spoke of rays, but we observed wave 
motions. The motion of particles, Maurice de Broglie 
had suggested, was apparent. We dealt with motions 
of waves; according to Schroedinger, matter con- 
sisted of waves. What was oscillating in the waves 
we did not know; but to every wave movement 
there corresponded a series of Fourier terms. 
Professor Born could not predict what happened 
to an atom in a collision, but he could describe the 
probability effect. Even Rutherford, he said, did 
not determine the path of an individual particle ; he 
counted scintillations over certain areas and deduced 
average distributions and velocities. The quantum 
mechanics—which may be described as an exact: 
formation of the Bohr-Einstein kinematics—applied 
to all movements, quantised or not. It modified 
the old kinematics, but it led te discrete states ; 
by new mathematical aids, it accounted for both 
the continuous spectrum and the line spectra, and 
for the fundamental oscillations in a hollow space. 
It did not solve all the difficulties ; for instance, it 
did not explain the anomalous Zeeman effect which 
Uhlenbeck and Goudsmit helped to explain by 
their electrons having a mechanical and a mag- 
netic moment; there were also difficulties with 
collisions. The latter had, however, been over- 
come. When a wave struck an atom there 
might be reflection (without loss of energy) or 
diffraction, and the atomic dimensions deduced from 
these considerations agreed with other estimates. 

Questioned as to his time intervals, Professor 
Born replied that he had no answer yet. Professor 
Bohr said that we could no longer use atoms as we 
had done. Professor Ehrenfest referred to 
O. Klein’s investigation of the aperiodic disturb- 
ances of a hydrogen atom caused by the simul- 
taneous actions of intersecting electric and magnetic 
fields. Sir Oliver Lodge said that the quantum came 
in when we considered the interaction between 
matter and ether. There was no matter; the ether 
was the real thing and the electron a hollow in it, 
as he had recently* explained, and he recognised 
part of this potential energy in Born’s equation. 


THE Gyro-MAGNETIC ELECTRON. 


The full title of the paper by Professor P. 
Vessot King, F.R.S., of McGill University, Mortreal, 
viz., ‘‘ The Gyro-Magnetic Electron and a Classical 
Theory of Atomic Structure and Radiation,” in- 
dicated that the author does not consider the classical 
theory insufficient to account for radiation pheno- 
mena, and that he does not need the aid of quantum 
conceptions. He explained in his essentially mathe- 
matical paper that he had for years attempted to 
derive Planck’s formula for the black body radia- 
tion in terms of classical electrodynamics. The 
attempts had naturally been unsuccessful, but they 
had brought out the fact that it was necessary to 
ascribe to the electron an internal structure which 
could give it a slightly damped natural frequency 
correlated with the velocity of translation. A 
simple lecture experiment by Dr. A. 8. Eve, on spin- 
ning phenomena, had suggested a key to the problem. 
Atennis ball, supported in a jet of compressed air, was 
made, by manipulation of the jet, to spin rapidly ; 
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the ball flattened out and began to hum. Dr. 


| FAN HOUSE AT MODDERFONTEIN, SOUTH AFRICA. 


King then found in a paragraph in Maxwell’s 
‘Electricity and Magnetism” that a spinning 
electron acquired by virtue of rotation a uniform 
internal field while the external field was that of a 
smali magnet. When the spinning body was spherical 
and thus symmetrical, its three principal moments 
of inertia were equal, and the body did not possess 
any precessional frequency. When it moved with 
velocity v, the equipotential surfaces were dis- 
torted into ellipsoids, and the minor axis was 
shortened in the direction of the motion in the 
ratio (1—)}: 1, where 8 was v/c, c being the 
velocity of light. 


This deformation had to be considered as phy- 


sically real. Even if the structure of the electron 
were not complex, as Dr. King believed it to be, 
the moments of inertia could be expanded in powers 
of f, and the spinning electron should behave 
like a rigid body which, when slightly disturbed, 
would possess precessional frequency about a 
stable spin with the axis of rotation along the 
direction of motion. According to Euler’s formula, 
the intrinsic spin was the same for all electrons 
and as universally constant as the charge e. As 
long as it remained undisturbed and on a rectilinear 
path, the electron would not radiate ; but when dis- 
turbed by a magnetic field or by another electron 
approaching at high speed, it would precess with a 
frequency proportional to 6°. The corresponding 
magnetic field variations Set up electromagnetic 
radiations of that frequency in the form of elliptic- 
ally polarised spherical waves. That was the inter- 
pretation in terms of classical electrodynamics, 
of the photoelectric equation hy = 4 mv*, so that 
Planck’s constant h became a _ fundamental 
characteristic of the spinning electron. Similar 
hypotheses as to rapidly-spinning protons (hydrogen 
nuclei) as constituents of atomic nuclei, and the theory 
of slightly perturbed orbits under the assumption 
of an inverse-square law of electrostatic attraction, 
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| A sketch plan showing the general arrangement of 
| the fan and engine, and of the air adits is reproduced in 
| Fig. 1, above. 

Transverse and longitudinal sections of the fan and its 


led to the series formule in spectra and to a correct housing are shown in Figs. 6 and 7, opposite, anda view 
Rydberg constant. Perturbations of orbits due to | of the fan in course of erection at the builders’ works is 
variation of mass with velocity and with external | 7Poduced in Fig. 8, page 228. As shown in these 
magnetic and electric fields ethane annie dle | illustrations, the fan is constructed wholly of metal. 
he Z hecsetedle reas igi | As already stated, it is 30 ft. in diameter and it measures 
the Zeeman and Stark effects and the fine struc-| 19 ¢¢, in axial width. The impeller carries eight vanes 
ture of spectra. 


; Dr. King also deduced formule | which have a slight backward curvature. Each of 
for lattice structure, specific heat and black-body | these is mounted centrally on a single arm of mild 
radiation. His. experiments on spinning smoke | steel plating, and the impelling surface is stiffened 
rings, &c., go back to his studies at Finsbury College | laterally by gusset plates, as shown. The arms are 
in 1906, but the first account of these deductions | held between two mild steel plates, which in their turn 
was only given last April in Montreal. | are secured between two massive bosses of cast iron. 
= hel : 5 | Turned bolts pass through these bosses, discs and arms, 
We should mention in this connection two mathe- | 1 . : 
: a : z | clamping them solidly together. 
matical papers, one by Dr. T. M. Cherry (Cam-| The fan shaft is 2i in. in diameter in the central 
bridge) on Orbital Dynamics, and one by section, and from this it is tapered away to the journals 
Professor E. A. Milne (Manchester) on Maxwell’s | which are 13$ in. in diameter by 27 in. in length. The 
Law and Radiation showing that absorption and | distance between the centres of the bearings is 17 ft. 7 in. 


emission of quanta on Einstein's theory would lead | These bearings are supported on cast-iron girders 





to Maxwell’s law. 
(To be continued.) 





MINE VENTILATING FAN AT 
MODDERFONTEIN, SOUTH AFRICA. 


Wuat is believed to be the largest mine ventilating plant 
in the world was started up last August at the Govern- 
ment Gold Mining Areas, Limited, Modderfontein, South 
Africa. The fan and eng’ne are designed to give at 
maximum load a discharge of 900,000 cubic ft. of air per 
minute under a 7-in, water gauge. The mine, it should 
be added, is situated at a height of 5,400 ft. above 
sea level, at which the standard barometer of 30 in. is 
reduced to 24-3 in. Continuity of service is of such 
extreme importance in this class of work, that in years 
past it was not uncommon, particularly in the case of 
plant sent abroad, to provide two independent engines, 
which were coupled up to the fan in alternate weeks, 
so that either would serve as a stand-by in case of 
accident to the other. The growth of experience 
has now made this precaution wanecessary. 

The contract for the new plant was entrusted to 
Messrs. Walker Brothers (Wigan), Limited, Pagefield 
Ironworks, Wigan, who have had prolonged experience 


in the construction and operation of mine-ventilating | 


plant of the largest class, and on Plate XV, on this, 
and pages 227, 228 and 234 we reproduce drawings 
and views of the engine and fan provided. The fan is 
30 ft. in diameter, and at full output will run at 125 
r.p.m., corresponding to a peripheral speed of 196 ft. 
per second. It is coupled to a tandem compound 
condensing engine, capable of developing, at the speed 
stated, 1,500 indicated horse-power. 


| spanning the air orifices and built into the wall at each 
end. The girders are supported at the centre by a 
| pillar immediately under the bearing, and both girder 
| and pillar have been designed so as to reduce to a 
| minimum the obstruction to the flow of air into the fan. 
| The total weight of the impeller and its shaft is over 
| 30 tons. The bearings are ring lubricated and thus 
| require a minimum of attention. An electric alarm is 
fitted, which comes into action if the temperature 
|rises above the normal. 

The fan house was built to plans provided by Messrs. 
| Walker Bros. As shown in Fig. 9, it is constructed 
| almost wholly of brick and concrete, but the roof of the 
| fan chamber is of steel plating. The width between the 
|end walls is 10 ft. 4 in. The discharge passage is of 
| true involute form and was struck out by unwinding a 
| tape from a disc 6 ft. 9 in. in diameter. The minimum 
| radius of curvature is 15 ft. 4 in. and the maximum 
| 36 ft.6in. The top of the chimney stands 47 ft. above 
| ground level and the outlet measures 24 ft. 8 in. by 
| 16 ft.5 in. The chimney is shown in course of erection 
|in Fig. 9, page 228. The centre of the fan shaft is 

14 ft. above ground level and the lowest portion of 
| the involute discharge passage is 17 ft. below the same 
datum. Each of the two air orifices is 16 ft. in 
| diameter. 
As will be seen, the buildings and adits involved a 
| large quantity of masonry, some 400,000 bricks being 
| expended in their construction. 

The fan is coupled to the engine by a length of inter- 
| mediate shaft, 13 in. in diametet. The end flanges 

are forged solid with the shaft. The intermediate 
| bearing is similar to the fan bearings, and like them, is 
provided with an electric alarm. 

Anelevation anda plan of the engine are reproduced in 





Figs. 2 and 3, Plate XV, whilst Figs. 4 and 5 represent 
respectively an end view and a cross-section through 
the steam and exhaust valves of the low-pressure 
cylinder. It is designed, as stated, to develop 1,500 h.p. 
at 125 r.p.m. and supplied with steam at a pressure of 
140 lb. per square inch, superheated to 510 deg. F. The 
cylinders are respectively 26 in. and 52 in. in diameter, 
whilst the stroke is 3 ft. Neither cylinder is jacketed, 
but all the heat-radiating surfaces are covered with 
non-conducting material, which is kept in place by 
sheet-steel lagging secured by steel bands. 

The valves are of the drop-valve type, the low- 
pressure valves having four beats and the high-pressure 
valves two beats. In order to reduce cylinder clearance 
to a minimum and to provide for jacketing the steam 
valves with live steam, the valves are arranged in the 
cylinder end covers. The operating mechanism is the 
Doerfel positive valve gear, actuated by a lay-shaft 
which is driven from the crankshaft by bevel gearing. 
The cut-off in the high-pressure cylinder is controlled 
directly by the governor, and that of the low-pressure 
cylinder by hand. The pistons are of cast-iron and are 
fitted with cast-iron rings of the Ramsbottom type. 
The piston rod is of special mild steel and is secured to 
the pistons by means of cones and nuts. The rod 
measures 7 in. in diameter at the front end, 6} in. 
between the cylinders, and 5 in. in diameter at the 
ta l-rod portion. The tail rod is supported by a bush 
in,the back cover of the high-pressure cylinder and is 
encased in a planished-steel shield. The glands in 
which the piston rod and the steam drop-valve spindles 
work, are provided with metallic packings. 

The crosshead is of cast steel, with cast-iron slippers. 
The trunk slide is of cast-iron, and is bored to a diameter 
of 3 ft. to suit the crosshead. The mild-steel crosshead 
pin is tapered where it fits the crosshead, and is drawn 
tight into the latter and held in place by means of nuts 
on the screwed end of the pin. The crosshead journal 
is 9 in. in diameter by 12 in. long. 

The connecting rod is of mild steel, with adjustable 
phosphor-bronze bearings, lined with anti-friction 
metal. The length of the rod from centre to centre is 
9 ft. At the crank end it is 9} in. in diameter, and 
at the crosshead end 7} in. The crank-pin is 13} in. 
diameter by 13 in. long. The crank is balanced 
and is forged solid with the crankshaft. The main 
journals are on each side of the crank webs, and are 
13} in. diameter by 21 in. long. The engine has forced 
lubrication throughout, the oil pump being driven direct 
from the layshaft. All moving parts are enclosed, so 
that there is no splashing of oil. If, for any reason, 
the oil pressure should fall below 5 Ib. per square inch, 
an audible warning is automatically given. Thus the 
engine, when running, requires only a minimum of 
attention. , 

The condenser is of the Le Blanc type, and maintains 
a vacuum of over 22 in., corresponding to an absolute 
pressure of about 2-3 in. of mercury. The injection 




















227 


AUG. 20, 1926.] 


ENGINEERING. 








JO OIN}XIUI OY} 0} OTT} JO [BAIOZUT pornsvom vB ZulINp 
suveul [eorusyoour Aq posodxe ‘se ojqeururepur jo 4of 


2 Sg (g) 480} SutoZ10pun om 4xtu oy} oFUr poyoofoid 
SVM 41 OIOJOG COVFINS [eIOU v YQIM 40%9U00 Aq poTood 
Suyeq poonpoid os oeurey oy} ‘uoTyIsoduio0o 4ueysu00 
yO oInjxIm oAIsojdxe ue Ag (Zz) ‘pros o[qeuureyut 
-Ajtpeoi @ yo Aqxyuenb yews @ Zutumg Ag ({) :SMoOT[O} 
se ‘A]}UeIeyIp poonpoad Zujoq ‘1eAoMOY ‘souley 943 
“118 pUS OUVYJOUI Jo OANYXTM UMOUY B YZLM 40"ZU0D OFUT 
Ajlzezuom0w 4y8no1q sem OUTEY v as YORE UT *pozooTos 
Ajjeuy 10M cory) ‘souey Aq u0TUsI 03 oATyIsuOS 
qsourl ole Jie pue ouvyjom jo soinyxtm yoryA 
SUTUTUIIO}0p 10} o[qe[IeAv SPOYZOU SNoTIvA oY} WO 
*OATZISUOS OIOUI OIOM 
euvyzoU Jo ‘4ue0 Jed G.g puv G BUTUTeZUOD soIN4XIUI 4eq} 
‘pofojduo o10M seAtsojdxo Sururm yuoloyip yor ur 
SJUSUILIOd x9 O]8O8-9F18] JO SOLIOS ]BIOAOS UL PUNOJ SAK 4T 
‘soroevid uy ‘ouvyyour jo ‘yu00 Jod ¢.g ynoqe urTeyUOD 
Pp[noys soatsojdxo Suryso4 10F OANyXIUI O[Ge}INS 4YsOu 044 
784} Wees P[NOM 41 YOY Woy ‘aatsojdxe Zururm ev Aq 
po7eo10 ouey 043 ‘AZISUSZUT pus UOT}eINp spieZol sev Y}0q 
‘Aj1v0u 480ur o[quIesel 07 porvodde yareds oL1y00]0 uy 
‘euByjoUr Jo “yuo 10d G pue 
8 Ue0M40q UTeZUOD pozTUsI AjIsvo 4sOUl soINgxIU oY3 
*q'80Y JO 901N0s AreUSIOUL ¥ SB POIOPIsUOD 0q UO YOTYM 
‘yaeds o1joojo ue YIM 4nq £ oIngeI0d 19} ysoMO] 943 42 
o71USI ouvyzoUr Jo “yuo Jed g pu 1 U90M40q BuTUTeZUOD 
801N}xIUl ‘UOTsse1du00 Ueppns jo suvoul Aq pozeoy J] °0q 
Aeur yvoy yo 901nos QdBJINS 94} JO oinyerodue} oy} YSIy 





Fal oF Ov Oz a > 


of 
L pun 9 stry 104 ayoog 


“NVOIM 





MOY jo oatoodseim ‘aueyjom jo suoysodoid sojjeus 
UIVJUOD SAINFXTU OY} UOYA 4SBo] ST UOTZTUSI UO ,, BRT ,, 
10 Avjap oy} puv ‘ornjeioduia, 4ysamo] oy} 48 popu! 
ere oueyyour Jo “queo Jed g pue G useMjoq SuTuTe}U0 
SOIN}XIUI ‘[OSSOA PozvoY B UI Pesopouo ore sosed OY} TOYAL 
se ‘404 JO GOINOS OY} 0} aINsOdxe Zuo] Jo osvo OY} UT 
qvqy UMOYSs Ueeq peY 41 ‘g “ON Jodeg ‘prvog yorvosoy 
souryy ut Ajoyeg 043 Aq uonvorqnd snoreid @ uy 
"ysey @ Aq Ajooay ysour pozruSt oq plnom yorya aye pus 
euvyyou JO saIngxtur jo uorIsodui0o oyy Sutureou0S 
UWOYVULIOFUT UTe7qQO 07 4o8jznN0 O43 4e Aresso00U SBA 47 


‘uorysonb ut yom 
ey} jo Arewuns Burmopyjoy oy} OAIS OMA = “podoryoR 
seAtsojdxe SZururm oyes jo uoyonpoid oy} ur dos 
yeois @ pue ofqissod ouooeq [IM quowZpnf oyeinooe 
‘opeur Zuleq MOU soyorvoser JO 4[NSol @ se 4eqy 
‘IaAomoy ‘oTqeqoid st 4y ‘83803 Yons woIy uMPIp 
eq p[noo suorsnjoucs oyUyep ou 4eYy3 Os ‘sy]NsSeI 
oy} yooye ‘ouepy oy} jo orngeroduiey pue uolmeinp 
ey} se yons ‘porpnys Ajiodoid uesq 40h you oavy 
Yor s1ozoey [BIOACS ynq ‘eure oy} JO ezIs 044 Bur 
-insvoul 103 pofojduie Ayyersuss useq sey AydviZoj,04g 
‘suoTyIpuco §=peyloeds sJopun oInzxim o9[qeuUepUT 
UCAIS @ o}UsI 03 Aressooou 4 JO JUNOUIe UINUTTUTUT 
oy} Woy poywuyso se ,‘Ajoyes,, OATZEIOI szt pus 
‘eatsojdxe uv Aq poonpoid ourepy oy} JO UOTyvINp pur ozis 
ay} UoeMjoq ‘e4STXO Yons Jt ‘UOTyBfor oY} ‘ojqissod jr 


‘QUITIIOZ0p 07 S10}8B344S0AUI snotIeA Aq opeuI Uudeq oAvY 
$480} SNOIOWINU 4Bq} 4ORJ O44 07 sIOJoI 410dor sIq], 





‘1 b1q 





‘SHHANIONA ‘GALINIT (NVDIM) SUAHLOUA UAWIVM 


[-30u “pg ‘aormg] 
‘ABmsSury ‘asnoyy [elsepy ‘eoyo Asou0lwig ‘AH 
OVUM “H ‘VW pus nojury “AA Aq “TT eq ‘ r9}e0uM 
‘A “U pue sem ‘8 ‘N Aq “1 Weq ,,‘seuepT Areyuow0y 
&q dwepomg jo uolglusl oy,,,, 2 “ON dJedeg y 





« PrVeog Gorvesoy 
soul ur Azoxvg oy} Aq poystqnd uoeq Apucoer sey 
seyorveser osoyz jo yavd Surmi0y pue 4no ported 
Zuteq yom 043 jo UoNdOsep YW “pozTuz1 ouro00q 
0} Wey} s[qvue YoOIyA Ite pue duepery jo somm9xtur 
Q[GVUIMEYUT JO SUOT}IPUOD OY} JO UONVUIMIE}0p oY} 
Burpnpour ‘eox4TMM0D Yorvosey sour Ul seatsopdxiy 
ey3 Aq qno pores Zuleq ore ‘oueyyour jo Ayyetoodso 
‘soseS Jo udtMTUsT 04} UO soyoIvoser oATsueqoidu0D 

“poqust oq you pjnom soseZ 
04} 984} UOMvINp 4104s Yons jo omley ev ZUIAIZ oats 
-ojdxe uv yoojas 03 ofqissod oq 44 S1ur 41 ‘poonpoid ouey 
04} 03 Ajoqos onp st soatsojdxe Zururm Aq sorngxtm 
dwvepoiy jo uous oy} 4eq}3 Sutunssy ‘souTuT feoo 
Ul SeAIsO[dxe oF¥s JO OsN OY} SUIBONOD peAToAuT ofdrourd 
oy} ynq ‘onjea peonovid Aue jo you pue 4sor0qU! 
oyiquoros Ajaind jo oq 03 avodde Avur stq4 coueyls 4s1g 4 
“postjeor Ajepra os jou st ‘ouey oy} Jo Aqisuoqut 043 
YPM soplea puv o[qwiNsvoUT St ‘st 41 YSnoY} [euiseytugUt 
‘Aejop jo poriod styy 4eq4 pue snoouezueysUl Joq4os09/e 
gOU St UOIGTUSI 4eq} 4Nq ‘UMOTY-]JoM st ‘ouey 4soTTeUIS 
oy} Aq uae poqraat A[rpeor st dureporg 4¢y} 4083 GH, 


‘dWVGadld AO NOLLINSI GAL 











*pourezze sBa s}ouy EPpy 
jo poads v dit} yet} OY} UD “38B] QZ YoIBP JO onsst ino 
JO 66¢ O3ed uO puUNoO; oq [TTA JoOSseA OY} JO UOTydIZIOSep 
V_ ‘peyury ‘Aueduiog ocoueuozureyy pue uorjoniysu0p 
ydeisejoy, oy} 10y ‘poztuIVy ‘uOSpreyONy ureysry, pue 
‘oyUNFT ‘weag ‘sissayy Aq 4]mq uoeq sey oyg “ditzy perry 
[Nyssooons vB 190378 ouAT, oY} 450] ApUODeI ‘sorqvo YdvaiZe[or 
eurreuiqns jo Sutaredea puv BurAv] oy 10¥ 4]IMq ATTerwods 
‘qeoye Jourveys qsoSre_ oy} St YOM “BIUTMIOg ey T— 
« VININO( ,, YANVALG ONIAVI-TIAVO AHL AO STIVIUY, 





‘A ‘Sop g¢ Aq punoiZ mojoq oinyeredu1e; 
24} Peonpel sey pornos snyy uolepI}UeA poaoidult oy T, 
‘edne3 10}8M ‘ul-FF Jo oinssoid v ysureSe oynutm sod ire 
JO “3 “Qno 000‘OEL Zutseatop ‘Ajjoojz0d uns sey queyd 
04} ‘SUOT}IPUOD osey} JopuN ‘3eq} 897048 ‘sosvo"y SUTUT, 
jo roqoodsuy ‘prenbiey “Wf ‘I jo yoder peroyjo 
C4, ‘pedojeasp soyzINy YyonuI ov souTM oy} [HUN 
peimber oq you TEM yndgno [nz oy se ‘AyUO ‘u'd*s QOT 
ye uni Suroq guosoid 4e st ‘ode rvok ev dn pozieys 
sem ‘pouoyjuom Apeolye se ‘qorya ‘oulsue oy], 
“UTI OY} JO JuOWyIedop 
ButiosulZue oY} JO OB1VYyO UT st OYAA ‘Gor “IPT JO UOTSTA 
-zedns 04} Jepun ‘moqe, usolyy yynog Aq yZnomq} 
pellieo Se SOUTUI O49 98 UOT}I0IO JO YIOM OY], 
“p&s oded ‘[] pu OT ‘s31q UI poonp 
-O1daI 918 U0TZ09I9 JO OSINOD UT OUTZU OY4 JO SMOTA 
‘eum 043 Jo yueid oovzIns 073 
0} Apoorrp peduind st ‘1osuopuoo 043 YSnorq} Zurssed 
Joye “qOIYA ‘oUTUT OY} WOIZ poUTeIp yey} st 19zeK 


. | ’ 
! , 1 
' ' 
! 
! 


| 














=, 





SS 





1 ee ee ees ee 











MH 


dS 





‘SUSSUN Ad CELONALSNOO 






(a:9696) 








=. 


WRK 


SV 


WSS 


Sah 





} 
: 
! 
; 





‘VOINAV HLOOS ‘NIALNOJUAGGOW YOA NVA ONILVTIILNGAA ~ ANIW 











228 








firedamp and air. The last method was found to be 
the most satisfactory. 

After preliminary tests with cordite, mercury ful- 
minate and other solid explosives, which ignite at low 
temperatures and produce a flame of short duration, 
nitro-cellulose (nitrated filter paper) was selected for 
the experiments owing to the ease with which it could 
be measured, strips } in. wide of various lengths 
being used. A closed glass tube, which could be filled 
with a mixture of methane and air of known compo- 
sition, was employed. In this a small platinum spiral 
was fitted and this could be heated electrically to 
a temperature sufficient to ignite the nitrated filter 
paper without igniting the gas. The length of 
burning paper required to ignite a specified mixture 
gave a measure of the delay or “lag” on ignition. 
The burning of the nitrated paper was found to alter 
the composition of the gas mixture by abstracting 
oxygen before ignition of the methane-air mixture 
took place. Hence, the lower percentages of methane 
appeared to be more easily ignited. The flame used 
for ignition purposes must be fully aerated, or the results 
prove misleading. 

In the second metfiod, tongues of flame from a mixture 
of air and methane containing an excess of oxygen were 
shot from an explosion vessel of constant capacity 
through orifices of different sizes. This work was based 
on the assumption that the smallest tongue (from the 
smallest orifice) would only ignite the most readily 
ignitible mixture. The results showed that the 
mixtures most readily ignited by such tongues of 
flame contained between 8-5 and 8-9 per cent. 
of methane. The final method adopted involved 
bringing the mixtures into contact with a flame 
by mechanical means, and the measurement of 
the interval of time. The apparatus used consisted 
of a glass explosion vessel with a brass cap, over 
which a thin strip of steel could be rapidly moved. 
A flame from a jet was exposed to the mixture of 
methane and air when a hole in the steel strip registered 
with a hole in the brasscap. The steel strip was wound, 
by means of an electric motor, off one spool on to another, 
the explosion vessel being placed between the two. 

After first adjusting the speed of the strip, from which 
the time of exposure of the flame to the mixture could be 
calculated, so that ignition of the mixture did not occur, 
graduated speeds were tried in order to determine 
accurately the duration of exposure necessary to 
obtain ignition. The critical duration of exposure of 
the flame to a mixture of 12-15 per cent. methane was 
found to be 3-63 milliseconds. 

The results of these experiments show that the 
mixtures of methane and air most readily ignited 
by flames contain between 9-5 and 10-0 per cent. of 
methane, As would be expected, the duration of 
exposure required to obtain ignition is less as the 
size of the flame used is increased; whilst, under the 
conditions of these experiments, the larger the flame the 
less marked was the difference in ignitibility between 
one mixture and another. It should not necessarily 
be inferred that the flames from mining explosives, which 
are presumably hotter, can remain in contact with any 
mixture of methane and air as long, for example, as 
34 milliseconds without ignition taking place, but it 
may reasonably be assumed that those mixtures which 
have been found in these experiments to be the most 
sensitive (viz., 9-5 to 10 per cent. of methane) should 
also be the most readily ignited by explosive flames, 
provided the explosive is not under oxidised. 

In tests made by firing a weighed charge from a 
cannon to ignite mixtures of methane and air, it has 
been found that the most easily ignited mixtures con- 
tain about 9-25 per cent. of methane, and that if less 
than 9-0 per cent. or more than 9-5 per cent. of methane 
is present, considerably heavier charges must be fired. 
From this difference in results, it is inferred that the 
ignition of inflammable gaseous mixtures by the firing 
of a high explosive is not due exclusively to the flame 
of the explosion. 

In subsequent experiments by Messrs. W. Rintoul 
and A. G. White, a second form of apparatus was 
employed. This consisted of a metal cylinder, closed 
at its upper end by a glass observation window and 
having the open base resting on a fixed metal plate in 
which a slot 0-5 in. long was cut; the width was varied in 
different experiments from 4 to } in. This cylinder, 
which was the explosion chamber, was mounted at the 
end of an arm fixed to a rotating vertical shaft. As the 
cylinder moved round its circle, its mouth passed over 
the slot in the plate. At the slot and under the plate a 
burner projected a flame of a pre-determined mixture of 
hydrogen and methane with air. The flame was thus 
exposed for a brief interval to the firedamp mixture 
when the cylinder passed over the aperture. 


This work showed that the most readily ignitible | 


mixture varies considerably with variation in the 
oxygen balance of the flame used for ignition. Since 
the igniting gases and the methane-air mixture may 
interact to some extent before ignition, this might well 
be expected. Under such circumstances it is probable 
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MINE-VENTILATING FAN FOR MODDERFONTEIN. 


CONSTRUCTED BY MESSRS. WALKER BROTHERS (WIGAN), LIMITED. 


(For Description, see Page 226.) 





Fia. 8. Fan in Courss or ERECTION IN THE Makers’ Works. 
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that a flame with a considerable deficiency of oxygen 
would most readily ignite a mixture containing some 
excess of oxygen, since the most readily ignitible mix- 
tures contain continually decreasing amounts of methane 
with increasing oxygen deficiency of the igniting flame. 





Tue Busk STUDENTSHIP IN AERONAUTICS.—Professor 
B, Melvill Jones, of the Aeronautical Department, Engi- 
neering Laboratory, Cambridge University, informs us 
that the Busk Studentship for the year 1926-7 has been 
awarded to Mr. P. Brooksbank Walker, B.A., of Peter- 
house, Cambridge. Particulars regarding the studentship 
will be found on page 570 of our issue of April 30 last. 








Fan House UNDER CONSTRUCTION AT MODDERFONTEIN. 


BIBLIOGRAPHY ON RESEARCH.—We have received 
from the National Research Council, Division of Engineer- 
ing and Industrial Research, 29, West 39th-street, New 
York City, a copy of a booklet entitled ‘‘ A Bibliography 
on Research.” is contains a list of selected articles 
from the current American and foreign technical press 
of the years 1923, 1924 and 1925. The contents are 
classified into 39 sub-divisions, which include aero- 
nautics, automotive engineering, cement and concrete, 
corrosion, electrical engineering, fuels, gas and oil 
engines, lubrication, machine tools, marine engineering, 
metallurgy, mining, ore-dressing, pumps, refrigeration, 
steam engineering, telephony, and wire cables and ropes. 
The pamphlet is paper backed, and contains 46 pages. 
It is intended to cover general articles on research only. 
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LABOUR NOTES. 


Tue effect of the resolution passed at Tuesday’s 
national delegate conference of the Miners’ Federation 
is to give the executive committee a freer hand to 
negotiate settlement terms with the Government and 
the coal-owners. According to the official report given 
out at the close of the meeting, the question discussed 
was whether or not the executive committee should be 
authorised to endeavour to open up negotiations with 
the coalowners and the Government with a view to a 
settlement, ‘‘ the committee to report the result of 
such negotiations to a future conference.” A resolution 
to give the committee such authority was carried, on a 
card vote, by 428,000 to 360,000. It was also decided 
that all negotiations for a settlement must be of a 
national character and not entered into by districts 
separately. The outlook is, therefore, slightly improved, 
but the prospect of peace would be much brighter if 
there were an assurance that the settlement terms, 
whatever they turn out to be, will be submitted by the 
delegate conference to district ballots. 





Tuesday’s conference at York of executive repre- 
sentatives of the shipyard trade unions for the purpose 
of considering the report of the Joint Committee of 
Inquiry did not result in much progress. An 
official report of the meeting stated that “it was felt 
that the work of the committee had been well done, but 
regret was expressed that further information was not 
forthcoming on the financial resources of the firms 
engaged in shipbuilding and repairing. Considerable 
difference of opinion in the a ogo of the report 
was expressed, and, in view of the main provisions, 
it was agreed that further opportunity should be given 
to consult with the members of the trade unions, 
and to that end the meeting was adjourned until 
September 23.” 





At a conference in York on Tuesday of representa- 
tives of the engineering trade unions to consider the 
position of the national and local movements for a 
wages advance of 20s. per week, it was. decided to 
defer further consideration of the matter till conditions 
were more favourable, ‘‘ having regard to the present 
industrial situation and the circumstances surrounding 
the engineering industry.” 





The Ministry of Labour states that on August 9, 
1926, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,594,200. This was 24,544 less than a week ago, but 
324,750 more than a year ago. The tota] for August 9, 
1926, does not include persons who ceased work in the 
coal-mining industry on account of the dispute. 





That Soviet Russia generally does not share the 
illusion that, under the fostering care of Moscow, 
several other countries, including Great Britain, are 
steadily progressing towards revolution, seems to be 
proved by the pamphlet which has been issued by 
the workers’ opposition leaders Miedriedieff and 
Shlyapinikoff. When the Red International Labour 
Union originally set out to “ capture ” the International 
Federation of Trade Unions, it was pointed out by 
several representative men in this country that, 
instead of ifyi the international movement, 
admission of the R.I.L.U. on Moscow’s terms would 
split it from top to bottom. The authors of this 
Russian pamphlet incline to much the same opinion. 
They say: “The policy which the Communist 
International pursues—namely, the capture of the 
European working masses—is quite hopeless. It not 
only does not bring us nearer to the international 
proletariat but, on the contrary, isolates us. In all 
Central European countries, the importance of which 
is decisive for world revolution, the tactics of the 
Communist International have led to the Communist 
fraction of the organised working masses being isolated 
from the rest of the proletariat, and this in turn has 
disorganised both the general labour movement and 
the Communist part of the movement. . We 
are the strongest opponents of this policy. It is due 
to attempts at grafting our methods of work on to 
all West European countries.” 





Another point which the authors of the pamphlets 
make is, in effect, that the money which is being 
spent in other countries with the object of promoting 
revolution is sheer waste. ‘‘ These attempts,” they 
say, “have literally led to the disorganisation of 
the Labour movement, to the setting up of insignificant 
Communist sections and maintaining them out of 
the earnings of the Russian labouring masses who, 
under existing conditions, cannot enjoy these earnings 
themselves. In practice we are responsible for main- 
taining hordes of small bourgeois servants who, with 
the help of Russian money, cut a dash as representatives 
of the proletariat and appear proudly in the Come 
munist International as the most revolutionary of the 





workers.” The writers also protest vigorously against 
‘the systematic abuse and discrediting of the class 
organisations of the West European proletariat, as 
well as of every Social-Democratic Government, 
such as, for. instance, the Labour Government in 
Great Britain.” ‘“‘ The latter is always represented,” 
they say, ‘as though it were just the same as a 
bourgeois Government, and we cannot, for one 
moment agree with such a policy and such tactics, 
for they are fatal to the cause of genuine i 
revolution.” The group consequently calls for the 
disbanding of the independent Communist parties 
and the closing of the Red International of Trade 
Unions, describing the latter tion as, con- 
sciously or unconsciously, “an instrument for keeping 
the Russian Labour masses and West European 
Communist groups apart from the great body of the 
proletariat.” Judging from Prevda—which repro- 
duces the pamphlet—Moscow is much concerned 
about this opposition movement—whose chief signifi- 
cance from the British workers’ point of view is, 
however, that Russia is tiring of paying out money 
for propaganda which is without visible effect. 


In July, the home branch membership of the Amal- 
gamated Engineering Union decreased from 212,509 
to 211,042, and the colonial branch membership 
from 25,790 to 25,718. The number of members on 
donation benefit increased from 18,416 to 18,956, 
and the total number of unemployed members from 
30,117 to 31,185. 








The A.£.U. Monthly Journal states that at a meeting: 
in Southport, between the Executive Council and the 
National and Divisional Organisers, the altered ,con- 
stitution of the union was considered, especially the 
changes effected by Rules 25 and 25a. A resolution 
was passed, recognising “ the imperative necessity of 
more efficient organisation of those employed in the 
engineering ind) » deciding “‘ to do everything 
possible to make the new Industrial Section a success,” 
and calling upon the membership “ to assist in the 
furtherance thereof.” In his report of the meeting, 
Mr. Brownlie, the president, says that there are tens of 
thousands of ex-members employed in the engineering 
trade who ought to be members of the union. The new 
Industrial Section provides ample facilities for those 
returning to the fold, but it is equally necessary that 
those eligible to join the higher sectionsshould be induced 
todo so. It must be apparent to all those employed in 
the engineering trade, he adds, that if higher wages and 
improved working conditions are to be obtained the 
most effective method of securing them is through the 
medium of an efficient and disciplined organisation. 





The report of the Advisory Committee of the British, 
Section of the International Metal Workers’ Federation, 
submitted to the recent annual meeting of the Section. 
at York, stated that the National Union of Sheet 
Metalworkers with a membership of 14,000 and the 
Metalworkers’ Section of the Transport and General 
Workers’ Union with a membership of 17,000: had 
affiliated. There had been, however, it was added, a 
falling-off in the membership of the individual organi- 
sations during the period, due to the industrial depres- 
sion prevailing throughout the country. 





The report referred to the fact that working conditions 
in the various branches of the metal industries of 
Belgium, France, Germany, Italy and Czechoslovakia, 
were not equal to those obtaining in this country. 
Wages were lower, it was stated, working hours longer, 
and overtime conditions less favourable. It was 
agreed that the British Section should raise the question 
at the next meeting of the Central Committee with a 
view to action being taken. It was also decided that 
the president and secretary should make representa- 
tions to the Ministry of Labour, with a view to the 
Government immediately introducing legislation to 
ratify the findings of the Washington Convention in 
regard to a 48-hour working week. 





According to the secretary of the London Joint 
Engineering Trades Wages Movement 41,000 papers 
were issued in connection with the recent ballot and 
only 11,442 votes recorded—7,651 in favour of strike 
action and 3,781 against. The A.E.U. vote was 3,014 
in favour of strike action and 2,390: against. There 
was general agreement, it is officially stated, that the 
time was not opportune for strike action. 





In the latest issue of the Monthly Trade Report of the 
United Patternmakers’ Association, Mr. Findlay, the 
general secretary of the organisation, says: “ Our 
unemployment figures, together with the quarterly 
report included in this month’s report, demands the 
serious attention of all our members. While the 
industry: of the country continues unstabilised, it is a 
thankless job which we, as administrators, have to 





tackle. Nineteen per cent. of our members on benefit 
and an excess of expenditure over income of 4,250I. 
just when we were beginning to get our head above the 
water, is anything but heartening. Our case is, however 
by no means the worst, and I only mention it to bring 
home to some of our members, who think the time has 
arrived either to reduce our contributions or get back 
to the benefits of the Rule Book, that this cannot be 
while such conditions obtain.” 





The executive committees of the London branches of 
the Civil Service Clerical Association have passed a 
resolution condemning the Government’s declared 
intention of introducing legislation to deprive Service 
Associations of the long-established rights of affiliation 
with outside industrial and political bodies as an un- 
warrantable interference with the rights of Civil 
Servants as workers. The Government is warned “ in 
the most solemn terms that whatever views individual 
Civil Servants may have on the question of affiliation 
with outside bodies, Civil Servants, irrespective of such 
views and irrespective of private political convictions, 
will unitedly resist what they can only regard as an 
attempt to interfere with matters of domestic associa- 
tion policy and to weaken the power of associations to 
protect and promote the interest of their members.” 





According to The Ministry of Labour Gazette employ- 
ment in July remained bad on the whole, and a large 
number of works remained closed or were only partially 
working, owing to the continued effect of the coal stop- 
page. During the month over a million workpeople in 
the coalmining industry were involved in the stoppage, 
about 23 million working days being lost. The 
industries most seriously affected were those dependent 
upon large supplies of coal, namely, pig iron, iron and 
steel, tinplate and pottery manufacture as well as 
engineering and shipbuilding, but in the tinplate, 
engineering, and shipbuilding industries there was a 
slight recovery during July. In the building trades 
employment was generally good with skilled workers. 





Among the workpeople (numbering approximately 


‘11,900,000) insured against unemployment under the 


Unemployment Insurance Acts in Great Britain and 
Northern Ireland the percentage unemployed on 
July 26, 1926, was 14-6, as compared with 14-7 on 
June 21, 1926, and 11-2 on July 27, 1925. The per- 
centages for July and June of this year include. coal- 
mining, those miners who were not disqualified for 
benefit under the Unemployment Insurance Acts by 
reason of the dispute being taken as unemployed for 
the purpose of the percentage, but not those who ceased 
work owing to the dispute. In other industries 
(excluding coalmining) the percentage of unemployment 
on July 26 was 15-3, the same as on June 21. Among 
the members of those trade unions from which returns 
were received the percentage unemployed was 13-2 
at the end of July, 1926, compared with 12-9 at the 
end of June, 1926, and with 11-2 at the end of July, 
1925, 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour the changes in 
rates of wages reported to have come into operation 
during July resulted in a reduction of 21,700/. in the 
weekly full-time wages of about 310,000 workpeople, 
and in an increase of 4,400/. in those of 130,000 work- 
people. The largest group of workpeople whose wages 
were reduced were railway traffic workers, various 
classes of whom sustained a reduction of ls. per week. 
The increases affected, amongst others, iron-miners 
and blast-furnacemen in Cleveland; iron and steel 
workers in South Wales, and electric cable makers. 
During the first seven months of 1926 the changes 
reported to the department in the industries for which 
statistics have been compiled have resulted in net 
increases amounting to 12,900/. in the weekly full-time 
wages of 106,000 workpeople and in net reductions of 
84,0007. in those of 925,000 workpeople. 





The general stoppage of work in the coal-mining 
industry which began on May 1 continued throughout 
July, and involved over 1,000,000 workpeople in that 
industry in a loss of about 23,000,000 working days in 
July. The aggregate number of working days lost by 
workpeople taking part in this dispute was about 
66,000,000 up to the end of July. Apart from the coal- 
mining dispute the number of trade disputes involving 
stoppages of work reported to the Ministry of Labour 
as beginning in July, was 10. In addition 14 disputes 
which began before July were still in progress at the 
beginning of the month. The total number of work- 
people involved in these 24 disputes (including those 
thrown out of work at the establishments where the 
disputes occurred, though not themselves parties to the 
disputes) was about 2,000, and the estimated aggre- 
gate duration of such disputes during July was about 
18,000 working days. 
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HIGH-SPEED WOODWORKING MACHINES. 


CONSTRUCTED BY: MESSRS. J. A. FAY AND EGAN COMPANY, ENGINEERS, CINOINNATI, 0O., U.S.A. 
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HIGH-SPEED WOODWORKING 
MACHINES. 


A sELEcTION of woodworking machinery, amounting 
to what might almost be termed a small exhibition, 
has been on view at the works of Messrs. Buck and 
Hickman, Limited, 2 and 4, Whitechapel-road, E.C.1. 
The machines are products of Messrs. J. A. Fay and 
Egan Company, Cincinnati, U.S.A., for whom Messrs. 
Buck and Hickman are the concessionaires in Great 
Britain. Most of them are nev’ to this country, and 
of these we select three for brief description, viz., a 
glue jointer and edge moulder, a three-drum endless- 
bed sander, and an automatic cut-off saw. The glue 
jointer is illustrated in Fig. 1. As its name implies, it 
is designed to give the accurate finish necessary for 
fine glue joints in furniture, doors, sashes, &c., and in 
order to accommodate long pieces is furnished with 
extensions at each end of the main frame. 

There are two cutters, each with an independent 
drive from the countershaft and situated one each 
side of the endless feed belt. In normal use, one 
cutter is shaped to form a tongue, the other a groove. 
Naturally, the two sides of the belt travel in opposite 
directions, so that when a number of pieces require 
both tongueing and grooving the piece is caught 


THREE-DRUM SANDING MACHINE. 
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returned on the other side for the second operation. 
The belt is made of steel links with a roughened face 
for gripping, and runs the full length of the bed. Some 
of the links are visible at the left-hand side of the 
machine, as shown in Fig. 1. The wood is held up to 
the feed belt by a number of vertical rollers carried 
on a frame and closely pitched over the cutters. The 
frame is adjusted by the simultaneous movement of 
a screw at each end. These screws are provided with 
handwheels, and are coupled by a chain so that adjust- 
ment can be made from either end. <A novel feature 
cf the feed belt is the arrangement of adjustable 
guides on the inner surfaces. The position of these can 
be altered, so that the belt can be made to travel in 
a slightly curved path. The work can thus be made 
perfectly true, or with a slight convexity or concavity, 
as required, the latter being desirable in long pieces, 
as the curvature corrects any tendency of the finished 
joint to open at the ends. The feed drive is by a 
separate belt from the countershaft. The driven pulley 
is mounted on a spindle well below the table level, the 
spindle running in a gear box providing three varia- 
tions in the speed of the feed belt. The gear-changing 
handle is horizontal, and may be seen at the right of 
the illustration. A vertical spindle transmits the 
motion directly to the belt. This is provided with a 


on the extension after one operation and immediately | clutch for stopping and starting. The cutters are 





Fig 3. 
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overhung, the driving pulley being situated between 
two ball bearings, which are capable of vertical, lateral 
and angular adjustment on the knees on which they 
are mounted. Motor drives can be fitted instead 
of the pulley drive, if desired, about 13 h.p. being 
required. Material from } in. to 4 in. thick can be 
handled. The minimum depth which can be taken 
in the machine is 1 in., and the minimum length 
4 in., the maximum depth and length are only limited 
by considerations apart from the machine. 

In Fig. 2 we illustrate the three-drum sander. A 
cardinal feature of the design of this machine is 
rigidity, particularly as regards the travelling bed, 
when large material is being handled. The machine is 
made in two sizes to take work up to 42 in. and 48 in. 
wide, respectively, and up to 6 in. thick. The bed 
is supported on continuous inclined ways, and the depth 
is regulated by a wedge platen adjustment. The 
raising or lowering of the bed is effected by power 
from the drive, but a handwheel is provided for very 
fine adjustment. The travelling bed is made of steel 
slats, and is fitted with rubber cups, mounted on steel 
saucers, for the grip. The slats are polished and run 
on ground, chilled-iron ways with independent lubrica- 
tion. The tightening adjustment is visible to the 
left of the bed. Motion is imparted to the travelling 
bed by a chain drive, the chains being quite independent 
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of the slats and their supports. The drums are fitted 
with an automatic device for taking up the stretch 
of the garnet paper employed, without throwing them 
out of balance. Each drum is driven independently, 
two from one side and one from the other, but where 
motors are fitted instead of a belt drive all three are 
placed on the same side. The arrangement of the 
drum oscillating gear will be clear from the illustration. 
A cross-shaft, deriving its motion from the chain-drive 
shaft, is provided with eccentrics which operate the 
oscillating levers. Four dusthoods and a short piece 
of exhaust trunk are fitted, and a revolving brush is 
provided after the third drum. Independent vertical 
adjustment of the three drums relative to the bed is 
available. The smaller machine requires 25 h.p., and 
the larger one 30 h.p. 

The automatic cut-off saw, a photograph of which 
we reproduce in Fig. 3, is remarkable for the speed 
at which it can be operated. In this machine, the 
saw travels, the wood being held against the fence 
as shown to the right. The speed of the feed in the 
forward direction—that is, when cutting—is nearly 
3 ft. per second. The action is controlled by means 
of a pedal, seen at the right-hand bottom corner of 
the illustration, thus leaving both hands of the 
operator free. This pedal can be used to stop the 
saw; in other words, to regulate the depth of cut. 
It is always used to start the saw into the 
cut. This is effected by pressing it down, and by 
releasing it the feed can be stopped. The automatic 
mechanism is, however, more useful. This consists 
of a trip gear, brought into action by stops, by which 
the length of stroke can be. regulated. The foot, 
in these circumstances, need not be removed from 
the pedal as the saw, when the cut is completed, 
will immediately cease its forward movement and 
will return to its starting position, where it is brought 
to rest by an automatic brake. The saw carriage is 
advanced for the cut by a band, which is wound up 
on a drum of large diameter containing a friction 
drive. The disengagement of the drum allows the 
weight of the transmission mechanism to pull the 
saw back to its original position. This action is as 
follows: A pair of heavy arms is pivoted on the 
driving shaft seen at the back of the machine. The 
free ends of these arms carry a countershaft, and are 
also coupled by links to the saw carriage. The counter- 
shaft is fitted with pulleys which are connected by 
belts to pulleys on the driving shaft and saw spindle, 
respectively. The whole mechanism thus forms a 
V-shaped linkage, with the countershaft at the bottom 
of the V. It will be evident that whatever the angle 
between the arms and the links, the belt lengths 
will be constant and the saw can be driven in any 
position. The weight of the countershaft and the 
pulleys on it, acting vertically downwards, brings 
back the saw immediately the band on the friction 
drum is released. The mechanism is thus simple 
and has few wearing points. The saw is fitted with 
a guard, and provision is made for attaching a square 
stop rod for regulating the length of the pieces cut off. 
Using a saw 16 in. in diameter, wood up to 18 in. 
by 4 in., or 20 in. by 2 in., can be cut up. The power 
required is from 7} h.p. to 10 h.p. A feature of the 
frame is that it is solid under the saw, to protect 
the working parts from sawdust. 





RoreE Dkrrtvinc.—Messrs. Thomas Hart, Limited, 
Lambeth Works, Blackburn, recently sent us a copy 
of a new edition of their book entitled ‘‘ Rope Driving, 
or the Transmission of Power by Ropes.” The book, 
which consists of some 80 pages and is well bound, gives 
a considerable amount of information on rope-driving 
systems, the designing of a rope drive, angular driving, 
the working of rope drives, driving ropes, and the 
splicing and fixing of ropes. Numerous plates and 
diagrams are included. 





Personat.—Mr. H. J. Troughton has resigned the 
position of mechanical engineer to the Metropolitan 
Electric Tramways, Limited, to take up the appointment 
of general manager of the Athens Transportation 
Company, Greece. Mr. L. B. Hewitt is succeeding 
Mr. Troughton as mechanical engineer of the Metropolitan 
Electric Tramways.—The board of directors of the Steam 
Fittings Co., Limited, West Drayton, Middlesex, inform 
us that the name of their Company has been changed to 
The Drayton Regulator and Instrument Co., Limited. 





HicH-PRESSURE 'THREE-CYLINDER CompounD Ex- 
PRESS LocomoTivE.—In the article, page 198 et seq., 
of our issue of last week, on the high-pressure three- 
cylinder compound express locomotive recently built 
by Messrs. Henschel and Sokn, of Cassel, we stated that 
the Schmidt’sche Heissdampf-Gesellschaft were respon- 
sible for the development of this type of engine, and that 
the agents in this country were Messrs. Gossell and 
Son, Limited, 110, Cannon-street, E.C.4. Messrs. Gossell 
and Son are, of course, well known here as the agents of 
Messrs. Henschel and. Sohn, but they are not in any 
way connected with the Schmidt’sche Heissdampf- 
Gesellschaft, for whom the engine in question was built 
by Messrs. Henschel. 





SULPHUR BACTERIA AS INDICATORS 
OF POLLUTED WATERS.* 


By Prorrssor Daviv Ettis, D.Sc. 


In the routine bacteriological examination of water, 
whether or not suspected of being polluted, the usual 
procedure consists of making a count of the total 
number of bacteria per unit volume, and then in 
finding the number of such bacteria belonging to the 
Bacillus coli group. This procedure is quite satisfactory, 
but its operation necessitates a fair knowledge of 
bacteriological technique, and a certain amount of 
time must be allowed to elapse before the result of 
the analysis can be announced, owing to the time 
required for incubation. The engineer and the chemist 
require more immediate methods for the detection 
of pollution in water, and cannot be expected to 
have a knowledge of a technique which belongs to 
another branch of science. 





Fra. 1. 
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In certain cases, the sulphur bacteria may be utilised 
for the purposes of the engineer or the chemist who 
wishes rather to collect the right kind of water for 
subsequent analysis by the bacteriologist, than to 
make the actual analysis. A certain water may 
appear of limpid clearness, and by its appearance 
allay any suspicions that may have been entertained 
concerning its purity. The appearance of a mass 
culture of any one of the sulphur bacteria in any 
water, however clear and transparent it may be, 
should immediately secure its condemnation for any 
potable purposes. The sulphur bacteria may thus 
serve as danger signals, and also, incidentally, to indicate 
where best to collect water most suitable for detailed 
bacteriological analysis. It will, therefore, serve a 
useful purpose to give the marks of recognition of 
these organisms. 

Among the different forms there is only one 
which is likely to be encountered by the engineer 
in the waters which usually come under his charge. 
This is Beggiatoa alba, at once the commonest, 
the most widely spread, and the easiest to identify 
of all the sulphur bacteria. In the mass form it 
appears as a greyish white felty covering on the bed 
of the stream or pool in which it is growing. It is 
usually found covering the surface of vegetable 
remains undergoing decomposition, which remains it 
envelops like a closely-fitting mantle. If a small 
portion of the material be examined under the micro- 
scope, it will be seen that the mantle of felt is made 
up of a conglomeration of filaments of Beggiatoa alba 
of such small size that they cannot be separately 
distinguished by the naked eye, and even with the 
help of magnification secured by the use of the low 


* Paper read before Section G of the British Association, 
at Oxford, August 11, 1926. 
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power of the microscope they are barely visible. 
With the help of the high power of the microscope 
(say, magnification 600) they are readily seen and 
easily recognised as will be clear from Figs. 1 and 2. 
The individual filaments measure on the average 
about 2 mu ( = ;}, mm.) in thickness, but it 
is not unusual to meet examples somewhat thicker 
or somewhat thinner than this dimension. The 
length may vary from a few u to the enormous 
length of } mm., and even longer forms may be observed. 
The filaments of Beggiatoa can be subsequently 
identified with ease, once they have been submitted 
to careful observation, for the droplets of sulphur 
inside them are very distinctive. As most of the 
filaments are also motile an organism which, under 
the microscope, is seen as a motile, sulphur-containing, 
cylindrical filament, can safely be set down as Beggiatoa 
alba if its dimensions approach approximately to the 
figures given above for this species. It will not be 
necessary to make a special test for sulphur, owing to 
the very distinctive appearance of the sulphur droplets 
in the filaments. Each has the appearance of a 
small black ring drawn in ink with a broad-pointed 
nib. 

Habits of Beggiatoa alba.—This sulphur microbe 
was found in various rocks and pools on the Clyde 
Estuary, in which animal or vegetable matter was 
undergoing the process of decomposition. In every 
case in which growth was noted there was at hand an 
abundant supply of organic matter (the saprophytic 
habit of Beggtatoa is well known). The organic matter 
may be derived from the direct results of animal or 
vegetable decomposition, or indirectly from the same 
source in the form of sewage. Hence, if a search is 
being instituted for sewage Fossey it will be well to 
bear this fact in mind. If Beggiatoa be found growing 
in a clear and transparent water, that water is polluted 
with organic matter. If the water is shallow, and 
there is an obvious mass of decomposing vegetable 
matter on its bed, it is not necessary to seek further 
for the origin of the organic matter. If, however, the 
water is free from decomposing organic remains, and 
shows an abundant growth of Beggiatoa, the con- 
clusion suggests itself that the water has received its 
organic matter from a more indirect source. In the 
haunts of man, sewage pollution is indicated. The first 
purpose of this paper is to draw attention to the fact 
that Nature has hung out a danger signal for the 
detection of sewage pollution, which is easy to read. 
The signal is not always shown when the water is 
polluted, but when it makes its appearance its meaning 
is unmistakable. The signal is one which can be 
recognised at a glance, when once it has been deciphered, 
for the mass growth of Beggiatoa is easy to recognise, 
and the filaments themselves, under the microscope, 
cannot be mistaken for the threads of other organisms. 

The Blackening of the Sand in the Clyde Estuary.—At 
numerous parts in the Clyde estuary, whilst the sand 
on the surface is normally of a greyish tint, that 
underneath the surface is black in colour, the blackness 
usually appearing about an inch under the surface. 
The mind, by sub-conscious association, is apt to jump 
to the conclusion that the appearance of this colour 
must necessarily be associated with pollution, and as 
a considerable amount of polluted water must neces- 
sarily be poured into a busy waterway like the Clyde, 
allegations have been made, without adequate scien- 
tific inquiry, that a causal relationship existed between 
the incidence of sewage pollution and the appearance 
of a black colour in the sand. An investigation was 
conducted with the purpose of determining whether a 
causal relationship could be established between 
these two phenomena. Favourable areas were chosen 
for investigation where the sand was black under the 
surface. The sand itself was submitted to a bacterio- 
logical and to a chemical investigation, whilst the small 
pools in the neighbourhood were made the subject of 
a biological scrutiny. The result of the examination of 
the pools showed that, in a large number of them, 
Beggiatoa alba had established itself to a prosperous 
degree. All of these, with the exception of four 
instances, owed the appearance of Beggiatoa in them 
to the vegetable matter which lay there in a 
state of decomposition. In the four exceptions, 
however, which were found in different parts of the 
estuary, the appearance of Beggiatoa could not be 
explained in this way, and so a search was made for 
sewage pollution. If local sources of pollution could 
not be found, it would have been reasonable to assume 
that sewage matter in the river was responsible. In 
all four cases it was found that local sewage was 
responsible for the appearance of Beggiatoa. The 
inference was, therefore, justified that at no place 
along the length of the river was the pollution of the 
river water of sufficient intensity to cause the 
appearance of Beggiatoa in the small pools along its 
banks. One of the places in which Beggiatoa was 
found presented a case of peculiar interest, from the 
fact that the growth of this organism was found on 
the wooden piles which flank the entrance to the West 
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India Dock at Greenock. The interest lay in the fact 
that the water in this dock necessarily formed a part 
of the main body of the water in the Clyde. A 
strong case seemed to be presented for the indictment 
of the river, for the Beggiatoa appeared at a place 
where it would not be possible to assign responsibility 
to decaying organic matter. The appearance of Beg- 
giatoa showed the presence of indubitable sewage pol- 
lution. On inquiry being instituted it was found that a 
portion of the local sewage was regularly poured into the 
dock. The existence of Beggiatoa pointed to the cer- 
tainty of sewage pollution, and its exact extent was 
afterwards ascertained by following the routine 
bacteriological methods for this kind of work. 

It was found possible to come to the conclusion that, 
whatever causes contributed to the formation of black 
sand, sewage pollution was not one of them. On an 
extended investigation, black sand was found to prevail 
in parts so widely remote from the influence of the 
polluted matter in the Clyde that it became obvious 
that the blackness was due to natural rather than 
human agency. Thus, this kind of sand was found on 
the west coast of Arran, an island on the west coast of 
Scotland. The amount of polluted matter derived 
from the Clyde at the places where the black sand 
prevailed in Arran is far too small to be detected by 
human agency, even supposing that the cleansing 
operations of nature had not been at work. Other 
supplementary evidence, all tending to the same con- 
clusion, was obtained and need not here be detailed. 
So far only facts of a negative nature have been brought 
forward. The positive evidence giving the true cause 
of the blackening of the sand was obtained by deductions 
from the results of the bacteriological and chemical 
analyses of the sand. In any large estuary in which 
animal and vegetable growth is fairly abundant, there 
is always a considerable amount of decomposition in 
progress on the remains of the animal and vegetable 
organisms after their death. It was found that quite 
90 per cent. of the bacteria in the black sand, under ap- 
propriate circumstances, liberated sulphuretted hydro- 
gen, and the smell of the sand, when freshly collected, 
suggests this obnoxious gas. It was at once clear that 
there was a number of possibilities of chemical reaction 
between this gas and certain other constituents in the 
sand. It also became clear that the black substance 
which was formed as a result of such reactions was 
one which lost its colour on exposure, for otherwise it 
would not be possible to explain the universality of the 
absence of blackness from the surface. A sample of 
black sand left in an exposed condition speedily proved 
the truth of this deduction. The following facts, 
which were elicited by a further investigation, proved 
conclusively that the blackening was due to the 
formation of ferrous sulphide as a result of the inter- 
action of the sulphuretted hydrogen and the iron- 
containing constituents of the sand :— 

(1) The black colour disappears when the sand is 
exposed, which is precisely what happens when 
ferrous sulphide is freely exposed. 

(2) The sand contains hundreds of thousands of 
bacteria per gramme, and, of these, 90 per cent. 
are capable of bringing about the decomposition 
of organic matter with evolution of sulphuretted 
hydrogen. 

(3) The sand further contains an abundant supply 
of organic matter, moisture, and ferruginous 
compounds. 

(4) The rocks in the Clyde drainage area contain a 
large percentage of ferruginous compounds. 

(5) Ferrous sulphide is a constituent of some modern 
lacustrine and marine sediments, which in 
character resemble the black sand of the Clyde. 

(6) Much of the water which drains into the Clyde 
has previously passed over open moors and 
boglands of the basaitic lava area, and has thus 
obtained facilities for picking up ferruginous 
organic matter in soluble form. 

It was not possible by a simple chemical analysis to 
make a direct chemical estimation of the ferrous sul- 
phide content of the sand, but it is hoped shortly to 
make this direct estimation the basis of a fresh research. 
For the purposes of this investigation, however, the 
evidence in favour of ferrous sulphide being the cause 
of the blackening is so overwhelming that the proposed 
direct analysis for ferrous sulphide, when it is accom- 
plished, must be regarded as a contributory rather than 
an obligatory factor in the investigation. 





SrEaM NAVIGATION ON THE MIN River, Catva.—It is 
stated in a recent issue of the Chinese Economic Bulletin 
that a steam launch service was started recently between 
Foochow, the seaport on the Min River in Fu-kiang 
Province, China, and Kutien, a district on one of the 
tributaries of the Min River, about 100 miles from 
Foochow. The hull of the launch which is used for this 
purpose, was built in the Foochow Dockyard, while the 
propelling machinery was imported from Norway. The 


vessel draws 4 ft, of water and can accommodate 90 
passengers. 


A RUNAWAY TUB CATCH FOR 
MINES. 


WHEN tubs are being lowered down an incline in a 
mine, the failure of the haulage rope, the rope clip, a 
coupling or a drawbar may be the cause of a very 
serious accident. To prevent any such possibility 
when breakages take place, Messrs. Hadfields Limited, 
of East Hecla and Hecla Works, Sheffield, have 
introduced a runaway tub catch, which has only one 
moving part, a rocking lever, which arrests the progress 
of a tub if it moves at a dangerous speed. This lever 
is pivoted in bearings on a bedplate, at such a distance 
from the middle of its length, that the top portion comes 
into contact with the axles of the tubs. When the 
speed of the tub is low, the lever is merely set into a 
swing, which does not result in the creation of any im- 
pediment to the continued movement of the tubs. When, 
however, any part of the haulage system breaks, 
through any cause whatever, the tub will run at a 
much increased speed until it reaches the catch where 
it will be immediately stopped. This is due to the fact 
that the front axle of the tub gives such an 
impact to the shorter end of the ing lever that 
it is knocked down against a stop in bedplate 
while the longer end rises and the back axle presses 
against it, the downward force due to the load 
of the tub then being used to hold the tub from further 
movement, until the haulage fault is repaired. Then, 
by pulling the tub a few inches up the incline, the 
catch is released allowing it to swing back into its 
normal position where it does not further impede the 
progress of the tubs until another fault develops. 

This runaway tub catch is simple, certain in action, 
and can easily be put into position, for the front of the 
bedplate is shaped to rest on the top of one sleeper, 
while the back part is below another. Satisfactory 
anchorage is thereby afforded, without the introduction 
of any holding-down bolts. It may be mentioned that 
the appliance is entirely made of Hadfield’s best 
toughened cast steel, so there is little possibility of 
fracture. Im addition to the use which thas been 
described, the device may be employed as a jack 
catch, on gradients up which tubs are being hauled. 
For this service the rocking lever is reversed. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The weekly market has 
not been held as is usual during the race holidays. The 
few small parcels of Cleveland pig iron that become 
available for sale are promptly taken up at recognised 
market figures, though consumers complain that prices 
are too high and they continue to use fair quantities of 
the much cheaper Continental irons, the quality of which 
they state is satisfactory. No. 1 Cleveland pig is 92s. 6d. ; 
No. 8 g.m.b., 90s.; No. 4 foundry, 89s.; and No. 4, 
forge, 88s. 6d. 


Hematite.—The statistical state of the East Coast 
hematite branch has become quite strong. Producers’ 
unsold stocks have been substantially reduced, and with 
the exception of one firm, makers now have little iron to 
offer. Values are stiffening but quotations are still 
on a comparatively low level. Up to 82s. 6d. is 
named for Nos. 1, 2, and 3, or 7s. 6d. below the current 
quotation for No. 3 Cleveland, whereas, under normal 
conditions, mixed numbers command 8s. to 10s. above 
the rating quality of Cleveland. 


Foreign Ore.—Trading in foreign ore is unheard of. 
Nominally quotations remain on the basis of best rubio 
at 21s. 6d. c.i.f. Tees. . 


Coke.—Coke is selling at up to 50s. 


Manufactured Iron and Steel.—Hope is entertained that 
the end of the coal strike will be speedily followed by 
activity in several branches of finished iron and steel. 
To meet, to some extent, the pressing needs of customers, 
Messrs. Dorman, Long and Company are, next week, 
re-starting three steel furnaces and a plate mill at their 
Redcar works, and are setting to work a second plate 
mill at their Clarence Works. Quotations :—Common iron 
bars, 112. 5s.; iron rivets, 12/. 15s.; packing (parallel), 
8l.; packing (tapered), 11/.; steel billets (soft), 71. 5s. ; 
steel billets (medium), 7/. 10s.; steel billets (hard), 
81. 2s. 6d.; steel ship, bridge, and tank plates, 8/.; steel 
angles, 7J. 10s. ; steel joists, 71. 10s.; heavy steel rails, 
81. 10s. ; fish plates, 12/. 10s.; and galvanised corrugated 
sheets (No, 24 gauge), 171. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel_—The position generally has undergone 
little change. Works continue to carry on with the aid 
of an increased output of outcrop coal and further impor- 
tations of fuel from Holland, America, Belgium, Saxony, 
and Silesia. Crucible steel furnaces have only been par- 
tially suspended and are being fed by coke imported from 
abroad. The big steel-producing furnaces at Sheffield, 
Penistone, Stocksbridge and Parkgate are, however, 
still closed down, and at present there is no prospect of 
them being relighted, as it is thought that it would be too 
expensive to burn foreign coal. Of the heavy trades, the 
railway-equipment and rolling-stock departments are, 
perhaps, the most actively engaged. Orders continue 
to be booked, either locally or by firms having local con- 
nections. Inquiries are in circulation from India, South 
America and Africa, and development schemes in Canada 
and British East Africa are likely to prove beneficial 
to local makers. South Africa is inquiring for fittings 
for new trunk telephone and wireless goods, steel tyres 
for locomotives and various kinds of electrical equipment. 
New Zealand wants steel rails; Burma, various kinds 
of steel materials ; and India is calling for files, mill and 
engineers’ tools and various kinds of railway furnishings. 
Automobile steel-makers continue to occupy a strong 
position, while the implement and machinery trades 
are steadily improving their positions. There is prospect 
of an increased amount of business being done with 
India in agricultural implements, while other Colonies 
are also good buyers. The lighter trades continue 
to maintain a satisfactory output. Files, rasps, saws, 
engineers’ small tools, and gardening tools are all in 
better request. Builders continue to provide the light 
foundries with plenty of work. 

South Yorkshire Coal Trade.—The fuel position has 
slightly improved. More coal has been imported from 
abroad and thousands of tons of outcrop coal are available. 
With the aid of such fuel, steelworks are carrying on in a 
restricted measure. Gas and electricity works are 
maintaining normal supplies of power, though a restriction 
of output of the former is anticipated in the near future. 





Tae GEOMETRY OF THE HELICAL WATER TURBINE : 
Errata.—Mr. Nicholas Popoff has called our attention 
to a slip which crept into his article on the above subject, 
published in our issue of August 6 last on page 155. 
In integrating the expression dy = os adz, which 

Tr 
occurs near the top of the third column on page 156, the 
figure 2, which should, of course, appear in the denom!- 
nator, was omitted. The error, although fairly obvious, is 
unfortunate in that it is repeated in several formule 
given subsequently. The 2 should thus appear in 
formula (8), lower down in column 3, on page 156, and 
also in both the equations immediately below ormula (8). 
It should also be included in the formula on line 8 of 
the first column on page 157, and in equations (9) and 
(10) on that page, as well as in the two formule for the 
generating parabolas quoted in the third column on the 


same e. The same remarks apply to the formula 
158 and 159. In every 


iven in the appendix on n : 
mts where the quantity ay appears in these it should 


be preceded by the figure 2. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—In the Scottish steel trade, the 
position remains without change. With production 
stopped for so many weeks, stocks of heavy material have 
become gradually less, and consumers who ave still able 
to carry on are having some difficulty in secur.ng adequate 
supplies. This is particularly the case with shipbuilders 
who prefer local material, and some of them have had 
to pass orders for plates, &c., of Continental manufac- 
ture to enable them to fulfil their obligations. More 
bookings have been made during the past week, and, with 
the termination of the trouble in the British coalfields, 
there should be a moderate amount of activity in the 
steel industry. In the black-sheet trade, the position 
shows little change. The works in operation are having 
quite a good output, but, as the cost of production is so 
high at the present time, prices are all on the up grade. 
All prices are subject to negotiation, but the following 
may be taken as the market quotations: Boiler plates, 
111. per ton; ship plates, 7/. 17s. 6d. per ton ; sections, 
7l. 7s. 6d. per ton; and sheets, under +; in. to } in., 
111. 5s. to 121. 5s. perton ; all delivered Glasgow stations. 


Malleahle-Iron Trade—In the West of Scotland 
malleable-iron trade, there is a little production taking 
place now, and there is no difficulty in di ing of any 
material available. Prices are strong and the current 
quotation for Crown bars is 112. 10s. to 122. per ton, 
delivered Glasgow stations. 

Scottish Pig-Iron Trade.—The state of affairs in the 
Scottish pig-iron trade has not altered over the week. 
Production is nil, but consumption is small. Prices are 
firm and tend upwards, with the following as the market 
quotations: Hematite, 82s. 6d. ton, delivereil 
at the steel works ; foundry iron, No. 1, 90s. to 95s. per 
ton, and No. 3, 85s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glaggow Harbour for the week 
ending last Saturday, August 14, amounted to 635 tons. 
Of that total, 589 tons went overseas and only 46 tons 
coastwise. For the corresponding week of last year 
the figures were, 1,091 tons overseas and 44 tons coast- 
wise, making a total shipment of 1,135 tons. 


Shipbwilding.—It is announced that Messrs. William 
Hamilton and Co., Limited, Port Glasgow, have received 
an order to build an oil tanker for the Aral Steamship 
Co., Liverpool. The new vessel will be 420 ft. in length 
and 53 ft. in breadth. The machinery and boilers, with 
Howden's forced-draught installation, are to be supplied 
and fitted by Messrs. David Rowan & Co., Limited, 
Glasgow. ‘The same builders have received another 
order to build a large cargo steamer for foreign owners.— 
Messrs. Ferguson Brothers, Port Glasgow, have secured 
the order from the Government of for two 
single-screw hopper barges, each of 170 ft. in length. 
These two vessels, which are for Brisbane Harbour, will 
each have a capacity of 16,000 cub. ft. The value of the 
contract is said to be about 58,000/. One or two other 
Clyde contracts are reported, but confirmation is lacking. 





THE GENERAL STRIKE AND FOoREIGN TraDE.—A 
statement contained in a recent issue of the Monthly 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—-Though coal market operators 
regard the strike position much more hopefully, in view 
of the decision of the miners’ delegates to endeavour to re- 
open negotiations for a settlement with the Government 
and the coal owners, it is not expected that work will be 
resumed this month. It is felt that the men’s leaders 
must change their attitude with respect to the hours 
question before any settlement can be reached. In the 
meantime, export business remains out of the a ion, 
and though importers have temporarily suspen pur- 
chasing, foreign coal — previously bought continue 
to reach the South Wales ports. In the past week, 
52,090 tons of American and i coal were 
imported, of which 44,880 tons came ‘from the United 
States, 3,860 tons from Belgium, 1,390 tons from Holland, 
and 1,960 tons from Germany. Of the total, 31,390 
tons were brought to ‘Cardiff, 12,480 tons to —— 
7,710 tons to Swansea, and 510 tons to Port Talbot. 
The harmful effects of the miners’ strike will be gathered 
from the fact that in July only 20,435 tons of coal, coke 
and patent fuel were from South Wales, com- 
pared with 2,294,804 tons in April. The ave rate 
of shipment per working day was thus lowe from 
99,774 tons to only 145 tons. Exports of coal were 
lowered from 2,180,199 tons to 20,065 tons, those foreign, 
as cargo, being reduced from 1,752,624 tons to 734 tons, 
while shipments as bunkers to vessels engaged in the 
foreign trade were diminished from 308,693 tons to 
14,814 tons, and coastwise, as cargo, from 118,882 tons to 
4,517 tons. Exports of patent fuel dropped from 107,012 
tons to 291 tons, and of coke from 7,593 tons to 79 tons. 
During the past week, the South Wales coalowners 
signed an —- with the South Wales Colliery 
Enginemen, Boilermen and Craftsmen for an 8 hours 
day with the rate of wages at the pre-strike level for the 
months of August and September and on the basis of 
the 1921 minimum for the ining months, the agree- 
ment to be subject to three months’ notice from either 
side. The owners are also entitled to institute double 
and overlapping shifts where required. 


Miscellaneous..-A number of locomotive men em- 
ployed at the Swansea Docks by the Great Western 
lway came out on strike in the past week because the 
——— would not agree to work as many locomotives 
on the Saturday as on the Friday. The Great Western 
Company have decided to dismiss the whole of the men 
who ceased work in breach of the agr t reached 
between the men’s union and the company. Since 





the eoguning of 1922, dock tage at Cardiff has been 
worked on a rota system. Cardiff District Shippi 
Federation have now advised shi ers that eons 


September 1 next they will be at liberty to choose their 
own pilots at Cardiff. At the other South Wales ports, 
with the exception of Penarth, the rota system will 
continue to operate. Messrs. Elder, Dempster and Co., 
the well-known Liverpool shipowners, have placed a 
contract with Messrs. W. T. Nicholls, Limited, Glou- 
cester, for the erection of a seven-storey ferro-concrete 
buiJding in Mount Stuart-square, Cardiff Docks, at a cost 
of i Yige The building is to be completed in twelve 
mont. 





Launow or THE M.S. “'Tacoma.”—The motorship 





Journal of the British Empire Chamber of ©. ce 
in the United States of America, gives an indication of the 
far-reaching eonsequences of the recent strike 
in England. The writer states that for years American 
manufacturers have been attempting to break into the 
traction markets of India and of certain other countries 
in the East. Little success attended all their efforts 
boon British firms — this field doggedly. When the 
general strike in England gave eve: of becomi 

a deadlock, however, numerous pars 4 ~ e peewee 
machinery were received by United States exporting firms 
from sources which up to that time had been regarded as 
a closed market. Now that entrance has been effected, 
these firms are encouraged to believe that the future 
holds prospects for profitable connections. The fact that 
me of the Penge will brook no interruption, 
if there is any possibility of avoiding them, should give 
our trade-union leaders much food for reflection. = 





Contracts.—The English Electric Co., Limited, 
Queen’s House, Kingsway, London, W.C.2, have received 
a repeat order from the High Commissioner for the 
Government of India, for 15 motor-coach and 42 trailer- 
coach equipments for the Great Indian Peninsula Railway 
(Kalyan extension). The High Commissioner has placed 
a further contract with the same firm for twelve 750-volt 
rotary converters to be coupled two in series for 1,500 volts. 
Each will be of 1,250 kw., or 2,500 kw. for each pair. In 
addition, the Company are supplying 22,000-volt trans- 
formers and automatic direct-current switchgear for 
three complete units.—Messrs. Avions Michel Wibault, 
Billancourt, Paris, have received an order for their all- 
metal monoplanes from the French Government. 
machines are similar to those being built by Messrs. 
Vickers Limited, at Weybridge, for a foreign government. 
—The Light and Coke Company, London, have 
placed an order with Messrs. The Woodall-Duckham 
Vertical Retort and Oven Construction Company (1920) 
Limited, 52, Grosvenor Gardens, London, 8.W.1, for 
four waste-heat boilers to work in conjunction with 
horizontal retorts in two of the retort houses at the 
Beckton gas works. These boilers will have a total gross 
a capacity of over 52,000 Ib. of steam per 
roo at a pressure’ of 160 Ib. per square inch, and 
bene an Bag coy al The installation will include 

- aters, feed-water pumps, turbine-dri 
fans, and superheaters, sieinaaliiaditiiaais 





Denmpank Dapualtigen, wanesoesily SeemiestesSeiades 
y, » was recentl: at Ni OV 
by eae. Nakskov Shipyard, Limited, The 
vessel has a length, between perpendiculars, of 380 it., 
a breadth moulded of 53 ft. 3 in., a depth to maindeck 
of 28 ft., and a deadweight i of about 
8,900 tons. She is built to class, with 
shelterdeck, forecastle, houses amidships and aft, and a 


double bottom, bows ing appliances will include 
ich have a capacity of 3 tons, 


Lloyd's hi 


11 derricks, 8 of i 
These, her with the 


2 of 5 tons, and 1 of 15 tons. 

10 electric winches and the electric , have been 
supplied by Messrs. T. B. ige, Odense, Denmark. 
The electric steeri been supplied by Messrs. 


ring 
John Hastie and Co., Limited, Greenock, The propelling 
a will consist of a amg and a 
engines, aggregating 2, i.b.p., and capable 
giving the vessel a speed of 11 knots, when fully loaded. 





Rue ror INTERNAL MEASUREMENTS.—Some particu- 
lars of a useful form of rule, which can be used for obtaining 
internal measurements in a simple and convenient manner, 
have reached us from the agents, Messrs. Charles 
Churchill and Co., Limited, 9-15, Leonard street, Finsbury 
E.C.2. The rule, which is known as the Interlox Master 
Slide Rule, consists of a number of boxwood sections, 
8 in. in length, 4 in. in width and % in. in thickness, 
held together by brass locking devices and arranged so 
that they can slide longitudinally one upon the other. 
The uppermost section is graduated in inches, or centi- 
metres, in the ordinary way, but the other sections are 
graduated to read from right to left. An internal 


The | measurement is obtained by extending the sections 


until the ends are in contact with the points between 
which the measurement is to be taken and noting the 
reading at the right-hand end of the first section. On 
the opposite sides, the sections are all graduated to read 
continuously from left to right in the usual manner, so 
that the rule can also be for ordinary measurements. 
It is made in various sizes, the smallest of which extends 
to 3 ft. and the largest to 8 ft., and can also be supplied 
for metric measurements up to 2 metres. We have also 
received from the same firm some iculars of folding 
rules with concealed joints of spring brass connecting 
hardwood sections finished in white or yellow. These 
rules are made in four sizes, extending to 3 ft., 4 ft., 5 ft., 
and 6 ft., respectively. 





NOTICES OF MEETINGS. 





THE Nort or ENGLAND INSTITUTE OF MINING AND 
MeEcnHanicaL ENGINEERS.—Saturday, August 21, at 2.30 
p-m., at The Institute, Newcastle-on-Tyne. Annual 
General Meeting. 


Tue Iron AND Steet InstrroTe.—Autumn Meeting. 
Thursday, August 26, to Saturday, August 28, at the 
Riddarhuset (Palace of the Nobility) Stockholm, Sweden, 
Papers to be submitted, Friday, A : “* Notes on 
Jernkontoret,” by Mr. E. Kimander; “The Develop- 
ment of the Swedish Iron and Steel Industry during the 
last 30 Years,” by Professor A. Johansson and Mr. A. 
Wahlberg; “‘ Notes on the Development of the Swedish 
Mining Industry during the last 25 years,” by Professor 
W. Petersson; “ Effect of Nitrogen on Chromium and 
Tron-Chromium Alloys,” by Mr. F. Adcock. Saturday, 
August 28 : “ Anomalies in Heat Conduction, with some 
Determinations of Thermal Conductivity in Iron and 
Carbon Steels,” by Professor C. Benedicks and Messrs. 
H. Bickstrém, and P. Sederholm; “The Testing of 
Hardened Steel,” by Mr. A. Lundgren; “ Mechanical 
Properties of Four Heat-Treated Spring Steels,” by 
Mr. G. A. Hankins, Professor D. Hanson, and Miss G. W. 
Ford; “The Carburisation and Decarburisation of 
Tron and Some Investigations on the Surface Decarburi- 
sation of Steel,” by Professor A. Johansson and Mr. R. 
von Seth. Other papers on the list are: “‘A Physical 
Investigation into the Cause of Temper-Brittleness,” 
by Professor J. H. Andrew and Mr. H ie ; 
“Electrochemical Potentials of Carbon and Chromium 
Steels,” by Professor C. Benedicks and Mr. R. Sundberg ; 
“The Treatment of Steel with Ferro-Carbon-Tita- 
nium,” by Mr. G. F. Comstock ; “Is the Direct Change 
from Austenite to Troostite Possible? ” or 
K. Honda; and “ The Constitution of the Silicon 
Alloys,” by Mr. G. Phragmen. 





Trrat Tarr or THE 8.8, “ Britise Inventor.”—Built 
at the Jarrow shipyard of Messrs. Palmers’ Shipbuilding 
and Iron Company, Limited, for the British Tanker 
Company, Limited, the S.8. British Inventor, ‘the first 
Isherwood “bracketless” oil tanker, was revently 
delivered to her owners after a satisfactory trial trip, 
The speed attained guring the trials was 11$ knots ard 
the steadiness of the vessel was a noticeable feature, it 
being evident that the new system of construction 
possesses all the advantages that have been claimed for 
it. "We gave a brief description of the vessel on page 759 
of our issue of June 25 last. 








TenpDERs.—The Administration of the Victorian 
Government Railways is inviting tenders for the supply 
of approximately 36 tons of mild-steel plates (Contract 
No. 39,649). Tenders must be deposited in the Railway 
Tender Box, Room 154, Spencer-street, Melbourne, by 
11 a.m. on September 1, 1926. The same administration 
is also calling for tenders, to be presented by October 27, 
1926, for the supply and delivery of one concrete slab- 
making machine (Contract No. 39,578). In this latter 
case, representation is essential.—The Municipal 
Council of Sydney, A ia, is inviting tenders, to be 
presented by October 18, 1926, for supply and 
delivery of two electrically-operated overhead travelling 
cranes, each of 100 tons capacity (Contract No. 1,033).— 
The Electricity Department of the Municipal Council of 
Sydney is inviting tenders, to be by Novem- 
ber 1, 1926, for the supply, delivery, erection, setting to 
work, testing and maintenance of boiler-feed pumps at 
Bunnerong Power Station, situated on the shores of 
Botany Bay, Sydney. (Contract No. 1,038). Local repre- 
sentation is considered to be essential.—The Auckland 
Electric Power Board is calling for tenders, to be pre- 
sented by October 11, 1926, for the supply of ironclad 
switchgear and single-phase transformers. The Board 
is also inviting ers, to be presented by October 4, 
1926, for oil switches.—The New Plymouth Harbour 
Board, New Zealand, is inviting tenders, to be presented 
by October 16, 1926, for the supply, delivery, and erection 
on the Newton King Wharfat the Port of New Plymouth, 
of one 30-cwt., portal, electric, horizontal-luffing jib 
crane, together with fittings and accessories.—The Public 
Works Department, New Zealand, is calling for tenders, 
to be presented by November 23, 1926, for the supply 
and delivery of lightning arresters and t ormers.— 
The Administration of the Victorian Government Railways 
is inviting tenders, to be presented by September 29, 
1926, for the supply and delivery at the railway rolling- 
stock workshops, Newport, of one turret lathe (Contract 
No. 39,647).—The Postmaster-General’s Department, 
Melbourne, is ing for tenders, to be presented by 
October 26, 1926, for telephone plugs and sleeves. 
(Schedule No. C. 120.) The same Department is also 
calling for tenders, to be presented by November 9, 
1926, for telephone transformers.—The Egyptian ern- 
ment is inviting tenders for the construction of a bridge 
over the Canal Bahr-el-Mallah, near Sanabara. Offers 
will be considered until noon on September 15, 1926.— 
The South African Railways and Harbours Board is 
inviting tenders for the supply and delivery only, of 
structural bridgework for widening various bridges. 
The tenders must reach Johannesburg not later than 
noon on September 23, 1926.—The Ferrocarriles y 
Tranvias del Estado, Calle Buenos Aires, 588, Monte- 
video, Uruguay, is inviting tenders to be presented b 
October 15, 1926, for the supply of 20,500 metres of rai 
and 13,500 steel sleepers.—The City of Cape Town 
Electricity Department is calling for tenders, to be 
presented by September 15, 1926, for electric cables. 
Further particulars regarding any of the above tenders 
may be obtained from the Department of Overseas 
Trade, 35, Old Queen-street, London, S,W.1, 
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TANDEM COMPOUND VENTILATING ENGINE; MODDERFONTEIN, SOUTH AFRICA. 


CONSTRUCTED BY MESSRS. WALKER BROTHERS (WIGAN), LIMITED, ENGINEERS, WIGAN. 
(For Description, see Page 226.) 
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View OF ENGINE FROM CRANK END, AS ERECTED IN THE BUILDERS’ SHOP. 


Fic. 11. View or Enoine SHowina LaysHart AND VALVE GEAR. 
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OUR DECADENT AGE. 


THE version of Pope’s familiar line current 
amongst those who pose as authorities on taste 
would seem to run: “ Man never is, but always 
has been, blest.” We have, for example, daily 
diatribes on the decay of public manners, yet 
anyone who contrasts the present condition of our 
side-walks and railway-carriage floors with the 
disgusting spectacle they presented a generation 
ago, must either admit a vast improvement in the 
essentials of decent behaviour or discredit his own 
competency as a judge in such matters. The 
chronicles of the past show us that every generation, 
from that of Cato to that of Carlyle, has had to 
submit to the Jeremiads of its unprogressive spirits. 
The country has always been going to the dogs, 
materialism and the pursuit of wealth have become 
more and more rampant in each succeeding century, 
and thus, by simple logical process we are driven 
to the conclusion that, in some remote past, a truly 
golden age must have existed, in which the whole 
community consisted of artists, philosophers, and 
saints. This myth as to the fall of man, logically 
indefeasible on the premises assumed, has persisted 
in one form or another, even in so-called educated 
circles, up till quite recent times. Nevertheless, the 
despised scientist, who according to his critics is 
actuated solely by materialistic aims, has laboriously 
dug out the history of past civilisations, and by his 
anthropological studies generally, has established 
the fact that the culture of our remote ancestors 
was practically that of the naked savages of Tierra 
del Fuego. One of the latest of the critics of the 
materialism of the age is Professor Henry Tonks, 
who occupies the Slade chair of the Fine Arts at the 
University of London. According to Professor 
Tonks, man “took the wrong turning” a few 
generations ago. ‘‘ He has,” he states, “allowed 
Science to wind her coils round him and to fascinate 
him. She tempts him with promises of material 
comfort and rapid wealth, but does not tell him 
that she is taking away his spiritual life and reducing 
him to a machine.” This last remark is, perhaps, 





the only well-founded assertion iw the whole of the 
professor’s diatribe. Science, being the devotee of 
truth come what may, could not possibly tell 
mankind so gross a falsehood; and if truth be 
beauty, as Keats claimed, even an artist should not 
count, to the discredit of science, this refusal to 
falsify facts. 

To quote further from Professor Tonk’s contribu- 
tion to the ever-growing accumulation of words 
without thought, we have the remark, ‘“ Let us 
suppose for a moment what might have been if 
mankind had not been bitten by the science fly, 
but by the other which prompted him always to 
follow the other and higher aim of a world as beau- 
tiful as possible.” ‘“‘He would, first of all, have 
wanted to see beautiful people around him, and 
he would soon find out this is impossible in unhealthy 
surroundings, so that perhaps his first step would 
be to see that roomy houses were provided for them 
with plenty of open space.” Now, in the first place, 
the pursuit of science does not exclude the pursuit 
of beauty. Sir Christopher Wren, for example, was 
an artist, but he was also a mathematician deeply 
interested in gravitational theory. Unlike the 
modern British architect, he had not to call in 
other aid when a difficult problem in construction 
presented itself, and he was not, therefore, so 
urgent on his artistic qualifications as his successor 
of to-day, who gives at times the impression that 
his insistence on this aspect of his work is based 
largely on a realisation of his weakness as a con- 
structor. 

In the second place, it is to science that we must 
look to show us how to provide the roomy homes and 
open spaces for which all of us crave quite as strongly 
as Professor Tonks. The Florence over which he 
is enthusiastic, had worse slums than the meanest 
now to befoundin London. The sanitary conditions 
were terrible. . It was from Florence that Boccacio’s 
company of the Decameron had been driven by the 
outbreak of plague, but no such refuge was open 
to commonalty. Ancient Edinburgh, again, may 
have been picturesque, but the historical call of 
““Gardyloo” is full of significance as to the 
disgusting condition of its streets. It is, in fact, 
not a little noteworthy that those who decry the 
work of the engineer and the pursuit of science, 
are ever careful to avoid the subject of sanitation. 
It is, moreover, science which has shown us how to 
conquer small-pox, and it would be difficult to name 
a greater service than this to the cult of beauty. 

Professor Tonks observes that the machine 
should “never be allowed to do the work that 
was proper to the hand.” The engineer would 
reverse the wording and maintain that it was 
economically unsound and socially undesirable 
to do by hand that part of the world’s work which 
is proper to the machine. Along this line of policy 
only is there any prospect of attaining to the 
roomy houses and healthy surroundings which 
we all covet. Ruskin, it is true, proposed to solve 
the unemployed problem by harnessing the workless 
to canal boats, much as the Houyhnhnms treated 
the Yahoos. The engineer has a greater regard for 
the dignity of man. Steam, it has been said, 
took over the slave labour of the world, and 
machinery in general is as true an embodiment 
of a high order of creative mind as is a cathedral, 
a statue or a painting. Thanks to its use, health 
and beauty are enhanced, and leisure found for 
other pursuits than the mere satisfaction of man’s 
belly needs. At the same time, the skilled hand- 
work of to-day is probably of a higher order than 
at any previous period of human history. In the 
Metropolitan area in particular the highest qualities 
of craftsmanship are in daily exercise in the 
production and adjustment of various instruments 
of precision. 

It may moreover be well to remind Professor 
Tonks that in the old days, the production of 
beautiful things often implied the leading of 
unlovely lives. Even fifty years ago, tourists were 
shocked by the condition of the workers in Venetian 
glass factories. Old Sheffield plate again, is highly 
valued, but mercurial poisoning was rife amongst 
the operatives. The Ford car may not appeal to 
Professor Tonks as a thing of beauty, but un- 
doubtedly its makers live more beautiful lives 
than their forbears, huddled into the slums, and 
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ill-ventilated workrooms of the medizval cities. Nor 
would we like to feel that the Slade Professor of 
to-day was of one mind with the Greek artist who 
used as a model, a slave under torture, holding 
that his artistic triumph was cheaply purchased 
by the sufferings of some one else. All the architec- 
tural and artistic poseurs again, who seldom, or 
never, use Charing Cross railway station, are anxious 
to see it abolished. Like the American patriot 
who was prepared to immolate on the altar of his 
country the whole of his wife’s relations, they are 
ready, even anxious, to sacrifice to their cant of 
superior artistic susceptibilities the convenience 
of thousands of daily passengers. 

There is, as a matter of fact, no class of the com- 
munity less open to the charge of materialistic aims 
than those who pursue science, whatever may be the 
case with those who, quite legitimately, take up re- 
search merely as a means of livelihood. Galileo had 
no utilitarian end in view when he dropped simul- 
taneously his light and heavy weights from the 
leaning tower of Pisa. America is commonly 
singled out as the country par excellence where 
materialism rules supreme, yet the Michelson- 
Morley experiment had no apparent bearing on 
arts and manufactures; nor were the great observa- 
tories, which have made it possible to measure the 
diameter of certain fixed stars, and to demonstrate 
that the matter in the dark companion of Sirius is 
some thousand times denser than water, erected with 
a view to facilitate industry and trade. To those who 
pursue science more than to any others, ‘‘ Day unto 
day uttereth speech, and night unto night sheweth 
forth knowledge.” Their delight, is indeed, “in 
the law of the Lord,” and on this “ do they meditate 
day and night.” Materialism as a scientific creed 
is obsolete, and most physicists would not dispute 
the suggestion of the late James Ward that our 
natural laws may quite possibly represent only 
statistical averages and, contrary to the contention 
of Huxley, that the cosmos is intelligible only if 
in the ultimate, spirit and spontaneity reign every- 
where. The recognition of this possibility does not, 
of course, preclude us from pushing our generalisa- 
tion as far as they will go. We recognise that the 
second law of thermodynamics is contingent only, 
but we apply it with perfect confidence to the dis- 
cussion of thermodynamic and thermochemical 
problems. We should do the same, with respect 
to the doctrines of the conservation of energy and 
of momentum even if these were, in their turn 
proved to represent merely the average results of 
innumerable interactions of, possibly, elementary 
volitions. James Ward contended, in fact, that a 
thing that was not something for itself could not 
by any possibility be conceived as being anything 
in itself. A dark saying no doubt, but a pregnant 
one. 

The materialists of to-day are in fact to be found, 
not in the realms of science, but in the ranks of the 
politicians. Karl Marx professed to have banished 
God from history, and to~{have proved that Man 
was the helpless slave of his environment. His 
followers of to-day in place of recognising that mind 
is the main factor in the creation of wealth, assert 
that this is solely due to labour. A particularly 
amusing instance of this materialist point of 
view has been recently provided by one of the 
leading advocates of this creed. Admitting that 
‘self and partner ” had each individually a second 
rate, mind it was suggested that the combination was 
equivalent to a first class one. This quantitative 
view of the nature of intellect would lead to the 
conclusion that any combination of two minor 
dramatists should be capable of producing Shakes- 
pearean plays. 








THE EFFECT OF PARTITIONS ON 
SOUND. 


Amone other properties in which building 
materials are known to differ from each other is 
the extent to which they permit or obstruct the 
passage of sound. With the growing congestion of 
habitations any means of preventing the annoy- 
ance of the inmates by each other would be 
welcome even in existing conditions, and is not 
likely to become less so as traffic continues to 
increase and loud speakers become more general. 





The number of materials being developed and 
more or less tentatively adopted is also constantly 
growing, and with them the need for more com- 
plete information as to their behaviour in relation to 
sound. Unfortunately such information is not easy 
either to obtain or to apply. Sound vibrations can 
be detected and measured without difficulty, but to 
determine by what paths they travel and how they 
can be insulated is usually much harder. Such 
calculations involve in practice a number of vari- 
ables, which are by no means independent, and 
include a set of problems somewhat analogous in 
their indeterminate character to those of ventila- 
tion and furnace construction, sometimes with 
further complications arising from the transmission 
of vibrations through the mass of the building 
structure itself. The theory of the subject is 
incomplete, and even the best practice that has been 
developed is largely empirical. Data, indeed, 
are being accumulated, but they are, for practical 
purposes, in the nature rather of provisional sugges- 
tions and the definition of individual designs, than 
of results that can be applied generally. Their 
chief importance lies in the hope that such 
material may ultimately show the way to a better 
established theory and a surer practice. 

A large part of such work has been done in the 
United States, where some thirty years ago the late 
Professor Wallace C. Sabine began his investiga- 
tions into architectural acoustics, with which 
modern acoustic design may be said to have started. 
These cleared up a number of points that had 
previously been imperfectly understood, and his 
work and the researches of others following on the 
same lines have enabled many successful designs to 
be made. Some general results have also been 
obtained, in regard particularly to the acoustics of 
auditoria. Much of the work now going on is 
directed to the behaviour of different materials of 
construction in transmitting and absorbing sound, 
and a paper on these subjects has been published 
recently by the Bureau of Standards.* This is of 
interest not only for the results it records, but also 
because it illustrates fairly, the tentative nature of 
such investigations as can be made, in spite of much 
ingenuity in the methods adopted for controlling 
the conditions of experiment. 

The first part of the experiments described, dealt 
with the transmission of sound through partitions 
of various materials. A special laboratory . was 
constructed for the purpose, with a transmitting 
room containing the source of sound, built with 
walls of concrete 6 in. thick or more. This room was 
connected mechanically with a receiving room above 
it by a horizontal slab of the material under test, 
which was supported on the edges of an opening in the 
ceiling of the transmitting room, and fitted into an 
aperture in the floor of the receiving room. It was 
similarly connected by a vertical panel with an 
opening in the wall of another receiving room on 
one side of it, above which was a room from which 
the apparatus in the transmitting and receiving 
rooms was operated during the progress of a test. 
Except for the panels, the transmitting room was 
separated from the walls of the rest of the structure 
and from the floor of the receiving room above it 
by a 3-in. air space, so that both mechanically and 
acoustically it was connected to the receiving rooms 
only by the test panels. 

The source of sound was a radio loud speaker, 
mounted on a motor-driven rotating arm, so 
arranged that the bell of the horn described a 
circle some 4 ft. in diameter about once a second. 
Alternating current was supplied by three ther- 
mionic valves, one acting as an oscillator and the 
others as amplifiers, and by the use of fixed and 
revolving condensers the frequency of the sound 
could be varied cyclically over definite ranges. Four 
such ranges were used, the lowest (250 cycles) 
corresponding to the middle C, which is common 
to the male and female voices, the next (1,000 
cycles) corresponding to the soprano high C, and 
the other two (2,000 and 3,000 cycles) being well 
inside the upper limit of musical tones. Each 
range included cycles of from 7 to 87 greater 
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frequency ; and the variation in frequency, together 
with the rotation of the source, thus kept the 
interference pattern in motion and, as the report 
expresses it, constantly stirred up the sound. The 
reception measurements were made on a telephone 
receiver, which was moved along a line perpendicular 
to the opening between the transmitting and the 
receiving rooms and passing through its centre. 
Measurement was made of the intensity or amplitude 
of the sound, which is proportional to the e.m.f. 
developed by the sound waves in the telephone 
windings, and this was measured by a potentiometer 
method on a galvanometer with a period of 10 to 
15 seconds, so as to give a time average for each 
position of the telephone receiver. These measure- 
ments were made at various points with and without 
the panel, and the extent to which the panel 
reduced the sound in the telephone receiver was 
calculated as the product of the ratio of the average 
intensity in the receiving room without the panel 
to the smaller intensity with the panel in position, 
by the ratio of the intensity in the transmitting 
room without the panel to the greater intensity 
with the panel in position. The measurements 
were made at about ten points in each room and 
repeated six times. Empirically, the audible in- 
tensity is found to be proportional to the common 
logarithm of the physical intensity, so that if a 
millionth of the physically incident sound waves are 
found to be transmitted, the reduction factor is six. 

The net outcome of experiments made on 34 
different constructions of panel, mostly of lime and 
gypsum applied in various coatings and on various 
frameworks, was to show wide variations both with 
the different constructions and with the four groups 
of frequency, the amount of sound energy trans- 
mitted ranging from thousandths to ten-millionths 
of the incident amount. In spite of the fact that 
sound is said to be reflected more completely by 
smooth rigid surfaces than even the. best mirrors 
reflect light, rough-finished surfaces were found to 
give the least transmission. The range of variation 
of the same panels exposed to sound of different 
frequencies was extremely wide, in some instances 
being over a hundred-fold. Though as a rule each 
panel behaved similarly to sounds of different fre- 
quencies, this was by no means invariably the case ; 
many panels were more susceptible than others to 
one range of frequency, while more resistant to 
others. This result justifies the method adopted 
in the investigation of examining all panels at 
different frequencies. Yet the reduction figures 
show that at worst less than a thousandth part 
of the incident sound passed through any panel, 
and with few exceptions the value is less than 
a ten-thousandth part. As compared with the 
effect of doors and windows transmission of 
sound through partition walls plays, accordingly, a 
very minor part, and the differences in their con- 
struction, so far as these results go, appear to be of 
slight practical importance. It is to be remarked, 
however, that, although the precise thickness of the 
panels is not always quite clear, these results seem 
to be considerably better than those of previous 
observers, and something may therefore turn on the 
precise constructions the authors have adopted. On 
this point the scheme of experiment makes it 
difficult to draw conclusions. 

The absorption to which part of the paper 
is also devoted is not the part of the incident 
sound that is neither transmitted nor reflected, but 
that which is retained on reflection. This is. of 
course, of the utmost importance to the internal 
acoustics of a room or hall, and its study by various 
methods has already led to many successful designs 
and the correction of some that had been unsatisfac- 
tory. The extent to which brick, plaster, and most 
other hard materials absorb sound that otherwise 
would be reflected is small, and most methods hither- 
to usual have been indirect and their results difficult 
to express safely in general terms. The present 
experiments have been made substantially on a 
method due to H. O. Taylor, which is more direct 
than usual. A sample of the material under 
test is fixed at the bottom of a brass pipe, closed at 
the upper end by a plug with two holes, through 
which pass a tube conveying the sound from the 
loud speaker to the top of the pipe, and a long tube 
with a telephone receiver at the upper end, which 
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can explore the pipe and locate the maxima and 
minima of intensity produced by the incoming 
sound and its reflections. The pipe is so chosen as 
to be in resonance with the frequency of the sound 
wave, which in these observations was of a pure 
tone. The current from the telephone receiver was 
led to the same apparatus as in the transmission 
experiments, to enable its intensity to be evaluated. 
By a simple mathematical analysis of the conditions, 
the report shows that from the measurements of the 
maxima and minima the part of the incoming 
waves that is absorbed may be calculated. The 
experiments were made at ten different frequencies, 
covering about the same range as in the transmission 
tests, and the results obtained from the systematic 
use of single frequencies show a number of in and out 
results similar to those obtained in the transmission 
measurements, but in some materials running into 
much more considerable figures. A sample of 
hair-felt 1 in. thick, for example, absorbed 94 per 
cent. of the incident sound at a frequency of 2,190, 
but little more than a third of that amount at 297 
eycles. Other materials showed maximum absorp- 
tion with the middle frequencies, and some of the 
worst absorbents showed a more or less steady 
decrease as the frequency rose. 

The work seems to have added to our 
information, and many of the results on separate 
frequencies and ranges of frequencies appear to be 
new. They include, however, many of which the 
explanation is not evident, and still more that cannot 
be compared confidently with previous results. 
There would probably be some advantage if 
further investigations could be made on a basis 
comparable with that of earlier work. This 
may not now be practicable ; but a still greater aid 
to progress would be given if work such as that we 
have considered could be done under conditions which 
separated out the individual factors of experiment 
sufficiently to bring them into a clear relation with 
the results. 


RESEARCH IN AERONAUTICS. 

Or the many interesting features of the work of 
the Aeronautical Research Committee, as outlined 
in the report recently issued for the year 1925-26, 
those of most outstanding importance relate to the 
Cierva autogyro and the Hill tailless aeroplane. 
Both are important departures from the conven- 
tional design of aircraft of the heavier-than-air type, 
which promise materially to increase the safety of 
flying, a circumstance which is especially noteworthy, 
as both have appeared in the same year. Our 
readers will be familiar with the main features of 
these machines, the former having been described 
on pages 521 and 549 of our 120th volume, as well 
as on page 246 of this issue, where a paper on the 
subject read by Mr. H. E. Wimperis at the recent 
meeting of the British Association in Oxford is 
reprinted. The Hill tailless aeroplane was illu- 
strated and described in our issue of April 30 last, 
on page 566. The latter machine, according to the 
report, has been largely developed with the aid of 
grants to Capt. G. T. R. Hill as an independent 
research worker. The committee consider that it 
gives every promise of successful employment, both 
as a tractor and a pusher, and add that they have 
recommended the construction of higher-powered 
units of similar design. The position with regard 
to the Cierva machine is so fully explained in the 
paper by Mr. Wimperis, above referred to, that no 
further reference need be made to it here. 

With regard to the general work of the Committee, 
progress can be reported in the investigations of the 
important subject of the control of aeroplanes at 
low speeds. Further work is, however, in hand, 
mainly in connection with the investigation of thick 
and high-lift wing sections. The vibration of aero- 
plane wings, which in some cases has led to failure in 
flight, has also been investigated, and sufficient 
knowledge of the causes and methods of preventing 
this trouble has been obtained to enable any danger- 
ous effects to be eliminated from future designs. In 
pure aerodynamics, the work on the investigation 
of airflow round aerofoils has made steady progress, 
and the features of the Lanchester-Prandtl theory 
have now been completely verified. It is interesting 
to note, in this connection, that the Committee 








has under consideration the provision of a variable- 
density wind tunnel, similar to that of the United 
States Advisory Committee for Aeronautics, a 
reference to which will be found on page 581 of our 
119th volume. No decision as to its actual instal- 
lation, however, has yet been arrived at. 

But little progress can be recorded for the year 
under review in the matter of seaplane research, 
mainly owing to the circumstances that, at the 
William Froude Tank, where the experimental work 
is carried out, the greater portion of the time 
available is necessarily devoted to work on ship 
models and that the speed attainable there is too 
low for the purpose. It is therefore proposed to 
construct a tank at the National Physical Laboratory 
specially for this work, and the Committee have 
accordingly recommended that estimates should be 
prepared for tanks 15 ft. and 18 ft. in width, 9 ft. in 
depth, and about 800 ft. in length. With a tank 
of these dimensions, it would be possible to test 
models up to 9 ft. in length at a speed of 40 ft. per 
second, over a length of 200 ft. in the central portion 
of the run. 

In the case of the existing William Froude 
Tank, the maximum speed attainable is only 
20 ft. per second, so that the dimensions of the 
model necessary to represent a full-scale speed of 
85 to 100 miles per hour would be so small that 
the application of the results to an actual machine 
would be liable to serious errors; moreover, the 
accuracy of the actual model tests would be of a 
low order, owing to the fact that the forces to be 
measured would be extremely small. Another 
item of interest in connection with the equipment for 
experimental work, is that the whirling arm at the 
National Physical Laboratory has now been re- 
conditioned and a programme of research work with 
this apparatus will shortly be commenced. 

In connection with aero engines, we may remind 
our readers of the valuable work on the subject of 
detonation carried out at the Imperial College under 
the supervision of Professor H. L. Callendar, whose 
report on this work was given in full on pages 475, 
509, 542, 575, and 605 of our last volume. This 
work, according to the present report, goes some dis- 
tance towards explaining the phenomenon, but has 
not yet led to the discovery of a fuel, or a mixture of 
fuels, available in large quantities which will enable 
aero engines to be operated at high compression 
pressures without deleterious results. The Engine 
Sub-Committee, during the year, have been consi- 
dering the question of sleeve-valve engines for use 
on aircraft, for which engines of this type offer defi- 
nite advantages. Of these it may be mentioned 
that the absence of hot exhaust valves reduces the 
tendency to detonation, and permits the use of 
a higher compression pressure than would be possible 
with a similar engine using poppet valves. It is 
thought that the weight of the complete engine is 
not likely to be materially increased by the substi- 
tution of single sleeve valves for poppet valves, 
and that the development of multi-cylinder engines 
of the sleeve-valve type should now be encouraged. 
Another interesting point in connection with aero 
engine research, is that a special unit, designed by Mr. 
Ricardo, is being constructed to investigate the possi- 
bilities of compound expansion. This work will, 
doubtless, be of considerable importance to internal- 
combustion engineers in general, as well as to the 
aircraft industry, so that the results will be awaited 
with particular interest. 

One other matter, relating to the calculation of the 
performancesof aeroplanes from dataobtained during 
test flights, may be referred to before concluding 
our brief reference to the report. It has become 
evident, during the past few years, that the usual 
assumption that the variation of engine power with 
height is dependent on the atmospheric density, 
gives rise to certain discrepancies. Greater con- 
sistency is obtained by the assumption that the power 
is a function of the atmospheric pressure independent 
of the temperature, although there is no rational basis 
for either assumption. It is suggested in the report 
that some empirical law intermediate between the 
two mentioned above would give results more in 
accordance with observation, but, for simplicity, it 
is recommended that the second assumption should 
be used in the reduction of routine performance 
tests in the future. 





Other valuable work is being done by the Com- 
mittee in addition to the matters mentioned above. 
It is carrying out investigations on airscrews, air- 
ships, elasticity and fatigue of metals, light alloys, 
the structural design of aircraft, and many other 
theoretical and practical questions. Enough has 
been said, however, to give an idea of its importance, 
not only to service and civil aviation, but also to the 
engineering profession as a whole. 








EXPLOSIONS IN PULVERISED COAL 
PLANTS. 


PULVERISED coal is now being used in so many 
industries that such risks as it involves should be 
widely realised. We regularly use both gas and 
oil, adopting without question the precautions 
essential to their safe employment. There are like- 
wise lessons to be learnt in connection with pulver- 
ised coal which, if translated into practice, remove 
the dangers attendant upon the use of this fuel. 
A number of fires and explosions resulting in loss 
of life and damage to property having occurred 
through the use of pulverised fuel, an investigation 
was recently made into their circumstances by the 
U.S. Bureau of Mines. The results have been 
embodied in one of the Bureau’s Bulletins (No. 242), 
entitled ‘‘ Explosion Hazards from the Use of 
Pulverised Coal at Industrial Plants.” This is 
compiled by L. D. Tracy. 

The fundamental problems connected with the 
accidental explosion of finely powdered coal, 
whether fuel or otherwise, are of course not new, 
having been the subject of extensive investigation 
and experiment under the more familiar guise of 
“coal dust,” and in connection more especially 
with coal mines. The essential characteristics of 
pulverised coal and coal dust and the conditions 
under which explosions are liable to occur are iden- 
tical, so that a considerable fund of information 
and experience already obtained is thus available 
asa guide. Clearly if the risk of fire and explosion 
is to be reduced to a minimum the essential char- 
acteristics of pulverised coal cannot be too widely 
known by those who have to work with it; but 
the design and lay-out of the plant and the methods 
employed are of equal importance. Owing to the 
fact that pulverised coal in bulk is not explosive, it 
is probable that there is a tendency among workers 
to overlook its potentialities for danger. 

Pulverised coal is usually ground so finely that 
93 per cent. will pass through a 100 mesh screen 
and 71 per cent. through a 200 mesh screen. This 
fact has an important bearing when considering its 
explosibility, other factors of course being volatile 
matter, fixed carbon, moisture and ash. In the 
course of a long series of experiments at its experi- 
mental mine, the U.S. Bureau of Mines has estab- 
lished a standard by which the explosibility of 
any coal dust may be measured. The amount of 
incombustible dust that must be present in a 
mixture of coal dust and inert matter to render 
the mixture non-explosive has been shown to be 
directly proportional to the ratio of the volatile 
matter in the coal to the total amount of com- 
bustible matter. 

The types of pulverised fuel systems in common 
use may be divided into three groups, namely, 
the circulating, the indirect, and the unit systems. 
In industrial plants, where more than one system 
of fuel consumption are in operation, as, for instance, 
at a number of annealing, sheet and ingot furnaces, 
the first two systems are extensively employed. 
The third, or unit system, is usually employed to 
operate single units, such as a boiler, a kiln or a 
heating furnace. In the latter system, the pulver- 
iser and the furnace burning the coal are generally 
in the same building; in the circulating and in- 
direct systems the pulverised fuel must be trans- 
ported from the central pulverising station to the 
point where it is used. Drying is usually resorted 
to before pulverising in the first two systems, but 
not in the unit system. 

Driers are generally one of two types, “ direct” and 
“indirect fired.” Direct driers usually consist of an 
inclined barrel or cylinder through which the coal 
is passed in a direction opposed to that of the hot 
furnace gases. The “indirect” type of drier may be 
subdivided into three distinct groups. In the first 
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the drier shell or cylinder consists of two parts— 
an inner and an outer shell on the same axis. The 
coal passes along the annular space between the 
two shells, and the heated gases from the com- 
bustion chamber pass‘first through the inner shell. 
After passing through this they are drawn by means 
of an exhaust fan through the space between the two 
shells, where the coal is located. In the second type 
only one inclined rotating cylinder is used. At the 
lower or discharge end of this is a steel hood, whilst 
located at the centre of its length is the drier furnace, 
through the upper part of which the cylinder passes. 
From the top of the furnace chamber a flue is led 
to the steel hood. After coming into contact with 
the outside of the shell, the gases pass through the 
flue to the steel hood and thence through the in- 
terior of the shell. It will be observed that in both 
these cases the gases have their temperature con- 
siderably lowered before they come into actual 
contact with the coal. 

In the third type, the drier consists of a number 
of short parallel steel tubes which rotate inside 
the furnace and the coal, which is fed to the inside 
of these tubes, gradually works its way through the 
nest until discharged. The hot gases pass first 
around the outside of the tubes, and are then, when 
appreciably cooler, drawn through the interior by 
means of a fan. 

The methods of transporting the pulverised 
coal from the bins to the point of combustion, which 
have already been mentioned, are entirely different 
in principle. In the “ circulating ” system a mix- 
ture of coal dust and air is circulated in large mains, 
whereas in the “ indirect” system the pulverised 
coal is conveyed by compressed air or mechanical 
means to the point of combustion. 

In the former system the powdered coal is carried 
through a large main by compressed air, and branches 
are run off to furnaces, secondary air being supplied 
to each branch not far from the burner. If the 
main is long, a booster fan may be necessary. 

In one indirect system compressed air is used in 
connection with a blowing tank, which, after a certain 
amount of pulverised coal has been admitted, is 
closed, while air under pressure is admitted 
until a pressure of 50-60 Ibs. per square inch 
is obtained. Then the valve in the coal line 
is opened and the coal is carried along together 
with the air. 

The accumulation of fine combustible dusts is 
now a well-recognised source of danger in many 
industries. The report deals with several of such 
instances occurring in connection with these fuel 
systems. In one plant making bolts, screws, washers, 
spikes and wagon fittings in which pulverised coal 
was adopted as a substitute for natural gas when 
the supply of the latter decreased, the danger arising 
from this was realised when it was found that dust 
began to accumulate very rapidly above the furnaces 
on the roof trusses, and in fact wherever it 
could lodge. Samples were collected and analysed 
and showed a high percentage of fixed carbon. 
Examined microscopically this dust was seen to 
contain a large proportion of very fine partly coked 
coal dust. It was concluded that for some reason 
the coal was being blown out of the combustion 
chambers of the furnace before it had been 
thoroughly consumed. A further test, of especial 
interest because it so nearly reproduces conditions 
in rolling mills where red hot metal is often in close 
proximity to clouds of coal dust, was made with a 
clay roasting dish heated in a muffle furnace to 
2,000 deg. F. When about 5 grams of pulverised 
coal dust were quickly dropped in a cloud on the 
dish it flashed the instant it te uched the plate and 
produced a flame of great intensity through the 
cloud. 

In the case of incomplete combustion just men- 
tioned the furnaces were comparatively small, and 
were using the combustion chambers which had 
previously been used with natural gas. It is to be 
presumed that these were too small for use with 
pulverised coal. Incomplete combustion of the 
coal besides being a source of danger is obviously 
also a source of considerable waste. 

A fire originating with similar dust occurred 
at the Burden Iron Works, Troy, N.Y., where about 
80 puddling furnaces were in use. Some 20 of these 





were being fired with pulverised coal, each of these 


flash in the open. 


being provided with a steel bin of 1 ton capacity, fed 
by a screw conveyor from the pulveriser. Trouble 
had been experienced from the caking of the coal 
on the sides of the bins. The common remedy for 
this was to strike the bins with a hammer to make 
the coal run. In course of time the bins became 
battered and liable to leak. At the furnace where 
the fire started, dust leaked from the bin and, a 
strong breeze blowing in through the open doors of 
the building, stirred up the dust into a cloud just as 
the furnace door was opened. The flash which 
resulted reached the wooden roof trusses laden with 
dust, which, in turn, caught fire and burned so 
rapidly that the men had to run for safety. 

The danger of coal-dust explosions in confined 
spaces, such as in mines, coal bins and even buildings 
is fairly widely recognised, but it is not so generally 
conceded that a-cloud of coal dust will ignite and 
That this is so has not only been 
definitely proved by experiments, but also by at 
least two serious accidents. In the first of these six 
men were burned, three of them fatally; in the 
second 11 men were burned, three of whom died 
as a result of their injuries. The accidents hap- 
pened in Western America near the tipple tracks of 
two collieries. The miners are paid for lump coal 
only, and consequently, use forks for loading into 
the cars. The dust is thus left for a time on the 
mine floor and is later shovelled into cars together 
with the roof rock shot down to make head room, and 
hauled to the surface and dumped. In the district 
in question the roof rock is a black oily shale, which, 
mixed with coal dust, often takes fire spontaneously. 
When burned it makes good road material and 
ballast. Steam shovels were loading this ma- 
terial from the dump when, one day, it became 
necessary to fire a few shots to provide more loose 
material for them to work. Although the edges of 
the pile were in flames some unconsumed fine coal 
remained on the top. When the shots were fired 
some of this fine coal was thrown up in a cloud and, 
coming into contact with the burning material, at 
once flashed, the flame being carried by the force 
of the slide of material and the rapid burning of the 
dust a distance of several hundred feet. All men 
in the path of the cloud who could not gain shelter 
in time were badly burned. 

The danger of raising dust clouds in the neighbour- 
hood of flames is thus apparent ; and considerable 
risk must attach to the not uncommon practice of 
dumping coal from railway wagons near the front 
of the boiler furnaces. Precautions should always 
be taken to prevent such clouds coming in contact 
with fire or molten metal. 

In one plant, where the bins were placed directly 
above the furnaces, and each bin was provided with 
a cover plate, with a door which the furnacemen 
were instructed to keep shut, a man climbed to the 
top of the bin whilst pulverised coal was being 
delivered into it. He seems to have opened the 
door to see if the bin was completely filled—a dense 
cloud of dust resulted and ignited immediately it 
came in contact with the furnace fire. The man 
was enveloped in flames and was, unfortunately, 
burned to death. A similar fatality occurring a little 
later at another furnace, these bins have been recon- 
structed entirely outside the main building, the 
lay-out being in this case well suited to the change. 
The bins feed into a screw conveyor travelling at a 
fixed speed, and a blower, designed to deliver just 
the amount of air required by the various burners, is 
fitted at the larger end of a 24-in. galvanised pipe 
laid parallel with the building under the bins. At 
each bin a Y connection of 4-in. pipe, connected to 
the air line, runs under the screw feed and receives 
the coal as it comes from the screw feed, drawing it 
in by suction. Close to the point at which the 4-in. 
line leaves the air supply main an 8-in. line is con- 
nected, leading to the burner in the furnace and 
carrying the additional air necessary for complete 
combustion. Both lines are laid under the brick- 
paved floor of the building to a point close to the 
furnace, and from there a vertical connection is 
made to the burner. 

This arrangement ensures safety, because any 
dust cloud that might be created at the bins, or any 
trouble that might occur in the air supply line, would 
be developed outside the building and not in the 
vicinity of the furnaces. 
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As a general precaution it is a good plan to arrange 
for the pulverising plant to be in a separate building 
as far away as possible from the furnaces, and the 
drier should again be isolated, or at least be separated 
by a fire-proof wall. The need for hammering bins, 
transport lines, conveyors, &c., to loosen caked coal 
should be avoided by designing these in such manner 
that the coal does not tend to cake, or, by the pro- 
vision of means for clearing them from the outside. 

It is probably no exaggeration to say that the safe 
operation of a pulverised coal plant depends mainly 
on the proper working of the drier. Most accidents 
could probably be traced to overheated coal. This 
may be due to two causes—too hot a fire in the drier 
furnace and continuance of the drier furnace fire 
after the cylinder has ceased to revolve, though 
still containing a charge of coal. With direct 
fired driers, it is much better practice to provide for 
the passage of a large volume of moderately heated 
air than a small amount at a high temperature. 

There is, perhaps, a tendency to force the capacity 
of the driers by using too hot a fire. If the coal, after 
drying, is to be stored for any time, it is important 
that it should not be fed at high temperature into 
the storage bins, as this might lead to spontaneous 
combustion. The amount stored should in any case 
be as small as possible. In some plants the coal sup- 
ply is so regulated that no dried unground coal 
is in the plant when the furnaces are shut down for 
more than four hours. 

Obviously to stop a drier without either by-passing 
the gases of combustion or drawing the fire is 
courting danger. For safety, driers should be 
equipped with by-passes, which must be used as soon 
as the driers cease to operate. The installation 
of a thermostat in the drier, so regulated that when 
the temperature exceeds a certain point, mechanism 
would automatically open a check damper or operate 
a by-pass, would materially conduce to safety in 
the operation of driers. 

Next to the drier, the large main used in the 
circulating system is acommon source of trouble, 
and the possibility of a short-circuit in the air 
currents must be realised. If the pressure in the 
main is suddenly stopped a negative pressure may 
develop between it and the “secondary ”’ air line, 
with the possibility that the secondary air may be 
deflected into the circulating main. This might 
tend to draw hot particles of coal from the furnaces, 
thus creating conditions favourable to either an 
explosion or slow combustion, depending on the mix- 
ture of air and coal dust in the main. Smouldering 
dust has been known subsequently to lead to serious 
explosions in this manner. 

The inclusion of baffles or deflectors for deflecting 
the coal from the circulating main into the feed lines 
when the valve is opened, is now understood to be 
undesirable. Pockets are thus formed where coal 
accumulates and may cause trouble through spon- 
taneous combustion or otherwise. 

One of the worst accidents recorded with pul- 
verised fuel in which six lives were lost, has been 
attributed amongst other possible causes to the 
auxiliary or “‘ booster” fan. In this type of instal- 
lation already referred to, if the main fan for any 
reason does not supply enough air to meet the 
requirements of the auxiliary fan, the latter will 
naturally draw its additional supply from the point 
of least resistance, and possibly through the supply 
line of the nearest furnaces—reversing the air current, 
and thus creating a back-draught bringing with it 
burning particles from the furnace. The two 
fans should be protected by the same circuit breaker 
switch or other device, so that the stopping of either 
will automatically bring about the simultaneous 
stoppage of the other. 

Furnace fires are, of course, not the only sources 
of ignition. Others which may be mentioned are 
electric arcs, electric sparks, glowing filaments of 
broken lamps, or static electricity. In view of 
this, all electric wires and cables should be placed in 
conduits, and all electric equipment liable to cause 
sparks should be of the enclosed type as already 
approved for use in coal mines. 

As has been pointed out on previous occasions, 
cleanliness and the prevention of dust accumulation 
are among the best safeguards. Often a primary 
explosion occurs in some part of the pulverizing 
plant. This may be sufficient to raise a dust cloud 
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which, in turn, is ignited by the first explosion, and 
this again, may raise further clouds, and so on 
until a tremendous pressure is built up. By cleanli- 
ness the chances are much greater that only a small 
local explosion would occur. Properly designed and 
equipped vacuum cleaning systems are very effective, 
while the use of compressed air for blowing dust 
away is to be condemned. Dangerous accidents 
have resulted from this practice, which raises 
clouds of dust, well calculated on coming in contact 
with a furnace to cause an explosion. 








LITERATURE. 


——@——— 
The Engineer and the Prevention of Malaria. By HENRY 

Homer, M.Inst.C.E. London: Chapman and Hall, 

Limited. [Price 13s. 6d. net.] 

Our race, with its ubiquitous habits, faces 
probably a greater variety of living conditions 
than any other under the sun. In the past, with 
a curious persistency, we have clung to work of 
one kind or another, or what we deemed to be our 
duty, under circumstances which previously had 
led to the deterioration and failure of other people. 
It is true that we have suffered in the individual, 
but there has commonly been found someone else 
ready to take upon himself the same risks, and 
posts have relatively seldom been abandoned. 
Latterly, with the increase of knowledge, conditions 
which formerly involved danger to the physical 
constitution, have been made much freer from 
serious risk. The attempt, it may be remembered, 
was made to depict this by two scenes at the British 
Empire Exhibition—the one a jungle scene showing 
the camp of a fever-stricken man, with all the 
surroundings favourable to the development of 
disease, and, by way of contrast, a scene showing 
how the help of science can now be enlisted with 
a view to removing their dangers. 

To none, perhaps, is such knowledge so vital as 
to the members of our profession. The trader may 
put up with unhealthy surroundings if he wishes to 
work in a particular market ; the engineer, however, 
is compelled to face the conditions of any site 
embraced by his work. Positions for factories 
may be selected within a certain latitude, but 
a bridge or large dam must be located by engineering 
considerations alone. It often happens, thus, that 
the engineer has to make life possible or even 
practicable, for some seasons at least, in districts 
which normally are avoided, while again it is of the 
engineering profession that help is sought if it is 
decided to improve the hygienic conditions of a 
permanent settlement. We do not herein overlook 
the fact that in these matters the engineer is not 
the originator. Too often, perhaps, we have set 
about our task fortified by the idea that if we only 
stuck to it we would pull through. The cost in 
many cases has been heavy. The advance of 
science in other branches has placed at our service, 
information on which it is now the privilege of the 
engineer to take the main action. We speak 
advisedly, for though enlisting natural aids, such 
as the establishment of bat colonies, proposed and 
adopted by Dr. C. A. R. Campbell, as recently 
noted in a review in these columns, or the encourage- 
ment of larve-eating fish, may be practicable to 
some extent, they give no promise at present of 
supplanting for most conditions the engineer’s 
work of drainage, reclamation, sanitation and so on. 

Most engineers who have worked abroad, know 
in a general way what has been done at certain 
specific places. They have some knowledge of the 
general principles applied at Panama as the result 
of earlier work, or may have stopped, going East, at 
Ismailia on the Canal, and heard there of the work 
which made that spot healthy, though it un- 
fortunately reduced the beauty of its groves and 
gardens. Many, too, who were engaged in the 
war were brought into close contact with these 
matters, the rate of sickness when circumstances 
were unfavourable impressing upon them the need 
for doing everything possible to improve matters. 
But when thrown on his own resources, the ordinary 
engineer finds that he has little data of a definite 
character to work on. This, however, need be no 
longer the case. We have, in Mr. Home’s book, 
“The Engineer and the Prevention of Malaria,” 
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an admirable summary of methods which have 
been proved of service. The facts are drawn from 
all sources. Mr. Home’s own experience in 
malarial countries has been extensive, while he has 
added to it information gleaned by others, of which 
he, with meticulous care, makes acknowledgment. 
The work, as we have said, is a summary, bringing, 
in fact, together into a small compass and reducing 
to a practical basis, a mass of hitherto widely- 
scattered information. It is thus a volume which 
cannot fail to be serviceable, either to the engineer 
in charge of temporary camps established in con- 
nection with some particular piece of construction 
work, or to the one responsible for introducing 
ameliorative conditions for permanent settlements. 

With regard to temporary conditions, economics 
supervene. It is accepted nowadays that every 
reasonable care shall be taken, that labour brought 
together for work, should not be unnecessarily 
exposed to attack by disease. It may not, however, 
be within practical politics to adopt all the ideals 
of the medical man, if the work is to be completed 
in reasonable time and at a reasonable cost. There 
are many measures, on the other hand, which the 
engineer in charge will insist upon and will in- 
augurate of his own accord, if he be a man of any 
experience at all, while to the one who finds himself 
faced with these circumstances for the first time, 
Mr. Home’s pages will be full of suggestions. It 
may not, through the exigencies of the work, be 
possible to plan the actual extinction of the 
dangerous types of mosquitoes, but in very few 
cases, with the information now available, is it 
impossible to deal with the conditions so that the 
nuisance may be abated. 

In permanently-settled areas, work on more 
elaborate lines will most likely be advisable, but 
here, in view of the lasting benefit to be derived 
from them, more expensive works may fittingly 
be undertaken. It is really for these that Mr. Home’s 
work is written, and will probably be mainly of 
service, but the alternatives which he notices, 
give it, as we have suggested, an even wider scope. 
While he covers the ground he has chosen, in a 
very commendable and practical manner, his 
method of treatment makes us regret that he has 
restricted his attention to malarial conditions. 
These, after all, are often only one part of the 
troubles we have to face, and we would imagine 
that the author could add very much to his indirect 
references to flies, sand flies and other pests of the 
air, to say nothing of those of the soil, with which 
in professional work, engineers come in contact. 
There are, of course, books for medical men on these 
subjects, but these are practically valueless to the 
engineer. Perhaps the author would consider a 
more general work on hygienic conditions in malarial 
and tropical countries. If undertaken, we feel 
sure it would be a work to recommend. 





Power Plant Lubrication, By Wm. F. OsBorne, B.S. 
London: The McGraw Hill Publishing Co., Ltd, 
[Price 10s. net.] 

So far as the lubrication of high-speed bearings 
is concerned, the problem of lubrication may be 
regarded as completely solved. All that is needful 
in normal running is to ensure an adequate supply 
of cool lubricant, and in this normal running almost 
any lubricant will do, viscosity being the sole 
physical property concerned. Even high-speed 
machines have, however, to be started and stopped, 
and during these processes lubrication is necessarily 
imperfect, and what has been termed for want of a 
better word, the “‘ oiliness ” of the lubricant becomes 
then of extreme importance. This consideration 
rules out, even from high-speed service, the use of 
many fluids which would otherwise be quite satis- 
factory. It is common knowledge that an air- 
lubricated bearing will carry quite a considerable 
load once a high-speed has been attained, but 
owing to the troubles that arise in starting up and 
stopping, it has not yet proved practicable to adopt 
air as a lubricant even for spinning machinery, 
though the attempt has been made. Hence, with 
very few exceptions, the only practicable lubricant, 
even for high-speed bearings, is some form of oil, 
and oils or greases are indispensable for the ordinary 
slow-speed intermittently lubricated bearings, which 
still greatly outnumber all other types. 








The relative values of those oils and greases varies 
widely, and until very recently, neither the chemist 
nor physicist had been able to find any simple 
relationship between the constitution of an oil, or 
its physical characteristics, and its value as a 
lubricant under trying conditions. As in so many 
other cases, the engineer has had to discover for 
himself by purely empirical methods, that which 
best served his purposes. This done, the chemist 
and physicist were able to provide means for ensur- 
ing that the supplies offered him were in accordance 
with the specifications. Until very recently, how- 
ever, they could do nothing more. Some little light 
on the properties which constitute a good lubricant 
has lately been attained, but our most valuable 
knowledge is still the largely unco-ordinated accumu- 
lation of past experiences. This has been so purely 
empirical that even the largest and best equipped 
manufacturers of lubricating oils, at times made 
mistakes, and we have known a case in which 
sludging occurred very badly with a lubricating oil, 
which had been specially compounded to be immune 
from this defect. The result was so unexpected 
by the manufacturers that they sent their chemists 
and other experts hundreds of miles in order to 
investigate the matter. 

It is the fact that experience is of such prime 
importance in these matters, which gives special 
value to Mr. Osborne’s work. The opening chapters 
deal largely with the provenance of lubricating oils, 
and with the various standard methods adopted 
for determining their physical properties. To a 
large extent these throw little light on the lubricat- 
ing value of an oil, but are useful as a means of 
detecting adulteration. The author observes that 
absolute viscosities are difficult to measure, and, 
apparently, is unacquainted with the very simple 
and ingenious type of absolute viscometer devised 
by Mr. A. G. Michell, which when intelligently 
handled has proved very accurate. The author’s 
standard instrument is the Saybolt viscometer, 
which is that in general use in America, and is akin 
to the Redwood apparatus, and, like the latter, 
does not give absolute measurements. Mr. Osborne 
gives a useful chart to facilitate a comparison 
between the readings given by the principal types 
of “relative” viscosity meters. Absolute viscosi- 
ties are expressed in British, instead of C.G.S. units. 
This procedure has excellent precedents, but is, 
in our opinion, extremely inadvisable. Note is 
taken of the change of viscosity with rise of tem- 
perature, but no reference is made to the extra- 
ordinary increase of viscosity with pressure. At 
extreme pressures, the viscosity of some lubricating 
oils may be some 10 to 14 times as great as at 
atmospheric pressure, and no doubt this property 
is of very great importance in connection with the 
lubrication of gear teeth. 

In opening the second section of his volume 
Mr. Osborne gives a slight sketch of Osborne 
Reynold’s theoryjof lubrication, but does not men- 
tion the name of its originator. He_states,' more- 
over, that high-speed bearings sometimes 4 wear 
“even though it is quite certain that perfect 
lubrication exists.” It would be interesting to 
know the grounds of this conclusion, since it is 
opposed to experience in general. Such wear as 
does occur with thoroughly lubricated bearings is 
generally attributed to the conditions which arise 
in starting up and shutting down, during which the 
lubrication is no longer perfect. Of course, chemical 
attack by a lubricant is possible, but this cannot be 
classed as wear. 

A useful chapter is that dealing with continuous 
oiling systems, in which the author includes splash 
lubrication and the system universally adopted for 
steam turbine installations. He states that a 
temperature of 175 deg. F. to 190 deg. F. will do 
no particular harm to an oil, provided it is not kept 
continuously at such a limit. A high working 
temperature has the advantage that the cooler is 
more effective, since it is easier to cool oil from 
160 deg. F. to 125 deg. F. than from 150 deg. F. to 
115 deg. F. With very low temperatures there is a 
danger of sludging, and Mr. Osborne describes a 
case in which a station engineer insisted on cooling 
down to 90 deg. F. the oil used for lubricating a 
steam turbine. Trouble from sludging arose, owing 
to the fact that at this temperature the viscosity 
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of the oil was too high to permit of the settling out 
of the water unavoidably entrained in it. On 
reducing the amount of cooling so that the lowest 
oil temperature was 115 deg. F., the trouble dis- 
appeared. It should, however, be stated, that oil 
temperatures of 90 deg. F., or even a little lower, 
are successfully worked in certain British power 
stations. 

Mr. Osborne appears to think that’film lubrication 
does not arise in the case of gear teeth. A similar 
view has been expressed by others, but in no case 
has any explanation been given of how film lubrica- 
tion is avoided. There is certainly a film of oil 
over the tooth surfaces as they approach each other. 
In this approach oil is squeezed out. This operation 
is resisted by the viscosity of the oil, and film lubri- 
cation is therefore necessarily involved. It is, of 
course, true that the conditions are not identical 
with those met with in the case of a journal bearing, 
but a viscous fluid remains a viscous fluid whether 
it is fed between gear teeth or between a shaft and 
its brass. No doubt, the shearing stresses in the 
oil film are exceptionally high in the case of gear 
teeth, but the maximum pressure is also very high, 
and it has been experimentally proved that at these 
high pressures the viscosity of oils is greatly in- 
creased. A special chapter is devoted to the 
lubrication of steam-engine cylinders. This is 
succeeded by another on the lubrication of air 
compressors. In this chapter attention is drawn to 
the danger of explosion and to the consequent 
desirability of using as little oil as possible. The 
lubrication of internal-combustion engines raises 
other problems. Here one difficulty arises from the 
mutual solubility of the oil and the fuel. This may 
destroy the value of the lubricant, but Mr. Osborne 
states that this danger is generally less with the high 
viscosity oils. 

Useful hints on the buying of lubricants are given 
in another chapter, and the volume concludes with 
a reprint of the instructions for making standard 
tests of lubricants drawn up by the American 
Society of Mechanical Engineers. 





Taschenbuch der Luftflotten, 1926. By Dr. Inc. W. von 
LanesporFF. Munich: J. F, Lehmanns Verlag. [Price, 
12 Marks.] 

Tus publication constitutes the fifth annual edition 

of the Pocket Book on Air Fleets. It has been 

prepared by Dr. Ing. W. von Langsdorff and con- 
tains tables giving the characteristic features and 
principal dimensions, and also views and outline 
diagrams of the aeroplanes of every nation. Stress 
is laid upon the German pioneer work in the con- 
struction of all-metal aeroplanes, a type of construc- 
tion which the author regards as being still in 
the experimental stage outside Germany. ‘“‘ Un- 
fortunately, since the end of the war,” the 
pocket book states, ‘the development of aero 
engines in Germany has been almost completely at 
a standstill.” The Treaty of Versailles, it is 
repeatedly claimed, has had the effect of greatly hin- 
dering aircraft construction in the country. A proof 
that Germany must have built a goodly number of 
aeroplanes, however, would seem to be afforded by 
the following figures taken from the pocket book, 
which give the number of passengers carried in 
machines of British, French and German construc- 
tion, during the five years 1920 to 1924, inclusive. 
The figures are as follows :— 


British 5,799 5,256 9,777 12,902 13,478 
French 1,778 10,619 9,502 11,658 16,729 
German — 2,230 11,005 28,818 49,655 


It is further stated that, Curing the first six 
months of 1925, the passengers carried in aeroplanes 
of German construction numbered 43,589, or almost 
as many as during the whole of the preceding year. 
Unless, therefore, there be circumstances which are 
not apparent to an outsider, Germany does not 
seem to have encountered any special difficulties 
demanding denunciation. 





TRIALS OF THE §.S. ‘‘ ANGLO-PERUVIAN.’’ — The 
steamer Anglo-Peruvian, built by Messrs. Short Brothers, 
Limited, Pallion, Sunderland, to the order of Messrs. 
Lawther Latta and Co., Limited, London, for the Nitrate 
Producers’ Steamship Company, Limited, London, 
recently completed successful trials at sea. A brief 


description of this vessel will be found on page 723 of 
our issue of June 18 last. 











THE LATE MR. C. W. JAMES. 


An engineer, who devoted a great amount of time 
in recent years to the benefit of his profession as a 
Member of Council of the Institution of Mechanical 
Engineers, Mr. Christopher W. James, died at his home, 
Hafod, Hythe, Kent, on Friday, August 13. Mr. James 
was very well known in engineering circles as the chair- 
man of directors of Messrs. Joshua Buckton and Co., 
Limited, of Well House Foundry, Leeds, for many years. 

He was born in April, 1865, and received his early 
education at the Bristol Grammar School, after which 
he went to Germany and Switzerland for further 
instruction. Returning to this country at the age of 
eighteen, he acted as assistant to his father, Mr. 
Christopher James, M.I.Mech.E., of Bristol, for a 
probationary training of a year’s duration, prior to 
entering, as an articled apprentice, the works of 
Messrs. Oliver and Co., Limited, of Chesterfield. Two 


years later, when this firm went into liquidation, Mr.. 


James continued his apprenticeship with Messrs. 
Joshua Buckton and Co., Limited, at Leeds, an 
organisation of which he was ultimately destined to 
become one of the principals. Prior to the conclusion 
of his apprenticeship, he had acquired considerable 
experience in the drawing office, as well as in the works, 
and his services were retained by the firm for special 
design work. In this capacity he was responsible 
for the production of new models of machine tools, and 
effected many improvements in steam engines, boilers 
andcranes. During the same period he acted as assistant 
to the works manager in the supervision of construction, 
and the testing, when completed, of the heavy machine 
tools made by the firm. Later, he was given sole 
responsibility for the design and construction of coupled 
reversing engines, various types of testing machines, 
and also in the production of many forms of gear- 
cutting machines. 

In 1894, Mr. James was made chief assistant engineer 
and found scope for his many abilities and valuable 
experience, in undertaking the entire control of all 
outside erection work. This brought him much into 
touch with the users of the many types of plant made 
by his»firm, and proved an excellent preparation for 
the valuable services he was later to render to the firm 
on the purely commercial side. His most important 
professional work was the design of the very heavy 
machine tools used by the British Government and 
the armament firms in the production of heavy guns 
and large marine engines. He was also, in collabor- 
ation with Mr. J. Hartley Wicksteed, concerned with 
the development of large testing machines. Recognis- 
ing his capacity, the firm eventually gave him charge 
of their London office, where he was largely concerned 
with the development of the firm’s sales organisation. 
A directorship in the company followed, and ultimately 
he became chairman in succession to Mr. J. Hartley 
Wicksteed. During the European War, Mr. James 
took a leading part in the organisation and manage- 
ment of the National Ordnance Factories in Leeds, 
and, for a period of six months in 1917, was Director 
of Ammunition Production at the Admiralty. 

Mr. James was elected a Member of the Institution 
of Mechanical Engineers in 1895, and was appointed 
a Member of Council in 1919, remaining in office until 
1924, when he retired from all his official duties on 
account of ill-health. He rendered very valuable 
service to the Institution as chairman of the Wire 
Ropes Research Committee from 1920 to 1924. 





PRINTING PRESSES FOR CANADA.—H.M. Senior Trade 
Commissioner in Canada has informed the Comptroller- 
General of the Department of Overseas Trade that a 
Montreal firm desires to be placed in touch with a United 
Kingdom manufacturer of printing presses, the details of 
which are as follows :—Cylinder printing presses, four 
colour unit, for printing counter sales books with carbon 
on the back of each sheet, or an interlining of carbon. 
The size of the cylinder should be about 18 in. in cireum- 
ference and 24 in. wide. The two sizes of counter sales 
books are 4} in. and 6 in. wide. Further particulars 
regarding the above inquiry may be obtained from the 
Department of Overseas Trade, 35, Old Queen-street, 
London, S8.W.1. 


THe HicGH-PREssuRE STEAM-TURBINE PLANT AT 
Boston, Mass.—-Some months since the General Electric 
Company supplied to the Edison Company at Boston, 
Mass., a steam turbine generating plant designed for a 
working pressure of 1,200 Ib. per square inch. This plant 
has now Foon opened up after 1,600 hours of commercial 
service, and found to be in reasonably satisfactory 
condition. The wear and tear and distortions of the 
blading and packings have not been greater than has 
previously been met with in units operated under more 
normal conditions. Some deposits and erosions have 
occurred, but to no abnormal extent. The carbon gland 
packings have, however, not proved wholly satisfactory 
and are being replaced with the labyrinth type. The 
boilers, which were supplied by the Babcock and Wilcox 
Company, have shown no signs of excessive wear, and 
there has been no difficulty in securing tight steam joints 
either with the piping or the turbine. The valve seatings 
were found in excellent condition. 








LETTERS TO THE EDITOR. 


THE STRENGTH OF MATERIALS. 
To THE Eprror oF ENGINEERING. 

Sm,—My attention has only just been called to the 
review of my book on the “‘ Strength of Materials,” in 
your issue of July 31, 1925. 

I have always admired the English. They are the 
best sports in the world, and they almost always play 
fair. Therefore, I trust that you will permit me to 
make a few remarks about your review, referring parti- 
cularly to the “ bad mathematical slip” which your 
reviewer charges me with having made. 

First, let me thank you for the generally favourable 
judgment which you pass on my book, which I value 
most highly. 

The “ slip ” of which I am accused is in connection 
with my discussion of the stress at the edge of the hole 
in a tension piece with a hole in it, having uniformly 
distributed tension over the ends. There is a formula 
which is often put forward which purports to give the 
stress intensity at any point of the net section through 
the hole, deduced from the mathematical theory of 
elasticity. According to this formula, the stress 
intensity at the edge of the hole is three times the 
average stress on the gross section (within the elastic 
limit). By the formula, this is true, no matter what 
the diameter of the hole. Now, the first question that 
occurred to me in considering this matter was: Is the 
formula correct in any practical case? I believed, and 
I still believe, that it is incorrect, even for material 
which is perfectly homogeneous and elastic. I do not 
believe that any practical and experienced engineer 
will admit, for instance, that in a plate, say, 6 in. wide 
with a hole, say, 5 in. in diameter, the maximum stress, 
at the edge of the hole is the same as if the hole were 
0-01 in. in diameter. The maximum stress must 
depend upon the diameter of the hole. No mathe- 
matics are needed to see that this must be true. Inci- 
dentally, if the plate is 6 in. wide and the hole 5 in. in 
diameter, the net section will be 1 in. wide, and the 
average over the net section is six times the average 
on the gross section; so that, if the intensity at the 
edge of the hole is three times the average on the gross 
section, it is less than the average on the net section, 
and the maximum stress is not at the edge of the hole, 
but at the edge of the plate or at some intermediate 
point; while by the formula the stress is always a 
maximum at the edge of the hole. The formula, 
therefore, contradicts itself. 

It being thus obvious, even to one unacquainted with 

the mathematical theory of elasticity, that the formula 
was incorrect as applied to any practical case, I looked 
up its demonstration in order to find out where the 
trouble lay, and in order to find out whether it was 
correct for the conditions assumed in the proof. I 
discovered that the proof depended upon two assump- 
tions. The first was, of course, that there was a hole 
in the plate; the second was that the width of the 
plate was infinite. This is all stated in the discussion 
in my book, and I then stated that a finite hole in a 
plate of infinite width was the same as an infinitesimal 
hole, or no hole at all, in a plate of finite width ; so that 
the demonstration assumed, first, that there was a hole, 
and, second, that there was no hole. I therefore felt 
that I had discovered the error in the formula, and that 
it was not even correct for the case assumed in the 
proof. 
It is my last statement, that a finite hole in a plate of 
infinite width is the same as an infinitesimal hole, or 
no hole at all, in a plate of finite width, which is called 
a ‘“‘ very bad slip’ by your reviewer, who says that an 
infinitesimal is not zero. 

Will you permit me to state a few elementary 
principles of mathematics as I understand them. In 
mathematics we deal frequently with two quantities 
or concepts, namely, an infinitesimal and infinity. 
It is important to understand them fully. The engineer, 
in order to make his ideas concrete, must conceive of 
an infinitesimal as a very small quantity, but I main- 
tain that, in comparison with any finite quantity, an 
infinitesimal is strictly and accurately zero. An . 
infinitesimal is less than any assignable finite quantity, 
however small, and dz, or 2 dz, or 1,000 da, is exactly 
zero in comparison with any finite quantity a, however 
small; that is, a + dz ora + 1,000 dz is exactly a. 
That is fundamental. I probably need not remind 
you of the discussion on this matter which took place 
shortly after the discovery of the calculus by Newton 
and Leibnitz ;\or of the fact that it was at that time 
maintained by some that the calculus was wrong be- 
cause it neglected infinitesimals. It was said that when 
the area of a curvilinear figure was obtained by inte- 
grating ydz, a lot of little triangles were neglected; 
and that the fact that it gave correct results for a figure 
of known area, such as a triangle, was merely a proo 
that “ error could bring forth truth.” Bishop Berkeley 
termed infinitesimals ‘‘ ghosts of departed quantities, 
if I remember correctly. 
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The concept of infinity is similar. Infinity is greater 
than any assignable quantity, however large; hence 
any finite quantity, however large, is exactly zero in 
comparison with infinity. Hence it follows, as I said 
in my book, that a finite hole in an infinite plate is the 
same as no hole in a finite plate; and from this it is 
clear, that since in a plate with no hole exposed to a 
tension p, the maximum stress is p, while the formula 
gives 3p, the formula tries to prove that 3 = 1. 

Your reviewer disagrees with this. It is some 
comfort to me, however, to know that Osborne Rey- 
nolds, whom your reviewer terms a “ great thinker,” 
used the same logic. I will stand or fall with Osborne 
Reynolds as against your reviewer. 

Now, Mr. Editor, I am as good a sport as any 
Englishman. I have absolutely no pride of opinion. 
If I have ever, by word or pen, made an erroneous 
statement, I will thank any one who takes the trouble 
to point it out, and will not only consider his argument, 
but will be sincerely desirous to find myself wrong, 
if I am wrong. And when shown to be wrong, I will 
acknowledge my error as publicly as I made the original 
statement. There is no sentiment about the search 
fortruth. Iam, of course, sorry to make a mistake, but 
my feelings will not be hurt by having it pointed out. 
They would rather be hurt by not having it pointed out. 
In this case, however, I am sure that I have made no 
error. I wonder if your reviewer is actuated by 
similar feelings, and is as good a sport. 

I have gone into this matter, perhaps, at too great 
length, but it is of some importance, since the formula 
referred to is often put forward, as in a recent paper 
before the American Society of Mechanical Engineers, 
by Timoshenko and Dietz, which I showed to be in- 
correct. And in their recent report on the “‘ Fatigue of 
Metals,” Professors Moore and Jasper state that the 
mathematical theory of elasticity indicates a stress at 
the edge of a hole of three times that in a plate with no 
hole under the same load. They do not say that the 
plate is supposed of infinite width, nor have they 
observed the error of the formula. As a matter of 
fact, their tests on fatigue offer conclusive experimental 
proof of the error of the formula, for they find only 
a small reduction of the endurance limit in a plate 
with a hole as compared with one without; while if 
the stress in the first case was anything like three 
times that in the second, there should be a great reduc- 
tion. The situation is this: If their endurance tests 
are of any value (and they are), the formula in question 
is worthless; if the formula-is correct, their tests are 
worthless; and yet they seem to credit both. I 
prefer to call a spade a spade. 

I hope that your reviewer will be willing, in your 
columns, to show me more conclusively that I have 
made a mistake, or to acknowledge, in your columns, 
that he has made one himself. It is no disgrace to 
make a mistake. The man who never makes a mistake 
never makes anything else. But I maintain that I 
have made none here. 

Yours truly, 
Gzorce F. Swan. 

Harvard University, 

The Harvard Engineering School, 
July 24, 1926. 

[Professor Swain is quite right on one point, viz., 
that the mathematical theory he combats, applies, 
in strictness, only to the case of a hole in an infinite 
plate. Sir J. J. Thomson, however, remarked on one 
occasion that the few hours over which extended an 
experiment of Kammerlingh Onnes on super-conduc- 
tivity, constituted quite a good “ first approximation 
to eternity,” and on another occasion Sir Oliver Lodge 
said that ‘“‘ expelling an electron to infinity” really 
meant displacing it by the fraction of a millimetre. 
Similarly an inch hole in a plate 12 in. wide constitutes 
“quite a good first approximation” to the case of 
an inch hole in a plate of infinite width. It has in fact, 
been proved by optical methods of stress analysis that 
the distribution and intensity of the stresses round 
the inch hole in a 12 in. plate are sensibly the same as 
those calculated for the case of an infinitely wide plate. 
This has been demonstrated by direct experiment 
and is quite beyond question. No one who understood 
the mathematical theory would even dream of 
applying the equations to the case of a 5 in. hole in a 
plate 6 in. wide. For the theory to hold there must be 
a reasonable “ first approximation to infinity.” Of 
course, in any case, the theory breaks down if the elastic 
limit be exceeded. This, however, is not due to any 
error in the mathematics but to the “ perversity ” 
of our materials of construction, which refuse to obey 
Hooke’s Law up to the bitter end, and yield plastically 
before failing. With regard to the general question 


of infinities, any professional mathematician of standing | p 


will undoubtedly reject Professor Swain’s reasoning. 
In fact, he assumes that the same operation which 
reduces a plate of infinite width to 6 in. will reduce a 
1 in. hole to absolute zero. Infinities are, however, 
“ kittle cattle” to handle, and operations with them 
often tax the highest powers of the analyst, and the 


assumption made by our correspondent is wrong, and 
in actual fact a hole of zero diameter is a contradiction 
in terms. A hole, in short, differs from no hole quali- 
tatively, not quantitatively. The nature of the error 
will, perhaps, be best seen by considering the case of the 
stresses in a rotating disc. If this be solid, the radial 
stress is continuous right across the centre. If there be 
a central hole, there is no radial stress at the centre of 
the disc, and this is true no matter how small the hole 
may be. Hence the stresses are not the same with no 
hole as with an infinitesimal hole, which, so long as it 
exists, will always (no matter how small it is) introduce 
a discontinuity in the distribution of the radial stress. 
This example shows clearly that it is not always legiti- 
mate to treat infinitesimals as absolute zeros, and that 
such an assumption may lead to radically wrong con- 
clusions. We must also take exception to Professor 
Swain’s version of what was said in the Review. The 
phrase used was “it is not always legitimate to equate 
an infinitesmal to zero.” Professor Swain’s version of 
this would imply that we asserted that this operation 
is never warranted; a statement we took particular 
care not to make. In fact, we hold that for students 
of engineering the calculus should be based on the 
doctrine of infinitesmals rather than on that of limits. 
Prof. Swain’s claim that the experiments of Jasper 
and Moore prove the inaccuracy of the theory, is un- 
justified. To establish this claim it would be necessary 
to prove that the assumptions of the mathematical 
theory were satisfied in these experiments, and this it 
is impossible to do. In fact, as already noted, optical 
methods have definitely proved that, within the elastic 
limit, the stress distribution is in good accord with the 
theory.—EpIToR.] , 





OIL SEPARATORS FOR BILGE AND 
BALLAST WATER. 
To tHe Eprror or ENGINEERING. 


Srmr,—I am pleased to note in your issue of the 
13th inst. that Mr. Beale agrees with the general 
treatment of horizontal and vertical flow given in 
my recent letter to you, and has thereby withdrawn 
tacitly the general statement: ‘‘ The most efficient 
separators will therefore be those in which the main 
flow is substantially horizontal,” which was made 
in the original paper under discussion, and has fallen 
back on the advantages of the particular design of 
horizontal-flow separator in which he is interested. 
While pointing out that his application of the generalisa- 
tion to a particular case is open to question, one can 
conclude that the merits of a horizontal-flow or a 
vertical-flow type of separator are dependent on 
the particular features of the design of either type 
and not merely on the direction of flow, and that 
it is an open question as to which particular type 
of separator now on the market will prove most 
satisfactory to the shipowner as a practical proposition. 
Yours faithfully, 

H. Oa@pEn. 


London, August 17, 1926. 





SOLID SMOKELESS FUEL. 
To THE Eprror oF ENGINEERING. 

Smr,—In connection with the discussion on Solid 
Smokeless Fuel at the Congress of Chemists, reported 
in your issue for July 30, I trust you will allow me to 

d a few comments. So long as low-temperature 
carbonisation suffers the disability of working at a low 
temperature, under 700-900 deg. C., for the retort 
fluework, I agree with Dr. E. W. Smith that the matter 
is doomed in competition with gasworks and coking 
practices. Likewise, for charge temperatures, I con- 
sider an average soaked heat from 600 deg. C. and 
upwards essential. Otherwise the temperature gradient 
suffers, so that heat transmission is very appreciably 
diminished and the throughput consequently suffers 
when using external beating, and if internal heating is 
substituted serious dilution of the calorific value of 
the gases follows. 

It does not, however, follow that the problem is 
technically insoluble. By using high fluework heats 
and rapid continuous passage of the charge through the 
retort, coking can be carried out in a properly-designed 
apparatus in such a manner that, with a steep tempera- 
ture gradient through the charge, which is treated by 
the methods described by the writer’s letters pub- 
lished in your issues for July 16 and 30, 1926, a maxi- 
mum average charge temperature before discharge of 
around 700-900 deg. C. is obtained with flue heats 
running up to 1,200-1,400 deg. C. Steaming may be 
ractised simultaneously, if desired, both on the flue- 
work and at the base for coke-cooling purposes. In this 
way, the normal complete carbonisation throughput 
is augmented, due to retention of residual volatiles 
from 3-10 per cent, as required, and the thermal 
expenditure demanded for their distillation is econo- 





mised ; also a steeper average charge range of tem- 


perature gradients ensues as compared with the normal 
high-temperature complete carbonisation demanding 
a finishing charge temperature of about 1,100 deg. C. 
There is no need to rest satisfied with a solution of this 
pressing and vitally urgent and important problem, 
which consists in merely pessimistically turning down 
altogether the objects of low-temperature carbonisa- 
tion ; instead, we should realise that their attainment 
lies along medium charge temperature carbonisation by 
high-temperature fluework methods. 

When operating around 800 deg. C., which is a very 
critical phase of the carbonisation process, since the 
coke and the distillate suffer thereabouts considerable 
and fundamental changes, the following advantages 
ensue: (1) The coke is not subjected to the damag- 
ing over-shrinkage which later follows, and is conse- 
quently more compact, stronger, and more highly 
reactive than that produced when the heating is carried 
beyond this point ; (2) the liquid distillates are obtain- 
able in maximum quantity around 650-800 deg. C. 
when working according to my process; (3) the lean 
gas produced beyond 800 deg. C. is not sufficiently 
valuable as to calorific value, or quantity yielded, to 
offset the heating gas expended in its production ; 
(4) owing to the very much slower rate of rise of charge 
temperature which ensues after about 800 deg. C. in 
all carbonising processes of any kind, it is inexpedient, 
on throughput grounds and thermal efficiency, to exceed 
this critical limit. 

Blending can be materially reduced by the very much 
greater rate of heating available by this method, 
which allows of some at present non-caking coals 
becoming caking, at present feebly-caking coals becom- 
ing good-caking coals, and of strongly-caking coals 
being sized so as to give no trouble and still yield 
a highly-reactive coke of a small-sized cell structure. 

At present, carbonisation using a low heating rate 
can, in general, only make coals carrying 19-32 per 
cent. volatiles cake; blending, sizing, crushing, &c., 
are then necessary and expensive adjuncts for dealing 
with the development of the coking property or its 
excessive manifestation. In the above, these matters 
are but rarely required as aids, and act only as adjusters 
of the process when used; blending and crushing 
are considerably diminished, sizing alone usually 
sufficing for ordinary needs. Not only is the demand - 
for these adjuncts limited to very rare and exceptional 
circumstances, but the degree of their incidence 
when used, is much reduced. Further, the very 
much higher heating rates available, 600-1,000 per 
cent., render the coke very highly reactive. When 
added thereto, the use of suction and a central off-take 
makes it possible to manufacture a coke which is as 
reactive as it is possible, commercially as well as tech- 
nically, to be, on account of the size of the pores being 
reduced, large pores due to swelling being altogether 
obviated. The size of the coal particle is regulated in 
relation to the coking propensities of the fuel and the 
gas pressure set up during carbonisation within the 
retort. But there is, in these matters, ample scope for 
simplified working on a rough and ready basis, leaving 
the inherent process factors to carry out all require- 
ments automatically, without resorting to fine, narrow- 
range adjustments in these respects to attain a superior 
grade product. 

As the writer’s plant at the Staines Station of the 
Brentford Gas Company (now the Gas Light and Coke 
Company) erected in 1922-3, will, it is hoped, again be 
submitted shortly to further operation, he looks forward 
to communicating in the near future the complete results 
of a full working test of three months’ continual running, 
following which he would be glad to afford the Fuel 
Research Board the opportunity of running a confirm- 
atory test, yielding the more complete data which 
they would be able to collect and collate in connection 
with every detail, and in which matter he trusts he will 
be reciprocally met with the Gas Light and Coke 
Company’s consent. This has already been indicated, 
and the former test promised by their Chief Engineer, 
Mr. T. Hardie, M.Inst.C.E., and the writer would, for 
his part, also later extend the facilities for test to the 
Institution of Gas Engineers. 

Yours truly, 
Wm. Everarp Daviss. 

5, Tynybedw-terrace, Treorchy, Glam., S. Wales. 

July 31, 1926. 

P.S.—It might be added that, since writing this 
letter, confirmation of the contentions on which the 
author’s method is based, has been published by Dr. 
C. H. Lander, of the Fuel Research Board, but for lower 
heating rates. In the writer’s case, high heating rates 


prevail with production of the superior coke quality. 
W. E. D. 








INTERNATIONAL AERONAUTICAL EXHIBITION, PARIS,— 
On page 726 of our issue of June 18 last, we drew atten- 
tion to an international aeronautical exhibition which 
is to be held in the Grand Palais des Champs-Elysées 
in December next. We now learn that the exhibition 
will open on December 3 and will close on December 19. 
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- COMBINED TORSIONAL AND 
REPEATED BENDING STRESSES.* 


The Effect of a Constant Torsional Stress upon Specimens 
Subjected to Repeated Bending Stresses. 
Professor F, C. Lza, D.Sc., M.Inst.C.E., M.I.,Mech.E., 
and Mr. H. P. Bupgen, Ph.D. 


THE effect of repetition stress on materials has 
received a good deal of attention, but the experiments 
have been mostly confined to one particular type of 
loading. These need not be detailed. The present 
paper describes a machine designed by the authors, 











specimen. 
To the right of Fig. 1 and to the left of Fig. 2, is a 


dynamo supported in ball bearings, and having a lever 


When the lever system, Figs. 2 and 4, is loaded, the 
specimen is subjected to a constant bending moment. As 
the specimen bends, the stirrup K; allows a small lateral 
movement of the housing J;, and thus prevents longi- 
tudinal stress. The shaft S; is driven through a 
flexible coupling by the motor shown to the left of 
Fig. 1, and to the right of Fig. 2. On the axis of rotation 
of the housings J and J; are fitted mirrors, so that the 
angular rotation of these can be measured. This is 
a measure of the strain produced by any loading of the 





The maximum shear stress due to the torque in 
tons per square inch is 
0-002272 T 
as : 
where d is the diameter of the specimen. 


T is twisting moment in lb.-inch units. 
W is the load in pounds on the lever system. 


Results of Tests.—The table on page 244, and Figs. 7, 
8 and 9, show the results of tests on three steels. 

Considering first the alloy steel, it will be seen from 
the table that a specimen ran 3,753,700 reversals with 
a range of bending stress of + 20-12 tons per sq. in. 
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and gives results of tests carried out under the follow- 
ing conditions :—-(a) The specimen is loaded as a rotat- 
ing beam in such a way that a test length of 3 in. is 
subjected to constant bending moment. (6) A constant 
twisting moment is transmitted through the specimen. 

Description of the Machine.—Fig. 1 is a view of the 
machine, and Figs. 2 and 3 show its arrangement. The 
specimen §, Figs. 2 and 4, is fixed in collets, connected to 
horizontal spindles which rotate in ball bearings in the 
housings J and J}. The housing J is supported 
on knife edges, which rest on the fixed support K. 
The bearing J; is hung in a stirrup, which is suspended 
from the knife edge K; resting on a fixed support. 
The levers E, E; carry knife edges which rest on the 
stirrups A, A, which, in turn, are carried by the 
housings J and Ji. 





a Paper read before Section G of the British Associa- 
tion at Oxford, on August 16, 1926 
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connected to it as shown in Fig. 3. The torque 
transmitted through the specimen is measured directly 
by the position of the load on the lever, and the 
characteristics of the dynamo and motor are imma- 
terial. The dynamo and motor were wired as in the 
Hopkinson test to economise power, but the power of 
the dynamo can be dissipated or used in any way 
desired. Fig. 5 shows details of the flexible con- 
nector and the counter. 

The type of specimen used is shown in Fig. 6. This 
can be made much longer or shorter. 

The Stresses—The bending moment M on the 
specimen is determined by the load W on the lever 
system and the twisting moment T by the torque. 

The maximum bending stress in tons per square inch 
is 

0-0227 W 
-_—>— 
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Adding a twisting stress of 15-32 tons per square 
inch to a bending stress of + 20 tons per square inch 
did not appreciably diminish the life of the specimen. 
This is confirmed by the plottings of Fig. 7. Adding 
a shear stress of 25-1 tons per square inch (while 
raising the maximum principal stress to 36-9 tons per 
square inch) only slightly diminished the safe bending 
stress range, whilst adding a twisting stress of 26-2 
tons per square inch (raising the maximum principal 
stress to only 31-7 tons per square inch) diminished the 
safe bending stress very considerably, i.e., to 10-06 
tons per square inch. 

Fig. 8 shows the results for the 0-14 C. steel. Adding 
a torsional shear stress up to 15-2 tons per square inch 
slightly increases the range of bending stress. In- 
creasing the torsional shear stress to 19-4 tons per 
square inch diminishes the range, and a further increase 
of the torsional shear stress to 20-52 tons per square 
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and these cracks cause concentrations of stress which 
allow a much lower range of bending stress to cause 
failure. On the other hand, as already pointed out, the 
torsional shear stress causes a normal stress on the 
plane at 45 deg. to the axis of the specimen, and thus 
this plane has a high normal mean stress and a range 
of normal stress equal to the applied bending stress. 

The consideration of the results in the light of those 
obtained from direct tests at various mean stresses on 
the Haigh machine is of interest. 

Fig. 10 shows the range of normal stress for various 


inch diminishes the safe range very considerably. A | mild steel specimen by the addition of a torsional stress 
similar result is obtained for the 0-32 C. steel, as | to the bending stress. On the plane at 45 deg. to the 
shown in Fig. 9. | axis of the specimen, the range of normal stress, when 

Discussion. of the Results.—The results of the tests | there is bending only, is equal to the bending stress p 
are of interest as throwing some light on the problem | on the plane normal to the axis, and the mean normal 
of the conditions of failure under repeated stress. | stress is zero. The range of normal stress on this plane, 
The tests show that an addition of a constant shearing | when there is a superimposed shear q due to torsion, is 
stress to a bending stress, providing it is below a | still equal to p, but the mean normal stress is now 
certain value, does not lower the number of repeti- | equal to g, the torsional shear stress. On one plane at 
tions to which a material can be subjected under | 45 deg. to the axis of the specimen, the mean normal 





cycles of bending stress. stress is a tensile stress, and on the other a compressive 
It has been seen that the range of shear stress 


For example, when a specimen of mild steel is sub- | stress. 
jected to a range of bending stress of from + 16-5 tons’ is the same before and after the addition of q, and it 


Fig.4. 
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per square inch to + 17-5 tons per square inch, a con- 
stant shear stress of 15-2 tons per square inch does not 
lower the number of repetitions possible. A shear stress 
of 19-5 tons per square inch, however, lowers the range 
of bending stress to between + 11 and + 12 tons per 
square inch for 4,000,000 repetitions, and a shear stress 
of 20-52 tons per square inch lowers the bending stress 
to + 8-7 tons per square inch. 

The addition of the shear stress does not alter the 
range of shear or normal stress. It would appear, 
therefore, that as long as the shear stress g due to the 
torsion is less than a value that does not cause serious 
slip in the material, the cause of failure is exactly the 
same as when the specimen is subjected to bending only. 
_ The maximum range of shear stress (see Appendix [) 
is on a plane at 45 deg. to the axis, whether there is a 
torsional shear or not, and if shear range is the criterion 
of failure, apparently this is the plane on which failure 
commences. 

It is not easy to explain the increase in the life of the 





18 8235" >» 


would appear, therefore, that the increased life pro- 
duced by the torsional shear stress cannot be due to the 
compressive stress giving an increased shear resistance, 
as on the other plane at 45 deg. to the axis the tensile 
stress should be acting so as to diminish the shear 
resistance. Furthermore, the torsional stress produces 
no shear stress on the plane at 45 deg., so that the 
increased resistance on this plane can hardly be due to 
overstrain and hardening of the material. 

The addition of the large torsional shear stress q¢ 
of 26-2 tons per square inch on the alloy steel specimen 
lowers the bending range p very materially to about 
+ 10 tons per square inch, and, in the case of the 0-14 
carbon steel, the addition of a torsional shear stress q 
of 19-5 tons per square inch lowers the bending stress 
range to + 11-25 tons per square inch. 

The high torsional shear stress produces no shear 
stress on the plane at 45 deg., and it may be that the 
high shear stress produces cracks on the plane normal 
to the axis of the specimen, and along the specimen, 


mean stresses obtained from tests on 0-14 C. steel on 
the Haigh machine. 


Test Diameter -28ins, 
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7. KS ALLOY STEEL. 


532 Sqn) 


Stress 25°] Tons per Sq. In. 


262 Tons per Sq.In. 
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3. -32C STEEL. 
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70 20 30 
(9663.1) Reversals in Millions. 
When the mean stress is 19-5 tons per square inch, 
the range of normal stress possible is about 14 tons per 
square inch, On the plane at 45 deg. to the axis of the 
specimen, in the combined stress test, the mean normal 
stress is 19-5 tons per square inch when the applied 
torsional stress q is of that amount. Thus on the plane 
at 45 deg. to the axis, there is a normal mean stress of 
19-5 tons per square inch, and one specimen ran nearly 
3,000,000 repetitions with a normal stress range of 
+ 12-35 tons per square inch on the plane perpendi- 
cular to the axis, which means a normal stress range 
and a shear stress range of 12-35 tons per square inch 





on the plane at 45 deg. to the axis; so that this plane 
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is nearly in the same condition as the normal plane of 
the Haigh test piece, and the range of stress in the two 
cases are at least comparable, in the one case being 
12-35 tons per square inch, and in the other 14 tons 
per square inch. Tests on the Haigh machine on 
specimens of 0-32 C. steel show that, for a mean normal 
stress of 19-5 tons per square inch, the range is about 
18 tons per square inch. In the combined bending and 


TABLE oF RESULTS oF CoMBINED BENDING AND Torsion TESTS, 





maximum stress is greater than that on the plane 
normal to the axis. The normal stress range on the 
plane of principal stress is 2 p cos* § = 26-4 tons per 
P 


2 

= 7-56 tons per square inch. The mean normal stress 
is 13 tons per square inch. The normul stress range 
for a specimen without torsion (Fig. 10) for this mean 
stress would be about 18-5 tons per square inch, 
corresponding to a shear range of 9-25 tons per square 


the range for zero torsional mean stress is less on the 
plane perpendicular to the axis than when the torsional 
stress is applied. I: may be that, providing the 
applied shear is less than a certain amount, it causes 
slips of such a magnitude that a harder stable material 
is formed. Taking the results as a whole it would 
appear that sufficient data have not been obtained 
to solve the vexed question as to how and why a piece 


square inch. The shear range on this plane is = sin 2 6 









































| . . . . 
| sat ls , > Tyi inch, so that failure on the plane of principal stress 
No. | ¥ Bending. F = Twisting. Reversals. | No. Lys Bending. LA Twisting. Reversals. ought not to be expected. 
| The analysis of the results indicates that shear stress 
Alloy Steel K. range is the important factor and that the shear stress 
1 20 -88 0 175,200 1 20-6 | 15-32 269,300 range possible is affected very considerably by the 
2 20-2 573,600 2 20-1 15-32 1,331,600 magnitude of the maximum shear stress applied by 
2 20-29 0 573,66 g 
3 20-51 0 951,100 3 19-72 15-32 2,625,100 torsion. 
4 | 20-19 0 2,326,100 4 20-00 15-32 4,875,200 Specimen Fractures—Some typical fractures of 
5 | 20-12 0 3,753,700 | ms. te Me BE AR, The font 
pecimens are shown in Figs. o 15. e fractures 
1 | 80-40 25-2 hie ee 4 11-000 | $e gee are all normal to the axis and do not appear to be 
6 . On. viel ¢ 6 . 2 % 2 - Ps 
; | oS ey ca 4 3 iat | 26-2 1,693,800 materially affected by the type of loading, but the 
4 | 19-61 25-1 3,822,100 4 9°5 | 26-2 2,721,900 fractures for the alloy steels are different from those for 
5 | 18-62 25-1 4,250,300 5 10-05 | 26-2 payee the carbon steels. 
; . ada asia era The machine described in this paper has been used for 
0-32 C. Steel. determining the effect of scratches, keyways, small 
A 18-15 0 \ 248,100 1 19-45 | ih 150100" _| holes, and other discontinuities on the ranges of repeti- 
‘ F 559 6 9 sire “- 3 : 
; ae ; nee 3 | it 13-1 1951200 _| tion stresses. It can also be used for models of crank- 
‘ 17-39 0 1,632,000 4 17-84 15-1 3,362,000 | shafts and other details. The results obtained up to 
5 17:27 0 3,625,200 5 18-65 15-1 4,075,100 | date must be reserved for another paper. Further 
1 17-21 1/°8 302,200 1 16-02 19-5 390,200 | tests are also being carried out on other materials, to 
2 16-12 17:8 932,000 2 14-75 19°5 850,100 
3 16-69 17:8 1,722,100 3 15-70 19-5 1,809,200 | 
4 16-60 17°8 4,236,500 4 14-62 19-5 1,979,300 
o . ‘oO O,2' 
1 9-29 20-3 379,100 6 15-6 19-5 4,125,000 
2 8-15 20-3 1,062,300 
3 9-62 20-3 1,729,200 
4 8-36 20-3 3,998,900 
5 8-35 20-3 4,424,200 
6 7°5 20-3 5,251,300 
0-14 C. Steel. 0 
3. 0 102,100 1 17-38 10-2 1,300,300 
1 18-9 — 000 2 17-08 10-2 2°102,000 °/4C TEEL 
4 18-05 0 76, 2 a 
3 16-98 0 597,200 3 16-98 10-2 3,127,100 
4 16-39 0 601,000 4 17-32 10-2 4,125,200 
5 16-50 0 1,275,100 : fs 
6 16-30 0 2,425,000 1 18-31 15-1 289,100 HAIGH 
7 16-45 0 3,326,000 2 18-15 16-1 ‘ $38,000 
16-15 0 2,861,200 ‘ 7-02 : 593, 
‘J sit 4 17-85 15-1 3,027,100 
1 14-60 19-4 175,100 
2 15-42 19-4 426,300 1 12-66 19-5 426,100 Soon, Tos per Sq. In. 
3 14-18 19-4 879,100 : te 4 1 eteee ens: 
; 14-36 19-4 2'374°100 4 11-25 19-5 4,149,100 “re ee 
« . . wit, “« ¥ ’ > 
6 13-75 19-4 3,851,200 of Proport” -793 Tons per 
7 13 +32 19-4 3,924,100 on liaise 
1 72 20-52 411,200 4 8-8 20-52 3,182,100 1. Of, 
2 715 20-52 893,900 5 7-4 20-52 3,320,200 36:7 Per Cert. 
3 4-96 20-52 1,941,200 6 6-32 20-52 4,478,000 
7 7°51 20 -52 4,702,400 a 
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BENDING ONLY. 


Fig. 12. 


Fig. 11. 
BENDING ONLY. 


0:14 C. Broken By 


torsion test, the range on the plane at 45 deg. is 15-6 
tons per square inch for the mean stress of 19-5 tons 
per square inch, 

The results mildly suggest the possibility of the failure 
at the high torsional stress and the low bending stress 
being due to the normal stress range superimposed on a 
high mean normal stress on planes at 45 deg. Or it 
may be due to the shear range combined with the high 
mean normal stress, but if the tensile stress is the cause 
of the failure, the normal range on the plane per- 
pendicular to the axis of the specimen ought not to be 
raised by the addition of the shear stress. As already 
seen on the plane at 45 deg. to the axis, the normal 
stress range for the 0-14 C. steel, when the shear is 
15-1 tons per square inch, is about 17-5 tons per square 
inch for 3,000,000 repetitions. From Fig. 10 it will 
be seen that, for a mean stress of 15-1 tons per square 
inch, the normal stress range is nearly 17-5 tons per 
square inch, Thus the range and the maximum stress 
from the Haigh test and the combined bending and 
torsion test agree, but, again, it does not explain why 
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Fig. 16. | investigate the differences between the plastic and 
| brittle materials. 
od APPENDIX I. 

4 | Let p be the normal stress on any plane AB and q 

C ae B | th2 shear stresses on AB and BC, Fig. 16. 
(9683.M) “ENGINEERING” | On any plane AC inclined at an angle @ to AB the 


Serie ., | normal stress is 
of material fails under repeated stresses. It can be said | , 


that a constant shear stress below a value equal to the 

normal stress in one direction does not affect the life of | 
the specimen, but when the constant shear stress | 
exceeds a given value the normal stress range diminishes 

rapidly. The problem is complicated by the fact that 

the maximum principal stress does not occur on the | When the specimen is subjected to bending and 
same plane as the maximum range. The maximum | constant torque, p changes from + p to — p and the 
principal stresses can be calculated from the formula | normal stress range on the plane AC is 


P, = pcos? 6 + qsin2é (1) 


and the tangential stress is 


p, =P sin2 0+ cos 2 0 (2) 


eo . 
9 
4 


given in Appendix I. When the normal stress is 2peostO@. . . (3) 
17-5 tons per square inch and the torsional stress 15-1 Th : : 
tons per square inch, the maximum principal stresses | e tangential stress range is 
are 26-2 and — 8-7 tons per square inch, so that the | psin 20 (4) 
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The maximum normal stress range takes place on AB 
and is equal to 2 p; the maximum tangential stress 
range is equal to p and takes place on the plane inclined 
at 45 deg. to the axis of the specimen. 

The principal stresses are 


f=+ a+ (2) +2 


and the planes are given by 


(5) 


tan 20 = 24 (6) 

The ranges of stress on the principal planes can be 
found from (3) and (4). The mean normal stress on 
any plane 6, while the bending stress p changes from 
+ p to —p,is q sin 2 $, which is a maximum when 
sin 2 @ is equal to unity, or 6is 45 deg. The range of 
both tensile and shear stress on the plane at 45 deg. to 
the axis of the specimen is equal to the bending stress p. 





APPENDIX II. 
Compositions of Steels. 





Mark. Cc. Cr. Ni. | Mn. Si. 8. P. 
K 0°35 | 0-60 | 3-25 
0-14C. 0-14; — — | 0-68 | 0-19 |0-04 | 0-045 
0-32 C. 0-32); — — ‘| 0.58 | 0-22 | 0-052 | 0-049 








BOILER EXPLOSION INQUIRIES. 


Colliery Boilers.—In accordance with the provision 
of the Boiler Explosions Acts, 1882 and 1890, preliminary 
inquiries have been conducted by the Board of Trade 
surveyor at Hull, with reference to explosions which 
occurred at Hartley Bank Colliery, Horbury, near 
Wakefield, and at Manton Colliery, Worksop. Reports 
on these were published recently. The explosion at 
Hartley Bank Colliery was from a cast-iron stop-valve 
chest, and occurred on March 15, last. The valve which 
failed was the main steam stop-valve of a Lancashire 
boiler. It was a 6-in dia., screw-lifting, right-angled 
valve and the chest was of cast iron. On the above- 
mentioned date, the outlet branch of the stop valve 
fractured in a circumferential direction at a position 
adjacent to the flange ; the fracture extended completely 
around the branch: Fracture was brought about by 
the excessive stress imposed upon the branch by the 
flange bolts, in consequence of the valve and the 
adjoining steam pipe not having been in alignment 
when they were rejointed on the previous day. The 
valve chest was seen to have been a sound casting. In 
the opinion of the Engineer Surveyor-in-Chief, care 
should be exercised in erecting steam-pipe systems to 
ensure that the flanges fit together properly so that 
jointing material of uniform thickness may be used 
without unduly stressing the pipes and fittings. The 
use of jointing material of irregular thickness to com- 
pensate for want of alignment is to be condemned. 

The explosion at Manton Colliery, Worksop, was from 
a main feed-water pipe, and took place on March 30, 
last. The length of pipe which exploded formed part 
of the line of main feed-water pipes supplying 13 
Lancashire boilers, 8 ft. in diameter, and 30 ft. long, 
ranged side by side. The working pressure of the 
boilers was 105 lb. per square inch. The pipe was 
made of cast iron; it had an internal diameter of 6 in. 
a length of 2 ft. 54 in., was originally $ in. thick, and 
had a branch piece, 2 in. in internal diameter. On 
the date in question, a portion of the pipe close 
to the branch, and measuring some 10 in. in 
length and 3} in. in width, was blown out with a 
loud report. Through the orifice formed, the feed 
water which was being supplied at a temperature of 
about 205 deg. F., to the 11 boilers then in operation, 
escaped. The failure was due to the wastage of the 
pipe through external corrosion. This was probably 
due to a very slight leakage from a defect in the 
pipe or in the blank flange covering the branch piece. 
The pipe was covered with lagging, and the leakage 
had not attracted attention. The Engineer Surveyor- 
in-Chief states, in his conclusions, that it is good 
practice to remove periodically the lagging of pipes of 
this character for inspection purposes, and to subject 
the pipes to hydraulic test after examination. 





Tue Sir Joun Cass Tecunicat InstrrutTse.—A recent 
report on the work of the Department of Petroleum 
Technology at this institute states that the session 
1925-26 formed the fifth complete year of the work of the 
department, which was established to provide instruction 
adapted to the requirements of those engaged in, or 
desiring to enter, the petroleum industry. The courses 
included lectures on petroleum technology (two courses) ; 
properties, applications and examination of petroleum ; 
introduction to the chemical and physical properties 
of petroleum; and the applications of engineering and 
—— drawing to the requirements of the petroleum 
industry. 
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THE B.E.S.A. GLOSSARY OF ELEC- 


TRICAL ENGINEERING TERMS.* 
By Professor G. W. O. Howe, D.Sc., M.I.E.E. 
Tue British Engineering Standards Association has 


recently published, through Messrs. Crosby Lockwood 


and Son, a volume entitled ‘‘ British Standard Glossary 
of Terms used in Electrical Engineering” (British 
Standard Specification No. 205-1926). It contains 
263 pages and is priced at 5s. In a covering letter, 
dated June 30, 1926, sent out to the Press, the Associa- 
tion says that “in view of the importance of the 
British Standard Glossary to all engaged in the 
electrical and allied industries, it is hoped that you may 
see your way to giving prominent notice to the new 
issue.”” The writer feels, therefore, that he is furthering 
the hopes of the B.E.S.A. in giving the volume such 
prominence as is undoubtedly obtained by discussion 
in a paper read before the Engineering Section of the 
British Association. The undoubted importance of the 
glossary is my excuse for reading this paper and for the 
criticisms which I feel called upon to make. 

In preparing the glossary, the objects in view are 
stated to have been :—(a) to standardise and co-ordi- 
nate the electro-technical terms used in the British 
Empire ; (5) to provide a basis for the British portion of 
an international vocabulary, in course of preparation 
by the International Electrotechnical Commission. 

In a circular it is stated that ‘ this glossary has been 
adopted by the International Electrotechnical Com- 
mission as a basis for the arrangement of an inter- 
national glossary now in course of preparation by that 
body.” 

In view of this, no one will underrate the importance 
of the volume, or question that “ the publication by the 
B.E.S.A. of an authoritative glossary of electrical terms 
and definitions, the preparation of which was started 
20 years ago by the Institution of Electrical Engineers, 
is an event of some significance.” To quote further 
from the same circular [C.B.(EL)694], ‘‘ The electrical 
industry is one of no mean importance to the world, 
and the necessity for an accurate terminology becomes 
greater the greater the spread of the electrical language.” 

Turning now to the glossary itself, we find that it 
consists of eleven sections and two appendices. Each 
section is sub-divided into a number of sub-sections ; 
thus, Section I is general, Section II relates to machines 
and transformers, Section III to switchgear and control 
gear, andsoon. The sub-sections of Section I are as 
follows: Elemental terms; fundamental electrostatic 
terms ; fundamental magnetic terms; derived terms ; 
units; technological terms; apparatus; mechanical and 
general terms. I have enumerated these because it is 
with this general section that my remarks will be mainly 
concerned and because, in my opinion, it is the most 
important and the least satisfactory section in the book. 
I will pass over the opening sub-section which deals with 
such elemental terms as ‘‘ atom,” “electron,” &c., 
and proceed at once to a review of sub-section 12, that 
is, the second sub-section of the first section. 


Sus-Section 12. FunpamMENTAL ELECTROSTATIC 
TERMS. 


No. 1202 correctly defines unit charge. 

No. 1204. Electric Force at any point.—‘ The force 
in dynes which would be experienced by a unit charge 
of positive electricity concentrated at that point,” &c. 

No. 1207. Unit Electrostatic Tube of Force‘ An 
electrostatic tube of force having a cross-sectional 
area, at right angles to the lines of force and at a point 
where the electric force is unity, of 4 square centi- 
metres.” Now, although this has been suggested, and 
is in some ways preferable, it is not the usual convention 
according to which the number of lines or tubes of force 
per square centimetre at any point is made equal to the 
electric force at the point. At any point where the 
electric force is unity, such as on a sphere of 1 cm. 
radius about a unit charge in a vacuum, the tubes of 
force should have an area of 1 sq.cm. No. 1207 would 
give a single line or tube of force from a unit charge in 
a vacuum, whereas according to the usual convention 
4m lines or tubes of force emanate from unit charge. 
If it is the intention of the committee to adopt some 
system other than the usual one, it should be stated, 
especially in view of the statement in the introduction 
that ‘‘ the definitions conform to current usage except 
when such usage appears to be erroneous or misleading, 
in which case attention is drawn to the fact.” 

No. 1208. Electrostatic Fluxz.—‘‘ The number of unit 
electrostatic tubes of force traversing a given surface. 
The total flux over a surface enclosing a charge is equal 
to the charge.” Here we have a hopeless confusion 
between two different things, viz., the electric force 
and the displacement produced by the force. Con- 
sider, for example, a concentric spherical condenser, the 
inner and outer electrodes of which are maintained at 
a constant difference of potential. No. 1401 tells us 
that potential difference “‘is measured by the work 





* Paper read before Section G of the British Associa- 


| tion at Oxford, on Wednesday, August, 11, 1926. 








done in moving unit charge of electricity from one 
point to the other’; hence, since the potential 
difference is constant, the force on a unit charge in the 
space between the electrodes will be independent of the 
permittivity, although the charge on the condenser 
will be proportional thereto. Since the force is un- 
altered, the number of tubes of force crossing the 
dielectric is unaltered and yet, according to No. 1208, 
the total flux is the number of unit tubes of force and 
is equal to the charge. 

No. 1209. Unit Electrostatic Flux.—‘ The electro- 
static flux in a unit electrostatic tube of force.” 

No. 1210. Electrostatic Flux Density.—‘‘ The electro 
static flux per unit area, normal to the direction of the 
flux ; symbol: D.” 

Here, again, is a hopeless muddle. The symbol D 
has always been regarded as representing the displace- 
ment, t.e., the charge or quantity of electricity displaced 
across unit area normal to the direction of the displace- 
ment, and it is rightly called the electrostatic flux 
density, as stated in No. 1210, but No. 1209 makes it 
all meaningless by confusing the electrostatic flux with 
the electrostatic force, whereas the relation between 
them depends on the permittivity of the medium. If 
a medium has different permittivities in different 
directions, the resultant electrostatic flux may not 
even be in the same direction as the electric force. The 
reason for the confusion is the failure to distinguish 
between cause and effect. When a material is sub- 
jected to a mechanical stress, a strain or displacement 
is produced, the relation between the stress and the strain 
depending on the properties of the material. In a 
somewhat analogous way, an electrical stress or electro- 
static force produces an electrical displacement or 
electrostatic flux density in the material, the relation 
between the two depending on the electrical properties 
of the material. 

Turning from electrostatic terms to the much more 
commonly employed magnetic terms, one might have 
expected some improvement, but one finds the same 
confusion of ideas. Magnetic force is correctly defined 
in terms of unit magnetic pole and magnetic flux 
density is harmlessly defined as the magnetic flux per 
unit area, but what is one to make of the following :— 

No. 1307. Magnetic Flux—‘t The number of unit 
magnetic tubes of force traversing a given surface. 
Symbol: #.” 

This makes the definition of permeability quite 
meaningless, since it is defined as: ‘‘ The ratio of the 
magnetic flux produced by a given magnetic force in 
the material or medium to the magnetic flux which 
would be produced by the same magnetic force in a 
perfect vacuum.” Seeing that the flux is defined in 
No. 1307 as the number of tubes of force, the ratio is 
not likely to change on passing from one medium to 
another. 

No. 1314. Magneto Motive Force.—‘‘ The total of the 
magnetic potential differences along the whole length 
of a magnetic line of force,” A student of electrical 
engineering is usually introduced at an early stage of 
his course to a toroid or anchor ring of iron uniformly 
wound with insulated wire through which a current is 
passed, and finding that there is no tendency whatever 
for the magnetic flux to leave the ring at one point and 
cut across to enter at another, he wisely concludes, in 
his innocence, that all parts of the iron ring are at the 
same magnetic potential, however large may be the 
magnetising current. He is then shown that the 
magneto-motive force acting around the ring must be 
0-49 times the ampere-turns. How, then, can the 
magneto-motive force be the sum of all the potential 
differences ? Moreover, the definition is misleading in 
that the path around which the magnetomotive force 
is determined need not be a magnetic line of force at all. 

The trouble really begins at No. 1312. Magnetic 
Potential Difference. ‘‘ A magnetic condition existing 
between two points and tending to cause a charge of 
magnetism to move from one point to the other. It is 
measured by the work done in moving a hypothetical 
unit pole from the one point to the other.” By what 
path ? Strictly speaking, the potential theory is not 
applicable when it is possible to follow a path linking ~ 
current-carrying coils, since the work done in moving 
unit pole from one point to the other depends on the 
path followed, and it was the student’s innocence of 
this and other troubles, such as multi-valued functions, 
that enabled him to conclude that all parts of the ring 
were at the same potential. Why complicate matters 
by dragging magnetic potential differences into the 
definition of magnetomotive force f How much simpler 
it would be to say that the M.M.F. around any closed 
path is the work done in moving unit pole once around 
that path. 

No. 1316. Reluctance of a magnetic circuit. ‘ The 
ratio of the magnetomotive force acting in the circuit 
to the resulting magnetic force.” Surely this is 
a misprint for flux, but the two terms are used in such 
a manner that it may be intentional. If so, it is con- 
fusion worse confounded. 

There appears to be some effort made to distinguish 
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between ‘‘ magnetic force’? and ‘‘ magnetising force,” 
although what distinction is intended it is difficult to 


see. 

No, 1313. Magnetic Force. ‘‘ The force exerted on a 
unit magnetic pole situated at the point considered.” 

No. 1315. Magnetising Force. ‘‘The magneto- 
motive force per centimetre, measured along the lines 
of force, in the case of a magnetic flux set up by a 
current of electricity flowing in a magnetising coil. 
Symbol: H.” 

The symbol H is thus reserved for the latter force 
which can only be caused by a current of electricity. 
Magnetic force has no symbol but is, presumably, 
produced by bringing a magnet near the point. Seeing, 
however, that Magnetic Force is ** the force exerted on a 
unit pole,” that Magnetic Potential Difference “ is 
measured by the work done in moving the unit pole 
from one point to the other,” that Magnetomotive 
Force is ** the total of the magnetic potential differences 
along the whole length of a magnetic line of force” 
and that ‘‘ Magnetising Force” is “ the magnetomotive 


force per centimetre measured along the lines of force,” | 
it is extremely difficult to discover where any difference | 
between Magnetic Force and Magnetising Force can | 


have crept in. Somehow or other, the latter only is 
designated by H, whereas the former, by a combination 


of Nos. 1306, 1307 and 1309, becomes identically the | 


same thing as flux density, and is designated by B, | may regard the same phenomenon from different points | or a helicopter structure. But when, as in the latter 


|of view or may use the same word in different senses. | type of craft, the lifting screw is spinning on a vertical 


whilst in No. 1316 it becomes identified with total 
magnetic flux Truly a most elastic term. 

No. 1322, Although a matter of little importance, 
attention may be drawn to the fact that the definition 


of Electromagnetic Induction covers only self and mutual | 


induction but excludes the induction of E.M.F. due to | existence to a language is so great that, like other|and has therefore much more lift. 


| Having served on one of the panels, I know the difti- | 


and a current will be produced in the water without THE ROTATING WING IN AIRCRAFT.* 


any differences of level or pressure. This is very closely By H. E. Wiwrenis, M.A., F-R.Ae.S. 


analogous to the electrical case considered above, and | 
one can see the fallacy of the B.E.S.A. definition from | THe employment in aircraft of a rotating wing has 
the analogous statement that the total water-motive | long had a fascinatien for inventors. But in spite 
force is measured by the sum of the pressure differences | of all their efforts, very few machines sustained by 
from point to point round the circuit. There are no | rotating wings have flown as much as a kilometre— - 
pressure differences. Hence the B.E.S.A. will have to|so few that mention may be made of them by 
devise some method of measuring electromotive force | name. The American “ Berliner,” a fixed wing triplane 
other than the adding up of potential differences from | with three lifting screws on vertical shafts, is one of 
point to point round the circuit. As a matter of fact, | them. Possibly the American “ Bothezat” is another. 
the electromotive force around any circuit is simply |The European ‘“ Oemichen’”’ and “ Pescara” and 
the work done in moving unit quantity of electricity | ‘‘ Cierva autogiro” have also to be added to the list, 
around the circuit. | which then to the best of the writer’s belief is complete. 
I do not propose to go any further with this detailed | The well-known “ Brennan” helicopter unfortunately 
criticism of the glossary : I think that I have gone far | met with an accident when attempting a flight. 
enough to show that there is something radically wrong| Few inventors in this field have seen the problem as a 
with what I regard as the most important section of | whole: usually they have thought only, or almost only, 
it; in my opinion the definition of a lamp-holder or of | of the requirement that the rotating wing must provide 
a boiling plate is a minor matter compared with the | sufficient lift to carry the load. There are, however, 
correct definition of the fundamental conceptions upon | two other requirements, at least as important and, 
which all electrical measurement is based. In making | as it happens, a good deal more difficult to meet. 
these adverse criticisms, I do not wish to undervalue | One is that the aircraft must be controllable in flight, 
in any way the services of those who have devoted much | and the other that a safe descent must be ensured when 
time and trouble to the preparation of this volume. | the power unit is out of action. 
Any competent designer of airscrews can provide a 
heme for giving adequate lift in either an airplane 


culties of obtaining agreement between those who | sc 


If, however, I want an excuse for my protest against | shaft, whilst the craft as a whole is in horizontal motion, 
the publication of this volume in its present form, I find | a special difficulty arises in that the blade which is in- 
it in the circular which is sent out with it. ‘‘ The | stantaneously moving in the direction of the horizontal 
importance of stabilising and promoting continuous | motion has a higher air speed than the retreating blade, 

This inequality 
things of supreme importance, such as religion, its | gives rise to a most inconvenient overturning couple 


the movement of magnets in the neighbourhood of | 
coils, | value often gets overlooked. That the language of 
The distinction drawn between magnetic force and | the engineer needs to grow with the growth of knowledge 
magnetising force makes it interesting to note that in| is admitted, but the necessity for making efforts to 
No. 1336. Susceptibility is ‘“‘the number obtained by | secure that the meanings of the terms used are, as far 
dividing the intensity of magnetisation by the magnetic | as possible, permanently retained is urgent. 
force producing it’; whereas in No. 1339 Magnetic| ‘Mr. T. Carter, in a paper before the Institution of 
Hysteresis Loop is ‘‘ the closed figure formed by plotting | Electrical Engineers, recently remarked: Our power 
the values of the flux density per square centimetre | to communicate with each other at all is a perpetual 
{B) against the magnetising force (H).” It would | wonder. It is as great an insult to a hearer or 
be interesting to know if these distinctions are intended | to a correspondent to be slovenly about our words as 
and, if so, on what they are based. | it would be if we gave him a picture that we had first 
Turning from the so-called fundamental terms—such | slashed into ribbons. 
‘‘ The truth is that there are some who use words in 


as excitation and hysteresis loop—to the so-called | ar y 
derived terms—such as potential and electromotive | # slovenly manner, not realising that by so doing they 
force, we find further difficulties, | are insulting their hearers or readers, and entirely 


No. 1402. Potential, “Electrical, at a point. ‘The | overlooking the fact that the slovenly use of words in 


potential difference between that point and surrounding | their technical work is frequently very costly in time, 
bodies all of which are assumed to be at an infinite | 


distance therefrom.” Whatever does this mean? | ther ways.” | : 
Seeing that the surrounding bodies may all be at very | With all this I quite agree, and I therefore protest 


different potentials, which of them is to be chosen as | ™08t emphatically against the unmerited slur which 
a for ” mananeination of the potential difference ? | a ape tea aoe ah 
oreover, the removal of the surrounding bodies to | Satie Ste sts Foard catia 
an infinite distance, or indeod any movement of thom | {0° tiation of auch a collection of defiidons, 
at all, will generally alter the potential at the point. | Tho circular which I have quoted above siiiiidiien 
Fo 7 ea a Force. + sor COn-| with the statement that ‘This book is one which 
pe metas “ +4 pallet os ec Py oie ee I | should be in the hands of every electrical engineer and 
differer f measures by Che sum Of the potentia | student throughout the whole world.’ It certainly 
' pycicncs scass ipa oo point round the circuit. | should have been, and might have been, such a book, 
of this definite’ e will serve to expose the utter wes but as it is, one can only feel sorry for any electrical 
On page 14 of a little book intended for second-year | ie pi andar eames 
students and entitled “ Exercises in Electrical Engi- | sf nit suggest firstly, that the B.E.S.A. should 
eo ppl by nae —e po no yon —- ws | withdraw the volume from publication until it has 
th on eee ee commend tO | been thoroughly revised; and, secondly, that they 
e careful consideration of those responsible for this | should issue a notice asking those who have already 
definition. The pole of & bar magnet is plunged into | purchased a copy to delete pages 11 to 18 pending their 
the centre of an endless ring of copper wire, causing a | revision 
momentary current of ,'; ampere to flow in the ring, | “Tn view of the statement that “ this glossary has been 


which has a resistance of 1 ohm. Now what is the | : 2 
momentary potential difference between two opposite | adopted by the International Electro-technical Com- 


: 5 x | missi the basis for the arrangement of an inter- 
ints on the ring? Th d pocreseene pe ” 
iauhigiying the al ~ yp engmadrcrde yo rl fovernenr ppm! sl teas yrigueee pre tagesenceie tod 
ring, and finds that the potential difference is -, volt | national — the B.E.S.A. will take immediate 
_ but on being asked which of the two points ote | er re. 
higher potential, his faith in this result is completely | 
shaken, and it generally dawns on him that all points of | 
the ring must be at the same potential. The current 
flows, not because of any differences of potential, but 
a of the induced electromotive force. Surely 
this j é : : = 
Saami er - electro-magnetic induction, No. 1322 | Bulletin that the cars have been ordered from France, 
Althoush 4 tl ki h ‘al th . | and that conductors have been enlisted for training. It 
ae soeile able “ae (7 Ss ptt a ae rss bi | n expected that the system will commence operations in 
; > | -AAugust. 
shows very clearly that, in the ordinary sense of the | a 
term, potential difference is by no means essential to 








TRACKLESS TroLLey CARS IN SHANGHAI.—The 
Compagnie Francaise de Tramways et d’Eclairage 
| Electrique de Shanghai has decided to operate a trackless 
trolley car system in the French Concession of Shanghai. 
It is stated in a recent issue of the Chinese Economic 


INTERNATIONAL MoToR SHOW, GENEVA.—The Depart- 


in lawyers’ fees, in loss of business, and in numerous | 


| which tends to make the aircraft difficult to control, 
|and leads to heavy structural stresses. There are 
| mechanical ways of countering this, but they are all 
troublesome to carry out in a sufficiently fool-proof 
way. Cierva hit upon the neat plan of hinging the 
blades so that each could rise and fall independently 
and the difficulty was simply and adequately met. 

The second requirement, of safe descent with the 
power plant out of action, is the most important require- 
| ment of all, and to the designer has proved to be the most 
baffling. The view very commonly taken hitherto has 
been that the engine would normally be driving a lifting 
airscrew having a positive angle of pitch, and that once 
this driving power were removed the tendency would 
be for the airscrew to slow down, come to rest and then 
begin rotation in the opposite sense. With a pure 
helicopter this would be a dangerous manceuvre, since 
the speed of descent would rise to a high value, and 
;even if there were ample height in which to allow 
the airscrew to pick up its reverse rotation, the ultimate 
vertical speed would be bound to be high, since the 
airscrew could not be an efficient lifting agent when 
rotating trailing edge first. Provision was therefore 
usually made in such constructions for a change in the 
angle of pitch from a positive value to a negative one, 
in order that rotation might continue in the same sense. 
In effecting this change of pitch, action had to be prompt 
and sure; its failure meant a crash. In craft which 
carried fixed wings as well as one or more helicopter 
screws, a safe descent could, by suitable design, be 
provided for, but this involved a gliding path of descent 
and did not provide that vertical path which it is one 
of the main objects of a helicopter to achieve. 

For long it had been thought that it must be impos- 
sible for any rotating wing machine to rival the slow 
speed of descent of a parachute having the same overall 
diameter and carrying the same load. In the A.R.C. 
Report for 1923-24 (vol. i), for instance, it is stated : 
“ According to the theory given above, the resistance 
coefficient of an air-screw at zero torque cannot exceed 
the value 0-6 of a circular plate. It follows 
that for a helicopter having a low limiting velocity the 
| screws must be of very large diameter in proportion to 
the weight carried. For example, for a weight of 
| 1,000 lb. to have a limiting velocity of 15 ft. per second, 
| a single screw of diameter 63 ft. is required.” Certain 
| model tests carried out in the United States as long 
|ago as 1922 (N.A.C.A. Technical Note No. 221— 

July, 1925) suggested that the parachute effect of a 
| self-rotating propeller with its axis parallel to the 
| wind might be as much as 1-7 times that of an ordinary 
| parachute of the same diameter moving with the same 
| velocity. Actually, the Cierva gyroplane tested at 
| Farnborough in 1925 and illustrated in Fig. 1, showed 
| a degree of sustentation in vertical descent in advance 

of these predictions. In fact, the figures showed a 
| vertical velocity of no more than the 15 ft. per second 








the production of a current of electricity, but electro- | 
An analogy will | 
Difference of level, | 
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| firms whose names are entered on the special register of | 
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| the Department, 


motive force is always essential. 
perhaps, make this quite clear. 


of a flow of water, but some form of water-motive force 
is essential. If a circular canal be cut on a horizonta 


table and filled with water, a uniform water-motive 
force can be induced by concentrically rotating a vane 
rapidly through the air immediately above the water, | 


ment of Overseas Trade informs us that they have | above cited, although the weight was almost double 
received from the British Legation at Berne a report | (1,934 Ib.) and the windmill diameter little more than 
on the third international Motor Show, held at Geneva | }"’> 4 A parachute carrying the same load 
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rough twice this vertical distance in the same time. 
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One great improvement in safety in landing due to 
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35, Old Queen-street, London, S.W. 1. | ation at Oxford, August 9, 1926. 

















AUG, 20, 1926.) 


ENGINEERING. 


247 








Cierva arises from his working at a sufficiently small 
positive-pitch angle to enable the windmill to 
rotate automatically—i.e., to autorotate—at substan- 
tially the same speed even when the power plant which 
drives the tractor air-screw ceases operation altogether. 
The conditions under which such rotation could be 
automatically ensured have been studied with great 
care by the aerodynamic staffs at Farnborough and 
Teddington. Reports on the results of this work will 
doubtless be issued in Aeronautical Research Com- 
mittee publications in due course, but, in view of the 





what happens to a gyroplane when it is descending 
vertically in still air. The motion of the air relative 
to the blades is then made up of the peripheral 
speed combined with the vertical speed of the 
windmill relative to the air through which it is 
descending. The resultant has an angle to the hori- 
zontal depending upon the ratio of the vertical speed 
to the peripheral speed. The lift force on the blade 
will be at right angles to this relative wind, and the 
drag force will be along it. The resultant of the lift 
and drag is a force sloping behind the lift line, and 


vertically. Let it be assumed that the wings of this 
little machine have a definite constant pitch angle. 
The machine will proceed to fall with a vertica. 
acceleration until such time as the resultant of the 
vertical speed through the windmill disc and the 
mean peripheral speed of the blades gives such an 
angle of incidence as to create a lifting force equal 
to the weight of the machine. Acceleration then 
ceases and the vertical motion becomes steady ; it is 
interesting to ascertain what conditions now govern 





the peripheral speed. 
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general interest taken in the mechanism of the flight 
of gyroplanes, it may be useful to put before the 
British Association a brief account of the way in which 
a low landing speed is ensured. 

The plan of hinging the wings of the windmill so that 
they oscillate in a vertical plane during each rotation, 
thus presenting an analogy to the flapping flight of 
birds, appears to have first occurred to Cierva in 1922. 
The wings were prevented from folding up about 
their central hinges by the centrifugal force due to 
the rotation. In the following year, 1923, the first 
gyroplane flight—one of four minutes’ duration at 
a height of some 25 m.—was carried out in a closed 
circuit. The machine had been initially designed on 
the basis of wind-channel work at Quatro Vientos 
at Madrid; it had two remarkable character- 
istics : first, that the windmill rotated in the opposite 
direction to that which would cursorily have been 
expected, and secondly, as already remarked, that 
the vertical speed of descent when the engine was 
stopped was remarkably small. The four windmill 
blades were set at a pitch angle of opposite sign to 
that of an ordinary windmill. This at first may seem 
puzzling, but the reason is best grasped by considering 
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if the blades are mounted on a vertical axis the angle 
between this resultant and that axis will depend 
upon the lift-drag ratio of the specific wing section 
employed. If this resultant is tilted forward relative 
to the axis, there will be a component force hastening 
the rotation of the windmill, whereas if it is tilted 
backwards there will be a retarding force. There is, 
therefore, a critical speed of rotation which, when 
exceeded, builds up automatically, but which, if not 
attained, is followed by the gradual cessation of 
rotation when the driving effort is relaxed ; hence, if 
the wings are brought up to some given speed, they 
may accelerate or decelerate, depending on what that 
speed is, but once they pass the critical angular 
velocity they accelerate to a steady state. 

The phenomenon has so far been dealt with in a 
purely general way. It is now desirable to examine 
into what occurs more closely. Consider what will 
happen when a model of a gyroplane is spun up 
to some definite speed and then allowed to fall 
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The following method of illustrating this by a simple 
diagram is due to Major Low of the Air Ministry. In 
Fig. 2 are shown the vertical and mean peripheral speed 
vectors in relation to the pitch angle (8) of the blade. 
In this diagram, OL gives the direction of the lift force, 
at right angles to the vector of resultant speed; 
OF is the direction of the total force and lags behind 
OL by the angle y. The angle 8 is the pitch angle of 
the blade in reference to the axis of rotation and 
a is the mean angle of incidence. Using the notation 
of that diagram, Fig. 3 has been prepared showing the 
value of the angle + (whose tangent is the ratio of the 
drag to the lift for the aerofoil selected) plotted against 
the mean angle of incidence of a blade, in this case of 
Gottingen 429 section, giving the curve QMR. Consider 
now the condition represented by the point M on the 
curve QMR, the angle of incidence is measured by the 
distance OT, whilst MT gives the value of the angle  ; 
at the same time the longer line ST, being equal to PT 
will be a measure of the angle (a — 8). Now, since point 
S lies above the point M, the angle (a — 8) is greater than 
the angle , and there results (see Fig. 2) an accelera- 
tion torque approximately proportional to the difference 
SM to speed up the windmill; hence for a pitch angle 
equal to OP, the condition represented by the point M 
is not one of steady motion. As the peripheral speed 
rises the angle of incidence falls, until the point Q is 
reached (at an incidence in this case of 6 deg.), at which 
point stable motion will be reached, since (2 — 8) and y 
are now equal. 

It follows that for any mean effective angle of inci- 
dence within a range of about 16 deg., the speed of 
rotation will grow until the point Q is reached, and the 
maximum ordinate of the shaded area in the diagram 
gives a measure of the safety torque preserving this 
rotational speed. 

This examination into the motion of the windmill has 
so far ignored the effect of bearing friction. The effect 
of a frictional torque on the windmill bearings can be 
deduced from this same diagram ; moreover, it is possible 
at the same time to see what weuld be the effect were a 
hastening torque to operate instead of a retarding one. 
The difference between (a — 8} and y is expressed in 
angular measure, and the couple on the windmill due 
thereto is proportional to the product of this angle by 
the weight of the machine and by the mean blade radius. 
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A retarding couple due to friction would tend to raise 
the curve QMR vertically, and cause the crossing point 
Q, corresponding to steady vertical motion, to move to 
the right and so increase the value of (2 — 8), and there- 
fore to cause a faster rate of fall. This shows that if 
a sufficient retarding couple were applied to the wind- 
mill shaft, it could be brought to the dangerous 
condition in which its angular speed would decelerate. 
The bearing friction of the windmill shaft must be 
kept at all times as low as possible; in so far as such 
friction exists, it may be regarded as diminishing the 
effective efficiency of the aerofoil section chosen. 

All mechanical devices are liable to danger when an 
important part fails: such a failure would occur in a 
gyroplane if the windmill shaft seized in its bearings. 
It is fortunate for the future of this machine that its 
Achilles heel is in so easily accessible a spot and 
one in which additional safety precautions (such as 
double and even triple bearings) can be so easily 
provided. 

The effect of applying a constant positive drive to 
the windmill shaft would be to lower the curve QMR 
in proportion to the amount of the driving torque. 
The point Q would then approach nearer to the 
point P and the rate of steady vertical descent 
would be lessened. If the torque were increased 
more and more, the point Q would approach closer and 
closer to P, until in the limit the vertical velocity 
would become zero and the machine would just float. 
If the torque were increased still further, the point Q, 
moving steadily along its 45-deg. line, would pass the 
point P and eventually reach the OY axis, showing 
then a steady rate of climb, given by the pitch angle 
of the blade operating without slip (which on general 
grounds must, obviously, provide such a limit). 

The interesting feature brought out by these con- 
siderations is that the process is continuous. There is 
no question of having to reverse the pitch of the blades 
or the direction of rotation. A reversal of rotation of 
the windmill is for reasons of safety, obviously, 
undesirable at any time; a change of pitch angle 
might on occasion, however, prove useful—as when 
arising or alighting. But the construction shows that, 
even with a constant pitch angle and a constant 
direction of rotation, steady and safe vertical motion is 
possible, whether the windmill shaft is provided with 
a power drive or not. 

Since the value of the relative air speed in conjunc- 
tion with the blade area for any given wing is fixed 
by the load to be carried, it follows that the settling 
of the amount of the load for a given gyroplane also 
settles the value of the vertical speed of descent. It 
will be seen from Fig. 3 that if the pitch angle for 
this particular wing section were to be allowed to exceed 
7$ deg., autorotation would not take place, no matter 
how fast the windmill might be spun. The pitch angle 
may, however, be reduced without preventing autoro- 
tation—although when so reduced an increasingly high 
peripheral speed becomes necessary in order to give 
adequate lift; for instance, if the pitch angle were 
actually zero, then the mean angle of incidence for 
steady descent would be but 3 deg., and an exceedingly 
high mean peripheral speed leading to high centrifugal 
stresses would be necessary to give the lift required. 
Too small a pitch angle is therefore undesirable, whilst 
too large a one prevents autorotation; a convenient 
angle between these two limits is 2 deg. or 3 deg. As 
usually happens in aircraft design, a compromise has 
to be made between conflicting claims, and it is not 
possible to lay down formal rules for arriving at such 
decisions. In rotating wing machines, the first thing to 
settle is the permissible speed of descent; the next 
point is so to relate the parts as to ensure the automatic 
provision of a sufficient rotational speed, backed by 
an available restoring torque of ‘‘ comfortable” dimen- 
sions, to ensure that a chance reduction of rotational 
speed shall not lead to stoppage. The margin o 
safety is usually considerable, since, while the great 
angular momentum will maintain the speed of rotation 
during any ordinary evolution, any small reduction 
in rotational speed leads to a corresponding reduction 
in lift, and therefore an enhanced velocity of descent ; 
the relative vertical air velocity due to this will increase 
the relative mean angle of incidence, and therefore | 


flight path as along a sloping one. 

The mode of flight of a practical machine like the 
gyroplane affords a convenient means of studying the 
performance of all types of rotating wing machines. 
In this way it is possible to proceed from the known to 
the unknown, rather than by an endeavour to proceed 
ab initio with an aircraft of entirely novel aerodynamic 
quality. That the gyroplane will fly, and that its flight 
is steady and safe is known already. The next step 
towards the unknown is to study the effect of applying 
a power drive to the windmill, at first when “ getting 
off,” and later when in flight. The issue may be a 
successful helicopter, or it may not; but, in any case, 
exploration can cease at the form of machine which 
gives the best combination of advantages, and at the 
worst there still remains a successful gyroplane. 

The rotating-wing type of aircraft evidently has a 
future, but to what extent and in what fields it will 
prove to possess an advantage over the fixed-wing type 
remains for future discovery. 








CATALOGUES. 


| Electric Motore.—Messrs. E. Brook, Limited, Hudders- 
field, have sent us a circular relating to their induction 
| motors. 

Electrical Machinery.—A stock list of motors, dyna- 
mos, transformers, switches, &c., is to hand from the 
A.C.E.C., of Charleroi, Belgium. 


Valves.—A card illustrating some of their valves, 
gauges, recorders, and pipe fittings, has come to hand 
from the Crosby Valve and Engineering Company, 
Limited, 42, Foley-street, London, W.1. 


Fans.—A list of fans for delivering a steady blast of air 
to cupolas, at pressures up to 30 in. water gauge, is to hand 
from Messrs. James Keith and Blackman Co., Limited, 
27, Farringdon-avenue, London, E.C.4. 


Cranes.—A new catalogue of overhead lifting and 
travelling cranes, issued by Messrs. Herbert Morris, 
Limited, Loughborough, gives several illustrations of the 
work for which these appliances are suitable. 


Stellite—A circular dealing with turning tools and 
milling cutters with inserted cutter bits of stellite, is 
to hand from the Deloro Smelting and Refining Company, 
Limited, Norwich Union Chambers, Birmingham, 


Electric Fittings.—Messrs. J. H. Tucker and Co., 
Limited, King’s-road, Tyseley, Birmingham, have issued 
a priced list of grid boxes, adjustable for flush mounting 
in walls, and suitable for their five ampere switches, &c. 


Dial Thermometers.—A priced list of rigid stem thermo- 
meters, transmission thermometers, and expansion 
stem pyrometers, all of the dial type, has been received 
from the Steam Fittings Company, Limited, West 
Drayton, Middlesex. 

Vacuum Recorder.—An instrument for automatically 
recording the vacuum and the barometric pressure on a 
circular paper chart is described in a catalogue received 
from the Uehling Instrument Company, Patterson, New 
Jersey, U.S.A. 

Case-Hardening.—A catalogue of compounds, anti- 
carburising paints, pots, furnaces and heat measuring 
instruments suitable for case-hardening, has been received 
from Messrs. Durvite, Limited, 30, Shepperton-road, 
London, N.1. 


soldering metals has reached us from the Westinghouse 
Electric International Company, East Pittsburgh, Pa., 
U.S.A., who prepare these alloys in standard qualities 


White Metals.—A list of three babbit metals and three | 





from virgin metals, 

Mine Fans.—A catalogue of mine fans for delivering 
large volumes of air at pressures from 2 to 6 in. water 
gauge, has been received from the Blackman Export Co., 
Limited, 374, Euston-road, London, N.W.1, Some small 
fans are also shown. 


including a 50-gallon tank on wheels, is described in 


f | a list to hand from the Dowson and Mason Gas Plant 


Company, Limited, Levenshulme, Manchester. 

Photographic Chemicals—A pamphlet, issued by 
Messrs. Burroughs Wellcome and Co., Snow-hill-buildings, 
London, E.C.1, explains a number of photographic pro- 
cesses and describes the uses of the firm’s chemical pre- 
parations in these processes, 





| 


| 





| 
| 


| 
descent, with engine off, can be made down a vertical | foundrymen, which also gives particulars of the testing 


work undertaken and the various preparations supplied 
by the firm. 

High-Tension Electrical Testing Equipment.—Equip- 
ment for testing porcelain insulators at pressures up to 
300,000 volts is described in a four-page circular issued 
by the makers, Messrs, Ferranti, Limited, Hollinwood, 
Lancs. The tests include corona, spark-over, and arc-over 
tests in all weather conditions, including rain and fog. 


Fire Cement.—Pyruma cement for fire-brick work is 
made by Messrs. J. H. Sankey and Son, Limited, Essex 
Wharf, Canning Town, London, E.16, who state, in a 
catalogue recently received, that fireclay is not suitable 
as a bond, and that a great economy in the life of fire- 
brick work may be obtained by the use of their cement, 


Moulding.—The production of small articles such as 
vessels and mechanical parts for light wear in Formite 
Bakelite is explained in pamphlets received from the 
Damard Lacquer Company, Limited, Warwick-road, 


| Greet, Birmingham, who have also sent a catalogue of 


air-drying and stove-drying lacquers for metal surfaces. 


Baling Presses.—Messrs. Hollings and Guest, Limited, 
Thimble Mill-lane, Birmingham, have issued a new edition 
of their catalogue of baling presses. The catalogue 
shows a considerable range of types and capacities 
suitable for all kinds of materials that are compressed for 
transport. Capacities, prices and shipping particulars 
are stated in all cases. 


Levelling.—A paper by Dr. W. 8S. H. Cleghorne, Senior 
Agricultural Engineer to the South African Union. 
describing the instruments and methods of levelling 
for irrigation, has been reprinted by Messrs. Cooke. 
Troughton and Simms, Limited, 3, Broadway, London, 
8.W.1, from the Sunday Times, of Johannesburg, in 
which it originally appeared. 


Pumps.—A list of pumps with capacities up to 10,000 
gallons per hour has come to hand from the Rees Roturbo 
Manufacturing Company, Limited, Wolverhampton. 
The motors range from 4 h.p. to 7 h.p., and there are 
engine and belt-driven types as well as portable sets. 
A separate list deals with horizontal and vertical pumps 
for acid and chemical trade liquids. 


Tank Parts.—A list of standard plates and other 
parts for the construction of tanks has been issued by 
Messrs. Braithwaite and Co., Limited, 117, Victoria- 
street, London, §8.W.1. The plates are panelled with 
bevelled edges, and are 4 ft. square. so that a tank of 
4 ft. cube can be made and any larger size in multiples 
of 4 ft. in any or all directions. Several thicknesses of 
plate are made with stays, &c., for large sizes, 


Water-Flow Meter and Recorder.—The rheograph (made 
under Lassen’s patents) is an instrument of the V-notch 
type for measuring and recording the volume of water as 
it flows, and is suitable for handling boiler-feed water, 
turbine condensate, or other liquids, including sewage 
and acids, The makers, Messrs, James Gordon and Co., 
Limited, Windsor House, Kingsway, London, W.C.2, 
have issued an excellent catalogue of the apparatus. 





Lioyp’s REGISTER OF SHIPPING.—The 1926-27 edition 
of Lloyd’s Register of Shipping, which comprises two 
bulky volumes, contains, as usual, full particulars 
regarding the sea-going vessels of the world, of 100 tons 
gross and upwards. In addition, data on the iron and 
steel vessels trading on the Great Lakes of North America 
are given. The register includes a record of about 
33,000 steamers, motorships, and sailing vessels. It 
also contains lists of great practical value to the shipping 
community, such as: signal letters assigned to all sea- 
going vessels; shipbuilders and marine engineers in all 
countries ; telegraphic and postal addresses of firms 
connected with shipping in all parts of the world; par- 
ticulars of dry and wet docks, ports, harbours, &c., at 
home and abroad; particulars of speeds of merchant 
steamers capable of developing 12 knots; particulars of 
deadweight and cubic capacities of cargo steamers and 
motor vessels; lists of bulk oil carriers, and of ship- 
owners and managers. From figures given, it is seen 
that the world tonnage in existence at the end of June, 
1926, totalled 64,784,370 gross tons; out of this total, 


Oil Storage—A range of tanks for storing oil, with | 62,671,937 tons represented steamers and motorships, of 
fittings for pumping, straining, barrel lifting, etc., and| which some 19,300,000 tons were British owned. In 


1914 41-6 per cent. of the world’s steam and motor 
tonnage was owned in Great Britain and Ireland, but, 
owing to the great increase which has taken place 
since 1914 in the shipping owned abroad, the percentage 
of 41-6 has now shrunk to 30-7. The great development 
which has taken place in the use of steam-turbine engines 
and of internal-combustion engines is also shown, There 
are now 1,366 steamers of 9,137,675 tons fitted with 
turbines and 2,343 vessels of 3,493,284 tons fitted 








Galvanometer.—A galvanometer for alternating and/ with internal-combustion engines, as compared with 
d 





tend to restore the rotational s»eed to its former | direct-current measurements is fully described an 
value. i | illustrated in a leaf catalogue received from the makers, 
It is necessary to distinguish between the vertical | the ae pang “detected Limited, 45, 
speed for descent and the air velocity through the Greenman _ sae ed a ; ; : 
windmill disc. The latter is the smaller figure, since| Heat Insulation—A catalogue of insulating bricks, 


the windmill brings down air with it; in fact, it is | concrete and cement, with much practical information 
d | on the subject of conserving heat, has reached us from the 


this beating down of the air that provides the lift. | Celite Products Corporation, whose London office is at 
In horizontal flight the windmill 18 continually opera- | 147, Windsor House, 46, Victoria-street, London, S.W.1. 
ting in what may be called fresh air, and the relation- | ‘Dinsticsindeal Wiiciade tes Wished tilaies thauseeedliatial 
ship of the flow through the disc to the component Milwaukee, U.S.A., have sent us a catdleaee of seston 
of the horizontal velocity normal to that dise will be | shovels with oil engine, petrol engine or electric drives. 
different from that which appertains to a purely |The parts are described in detail and illustrations are 
vertical descent. The relationships are complex, | given of normal and special applications of the machines. 
however, and the last word on them has yet to be said. | Foundry Work.—Messrs. Beecroft and Partners, 
It is nevertheless, a matter of great practical interest | Limited, St. Peter’s-close, Sheffield, have issued a small 


that experimental work seems to show that as slow a/ pamphlet of practical and technical information for 





730,000 tons and 220,000 tons respectively in 1914. 
The book is issued to subscribers, and the rate of subscrip- 
tion for marine insurance companies and public estab- 
lishments is 12 guineas per annum for a single copy and 
6 guineas per annum for each additional copy ; or if the 
copies are periodically posted with additions and correc- 
tions in type, the subscription for each copy is 20 guineas 
per annum, For other subscribers the charge is 10 
i per annum for each copy which is kept posted 


guineas 
ares guar the year, and 6 guineas for copies not so 
posted. Supplements containing the necessary addi- 


tions and corrections are issued at intervals, and are 
supplied to subscribers not resident in London and not 
having their copies regularly posted. In this way the 
information in the Register Book is maintained correct at 
all times, a feature which greatly enhances its utility. 
The office of Lloyd’s Register of Shipping is at 71, 
Fenchurch-street, London, E.C, 3. 
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; THE REFINEMENT OF CAST-IRON 
BY SHAKING. 


PractTIcaty all methods of refining cast iron are 
based on thermal or chemical processes. The mechani- 
«al process, first discussed by Mr. Irresbeger at a 
recent meeting of the Society of German Foundrymen, 
is therefore likely to arouse more than passing interest. 
The process consists in subjecting the liquid cast iron 
to a violent shaking motion, which activates and accele- 
rates such reactions as are known to occur therein. The 
liquid iron is degasified and deoxidised, and all the 
components of the cast-iron are thoroughly mixed, thus 
neutralising the harmful effects of sulphur. Finally, 
the graphite is dissolved and a more finely-grained 
structure is obtained. The new process, which is based 
on patents by Dr. Joseph Dechesne, of Rostock, is 
carried out with a cupola furnace. The accompanying 


illustration shows the plant of the Deutsche Industrie- 
This comprises a cupola furnace 





Werke, of Spandau. 


contents being much smaller than is the case in 
ordinary iron, 

When cast-iron solidifies, if there are no graphite 
nuclei available for the deposition of carbon, a certain 
amount of undercooling takes place, after which the 
graphite separates out, in the form of a eutectic, at a 
number of different points. If, on the other hand, the 
molten mass contains a remnant of undissolved graphite, 
this will act as a nucleus for recrystallisation, and a set 
of coarse, fairly slender plates, which are bound to 
reduce the mechanical strength of the iron, will be 
produced. It will be readily understood that the 
mechanical motion of the liquid bath will accelerate 
the dissolution of the graphite, in just the same way 
as stirring will cause a salt to dissolve more quickly in 
a solvent. In all processes so far known, graphite can 
only be dissolved by intense overheating, or rather, by 
keeping the metal at the casting temperature for some 
time. The new process substitutes, to a certain extent, 
mechanical work for temperature and time. 





capable of producing 6 tons of iron per hour and a 
receiver of 5 tons capacity. The latter is carried, at 
the rear, in open bearings, and the front end is raised 
and lowered about 100 times a minute by means of 
cams. <A petrol engine and worm gear serve to operate 
this portion of the apparatus. At the end of each 
up-stroke, the receiver is dropped on to a massive but 
elastic bed, which damps the violence of the shock, 
and thus reduces the wear and tear of the masonry. 
The receiver is preheated by passing cupola-furnace 
gas through flues in it. The slag is separated by 
an overflow while the metal is still in the cupola 
furnace. 

** Jolting ” which is defined by the inventor as being 
a sequence of central vertical jerks, is stated to have a 
decisive influence on the separation of gas, but not to 
mix the metal. The “‘ shaking ”’ arrangement adopted, 
on the other hand, causes the receiver to be moved 
slightly in a horizontal direction, the open bearings 
upon which the bath rests allowing this to take place. 
In consequence, waves are continually set up within 
the liquid metal, and the iron is subjected to what 
is claimed to be a much more effective motion. Actual 
tests have shown degasification to be excellent. Liquid 
iron treated in this way has an absolutely quiet surface 
and is capable of being poured out as readily as oil. 
A lively evolution of gases—mainly hydrogen, carbon 
monoxide, and sulphur dioxide—is noticeable in the 
liquid mass as it is being shaken in the receiver. The | 
production of these gases is therefore tantamount to de- | 
oxidation ; oxidation may, however, occur simultane- | 
ously, as the temperature of the iron in the receiver | 
does not drop appreciably. Mixing is very thorough, | 
the manganese sulphide and the phosphide eutectic 





In the course of experiments made with the new 
process, some steel was added to the charge, for 
economic reasons and also because scrap steel contains 
no graphite. This proved very profitable; the iron 
obtained was free from hard spots and did not possess 
the property of “smearing.” Cylinders were formerly 
made at the Deutsche Industrie Werke’s shop from iron 
produced in an oil-fired reverberatory furnace ; these 
frequently suffered from hard spots. When similar 
cylinders were cast from iron prepared in the manner 
now described, this defect was found to exist no longer. 
The gates and risers, in contrast with those made of 
the old iron, were grey as far as their very extremities. 
While this treatment of grey pig-iron has given most 
satisfactory results, the possibilities of the new 
process are by no means exhausted. It may, for 
instance, prove of service in foundries engaged in 
the casting of thin plates. The production of sound 
castings is of vital importance, and much of the 
waste in a metal foundry is due to the presence in 
the castings of gas inclusions, while another cause of 
unsoundness in castings is due to the imperfect homo- 
geneity of the materials. 





IMPROVEMENTS AT Ayr Harspour.—The London 
Midland and Scottish Railway Company inform us that 
they have decided to remove the gates to the wet dock 
at Ayr, which gates have not been used for many years, 
and to take away the sill, which is 3 ft. above the bottom 
of the dock. Work was commenced on June 30 last 
and, when completed, the depth of the water at the 
dock entrance will be increased by 3 ft., giving 22 ft. 
and 15 ft. at high and low water, respectively. This will 
afford accommodation for larger vessels than have 
hitherto been able to use the docks. 


COSTS OF ALTERNATIVE METHODS 
OF BUILDING CONSTRUCTION. 


In the construction of houses by the London County 
Council, a great variety of materials and methods of 
building have been put to service, as was indicated 
in an article in Enatnexrine of July 30, last, on page 
140. Recently, Lieut.-Colonel Cecil B. Levita, the 
Chairman of the Housing Committee of the Council, 
has brought to our notice that the Council had decided 
upon the erection of two blocks of dwellings at 
Kennington, comprising in all 64 tenements, contain- 
ing 144 rooms, and affording accommodation for 288 
persons. It was thought that these buildings might be 
made the subject of investigation, as to whether any 
economical substitute could be obtained for the type 
of brick construction usually adopted by the Council 
for block dwellings. Alternative designs were therefore 
prepared, one based on the normal method of brick 
construction and the other specially suitable for 
| erection in steel and concrete. Tenders were invited 
| for either system and for alternative methods of making 
the walls wholly of concrete, or of concrete faced with 
brick, when the steel-frame construction was adopted. 





Provision was also made so that contractors could submit 
schemes in which special materials, such as reinforced 
concrete, or special methods of erection, were to be used. 

Twelve firms submitted tenders for both the 
normal brick construction and also for the method 
| using steel frames in association with concrete blocks. 
|In every case the cost of the blocks of dwellings 
| were found to be least, when the normal method of 
brick construction was proposed. The lowest tender 
of all was 21,7521., or 2,6401. less than the esti- 
mate of the architects. Comparison of the tenders 
of those firms submitting alternative constructions 
affords a useful index to the relative costs of different 
methods of building. Taking the tenders of the 
twelve firms, the averages are found to be :—26,3001. 
for brick construction ; 32,0001. for steel frames with 
external walls entirely made of concrete blocks; and 
30,3001. for steel frames with external walls of concrete, 
but with brick facings. One of the two firms, which 
submitted schemes using reinforced concrete as the 
construction material, was able to quote a figure of 
24,7621., which was lower than the average for brick 
construction, but higher than the three lowest tenders 
for that method of building. It was also of interest to 
note that this firm undertook to complete the work 
in one month less than the stipulated time. The 
other reinforced concrete proposal was much above 
the average cost of brick construction. 

Taking the lowest costs for the different systems, the 
figures work out at 1511. for each habitable room if 
brick construction was used, 1701. a room for steel frame 
construction, and 172/. a room for reinforced concrete. 
These figures are of great interest, but it must be 
recognised that they relate solely to the construction 
of blocks of dwellings. Other types of structures 
might show entirely different results were comparisons 
made in similar fashion. 











INSTITUTION OF BRICKWORKS MANAGERS.—The general 
secretary of the Institution of Quarry Managers, 160, 
Edmund-street, Birmingham, informs us that, at the 
request of a number of brickworks owners and managers, 
he is to form an Institution of Brickworks Managers. 
The objects of the Institution will be to discuss technical 
and geological questions relating to brick making and 
matters pertaining to the control of brickworks, 





Panama CaNnat TRaFFIC.—According to a recent 
issue of The Panama Canal Record, 419 commercial 
vessels and 11 small launches passed through the Canal 
during the month of June, The tolls collected amounted 
to some 1,850,000 dols. The total number of vessels 
using the Canal during the year ending June 30, 1926, 
was 5,197, an increase of 11-1 per cent. over the figure 
for the previous year, From the opening of the Panama 
Canal to traffic on August 15, 1914, down to June 30, 
1926, some 34,900 commercial vessels have passed 
through the Canal, and the revenue collected in tolls 
aggregated 142,134.397 dols. 





Triats or THE 8.8. “Leconte DE Listz.’’—The 
twin-screw passenger steamer, Leconte de Lisle, built 
at the La Ciotat (Bouches-du-Rhéne) shipyard of the 
Société Provengale de Constructions Navales, for the 
Société des Services Contractuels des Messageries Mari- 
times (Ligne de Madagascar), completed successful 
trials at sea some time ago. The propelling machinery 
originally consisted of geared turbines; these were, 
however, subsequently removed and two sets of triple- 
expansion engines, having cylinders 24-5, 40-2, and 
65-8 in. in diameter, and a piston stroke of 47-3 in., 
were installed in their place. Steam is supplied by six 
boilers of the usual cylindrical type, supplied by the 
Ateliers et Chantiers de la Gironde, and fitted with 
Schmidt superheaters and Wallsend-Howden oil fuel 
burners. The vessel has an overall length of 474 ft. 4 in., 
a breadth of 61 ft. 2in., a depth to “CC” deck of 
40 ft. 5in., a load displacement of 14,829 tons, and a 
deadweight capacity of 7,280 tons on a mean draught 
of 26 ft. 3 in. She will carry 470 passengers, some 
250 of which will travel steerage. 
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‘* ENGINEERING’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 





in case ; where none is mentioned the Specification is not 
illustrated. 
Where i tions are icated from abroad, the Names, &c., 





of the communicators are given in italics. 

Copies of yay ee may be obtained at the Patent Office, Sales 
Branch, 25, apogee 5 ta Buildings, Chancery-lane, W.C.2, 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word *‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 

give notice at the Patent O, of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


247,627. Callender's Cable and Construction 
Company, Limited, Leigh, and S. J. Bryce, Leigh. 
Electric Cables. (3 Figs.) October 18, 1924.—The 
invention relates to multi-core electric cables. The cable 
comprises a number of cores 1, 2, 3, 4, 5,6... indi- 
vidually insulated and within a common sheathing 7. 
Each individual core is provided with a helical wrapping 8 











(297,627) 


of paper which has one or a group of punchings 9, 10, 1] 
spaced along it, the punchings differing for each core. 
It will be preferred.that the punchings, such as 11, are 
arranged diagonally across the paper as in Fig. 2 so that 
when this is wound helically round the cable these 
punchings lie in astraight line along the axis of the cable 
and can be therefore more readily distinguished. 
(Sealed.) 


248,896. British Insulated and Helsby Cables, 
Limited, Prescot, and G. H. Nisbett, Huyton. 
Electric Cables. (1 Fig.) February 6, 1925.—The 
invention has reference to electric cables for high-tension 
transmission lines in which the conductor, insulated in 
a covering of paper or equivalent insulation, is of tubular 
form; and when the conductor is comprised of a number 
of wires, the wires are in some cases supported internally 
by a cylindrical helix. In the cable, according to the 
invention, ducts 4 are formed on the periphery or outside 
of the insulation 3 proper, and in the manufacture of 
the cable dry air is passed through them, or a vacuum 
created in them, for drying the paper insulation. Dry 





air is also passed through the tubular core 1 for drying 
the paper or like insulation; or a vacuum is creat: 

within it for this purpose, Thus, in this cable the drying 
of the insulation takes place from both the periphery, and | 
also the interior or hollow core. The ducts 4 are formed 
conveniently and inexpensively by providing on the | 
periphery of the relatively thick insulation 3 proper | 
cords or strands 5 of paper, hemp, or the like, spaced | 
apart; and outside these, an envelope 7 of paper or | 
other insulating material of comparatively small thick- | 
ness, so that a number of ducts or spaces 4 are formed | 
and provided on the periphery of the insulation. The | 
cords or strands 5 may be laid helically, or otherwise | 
suitably, along the cable. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


248,427. W. Beardmore (Lord Invernairn), West- | 
minster, London, and A. E. L. Chorlton, West- | 
minster, London. Internal-Combustion Engines. | 
(1 Fig.) November 6, 1924.—The invention has for its 
object to provide means whereby liquid may be delivered 
in the form of intermittent fine sprays by the action of 
a see 3 and is more particularly applicable to the injec- 
tion of liquid fuel into the cylinders of a high-speed 





| 
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internal-combustion engine. The liquid fuel flows from 
a reservoir through a pipe A to a pump B of the rotary 
type which delivers the fuel through a passage C. This 
passage communicates with an expansion chamber D. 
Moving transversely to the delivery passage C is a 
valve E of the piston or plunger type. The valve is 
reduced in diameter at E! and E2. The part E of the 
valve has that edge which is adjacent to the reduced 
eg E® curved so as to enable the valve to be adjusted 

y rotation in order to vary the period during the middle 
of each stroke of the valve during which the delivery 
passage will be closed. The part C1 of the delivery 
passage which lies beyond the valve E constitutes part 
of the chamber of a plunger pump G. This pump is 
reciprocated by an eccentric H which also serves to 
effect reciprocation of the valve E through a two-armed 
lever J J}, carried on an eccentrically mounted pivot J?, 
The arm J is connected to one end of the valve E, while 
the arm J! engages a collar G! on the spindle of the pump 
plunger G. From the pump chamber C! a delivery pass- 
age K leads to a casing L within which reciprocates a 
distributing valve M of the piston type. From ports L! 
and L? pipes N and N! lead respectively to atomisers O, 
each of which is arranged in the cylinder of an internal- 
combustion engine. The valve M is reciprocated posi- 
tively in both directions by an eccentric P acting through 
a lever P!, In operation, the liquid fuel flows under 
pressure through the passage C to the pump chamber Ct 
during the suction stroke of the pump plunger G, the 
| valve E being then positioned so as to allow free flow 
| of the liquid fuel to the pump chamber Cl. During the 
first part of the instroke of the pump plunger G the 
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| valve E is moving in a corresponding manner, but its 
structure and position in relation to the ports is such 
| that at this stage the fuel supply passage C is not shut 
| off, so that the pump plunger G causes a return flow 
|of fuel into the expansion chamber D, As the pump 
| plunger G and also the valve E reach the middle portion 
| of their strokes when they are travelling at high speed, 
the valve closes the supply passage, this closure taking 
place with great. suddenness. As a result, a powerful 
impulse is imparted to the column of liquid contained 
in the pump chamber C! and in the delivery pipes 
| K and N, the distributing valve L having then moved 
|into a position such as to open either the port Lt 
| or the port L2 for the free flow of liquid fuel to the 
| atomiser of one cylinder or the other. Liquid fuel is 
| then delivered at high pressure through the atomiser O 
| into the cylinder. Further movement of the valve E in 
| the same direction causes a sudden opening again of the 
| supply passage, this occurring while the pump plunger G 
|is still moving inwards and the supply passage then 
remains open for the rest of the in-stroke of the pump. 
By reason of the sudden opening of the supply passage, 
| due to the fact that the valve E is then stilt moving at 
| high ed, a reflex action is set up in the column of 
| liquid in the delivery pipes K, N, and pump chamber C1. 
| In consequence of this, the flow of liquid fuel from the 
| atomiser O stops suddenly. The mechanism thus pro- 
| duces on the column of liquid in the pump chamber Cl 
}and on the delivery side of the pump a succession of 
rapidly alternating high and low-pressure pulsations, 
| while at the same time the mechanism serves to effect 
| delivery of quantities of fuel which can be exactly deter- 
| mined. (Sealed.) 
| LIFTING AND HAULING APPLIANCES. 
248,482. Ropeways, Limited. London, and E. Roe, | 
London. Aerial Ropeways. (2 Figs.) December 6, | 
1924.—The invention relates to load carriers for aerial | 
ropeways in which the carriers are supported by a station- 
ary cable and are moved along the same by an endways | 
travelling cable, the load carriers being provided with | 
gripping arrangements whereby they can be connected to | 
and disengaged from the travelling cable as and when | 
required. a is a load carrier provided with carrying | 
rollers b, 6! adapted to run on a stationary rope c, and | 


| with a depending portion d having a lateral pin e from | 


which a load is supported. f is a movable grip jaw 
pivoted to the portion d and adapted to grip between 
it and the adjacent portion of the carrier, which serves 
as a stationary grip jaw, the movable rope c! of the aerial 
ropeway. The movable jaw f is provided with an arm 
f! pivotally connected at its upper end to a collar free 
to slide upon a rod / that is in part encircled by a spring 
and is provided with anti-friction rollers adapted to roll 
along some part of the load carrier to which the stationary 
grip jaw is attached, as, for example, along vertical plane 





| surfaces d2 on the portion d. The spring is arranged to 
| react between the collar and an abutment on the rod h, 
in such a manner that when the axis of the rod is normal 
to the surfaces d?, the gripping action between the mov- 
able and stationary jaws is a maximum. The movement 
of the rod h is effected by a link m jointed at its lower 
end to the rod h and at its upper end to a transverse 
spindle o carrying rollers r arranged to move in vertical 
slots s in the load carrier a, and mounted in a hollow block 
t arranged to work in a guideway wu in the carrier a. 





Movement of the rod A in an upward direction beyond 
the position in which it is at right angles to the surface 
d2, will cause the jaws to move apart and thus disengage 
the carrier from the moving rope cl when this is desired. 
The downward and upward movements of rod fh are 
effected by providing the spindle o with rollers v which, 
at the portions of the ropeway where the carrier is to 
be engaged with or disengaged from the moving rope cl, 
are caused to run under or over stationary inclined sup- 
ports or ramps. (Sealed.) 





STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


245,700. The Manchester Furnaces, Limited, 
|Manchester, and J. Lowe, Manchester. Oil 
| Burners. (1 Fig.) October 10, 1924.—The invention 
/Telates to oil burners of the air- or steam-blast type. 
| The invention comprises the arrangement of the burner 
| nozzle upon the exterior of the burner body. The burner 


| 
| 
| 
| 
| 
| 


body a supports the fuel nozzle b having the usual control 


| spindle c therein. Fuel enters the nozzle at d and air or 
| steam blast enters the burner body at.e.. The burner 
, nozzle f screws on to the exterior of the burner hody and 
| has a milled edge at g to facilitate its adjustment. This 
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milled edge is arranged outside the combustion chamber h 
into which the burner projects, so that it can be readily 
manipulated with the burner in position. A series of 
secondary air holes ¢ is provided through the nozzle f. 
The secondary air passing through these increases the 
combustion efficiency of the burner and also cools the 
nozzlef. The passage of air to the holes? from the burner 
body can be regulated or cut off by screwing the nozzle f 
towards or away from the burner body, so that the holes 
are py or completely closed by the annular edge of 
the burner body. (Sealed.) 


247,049. R.S. Portham, St. John’s Wood, and 
Tangential Dryers, Limited Westminster. Drying 
Steam. (6 Figs.) May 19, 1925.—The invention has 
relation to the mechanical removal of moisture from 
steam. The drawings illustrate the application of the 
invention to or as a locomotive regulator which is dis- 
| posed in the steam dome and comprises a casing 11, 12, 
| mounted on the swan neck steam main 13. The upper 
| part 11 of the casing has anumber of openings 14 through 
|its wall and contains a hollow piston 15. The openings 
| 











14 are arranged in parallel rows at right angles to the 
axis of the casing 11, and the upper end of the piston 15 
is sloped from one side to the opposite side of a diameter 
so that when the piston is moved it uncovers or covers 
the openings in each row in succession. The lower part 
12 of the casing contains a valve 16 in the form of 
a sliding trunk to which the piston 15 is attached. 
The valve 16 is formed to co-operate with seatings 17 
formed at the upper and lower ends of the part 12 of 
the casing. (Sealed.) 
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FURTHER RESEARCH IN THE 
PROBLEM OF H.M.S. ‘“* WOLF.”’’ 
By G. H. Horrmann, A.M.I.N.A. 
(Concluded from page 193.) 

WE now must investigate whether we can assess 
the full structural value to the whole of the deck 
plating at No. 84 frame of H.M.S. Wolf, where the 
strain meters were applied. Sometimes it has 
been argued that plating immediately before and 
behind deck openings is of no structural value. 
This seems doubtful in face of the exceedingly high 
strains measured between the two funnel hatches of 
the aft boiler room, where strain indications were 
taken. The general arrangement of the deck may 
be seen from Fig. 3, which has been prepared from 
data given by Dr. A. M. Robb, A.M.I.N.A. Fig. 4 
shows the general arrangement of the machinery 
spaces in H.M.S. Wolf. 

The hatches form very stiff points in the structure, 
which do not take up the full strain coming upon the 
deck abreast of them, but would rather show a 
tendency to approach each other without perceptible 





is rather to increase the real over the indicated stress, 
than to diminish it below that value. 

As the only strain indicator reading below the 
Wolf’s load-water line was taken at the keel, we 
must consider whether this reading will not be so 
readily affected by the water pressure bending 
effects on the shell plating between the frames, 
as by the influence of this pressure bending the 
keel as a girder spanning the distance from bulk- 
head to bulkhead. The stresses which this mode of 
loading gives rise to cannot be calculated directly 
even if full data of the ship’s longitudinal and trans- 
verse scantlings are available, as the problem is one 
of the co-operation of transverse and longitudinal 
strength members. Any attempt to deal with thi: 
problem must needs be based on such a great many 
simplifying assumptions that the result could 
scarcely be regarded with any confidence ; but the 
qualitative effect may be readily seen from Fig. 6, 
which gives a diagrammatic view of the centre 
keel in the aft boiler room. The position of No. 84 
frame, where the strain indicators were placed, is 
also shown on the figure. 


Fig.3. DIAGRAMMATIC PLAN OF THE DECK OF H.M.S.“WOLF” 
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deformation to themselves, but with considerable 
straining of the deck in between. This would imply 
that the plating reacts on the hatches, whose athwart- 
ship sides might act somewhat like a beam supported 
at its ends by the longitudinal coamings, which in 
their turn are subject to the action of shearing 
stresses through their attachment to the deck plating. 
Thus the lines of stress would not run as usually as- | 
sumed (Fig. 54), but as shown in Fig. 58. This | 
means that the plating inside the line of openings, | 
provided with stiff coamings, really does take part 
in resisting the longitudinal bending moment. But 
it must not be inferred that, on account of this, the 
author would be inclined to advocate a departure 
from the present practice to determine scantlings 
of such-like parts of deck plating from any other 
point of view than that of the loads it will have to 
support. On the other hand, in the present analysis | 
this plating will be included in computing the| 
moment of elasticity of the section. 

Thus, in any further endeavour to explain the | 
experimental data obtained from the Wolf, we have | 
got to face the following contradiction: Theindicated | 
stress on the bottom plating cannot be the real one | 
in face of the low efficiency of the midship section, | 
while the above calculations clearly show that the 
effect of the water pressure on the bottom plating | 





It may be argued that the curvature of the centre 
keel as drawn here may be greatly modified by 
the presence of any pillars standing upon it. It is 
thought, however, that such influence cannot be of 
any considerable value, as the deck beams, which 
consisted of 24 in. by 1} in. by ;% in. angles, can 
scarcely be considered to have any measurable 
influence on the deformation of the bottom which 
was llin. deep. It is the floors of the bottom 
which, by the support they give to the centre keel, 
have a predominating influence upon the deflection 
of the latter, and which without their support cer- 
tainly would not be able to stand the great bending 
moments which come upon it from the hydrostatic 
pressures below. Thus, any pillar present would 
rather have a tendency to lift the beam at its 
top than depress the floor at its base. 

Fig. 7 may assist in making clear the change, 
which the strain indicator reading at the keel may 
undergo from these bending effects. The centre keel 
girder is taken to be composed of the four angles 
with the addition of the horizontal part of the flat 
plate keel and of two strips of plate, situated beyond 
the bends, both of which have a width of 20 thick- 
nesses, the lower limit of Pietzkers range of full 
efficiency of the plating. The intercostal plates are 
considered as not contributing directly to the 














moment of inertia of the section, but as serving 
the purpose of uniting the upper and lower angles 
so as to form one deep girder. It will be seen that 
the neutral axis is situated well above the lower keel 
angles, on which the strain indicators were fixed. 
From Fig. 6 we see that, at frame No. 84, the stress 
on these lower angles must have been a compressive 
one, or, which is the point of our present investiga- 
tion, the centre keel must, even with zero longi- 
tudinal bending moment, and therefore without any 
bending stress on the hull as a whole, bear ‘a com- 
pressive stress at the point where the strain indicators 
stood. If it were possible to lower the water from 
the ship without giving rise to any hogging or 
sagging moment, the keel, nevertheless, would 
straighten itself and thus make its lower fibres 
show an apparent elongation, which, in fact, would be 
nothing but the elimination of compression. It will 
be observed that this consideration approaches 
closely to a remark made by Professor Abell in the 
discussion on the author’s paper previously men- 
tioned. But when, by lowering the water, a 
bending moment is developed, the centre keel will, 
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nevertheless, straighten itself when the water 
pressure under it is thus removed. This means that 
the strain indicator, not being situated at the neutral 
axis of the girder, does not indicate the stress 
arising from the external bending moment, but gives 
this stress enlarged by an amount corresponding to 
the disappearance of the hydrostatic pressure. 

For this augmentation of stress, an allowance 
must be made in computing the moment of elas- 
ticity, is pydA. As its exact value cannot be di- 
rectly calculated, the author has tried to approxi- 
mate to it by means of fairing ; this was done by 
fixing the batten at the above-water positions and 
pulling it inwards from the strain-indicator position 
at the keel, as far as it would bend without taking 
up an unreasonable curvature. This resulted in a 
keel stress of 6-67 tonsper square inch compared with 
8-4 tons read on the indicator dial. The difference of 
1-73 tons will give a stress in the top angles of the 
centre keel amounting to something like 9 tons, which 
value accounts for the fact that signs of weakness of 
thecentre keel, evenif they occur, are seldom reported. 

The stress curves so found are shown in Fig. 8, 
where, again, the stress along the section has been 
set off at right angles to the plating in which it 
exists. The corresponding moment of elasticity 
is 3,125 ft-tons, as against 3,170 ft.-tons as found 
for the reconstructed bending moment, which 
denotes the numerical value of Si p.y.dA, as caleu- 
lated with Sir John Biles’s reduced EN values, 
the whole of the ship’s transverse section being 
considered as fully effective. This reconstruction 
of the external bending moment was necessary on 
account of the fact that, although in Sir John Biles’s 
book on “‘ Design and Construction of Ships,” as 
well as in his 1905 paper, the curves of loads, shearing 
forces, and bending moments are given, the scales 
of these curves have nearly all been lost in the 
reproduction, the few remaining not having been 
changed to suit the reduction. This necessitated 
a series of calculations in order to find the exact 
values of the bending moments, which could be 
done in the way described above, as, in the equa- 


tion M = Jp-ydA, p, y and d A were known, p 
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being = Ea. Then a is the strain as measured, and 
E the modulus of elasticity as found from the 
experiments for the whole of the ship. The numbers 
given for the two bending moments, which, of 
course, should be the same—show that the reduc- 
tion of the keel stress before its application to the 
shell plating, made in the way explained in the 
above, may have a fair chance of being right, while 
it does not contain any feature which makes it 
difficult to understand. 

From Fig. 8 it will be seen that no attempt has 
been made to find the horizontal position of the 
neutral axis; with this in view, the points of zero 
stress, port and starboard, should have been 
assumed on the same level. The horizontal position 
of the neutral axis is always assumed as a result 
of calculations based on Hooke’s Law, but once this 
law has been proved not to apply strictly to the 
ship girder (as it was by Sir John Biles’s experiments), 
in the author’s opinion, we should adopt a fair curve 
through the strain indicator spots, doing away with 
the horizontal] neutral axis, in preference to an unfair 
one, which is dependent upon a false assumption. 
It will further be noted that the run of the stress 





curves at the gunwale has been taken in accordance 
with Dr. Bruhn’s view, that it seems reasonable to 


Fig. 8. Port 








bending moment. This need not necessarily be 
done by starting from this condition, but can as 
well be effected by making suitable adjustments. 
For instance, if we must begin with a sagging 
moment, we could take precautions to diminish the 
bending moment (by means of pumping out tanks 
or something like that) until the zero moment was 
reached ; if a hogging moment could be produced 
after this, so much the better. If an endeavour is 
to be made to obtain experimental data regarding 
the buckling of certain parts of the ship’s plating, the 
method of beginning with, say, a moderate bending 
moment and then simply increasing it, cannot be 
regarded as being as good as the one described above. 

Secondly, great care should be taken in determining 
the position of the strain indicators in the lower parts 
of the ship. These should be located on continuous 
longitudinals, such as the centre keel and tank 
margin plates ; and their place should be chosen as 
near the neutral axis of these members, considered 
as separate girders, as will prove practicable. These 
neutral axes must be calculated with due regard 
to the influence of adjoining plating. In an Isher- 
wood ship where longitudinals are cut at the bulk- 
heads, care must be taken not to place the instru- 
ments too near the ends of the tanks, as, near the 
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assume that the discontinuity in the curves for 
the top-sides occurs just at the gunwale, and not | 
below it. It is to be regretted that it is not possible | 
to support these views by an analysis of the | 
conditions of the ship between the fully water-borne | 
state and entirely supported on the cradles. For | 
obvious reasons, the stress in the centre keel cannot | 
be assumed to be proportional to the level of the water | 
over the keel, as would be the case if the latter | 
were not supported against the water-pressure by | 
the transverse framing. The case is shown in| 
Figs. 9a and 9b. 

At full load draught, the part of the girth of the 
ship loaded by the hydrostatic pressure is much 
greater than at the lesser draughts. This means | 
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bulkhead brackets, there is no guarantee that the 
longitudinal will at once take up the stresses brought 
upon the shell plating by the longitudinal bending 
moment. It is only in the middle of the tanks, 
where the shell rivets have the opportunity of making 
the longitudinals take up their due share of the 
shell strains, that useful results may be hoped for. 





THE STRENGTH OF RAILWAY 
TRACKS. 

WE have already had occasion to comment on 
the academic attitude of mind displayed by some 
of the higher engineering officials in India. Thus 
the Indian Bridge Committee advised that in the 


| was to cover all four gauges in use in India, viz., 
the 2-ft., the 2-ft. 6-in., the metre and the 5-ft. 6-in. 
gauge. The committee were, further, directed to 
bear in mind “that the stress on the rails should 
not exceed 10 tons per square inch.” Those 
responsible for this instruction evidently imagined 
that they could fix by a priort methods what was, 
and what was not, a safe working stress for a steel 
rail. Men with a more practical mentality would 
have ascertained, in the first instance, what stresses 
were successfully worked to in practice. As a 
matter of fact, the sub-committee, when they 
came to investigate the matter, found that in actual 
service the figure named was greatly exceeded. 

Even the wagon axle loads gave rise to stresses of 
14 tons per square inch, whilst certain locomotives 
produced stresses of 20 to 22 tons per square inch 
without apparent injury to the rails. The rails 
in question are believed to have a tensile strength 
from 45 to 50 tons per square inch, with a yield 
point of 24 to 27 tons per square inch. The sub- 
committee report* that closer spacing of the 
sleepers than is now customary would do but little 
to reduce real stresses, and that, where foundation 
is good, it would be more economical to gain increased 
carrying power by the use of heavier rails than by 
using more sleepers per rail length. There may, 
moreover, they suggest, be cases in which it would 
be better policy to keep down capital expenditure, 
even at the cost of increased maintenance charges. 
In the case of new light railways, where the foundation 
is sound, the sleeper spacing might, they suggest, 
be increased to 40 in. in place of the normal 33 in. 
With a bad road foundation, on the other hand, 
it may be necessary either to reduce the sleeper 
spacing or to increase the thickness of the ballast. 
The limit of improvement is reached, they consider, 
when the thickness of the ballast is about equal to 
the sleeper spacing. The pressure on the ballast 
is then, they consider, very nearly uniformly 
distributed, and any further improvement would 
involve a radical change in the type of sleeper 
used. The following is a summary of the con- 
clusions reached :— 

(1) The stress in the rail must be calculated with 
due regard to the elasticity of the road-bed. Because 
the road is elastic, the stress in the rail is greater 
than if it had rigid supports. 

(2) The rail does not bend between sleepers but 
between wheels. 

(3) The permissible mean working stress in the 
base of rail cannot be limited to 10 tons per square 
inch, and may be safely taken as 14 tons per square 
inch. 
| (4) In speaking of rail stress under the axles of 
|locomotives and bogie wagons, the term “axle 
load’ has no meaning. 

(5) Rail stress under locomotives must be calcu- 
lated with adequate knowledge of the design of the 
engine. 
| (6) Widely-spaced axles are more severe on the 
| rail than closely-spaced axles. As a result of this 
|the four-wheeled wagon axle may give nearly as 
| great a stress as the locomotive axle of the same 
| weight. 
| (7) If the rail is not equal to the loads put upon 
'it, closer spacing of sleepers does very little good. 
| It is more economical to use a heavier rail. 
| (8) The remedy for rough running owing to bad 
formation is more sleepers or more ballast ; not a 





that not only is the head of water which the frames | case of all new bridges the secondary stresses | ierelintenll. 

have to resist, lessened, but the length over which | should be computed and allowed for. No evidence | (9) Ten 8-in. sleepers are better than eight 10-in. 
the load is applied is lessened too ; and in the former whatever was brought to show that stresses of this | ,. regards distributing pressure on the formation. 
case only we would be safe in assuming that | kind were dangerous, but the officials in question | 
the deflection of the frame-ring is proportional to| were content to arrive by the high a priori road | 
the head of water. Instead of assuming the augmen- | at the conclusion that the danger was real. It 
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tation of stress on the keel to be proportional to the | 
momentary draught, we would be compelled to | 
repeat the process sketched for the ship standing | 
dry in sagging condition for every other condition | 
the ship was put through, which practice would lead 
more and more to serious risk of error, as the 
stress curves, with vanishing bending moment, 
gradually approach the straight line of zero stress. 

As a result of the full analysis of the experiments | 
on H.M.S. Wolf, in making experiments with strain | 
indicators on ships, it seems advisable to take the | 
following precautions :—First, the bending moments | 
should be so varied as to give readings for zero | 


| with the reports of the maintenance men on the be- 


| the circles in question is afforded by the instruc- 


would have been much more to the point had the 
committee arranged for the calculation of the 
secondary stresses in the bridges already existing, 
and for a comparison of the results of the calculation | 


haviour of the structures in question. A fresh | 
instance of the academic attitude of mind existing in 


tions prepared for the guidance of a sub-committee 
appointed to report on track stresses. This com- 


mittee were directed to ascertain what engine and 
wagon loads could be imposed upon standard 





rails with various sleeper spacings. The inquiry 


A copy of a recent issue of the Journal of the Science 
Association, Maharajah’s College, Vizianagaram, 8. India, 
has reached us. This contains three articles, the first, 
by Mr. S. Mahdihassan, is on lac and its inoculation ; 
the second, dealing with the phenomenon of valency, 1s 
by Mr. Rajendralal De, and the third, entitled ** Some 


| 'Transformations of the Gaussian Frequency Curve,” is by 


Mr. M. Vaidyanathan. The Science Association was 
founded in 1918, and its object is to promote scientific 
research and to popularise science. The Journal is 
published quarterly, and the annual subscription is 8s. 
It is edited by Professors Y. Venkataramiah, D.Sc., and 
J. C. Kamesvava Rav, D.Se. 





* Report of the Bridge Sub-Committee on Track 
Stresses, Calcutta, Government of India Central Publi- 
cation Branch. Price 4s. 9d. 
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PILE-DRIVING AND CONCRETING 
METHODS ON A LARGE SUB- 
STRUCTURE CONTRACT. 

By Frank W. Sxrnnzr, M.Am.Soc.C.E. 
(Concluded from page 190.) 
Bulkhead.—The bulkhead piles were driven to 
an average penetration of 25 feet. These piles as 
shown in Fig. 4, page 188, ante, are arranged in 
transverse bents, 6 ft. apart, that support a heavy 
timber deck 2 ft. above low-water level, thus 





most of the piles were driven with a water pile driver. 
The 4,000 piles in the bulkhead were driven in 
three sections, each handled independently by 
its floating machine. The piles were centred by 
the usual method of ranges, to keep them in 
line and by a floating platform of the exact required 
width between bents to insure their longitudinal 
position. The ranges consisted of light vertical 
wooden strips, nailed to a transverse wooden beam, 
extending the full width of the bulkhead and 
shifted from bent to bent as the driver advanced. 
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BULKHEAD PILES BEING CUT OFF BY HAND. 














Fic. 9. Barrer PILES BEING DRIVEN FOR BULKHEAD. 


permitting the piles to be cut off by hand at extreme 
low tide. This work is illustrated in Fig. 8. 

Some of the batter piles were driven by steam 
hammer in the leads of a land machine inclined 
to the proper angle and securely guyed. Most 
of them were driven by a steam hammer in in- 
dependent leads about 12 ft. long that engaged 
the top of the pile, and handled by a derrick 
boom. The batter piles were driven at a maximum 
rate of about 20 piles per eight-hour shift. Both 
methods are illustrated by the view reproduced 
in Fig. 9. A land pile driver mounted on rollers 
on the bulkhead deck timbers drove the 8-in. by 
12-in. wooden sheet piles, 30 ft. long, on land side 
of the bulkhead, at about 40 piles per eight-hour 
shift. Only a small part were driven that way ; 





Building Foundations.—After the piles for the 
foundation in the power house were driven by 
floating equipment to an average elevation of 1 ft. 
above low tide, they were enclosed by an earth 
dike 9 ft. high above low tide, which excluded river 
water while the enclosed area was filled up to 
basement floor level. This method was successful, 
although on two occasions of extraordinarily high 
tides the dike was broken and the interior flooded. 

There are in the cable plant building more than 
8,500 foundation piles, in 978 clusters of from four to 
nineteen piles each. About 6,000 of them were 
driven by land machines, which drove to about 
the ground level, and the remainder were driven 
by floating machine, which drove the tops to 
water level. In both cases the tops were afterwards 





cut off by hand to the elevations required for the 
bottoms of the footings. The water-driven piles 
penetrated 5 ft. to 15 ft. through mud and water to 
the hard bottom. Backfill was required around the 
water-driven piles on the river side of the building to 
bring the surface up above low-water level. This 
tended to move on the sloping bottom toward the 
bulkhead, and caused difficulty by carrying the pile 
heads with it, to positions out of plumb. Various 
methods were tried to check this, as for instance, by 
stay-lathing together the piles in each cluster, and 
by bracing the footings to each other and tying them 
with wire cable anchorages. None of these was 
effective, and it was finally necessary to pull as 
many piles as possible back into position with 
stump pullers, and where this was not successful, 
to replace piles that were too eccentrically loaded 
with new piles driven by land machines. 

The 7,000 piles in the foundations of the six-storey 
buildings were driven by the seven land machines, 
each operated by a crew of seven men and driving 
about 40 piles per eight-hour shift. These piles 
were driven with followers, to cut-off elevation at 
about 43 ft. below the original surface of the 
ground. As the surface of the underlying hard 
stratum was very irregular, the length of the piles 
varied greatly and a difference of 25 ft. would 
sometimes be required for piles only 50 ft. apart, 
so that each pile was practically a test pile to 
determine the length of the next one. 

The excavation around the pile heads and in the 
foundation pits was carried down to an average 
depth of about 5 ft. and amounted to 20,000 yards 
of sandand mud. Thiswas removed by five }-yard 
Hayward orange-peel buckets, operated on the 
50-ft. booms of locomotive cranes. They travelled 
wherever required over the site on about 5,000 
lin. ft. of standard-gauge track, laid with 40-lb. 
rails, spiked to sleepers made from pile refuse, 
and shifted continually as the work progressed. 
Sand and mud excavated from around the pile 
tops by the orange-peel buckets were delivered 
to 10-yard and 12-yard dump cars, hauled by 
steam locomotives and dumped into the river 
where the water had a depth of about 16 ft. A 
dredger stationed at this point removed the spoil 
with its 3-yard dipper, and delivered it to 1,000-yard 
scows, which were towed to sea and dumped. 

The contractor installed a steam sawmill to 
work up the pile butts into rough lumber for the 
forms. All separate footings were built in permanent 
wooden forms, and wherever they extended below 
water level, constant pumping was required to 
keep them dry until the concrete was placed, 
none of it being poured under water. 

After the piers and footings were concreted, 
backfilling was completed around them, and wherever 
the surface of the concrete at the bottom of the 
lower floor slabs consisted of dense, clean river 
sand, it sufficed instead of a wooden form to 
support the floor concrete. When the surface was 
not firm enough for this, it was graded about 3 in. 
lower and covered with lean concrete. For the 
six-storey building, part of the floor slabs were 
built in forms with wooden bottoms. About 
90 per cent. of the floor for the cable building 
was concreted directly on the surface of the fill, 
and the remainder of the floors were concreted 
on the concrete surface. A typical view showing 
the floor slab construction is given in Fig. 10. 

Floating Concrete Plants—Each of the two 
standard floating mixing plants was installed on a 
40 ft.x60 ft. barge, 10 ft. deep, equipped with 
a stiff-leg derrick, having a 40-ft. boom and }-yard 
Hayward clamshell bucket, for unloading the sand 
and gravel barges alongside, and filling the 5-cubic 
yard charging hopper that delivered about 15-ft. 
above the surface of the deck to a l-cubic yard 
mixer. Bags of cement, also unloaded from scows 
by the derrick, were piled on deck and delivered 
as required to the mixer platform by a slat 
conveyor about 40 ft. long. 

Concrete was delivered from the mixer into the 
l-c. yd. bucket of a hoisting tower about 40-ft. high 
and was discharged into a hopper near the top, 
from which it flowed through 40-ft. sections of 
revolving steel chutes, inclined about 40 deg. to 
the horizontal. The first section of the chute was 
supported on the inclined top chord of an Insley 
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type steel truss hinged to a vertical axis in the | 
tower. Pivoted to the end of this section was a| 
second section of the chute, supported by an 
independent tower boom and revolving indepen- | 
dently of the first section, so as to distribute concrete 
over @ sector of about 270 deg. of a 160-ft. | 
circle, 
Concrete was spouted through these chutes | 
directly to position in the bulkhead forms, in the 
foundations of the coal and ash house and sieve | 
house and for parts of the condensation water | 
tunnel. | 

Conveyor Distributing System.—At different times, | 
both of the floating plants, each of which had a 
capacity of about 250 yards per shift, supplied a | 
land distributing system of belt conveyors which | 
served the foundations, footings and first floor of | 
the buildings. The belts were driven by 16-h.p. | 
and 20-h.p. motors and ran over idlers with | 
inclined friction side rollers that raised the edges | 
of the belt to about 4-in. above the centre | 
portion. Each conveyor was fitted with a movable | 
automatic tipper, receiving hopper and _ short, | 
steel inclined chute or spout that could be set at | 
any point from end to end. | 

The main belt, 700 ft. long, was mounted on pile 
stationary trestle work, 10 ft. to 15 ft. above the 
surface of the ground at right angles to the shore 
line, parallel with and just beyond one end of the area 
on which the main buildings are under construc- 
tion. At right angles to it there was installed a 
second belt, shown in Fig. 11. This was 200 ft. 
long and was mounted about 6 ft. above the surface 
of the ground on transverse timber frames or bents 
about 12 ft. apart, the sills of which were securely 
braced to the longitudinal stringers under the belt. 
The sills of the transverse bents were mounted on 
rollers that travelled on rails or timbers set on the 
ground, permitting the belt to be moved from end 
to end of the stationary belt, thus covering the 
entire 700 ft. x 200 ft. area served. The travelling 
belt could be fed with concrete from any point on the 
stationary belt and could discharge it at any point 
of its own length, depositing it through its hopper 
and chute directly into the foundations or into the 
floor slab. | 

Aerial Spouting System.—The land plant for 
mixing substructure concrete served points beyond 
the reach of the belt conveyor system and had a 
10-c. yd. elevated storage bin, filled with aggregate 
by a stiff-leg derrick and clamshell bucket. The 
bin was equipped with a Blaw-Knox measuring 
hopper which discharged into a 1-c. yd. Ransome 
mixer, delivering concrete to @ l-c. yd. bucket of a 
steel hoisting tower 160 ft. high. This supported two | 
trusses, pivoted to the tower and suspended from a | 
cable to carry about 600 feet of steel chutes, through | 
which concrete was spouted as required. This | 
Insley spouting plant made a maximum record of 
about 400 yards in 8 hours. The hoisting tower 
supported one end of two 500-ft. cables carrying | 
400 ft. of steel chutes, which also were equipped | 
with two 40-ft. revolving trusses, covering an area | 
about 80 ft. wide on each side of the cable. 

The sand and gravel for this concrete were | 
unloaded from barges by a derrick equipped with | 
a l-c. yd. clamshell bucket, which deposited it for | 
storage on the bulkhead and afterwards reclaimed | 
it. Besides the equipment already mentioned, 
there were installed on this job, four floating 10-ton | 
derricks with 60-ft. booms, operated by special | 
hoisting engines, one of them loading piles on flat | 




















cars for transportation to the land machines, two | COLLISION OF a ParticLes wiTH Licut AToms. 


unloading riprap and cinders, and one handling | 
cofferdam frames. 
two 2}- or 3-c. yd. clamshell and orange-peel buckets, 
also used for handling aggregate. 


CONCRETING METHODS ON LARGE SUBSTRUCTURES. 
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THE- BRITISH ASSOCIATION 
MEETING AT OXFORD. 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCE. 


(Continued from page 226.) 


DISTRIBUTING CONCRETE BY BELT CoNVEYOR. 


| (magnesium and aluminium), this law began to break 


|down; the scattering was less than expected, and 
its variation with the speed of the particles followed 
a different law. In the bombardment of hydrogen 
| by helium atoms, the breakdown of the inverse- 
| square law was complete. The sizes of the hydrogen 
jand the helium nuclei (the proton and the a 
| particle) being unknown, it was assumed that the 


In the presence of the President of the Association, | proton was the smaller of the two, and practically 


Each derrick was equipped with | H.R.H. the Prince of Wales, Sir Ernest Rutherford, | a point charge. G. C. Darwin then calculated, from 
Pres.R.S., gave an account of recent researches con- | experiments with a particles at different velocities, 
There were | ducted by Dr..J. Chadwick and himself,on collisions | that the helium nucleus was a spheroid interme- 


twelve 10-yard and twelve ‘2-yard dump cars, | between a particles and light atoms, i.e., atoms of | diate between a flat disc and a sphere. 


five steam locomotives, one I-in., two 8-in. and 
one 6-in. electrically driven centrifugal pumps; 
two motors operating the conveyor belts ; 


helium or hydrogen. 


In the early experiments they | 


The most recent experiments were made with 


used short a particles, positively-charged helium | helium bombarded by a particles. It was the sim- 


one | nuclei, against heavy elements, such as gold, silver, | plest. case, and the approach between bullet and 


electric generator and three flood lights, also seven | uranium, &c., and, in these cases, found that the | target (measured by the distance between the 
special 2-drum hoisting engines for derricks. A| law of inverse squares held within 5 per cent. or| nuclear centres) should be closer than between a 
so for the repulsion of the particle by the nucleus | point and a spheroid, because two bulging spheroids 
approached. The deduced size of the nucleus of} would come into contact with one another earlier. 
until the power house was in operation. A maxi-|a heavy metal, into which the a particle could not |The experiments were made at scattering angles of 


transformer plant was installed to step down three- 
phase, 60 cycle, 13,000-volt current to 440 volts, 


mum force of about 500 men was employed by 


| penetrate, or the distance of approach, were of the | about 45 deg.. and also at small angles (11 deg.), 


Messrs. Henry Steers, Inc., the contractor for the pile | order 5 x 10-8 cm. When the experiments were | the velocity of the a particle being varied and dim- 
and foundation work of the section here described. | made by Chadwick and Bieler with lighter atoms | inished by interposing screens of mica. Even atthe 

















AUG. 27, 1926.] 


ENGINEERING. 


255 








larger angles, less than ten particles of a million 
would probably afterwards strike the photographic 
plate. The calculations led to an ellipsoidal or 
spheroidal a particle, approximately of the same 
shape and size as in the previous experiments, 
the minor axis being 3-4 x 107% cm., and the major 
axis 5 x 10-8 cm. ; the 5, however, should possibly 
be 8, in which case the oblate ellipsoid would be 
more like a plate. The curves for a particles of 
different velocities were of the type illustrated in 
Figs. 4 and 5, on pages 457 and 458 of our issue 
of April 10, 1925. If the inverse square law held, 
the curves should be straight horizontal lines (as in 
Fig. 4); the lines observed fell rapidly to that 
level, as the velocity of the a particles increased, 
and dipped below it, asin Fig. 5, indicating that an 
attractive force was superimposed upon the repul- 
sive force when the approach became closer. There 
might be another explanation, viz., that favoured 
by Debye and Bieler. Sir Ernest assumed the 
spheroid to be perfectly elastic ; Debye, however, 
assumed a mass displacement or distortion caused 
by the collision. But if the proton, like the electron, 
were endowed with a magnetic moment, the pro- 
blem would become complicated; things were 
probably not so simple as had been assumed, and 
required rurther clearing up. 


Directions oF ExLectrons EMITTED IN PuHOTO- 


ELECTRIC AND CoMPTON EFFECTS. 


Professor W. Wien, of Munich, described two 
experiments quite recently made in his laboratory, 
the first of which seemed to be incompatible with 
the classical theory. In the first experiment, 
conducted by F. Kirchner, monochromatic X-rays 
from a bulb operated at 150 kv., fell upon a block of 
paraffin, and the rays scattered at 90 deg., and there- 
fore polarised, entered a stereoscopic C.T.R.Wilson 
expansion chamber through a slit in a pendulum 
switch, which operated the field circuits and also a 
photographic flash apparatus ; the latter comprised 
a fine tungsten wire and several Leiden jars, the 
discharge of which exploded the wire and illuminated 
the camera. The use of a stereoscopic camera made 
it possible to determine the direction of the electron 
tracks in space. The collision between the X-rays 
and the gas in the camera would liberate both photo- 
electrons, essentially in the forward direction of 
the incident ray, and recoil electrons (Compton 
effect). Most of the latter, it was observed, had a 
component in a direction at right angles to the 
electric vector, in which direction there should be 
no force at all according to the classical theory. 
The photo-electrons, it was ascertained by other 
experiments, were mostly concentrated in the 
direction of the electric vector. The nature of the 
gas in the camera (air, argon, or carbon dioxide) 
made little difference to the results; neither did 
the length of the tracks on the plate, which would 
depend upon the velocity of the incident rays. 


ASYMMETRY OF STaRK Errect LINEs. 


Professor Wien’s second communication con- 
cerned the asymmetry and intensity of spectral 
lines split in the electric field connected with the 
direction of the impacts originating the emission of 
light. When the Balmer lines of canal (positive) 
rays were resolved into their components by 
strong electric fields, Dr. Wien explained, the 
component lines showed a marked asymmetry in 
their intensity, which was reversed with the field. 
Wierl had recently observed, however, that the 
asymmetry vanished when the experiment was made 
in a high vacuum. That suggested that the 
asymmetry was effected by collisions of the 
moving atoms. To test this, hydrogen canal rays 
were shot into a vessel containing nitrogen; the 
hydrogen atoms alone would be moving in that 
case, and asymmetry was observed. When the 
arrangement was reversed, that is, when rays of 
nitrogen were shot into hydrogen, the asymmetry 
was likewise reversed. Hence the direction of the 
unpact in relation to the direction of the field would 
appear to be responsible for the asymmetry of the 
Stark lines. When the hydrogen canal rays, after 
passing through nitrogen, were further sent in- 
to a high vacuum, again in a strong electric field, 
no asymmetry was observed. Professor Wien had 
at present no theory by which to explain this. 





MEcHANISM OF LicHT EMISSION FROM ATOMS. 

Mr. R. d’E. Atkinson, of Oxford, next described 
experiments made with canal rays, by the method of 
Wien, for the purpose of ascertaining the connection 
between luminosity, number of atoms, and time. 
When canal rays were sent through a slit into a 
vacuum, a streak of light was observed which 
generally weakened and vanished after a certain time 
interval and distance. When, however, thestreak was 
exposed to the action of air jets (at pressures of a 
fraction of a millimetre) the luminosity, locally, 
would increase greatly. From his plotted obser- 
vations, Mr. Atkinson concluded that there 
was a definite time lag between excitation and 
luminosity, and that the decay of the luminosity 
was not the same for the different lines of the 
hydrogen spectrum ; this was to be tested further 
by experiments in the ultra-violet and infra-red. 
The observations seemed to be best explained by 
a simple pulse theory of light. During the dis- 
cussion of the paper, Professor Wien explained how, 
in such experiments he had sent canal rays succes- 
sively into chambers at different gas pressures, when 
the instantaneous rise in the luminosity became 
more rapid as the gas pressure increased up to about 
0-5 mm.* Professors Bohr and Franck referred 
to the difficulties of discriminating by such experi- 
ments between various theories of light. 


ENERGY TRANSFERENCE IN COLLISIONS BETWEEN 
ELECTRONS AND MOLECULES. 

Professor J. S. Townsend, of Oxford, might, 
with advantage, have shortened his detailed 
survey of his work, extending over many years, 
and of other researches in this field, and, instead, 
have emphasised his conclusions and the points 
in which he differs from other workers ; his paper 
occupied the whole of Friday afternoon. The 
early measurements of the velocity W of the ions 
in the direction of the electric force Z and the rate of 
diffusion D, he stated, had indicated that the masses 
associated with the atomic charges were large 
compared with the mass of a molecule of gas. In 
air at atmospheric pressure, the velocities of the 
positive and the negative ion were found to be 1:4 
cm. and 1-7 cm. per second respectively under a 
force of 1 volt per centimetre. These velocities were 
smaller than that of a molecule of the gas carrying a 
charge equal to that of a monovalent ion in an 
electrolyte ; the ionic diffusion rate, D, was also 
found to be smaller than that of molecules. Later 
it was observed that W and D became very 
large as the pressure p was reduced. To find the 
velocity U of agitation of moving electrons, Professor 
Townsend exposed a nickel plate E to oblique ultra- 
violet rays and allowed the electrons liberated to 
pass through a long, rectangular slit in a screen under 
the force Z (normal to E and the screen) and through 
a series of metallic rings, charged to different poten- 
tials, on to a receiving electrode, in the form of 
a disc divided into a central strip n, and two 
lateral sectors n, and yn, insulated from one 
another. The stream of electrons diverged under 
the forces (electric and _ collision), and he 
determined the ratio R of the charge on n, to 
the charges on (n, + m3). In further experiments, 
the apparatus was surrounded by coils, so that 
a magnetic field was set up across the stream 
of electrons, tending to deflect them laterally towards 
Nn, OF MN. Many series of experiments were made 
at different values of Z/p in various gases. The 
ratio R, at an early stage, was found to be 
much smaller in dry gases than in moist gases, 
indicating that the mass of the charged particle 
was much smaller than that of the molecule. 
The proportion of the energy of an electron 
lost in a collision was more than 100 times 
greater for nitrogen than for the monatomic 
gases at high velocity of impact (12 x 107 cm. per 
second), but at lower velocity (5 x 107 cm.) it was 
only three times greater. Professor Townsend gave 
curves and tables of these figures, and of the mean 
free paths of gases (air, nitrogen, oxygen, neon, 
argon, helium and some of their mixtures, as well as 
carbon monoxide, carbon dioxide and nitric oxide). 
The velocity of agitation of electrons was much 
higher in argon than in hydrogen and the reduction 





* Professor Wien dealt with these problems in his 


| Guthrie lecture ; Proc. Physical Society, August, 1925. ~ 





of this velocity U in mixtures of the two gases 
implied increase in the velocity W. 


TRANSFORMATION OF ELEMENTS BY Low-VOLTAGE 
DISOHARGES. 

In this paper, Mr. W. W. Garrett reviewed recent 
experiments on what is often called transmutation 
of the elements and also his own entirely negative 
experiments, conducted in the Clarendon Laboratory, 
Oxford, for the purpose of checking the assumed 
transmutations. Mr. Garrett stated that Sir. W. 
Ramsay had first claimed, in 1907 to 1912, that neon 
and helium accumulated in worked vacuum discharge 
tubes, but those claims had not been confirmed. He 
passed over the work of Rutherford because he used 
the different method of bombardment by a rays. 
In 1924, Miethe (Berlin) found traces of gold in mer- 
cury after passing a current of 12 amperes at 10 to 
12 volts (also at 175 volts) through the vapour of a 
quartz-mercury lamp for 100 hours and more; 
Miethe and others also experimented with mercury 
interrupters. In 1925, Nagaoka (in Japan) des- 
cribed similar experiments made, however, with 
enormous potentials by the aid of coils giving 
120 cm. sparks ; his spark electrodes consisted of 
tungsten and mercury immersed in oil as a dielec- 
tric ; the oil was transformed into a black mass of 
carbon in which gold was found by the Cassius 
purple test. Under other conditions, Nagaoka, like 
Miethe, thought he had obtained silver from mercury, 
and Smits (Amsterdam) believed he had transformed 
lead into thallium and mercury. On the other 
hand, the researches of Tiede, Goldschmidt and 
notably of Haber, seemed to prove that the other 
experimenters had been deceived, in spite of all 
their precautions, and that the gold they found had 
originally been present, either in their mercury, in 
the metallic electrode or in other parts of their 
apparatus. The critical work had brought out the 
remarkable delicacy of the tests used. 

Mr. Garrett also tried the various methods applied, 
but abandoned that of Nagaoka because the charred 
mass was difficult to analyse, and constructed a 
special mercury-vapour lamp in which he could 
deal with a small quantity of mercury, about 18 
grammes. His quartz tube consisted of two vertical 
branches connected by a horizontal portion; the 
tube was rocked to and fro so that the horizontal 
mercury thread was broken 6 or 8 times per second, 
and the arcs were quickly extinguished and re-estab- 
lished. Using currents of 30 amperes at 100 volts 
or of 18 amperes at 200 volts continuously for 144 
hours, he found, in the completely sealed apparatus, 
no trace of gold ; but when a0 milligramme of 
gold was purposely added to the mercury, that gold 
was re-found. Commenting upon the paper. Lord 
Rayleigh said that he had failed to confirm Ramsay’s 
experiments when working under Ramsay ; Ramsay 
had not been pleased, but had admitted that his own 
experiments had given by no means uniform 
results, a fact which had not then been known. 
Professor F. G. Baily (Edinburgh) remarked that if 
mercury rectifiers were likely to produce gold, the 
fact should be well known by this time. 


QuaNTITATIVE MertTHops IN X-Ray CRYSTAL 
ANALYSIS. 

The early investigations of crystal structure by 
X-rays, Professor W. L. Bragg, of Manchester, 
pointed out in a paper bearing the above title, had 
justified the assumption made that waves in the 
X-ray regions scattered by the atoms in a crystal 
would obey the laws of optical diffraction. The 
relative intensity of the scattering in various 
directions had enabled the positions of the atom 
to be fixed with considerable accuracy. The later, 
more precise, intensity measurements made, had 
been in agreement with the electromagnetic theory. 
It was the electrons which scattered; the part 
played by the nucleus was so far unknown. The 
intensity depended upon the number of electrons 
concerned, but was not simply proportional to that 
number owing to interference. Forward scattering 
showed that the electrons did not always support 
one another, but 60 electrons might scatter nearly 
sixty times as strongly as one did. Two methods 
were applied—the first found by trial and error 
whether the scattering was as strong as it should 
be for, e.g., 15 electrons in a particular direction ; 
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the second, a more elegant method, observed the 
diffraction pattern and worked backwards from it 


by Fourier analysis of the 


orders, as Abbe had done in microscopy. 
fessor Bragg took the case of beryl, among others, | 
Beryl was the silicate of beryllium 


for illustration. 


spectra of different 


and aluminium, and contained the elements of 


these metals and also silicon and oxygen. 


The 


intensity curve of the diffraction of these hexagonal 
crystals (due to Duane and others) showed various 
humps which could be separated into those due to 


Be, Al, Si, and O and the 
ported by work on simpler 


partial curves, sup- 
compounds, gave a 


fair, though not perfect, picture of the electronic 
density distribution in beryl crystals. The classical 
laws used for the interpretation of these phenomena 
were incompatible with the quantum laws for the 
interchange of energy between waves and matter, 
but the fundamental interpretation of these laws 


would have to be modified. 


In the discussion on the paper, Professor C. G. 
Darwin (Edinburgh) referred to one of these 


difficulties, viz., that some of 


the electrons would 


be Comptonised and incapable of interference. 


He asked if their energy were 


wasted. Sir Ernest 


Rutherford asked whether the energy totals of 


the lecturer represented full 


values, or whether 


they allowed for a diminution of about 10 per 


cent. due to the average Compton effect. 


Professor 


Bragg answered that the Compton effect was large 


for large angles of deflection, 
angles. 


but small for small 


It would probably bring down his curves 


generally, but would not vitiate the conclusions. 


FORCES BETWEEN Ions AND A CRYSTAL. 
Dr. J. E. Lennard Jones (Bristol) opened his 
paper, bearing the above title, by remarking that 
theory could not explain the regularity of crystals. 


Ideally, we should be able to 
a crystal from the electronic 


deduce the form of 
theory of matter ; 


but we had to proceed by indirect methods from 


outside inwards. 


As a first step towards the 


correlation between the physical properties of 


crystals, we should attempt 


to determine the 


forces between the constituent atoms and _ ions. 


The forces between certain ions could be correlated | 
with the forces between the inert gas atoms, on the | 


kinetic theory. This could be done on various 
lines, and Dr. Lennard Jones showed that argu- 


ments on the lines of Wasas 


and Landé led to similar results. 


distinguished neon-like ions in 


tjerna and of Born 
Wasastjerna 
gases and crystals, 


and argon-like ions; outside that neon or argon 
shell there would be one electron in sodium, and 


two electrons in calcium. 


Assuming that the 


hypothetical solid neon, argon, &c., would crystallise 
in the cubic system, the force constants of the 


gases, as well as of the crysta 
from the ionic refractivities. 

kinds of forces, repulsive and 
in the atoms; they included 


partly balanced one another. 


had deduced their forces and i 
from crystal compressibilities. 


distance, and for argon as the 
‘gave face-centred cubes, alth 
were body-centred cubes. 
which the elements in the 
of magnesium and calcium. 


Discussing the paper, Dr. 


He had himself taken up 
crystals years ago, because in 


data had not been available. 





Is, could be deduced 
There were several 
attractive, in action 
the Van der Waals 


forces and the polarisation forces of doublets, and 


Born and Landé 
nteratomic distances 
For neon-like ions, 


Dr. Jones, in agreement with Born, found, from 
experiments on the alkali halides, that the repulsive 
forces varied inversely «s the 11th power of the 


9th power ; at large 


distances, however, a 15th power law seemed to 
hold. There was thus some indication why NaCl 


ough CaCl, crystals 


These arguments had 
been extended to compounds like (SnCl,)K,, in 


bracket formed the 


divalent negative ion, and also to the carbonates 


Born said that the 


agreement between calculation and observation 
reached by Dr. Lennard Jones was very satisfactory. 


these researches on 
a gas the atom was 


always disturbed by the neighbouring atoms ; but 
we could not allow for its distortion. 
work on the halides, they had been baffled in the 
study of the oxides, because exact compressibility 


After their 


Professor Lindemann 


remarked that he did not understand how viscosity, 
one of the properties to which Dr. Jones had 


Pro- | 


ticity, could be connected with repulsive forces. 


REcENT CrystTaL MopDELs. 


| 


by their originators, Dr. R. Shearer and Mr. R. 
Gibbs, who had specially investigated these 
problems. The first model was that of a long-chain 
hydrocarbon compound built up of CH, groups 
with terminal CH, radiates, and the point which 
the model illustrated was that the relative intensities 
of the spectra of successive orders changed as the 
position of the oxygen, also attached to the chain, 
altered. A series of cams worked a number of 
long and short vertical rods. The cam was mounted 
on a shaft, and as this shaft was turned and 
advanced, the oxygen atom travelled from one odd 
carbon atom to the next even carbon atom, and 
so on, and the rods, representing the intensities, 
moved up and down. The second model illustrated 
the polymorphism of quartz, which occurs as quartz, 
tridymite and cristobalite, and further the possi- 
bility of the change (about 600 deg. C.) of a-quartz 
into the more symmetrical 8-quartz, which is less 
susceptible to piezo- and pyro-electric excitation.* 
The model of Mr. Gibbs, consisted of ball-atoms 
of oxygen surrounding a ball.of silicon. The latter 
ball was split by a horizontal and an oblique plane 
in which it could be turned; the upper group of 
oxygen atoms could also be turned upside down. 
The a-8 change required only a very slight change 
in the position of the silicon. 


| 
LOvaL VARIATIONS OF THE EaRTH’S GRAVITATIONAL 
FIELD. 


The brief report of this committee, of which the 
Chairman is Sir H. G. Lyons and the secretary 
Captain H. Shaw, mentioned that, in the second 
survey area, the gravity determinations (partly by 
means of the Eétvés balance, illustrated on page 101 
of our issue of July 23) were again in good agree- 
ment with the results of borings, both as to plan 
and depth of the ore. Further borings would not 
be required until the ore was actually worked. 


Acoustic Arr-JET GENERATOR. 


The principle of the air-jet sound generator, the use 
of which Dr. Julius Hartmann, of Copenhagen, demon- 
strated, is the production of sound waves of definite 
pitch, suitable for intensity and efficiency measure- 
ments, by means of an air jet issuing from a nozzle 
at a velocity greater than the velocity of sound. 
The nozzles used in his demonstration were brass 
tubes, the flat end of the tube being perforated by a 
hole less than a millimetre in diameter. Experi- 
ments have, however, also been made with holes 
5 mm. and more in diameter, and the research, 
originally of theoretical interest and presented to 
the mathematico-physical division of the Kgl. 
Danske Videnskabernes Selskab, is being continued 
in the technical interest in connection with 
sirens. The air pressure in the jet, Dr. Hartmann 
explained, should be 0-9 atmosphere, or more, above 
atmospheric pressure. The sound waves, photo- 
graphed by the method of strize then looked like a 
series of double cones, half black and half white, 
under longitudinal illumination, similar to Stodola’s 
water jets. When a Pitot tube was moved towards 
the nozzle along the jet, the pressure curve obtained 
was a damped wave, but observations on the 
ascending branch of a wave were difficult owing to 
pressure fluctuations. In order to study this feature, 
a container or pulsator was brought up to the 
nozzle This pulsator consisted of a narrow tube 
(pointed towards the nozzle) opening out into a 
sphere. Pulsating sounds were then emitted from 
the pulsator, the periods of these secondary waves 
being longer, the larger the sphere and the 
narrower the inlet. By varying these dimensions, 
the length of the period could be raised from 0-001 
second and less to seconds and even minutes. 

When the pulsator, or oscillator, was given the 
shape of a short cylinder, conical at the end turned 
towards the nozzle and drilled with a hole in this 
conical portion, the vibration frequency of the pul- 
sator became nearly the same as that of the jet 











* See ENGINEERING, March 13, 1925, page 322. 


referred, in addition to compressibility and elas- from the nozzle. 
waves reflected by the pulsator as might be sup- 
posed. Dr. Hartmann had studied the secondary 
acoustic oscillations with the pulsator and outside it, 
__ The recent crystal models which Sir William hy Kundt tubes (charged with lycopodium powder), 
Bragg described, had been constructed at the by photography and finally by a spectrometer using 
Davy-Faraday Laboratory and were demonstrated 4 grating made up of fine wires. The sound waves and 
E. | the spectrum were complex ; there was, for example, 
an abrupt change of pressure just in front of the 
oscillator. 
various gases, hydrogen included. In the apparatus 
exhibited, the oscillator was mounted to slide on a 
shaft parallel to the nozzle axis and the distance 
between the nozzle and oscillator was measured by a 
screw micrometer. 
upon determinations of the wave amplitudes and 
other data, and efficiencies of 15 per cent. had been 
calculated, which was a very high value for acoustic 


the jet pressure, the oscillations in the wave, as 
determined by the Pitot tube, were rapidly damped 
out ; at a pressure of eight atmospheres the pressure 
rapidly dropped down to about 2 atmospheres with- 
out any oscillations. 


HyaGroscopic PROPERTIES OF COLLOIDAL FIBRES. 


King, of the British Research Association for 
the 
presented their paper in three parts. 
paper was by Dr. Barker, the other authors 
giving further information by curves and tables. 
Wool, it was stated, shared the characteristics of 
colloids and was closely allied to gelatin. The 
wool fibre consisted of an elastic framework filled 
with a viscous medium. 
capacity for absorbing moisture of all textile 
fibres and could, in a saturated atmosphere, absorb 
one-third of its weight of moisture. In an atmo- 
sphere with a 95 per cent. humidity wool would hold 
25 per cent. of its weight of moisture, silk 21-5 per 
cent., cotton 15 per cent. 
why wool felt drier to the skin than other materials. 
Wool could be stretched to over 70 per cent. of 
its length ; 
length, but it returned to the original length and 
form on subsequent wetting. Strains imposed in 
manufacture and in the laundry were thus released 
on damping when shrinking took place. The high 
elasticity was, however, a source of trouble in 
manufacturing processes, unless the correct humidity 
was provided for ; uneven strains would show after 
the first washing. The low thermal conductivity 
and heat-retaining property of wool were largely 
due to the looseness of the texture and to the 
air spaces ; 
The electric conductivity of wool was likewise very 
low and not sufficiently utilised yet ; it also increased 
with moisture. 
was wetted, and perfectly dry wool would evolve 
50 per cent. more heat in this way than silk or 
cotton—enough heat, in fact, to raise the tempera- 
ture of its weight of water by 43 deg. F. When 
wool was swelling in water, the actual volume 
increase of the fibre was less than that of the water 
absorbed ; that accounted for the resilience of wool. 
It did not swell in benzene. 
alcohol, and, like other colloids, was dehydrated 
by alcohol because the alcohol replaced the water. 
The fading of dyestuffs was much more severe in 
humid atmospheres than in dry heat, a fact which 
was supported by laboratory tests. Sir William 
Bragg welcomed this contribution to industrial 
physics, and remarked that X-ray examination 
seemed to agree with the views expressed as to the 
constitution of wool. 


Turner, after re‘erring to the financial position, 
said the matter would have to be discussed at the 
meeting of the Geophysical Union in Prague next 
year. A Milne-Shaw seismograph, which the solar 
eclipse expedition of 1922 had taken over to 
Christmas Island (south of Java), had unfortunately 
arrived damaged, and after repair had recently been 
returned without doing any work. The two similar 
instruments sent to Entebbe, in Uganda, a frequently 
disturbed district, had now been installed. The 


These secondary waves were not 


These experiments were made with 


Intensity estimates were based 


generators. We should mention that, by raising 


Dr. S. G. Barker, Mr. H. R. Hirst and Mr. A. T. 


Woollen and Worsted Industries, Leeds, 
The main 


It had the greatest 


That was the reason 


dried in that state it retained its 


moisture increased the conductivity. 


Heat was evolved when dry wool 


Wool also absorbed 


SEISMOLOGICAL INVESTIGATIONS. 
The Chairman of this Committee, Prof. H. H. 
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village of Comrie, in Perthshire, had this year, after 
a long interval since 1920, again felt earthquake 
shocks, much to the satisfaction of its inhabitants, 
who rather enjoyed the gratuitous advertisement 
from the harmless shocks. The former observations 
taken there in “‘ earthquake house ” had been made 
by means of small ninepins of various sections set on 
the floor ; records had not been kept. New stations 
had been set up at Sucre in Bolivia, not far from 
the older station at La Paz; at Chacarita, near 
La Plata; and elsewhere. There were altogether 
218 observatories now sending readings to the 
International Seismological Summary, and pairs of 
stations, not too far apart, were valuable. 

The paper on “The Earth’s Central Core,” 
which Dr. Harold Jeffreys had added to the report, 
was based upon suggestions made by B. Gutenberg 
since 1914. Professor Turner pointed out that an 
earthquake wave might reach a point O on the 
surface from an epicentre E, either by a direct wave, 
or by waves which had travelled first to intermediate 
points and had then been reflected to O. The 
beginning of the long S waves on records was hence 
often less distinct than the setting in of the pre- 
liminary P wave; from the time interval between 
the P and S points on the curve the distance 
of E was estimated. When a wave travelled 
through the earth it would, for certain angular 
disturbances, have to pass through the core of the 
earth and might be deflected in the core. The 
core had been regarded as metallic, 7.e., consisting 
probably of iron; Wiechert had assumed a core 
of density 8-2 and of a radius of 0-78 of the 
earth radius a. R. D. Oldham, observing that the 
compressional waves seemed to be delayed when 
observed at epicentral distances greater than 
103 deg., thought that the core waves were slower 
than the others. Gutenberg, working with Wiechert, 
later extended Oldham’s conclusions ; his core, of 
radius 0-552, would transmit P waves with two- 
thirds the velocity they had outside the core, and 
would not transmit the S waves at all. Thus, a 
distortional wave arriving at the surface of the 
core, would give rise to reflected compressional and 
distortional waves, and to a transmitted compres- 
sional wave, which, on emergence from the core, 
would again break up into a compressional and a 
distortional wave, the two waves arriving at the 
distant point O at different moments. Near an 
earth surface of density 3-4, the P wave velocity was 
about 7-8 km. per second. At 1,500 km. depth, 
the average density would be 4-4, and in the core 
greater still; but the core would have to be liquid 
(not solid), to account for the peculiar refraction 
and transmission of the waves. Gutenberg’s paper, 
previously overlooked, had recently been taken up 
by Dr. Jeffreys, who found these views in accord 
beth with observations on the earth’s tides and on 
earthquakes, and with his own (Jeffrey’s) new 
experiments on light refraction in liquid spheroids. 


Soiar EctipsEs. 


With the aid of some very beautiful slides, Dr. 
F. J. M. Stratton, of Cambridge, gave a brief account 
of the work of the expedition sent by the Royal 
Astronomical Society and the Royal Society to 
Benkoelen, Sumatra, to observe the solar eclipse of 
January 14, 1926. Thanks to the excellent prepara- 
tions made and to the favourable weather, which 
was exceptionally kind to Mr. C. R. Davidson (of 
Greenwich) and Colonel Stratton at the proper 
moments of the 175 seconds of totality, though rain 
clouds spoilt the efforts of the German expedition 
working near by, splendid photographs were 
obtained, especially of the corona, and of the 
coronal lines, as Professor Fowler, who occupied the 
chair, pointed out. ‘The Balmer series of hydrogen 
lines was extended to 36 lines, and other important 
additions to our knowledge were obtained. 

A second paper, by Professor H. H. Turner, 
on Our Coming Eclipse, was intended to draw 
attention to the unique opportunity which the total 
eclipse of June 29, 1927, will give the people of 
this country to watch a phenomenon, which has 
not been visible in England since 1715 and 1724, 
and which will not be visible subsequently here 
forJanother 200 years. Next year, Professor Turner 
said, the track of the shadow cast by the moon 
would cross England from Southport to West 





| Hartlepool, early in the morning soon after sunrise ; 


totality would only last 20 to 25 seconds. People 
generally could assist the observing astronomers 
by looking out for stars and planets, and that 
might be done in two ways, either by ascertaining 
beforehand what they were likely to see, or by 
allowing objects to force themselves upon their 
attention. The latter way was perhaps preferable, 
because it would approach the conditions of old 
eclipse records which astronomers desired to 
interpret in the light of modern knowledge. 
Everybody who possibly could, should see the 
wonderful phenomena and special facilities should 
be provided to enable that to be done. 


ETHER Drirt EXPERIMENTS. 


Professor Dayton C. Miller was hardly able to do 
himself justice in the time at his disposal for giving 
an account of his experiments, continued for many 
years, at Cleveland and on Mount Wilson. We 
described these experiments, in our issue of July 16, 
on page 67, and will only mention that Professor 
Miller expressly stated at Oxford that if there 
were any altitude effect, it was certainly small. 
Professor A. §. Eddington, commenting upon the 
communication, remarked that both relativists 
and anti-relativists would thank Dr. Miller for his 
account, the former because the new observations 
confirmed the old conclusions, the latter because the 
difficulty was now acknowledged to be not in 
relativity, but in some other cause. In the early 
statements which had appeared emphasis had been 
laid on the difference caused by altitude and on 
the refutation of relativity. He asked Professor 
Miller whether he was going to resume his experi- 
ments in the laboratory, and whether there ought 
not to be a twelve-hours term in the drift. Pro- 
fessor Miller replied that the apparatus was now 
back in his laboratory again and added that his 
curves were projections on a sphere, and they 
should only show one maximum and one minimum 
in 24 hours. 


SECTION B.—CHEMISTRY. 


The Chemical Section met in the Playhouse, and 
of the two discussions which were the chief 
features of the programme, the first, a discussion on 
chemical reactions, was held in conjunction with 
Section A. Apart from these discussions, to 
which two mornings were given, the programme 
was short, there being altogether only nine papers 
on the agenda. Only one of these papers had 
any direct technical bearing, but the presidential 
address, the delivery of which opened the pro- 
ceedings, touched on practical matters as well as 
points of theoretical interest. Dr. J. F. Thorpe, 
F.R.S.. Professor of Organic Chemistry at the 
Imperial College of Science and Technology, South 
Kensington, was President of the Section; Dr. 
H. McCombie, of Cambridge, Recorder; and Dr. 
A. C. C. Egerton, Local Secretary. 


Tue Scope oF ORGANIC CHEMISTRY. 


Without dwelling upon the history of the division 
of organic and inorganic chemistry, Dr. Thorpe 
stated in the introduction to his presidential 
address on the ‘Scope of Organic Chemistry,” 
that the chemistry of compounds of carbon covered 
a broader field than that of any other element, 
and that its scope embraced all living matter, 
as well as the vast number of non-living substances 
produced through the agency of life. It further 
included a very large number of substances unrelated 
to life which had been built up in the laboratory 
by methods devised by the chemist. Some 
200,000 definite organic compounds had already 
been tabulated, several thousands more being 
added every year, and one might ask what was 
the good of increasing this number. The answer 
was that we must acquire a knowledge of the 
simple before we could attack the complex. The 
element carbon had been used by Nature as the 
basis of organised life, because the capacity of 
carbon to combine with itself, in the chain and 
cyclic compounds, was shared by no other element. 
Nature had therefore relied upon this capacity to 
build up the tissues and reserve materials of the living 
world. Since the compounds of carbon containing 
a moderate number of atoms of the element were 





usually crystalline, and since there were obvious dis- 
advantages attaching to the use of potentially 
crystalline substances as the basis of living matter, 
it had been found necessary to employ the more 
complex carbon derivatives containing hundreds 
of atoms, which, by reason of their high molecular 
complexities, seemed no longer capable of acquiring 
a crystalline structure, but belonged to the colloidal 
substances. Until we could determine how a 
small number of carbon atoms combined with 
one another, we could not hope to obtain any 
insight into the manner in which the more complex 
natural substances were built up or to acquire any 
information regarding the way in which they were 
utilised to bring about the changes occurring in 
living animal and vegetable metabolism. 

Dr. Thorpe’s address was divided under a number 
of separate headings, and, passing to the section on 
structure, he remarked that the science of structural 
chemistry had only been born fifty years ago when 
Van’t Hoff gave the clue on which the three-dimen- 
sional formula, we now used, was based. Many of 
the alkaloids, not including strychnine, colouring 
matters like indigo and alizarine, camphor and a 
large number of natural products, had since yielded 
the secrets of their structure and had been prepared 
by laboratory methods and also on a factory scale. 
The synthesis of such compounds, however, had not 
provided much insight into the mechanism leading to 
their production in nature, and, indeed, the reason 
for their occurrence in plants was not understood. 
Theory was still unable to explain or predict whether 
one particular type of reaction would be more facile 
than another. The chief trouble of the electronic 
theories, satisfactory in themselves, was that they 
could not yet include any quantitative statement 
regarding the free energy of systems. The principle 
of shared electrons explained the linkage of atoms, 
t.e., valency and co-ordination, and the subsidiary 
hypothesis of electron displacement helped to account 
for the reactions of conjugated'systems. Italsoplaced 
Thiele’s hypothesis on a sounder theoretical basis, as 
Professor Thorpe exemplified, without, however, out- 
lining the general assumptions. The ductility of the 
carbon to carbon bond enabled us to impart strains 
to certain parts of the molecule at will, which strains, 
once set up, would be shared by all the molecules 
involved. That distribution might be effected by 
a restricted flow of electrons fromone atom to another. 
This was postulated by R. Robinson, who suggested 
that an electron might leave its moorings on one of 
the atoms which held it, but never on both, and 
that the distribution might ultimately lead to the 
establishment of polar characteristics at different 
parts of the molecule, determining their reactivity. 
There was, undoubtedly, a tendency to produce the 
most stable systems involving the greatest loss of 
free energy ; thus, for instance, sodium and bromine 
generally combined when two compounds containing 
them were brought into reaction, leaving the organic 
residues to make the best of the situation. 

Proceeding to bio-chemistry, Professor Thorpe 
expressed regret that the chemist and the physio- 
logist had each to specialise too much to be able 
fully to understand their borderland problems. The 
methods of organic analysis had not changed much 
since Liebig’s days, although notable modifications 
had recently been introduced by Dennstedt, by Pregl’s 
use of the micro-balance, which did not require more 
than 0-1 gramme of substance but demanded great 
skill, and by the hydrogenation method of H. ter 
Meulen, subsequently explained by its originator. 

From these notes, Professor Thorpe passed to a 
section on the utilisation of forest products, which, 
however, dealt with vegetable materials generally, 
and merely drew attention to the work of the 
Forest Products Research Board, with which we 
shall deal later under Section K*, and to petroleum. 
He was a little hard on the petroleum industries 
when he stated that, though millions had been made 
by the production and sale of petroleum, the per- 
centage of the profits devoted to research in oil 
products had been infinitesimal. His general 
remarks on cracking and on detonation do not call 
for comment, but he mentioned that when visiting 
Wilmington, where 500 gallons of lead tetraethyl 
were being made daily, although a strong smell had 
been noticed, none of his party had suffered any ill 
effects from a visit of several hours duration. 
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PIT-HEAD FRAME AT THE MAURITS COLLIERY, LIMBURG, HOLLAND. 


CONSTRUCTED BY THE N. V. ALGEMEENE BETON COMPAGNIE, ENGINEERS, 


’s-GRAVENHAGE, HOLLAND. 











Fie. 1. 





View or Tower AND AvuxILIARY StructuRES AFTER COMPLETION. 








Fia. 2. 


The production of a motor-car engine of the Diesel | United States Tariff Commission, to the effect that 
type, or of a carburettor capable of effectively | the United States, Great Britain, France and Italy, 


vaporising the higher petroleum fractions might 
lead to the opposite of what cracking aimed at, 
viz., to, the synthesis of higher hydrocarbons from 
lower, and to great changes in the industry. Already 
isoamylene could be converted into diamylene by 
interaction with stannic or aluminium chloride, 
and lubricating oils could thus be built up by poly- 
merisation. Polymerisation and depolymerisation 
were the two chief operations which the petroleum 
industry had to investigate, the particular problems 
being the conditions of the formation of ‘aromatic 
and naphthenic hydrocarbons. The Bergius process 
deserved attention, but the plant was exceedingly 
costly, and the control difficult. That the hydrogen 
could be replaced by nitrogen in the cracking of 
kerosene had actually been ascertained, but we 
knew nothing about the structure of the hydro- 
carbons in lubricating oils. They might, indeed, 
not be long-chain hydrocarbons at all, but rather 
polymerised products formed from unsaturated 
components liable to be formed or destroyed under 
comparatively mild conditions. It was gratifying 
to knew that the Anglo-Persian Oil Company had 
now established a research laboratory at Sunbury-on- 
Thames. 

As regards dye stuffs and the fine chemicals 
industries of perfumery and explosive, allied with 
them through their common intermediates, Dr. 
Thorpe remarked that the higi: costs which ruled 
out many of the suiphonic acids, &c., were nearly 
always caused by the poverty of the yield, which 
might at any time be improved by a new process ; 
that applied to the dyestuffs as well as to the inter- 
mediates. There was, at present, no organisation 
which brought the manufacturers of both these 
products into touch with the University laboratories. 
Organic chemistry was entering upon a new phase 
which would revolutionise many existing processes 
of manufacture by the use of catalysts. With regard 
to the international aspect of the dye industry, 
Dr. Thorpe quoted from Report No, 32 of the 





were each capable of supplying 80 to 90 per cent. 
of their dye requirements. The world’s capacity 
for dye production had been doubled, and com- 
petition might eliminate many plants now in 
operation. Reduced production costs and con- 
structive research would therefore be vital factors 
in the competition for the world’s trade. 


(To be continued.) 





REINFORCED CONCRETE PIT-HEAD 
FRAME AT THE NATIONAL 
MAURITS COLLIERY, HOLLAND. 


Most of the mines in the Limburg colliery district 
(Holland) are State property, and in this region, 
three collieries, known respectively as the Wilhel- 
mina, the Emma, and the Hendrik en Maurits pits, 
are worked directly by the Government, who started 
operations here some 25 years ago. At the outset, 
the pit headgear and other surface buildings, were 
constructed of steel, but reinforced concrete was sub- 
sequently adopted for office buildings, and for 
housing the coal-screening and  coal-washing 
machinery. The same material has now been em- 
ployed for the remarkable pithead frame which 
we illustrate in Figs. 1 and 2, above, and also 
on Plate XVI, whilst, on pages 259 and 260, we give 
drawings showing other structural details. A 
number of views reproduced from photographs 
taken at various stages during the process of erec- 
tion will be found also on page 266. The decision 
to adopt reinforced concrete for this new frame 
was, in part, due to the consideration that the 
greater rigidity thus secured would be of advant- 
age, whilst the cost would be no greater than that 
of an equivalent steel structure. 

As shown by the drawings, and, in particular, by 
Figs. 3 and 4, Plate XVI, the structure is almost 
monumental in its proportions. The total height 
above ground level is 179-3 ft., and from foundation 











View oF TowER BEFORE ERECTION OF COAL 
SCREENING AND WaAsHING HovszEs, 


level, nearly 13 ft. more. Its maximum cross- 
section is at the top, where it measures in plan 
98 ft. by 44 ft. Some 2,100 cubic metres of concrete 
were employed in its construction, and about 160 
tons of round steel bars were required for the re- 
inforcement. A further 180 tons of steel were 
needed for the chequer-plate floors and platforms, 
and for the stairways, doors, windows and sundries 
generally. 

The massive character of the work was, in part, 
due to the decision to carry on the frame not merely 
the head pulleys, but the whole of the winding 
machinery, instead of locating this, as usual, in a 
separate structure at ground level. As the winding 
engines are electrical, this novel plan presented no 
particular difficulties, and has the advantage that 
the number of guide pulleys required is reduced, and 
that the whole of the gear is completely sheltered 
from the weather. The Koepe system of driving the 
ropes has been adopted. With this arrangement, 
both cages are hung from a single rope, which 
passes round a grooved driving pulley, and is driven 
entirely by friction. A tail rope passes round a 
guide pulley at the bottom of the shaft, and is 
attached to each cage. Hence the weight of the 
winding-rope is perfectly balanced at all points of 
the lift. In this case, there are two winding pulleys 
and two engines. The pulleys are driven by con- 
tinuous current motors, which obtain their supply 
of current from a motor generator of the Ilgner 
type, in which the rotor has a very heavy flywheel, 
and runs at a very high speed. The kinetic energy 
stored in this wheel provides the excess current 
required for accelerating the cages. With the 
arrangement adopted in the installation under dis- 
cussion, the rope has a long lap on the driving 
pulley, with the result that there is found to be 
practically no slip, and very little wear. An inci- 
dental advantage of this general arrangement is 
that the ground area occupied is reduced. 

As shown in Fig. 4, the lowest floor of the structure 
is at level 95-06 metres, the datum being mean 
tide level at Amsterdam. There is thus a clear 
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headway of 68-9 ft. between the legs of the tower. 
Owing to this liberal provision of head room, it has 
been possible to carry the buildings, which house 
the opal-washing and coal-screening machinery, 
through the base of the tower, as is perhaps best 
shown in Fig. 1, page 258. 

The ground being liable to subsidence, it was de- 
cided to give the tower a three-point support. Two 
of the four legs, therefore, have been united in a 
single foot as clearly shown in Fig. 5. It was not 
considered desirable to load the foundation with 
more than 4-9 tons per square foot, and to secure 
this, it was necessary to give the base of the foot 
of the “‘ V” leg an area of 934 sq. ft., the section at 
foundation level measuring 40-7 ft. by 23 ft. 





To| 


ensure a fair distribution of the load, the foot has | 


been given a depth of 12-8 ft. Each of the feet for | 
the other legs measures 23-6 ft. by 23-6 ft., so that | 


the total area of support provided by the three feet 
is 1,492 sq. ft. 
spreading of the legs, the three points of support 


are tied together below ground level, as indicated | 


in Fig. 6, Plate XVI. 


The construction of the “V” leg, and the | 
arrangement of its reinforcement, is clearly shown | 
in Figs. 9 to 12, Plate XVI, whilst Figs. 13 to 15) 


give similar particulars for the other legs. 


As a precaution against possible | 


As already mentioned, the engine room has been | 


arranged at the top of the tower, its floor level 
being 111-96 m. above datum, or 135 ft. above 
the ground. A plan of the room is reproduced 
in Fig. 8. As there shown, it is divided by a 
central partition into two compartments, each of 
which accommodates one winding engine. This 
partition ties together the long walls, and adds to 
the rigidity of the structure. Details showing 
the construction of this partition are given in Figs. 
16 and 17, page 259, where also is shown the method 


| 


| 


| 


of supporting the runway for the 35-ton travelling | 
crane, provided for lifting the heavier parts of the | 


winding gear when necessary. 
ft. high. 
is designed to act as an heat insulator, thus securing 
comfortable conditions of work for the engine 
men. 

The weights to be carried are considerable. The 
driving motors weigh 64 tons, and the two winding 
pulleys are each 68 tons in weight. In addition to 
this, provision has to be made for the pull on the 
rope which in normal working reaches 45 tons. 
Should, however, the rope break it is estimated 
that a sudden load of 310 tons might have to be 
taken. Moreover side strains are introduced by 
the brake gear, the force exerted by which has 
a horizontal component estimated at 143 tons and 
a vertical component equal to 26 tons. 

These loads are transferred to the walls and 
columns of the tower by heavily reinforced girders 
14-9 ft. deep and 2-95 ft. wide (see Figs. 18 and 
19, page 000). These beams are solidly connected 
with their supporting columns, and are heavily 
reinforced at the junction, so as to secure the 
maximum of rigidity. 

The guide pulleys are accommodated in a lofty 
chamber below the engine room, and here also js 
located the Ilgner transformer. 
this chamber at level, 97-16 m., is represented in 
Fig. 7, Plate XVI. The ample height provided 
secures an easy lead for the ropes over the guide 
pulleys, which weigh 14} tons each. This chamber 
has chequer-plate floors at different levels, and in its 
upper portion is also divided vertically by a con- 
tinuation downwards of the partition in the room 
above. A 25-ton crane is provided for handling 
the transformer components, the pulleys, and the 
cables as occasion requires. 

The walls of the tower are in part solid and in 
part framed up. The methed of transferring to 
them the weight of the guide pulleys is illustrated 
in Figs. 20 to 24, annexed. The same drawing 
shows how the top of each pulley girder has been 
flanged out to form a footway round the pulleys. 
This is, perhaps, still better seen in Fig. 5, 
Plate XVI. 

Heavily reinforced girders are provided below 
the level of this chamber to support the spring 
buffer beams which have been fitted to take up the 
momentum of the cage in the case of an over- 
wind. The cage guides are prolonged up to this 


It has a double roof, the air space in which | 


A section through | 


The room is 39-4} 
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Fig. 20. 









level, but in normal working the cage is stopped 
at level 81-91 m. A free run beyond this provides 
a margin of safety for the action of the brakes. 
Each cage weighs 26 tons empty and 38 tons fully 
laden. A lift shown to the right in Fig. 4, Plate 
XVI, gives access to the engine room, the floor 
of which, as already mentioned, is 135 ft. above 
ground level; and in addition to this, there are 
stee stairways. A very large amount of timber 
was needed for the scaffolding and shuttering, 
the total used being over 30,000 cub. ft. Different 


|stages in the work are illustrated on page 266, 


Figs. 25 to 28. The structure is the largest of 
its type yet erected on the Continent, and was 
designed and built by the N.V. Algemeene Beton 
Compagnie, of ’s-Gravenhage, Holland. It has 
now been in use for many months, and has 
proved extremely satisfactory. The tower is so 
rigid and so massive that there is an almost 
complete absence of vibration in the engine 
room even when the cages are started and stopped. 














NOTES ON NEW BOOKS. 


Tue author of ‘Notes on the Induction Motor,” Mr. 
H. E. Dance, states in his preface that these notes 
are intended “‘ to provide in a compact form a complete 
approximate theory of the induction motor, together 
with introductory notes on starting, speed control, 
and power factor.” The book is meant especially 
for readers who do not wish to study the machine from 
the designer’s point of view. Particulars of design 
and construction are omitted, and the book gains con- 
siderably in value by this restriction, as it is not 
burdened with details which are, after all, oniy of 
interest to a very limited number of engineers. We 
consider that, for similar reasons, the section of the 
book dealing with rotating fields, could with advantage 
be curtailed, and more space be allotted to questions 
which may arise when installing and working these 
motors in actual practice. A chapter on testing and 
explanations of the various faults which can develop 
on the motor would certainly be of interest. 
Squirrel-cage motors with double windings on the 
rotor, as first proposed by Boucherot, giving high 
starting torque with comparatively low starting 
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currents, deserve a fuller explanation and a more 
detailed description of their starting characteristics 
than is given, as such motors are now being increasingly 
used in liew of slip-ring motors. On the other hand, 
the paragraph on Boucherot’s other solution of the 
starting torque problem, employing two stators side 
by side, could be dispensed with in such a treatise, 
as this is hardly ever used in practice. The effect of 
higher harmonics in the flux distribution curve, which 
sometimes prevents squirrel cage motors from accelerat- 
ing, the so-called “ crawling effect,” is clearly explained, 
and the starting torque curve is developed in a very 
neat way. Considerable space is also devoted to the 
Hunt cascade motor. Compared with this, the subject 
of power factor improvement hardly receives the atten- 
tion due to it, and no particulars of the compensated 
induction motors fitted with commutators to obtain 
unity power factor, are given. The single-phase induc- 
tion motor is also only dealt with on six pages at the 
end of the book, which is hardly in keeping with the 
importance of this class of machine. The author has, 
in spite of such minor shortcomings, certainly succeeded 
in giving a concise but still quite comprehensive 
explanation of the general working of the induction 
motor, and the book can be recommended to every 
student and engineer who wishes to understand the 
principles of this machine and the various factors 
which determine its starting and running conditions. 
The book is published by the Oxford University 
Press, London, at the price of 6s. net. 





The only grinding equipment which thirty or 
forty years ago was to be met with in engineering 
works consisted of a series of large diameter grind- 
stones in a separate shop, for the wet-grinding of 
pieces of simple shape, straight shafts and axles 
generally. A few grindstones of much smaller 
size were also located in fitting and _ erecting 
shops, and on these each workman in turn sharpened 
his chisels or other cutting tools. The advent 
of mass production, and in a special degree the very 
great development in the manufacture of steel 
alloys, manganese steel among others, has led 
of a necessity to improvements in machining 
apparatus, and the grinding equipment of all modern 
works has become, at least, as extensive as every 
other machining department. The old grindstones 
have been out-rivalled by emery, carborundum 
wheels, and wheels made of other abrasives, the trade 
names of which have multiplied considerably of late 
years. Very full information on the subject, intended 
mainly for Italian readers, is contained in “ Abrasivi, 
Affilatrici, Rettificatrici,’ a book by A. Giordano, 
which describes abrasives, grinding and polishing 
machines, and contains advice concerning their selec- 
tion and their use. It deals not only with the 
grinding of steel and other metals, but also with the 
cutting of marble, granite and other substances, 
and with the shaping of wood, &c. The book is very 
instructive on grinding, shaping and polishing in all 
their manifold branches. It is issued at the price of 
18-50 lire, by Ulrico Hoepli, Milan. 


The literature of the Diesel engine keeps fair pace 
with the increased use and variety of types of engines 
which operate on this system. This fact is borne 
witness to, amongst other evidence, by the publication 
of a second and revised edition of J. W. M. Sothern’s 
large volume, ‘‘ Verbal Notes and Sketches on Marine 
Diesel Oil Engines,” published at 42s. net, by Crosby 
Lockwood & Son, London. This has been found 
useful as a test book by students in quest of the Board 
of Trade’s certificates for oil engine examinations, 
for whom it has been largely prepared. Ths author 
has acquired the position of a specialist writer on 
marine engineering. A comprehensive and, on the 
whole, a satisfactory descriptive survey of a variety of 
Diesel and semi-Diesel types, as well as of the composite 
type, like the Scott-Still, and moderate compression 
engines in the petrol and paraffin group, occupies the 
larger part of the work, which is well furnished with 
half-tone plates, diagrams and drawings, including 
many folders. The sections dealing with the practical 
operation of Diesel installations with data from every- 
day practice and indicator diagrams are a useful prelude 
to a section with some 500 questions and answers on 
marine oil-engine practice. A well-arranged catechism 
of knowledge indispensable to working engineers at 
large occupies a section of 162 pages, and, with query 
and answer in parallel columns, commendable brevity 
is attained. Though many types are mentioned, we 
have not found a reference to the Tartrais engine, though 
the omission of this may be intentional as not coming 
within the intended scope of the book, present prospects 
pointing to the possible development of this type mainly 
for road vehicles. Mention might perhaps also be made 
of the Hvid engine with direct fuel injection, as repre- 
senting a type which combines cold starting and direct 
governing on the fuel supply. Engines of the Tartrais 











and Hvid types would seem to have, even now, @ 
promising scope as marine auxiliaries. 


“The Water Supply of Wiltshire from Underground 
Sources,” by W. Whitaker, B.A., F.R.S., and F. H. 
Edmunds, M.A., is the title of a memoir recently 
published in the Geological Survey Series of Memoirs, 
by H.M. Stationery Office, London; 4s. 6d. net. 
The natural supply of water in the County of Wiltshire 
is abundant, and in many districts of ready access, 
being found within a few feet of the surface. It is only 
natural that there should be a large number of wells, 
but often there are no proper precautions against 
contamination by surface drainage. Thus, the water 
supply from a sanitary point of view, especially about 
the middle of last century, left much to be desired. 
During recent years, however, the matter has received 
greater attention, and organised piped supplies from pure 
springs or wells replace the former somewhat hap- 
hazard arrangements. The geological formation com- 
prises the Jurassic and Cretaceous series, both of which 
are almost completely represented. Topographically, 
the most striking feature is the wide chalk tract 
constituting Salisbury Plain and the Marlborough 
Downs. Evidence goes to show that in the days of 
Roman occupation the water level must have been 
much higher than it is now, a Roman handle and bands 
of a wooden bucket having been found at the bottom 
of a large Roman well which is now quite dry. After 
describing the geological structure and local conditions, 
the memoir gives a list of the more important springs, 
including those with saline or medicinal characters, 
followed by a detailed account of the wells and borings 
for water, strata penetrated, quantity of water delivered, 
&c. Further, a number of analyses of spring and well 
water are recorded. The work is illustrated with several 
maps and sections. 








A treatise compressing intu one volume results 
established by papers scattered throughout the world’s 
scientific Press ought to be of very great value, and we 
do not doubt that ‘ The Quantum Theory of the Atom,” 
recently published at 15s. net, by the Cambridge 
University Press, Cambridge, will meet a very distinct 
need. Itsauthoris Mr. G. Birtwistle, Fellow of Pembroke 
College, who gives a very complete account of the mathe- 
matics of the quantum theory. His discussion covers the 
correspondence principle of Bohr, the general dynamic 
theory, the fine structure of the hydrogen lines, the 
Stark effect, and the series spectra of the elements. 
As a work of reference the book will prove exceedingly 
valuable. For the student quite unacquainted with 
the theory it seems less well adapted, and on page 139 
there seems to be a serious mistatement of fact. Here it 
is asserted that “ incident radiation can only part with 
energy to an atom in its own quanta determined by its 
own frequence v.” If this were true it would be 
impossible to reflect light from a moving mirror since 
such a reflection is always accompanied by an alteration 
in the frequency. Again, the scattering of light neces- 
sarily involves a partition of momentum, and therefore 
of energy, between the atom and the quantum. Possibly 
the author does not mean what he says, but a statement 
of the kind quoted is apt to prove seriously misleading 
tothe tyro. In his introductory chapter, Mr. Birtwistle 
gives a brief history of how the quantum theory came to 
be formulated. That a relationship, introduced origin- 
ally as a mere formula of interpretation, should be 
developed into a natural and fruitful physical theory, 
must be almost a unique incident in the history of 
science, which is the more striking in that this theory, 
originating in so dubious a fashion, has proved of 
absolutely fundamental importance. 





Though there is a more active interest in large Diesel 
plant in Europe, there is at least a live, if a secondary 
interest in the type, among American engineers. The 
fact is illustrated by a recent work, “ Practical 
Marine Diesel Engineering,” by Mr. L. R. Ford, 
which is published at 3ls. 6d. net, by the Simmons- 
Boardman Publishing Company, London. In some 
500 pages, including an index, Mr. Ford covers 
the marine engineer’s field very fully, adequately 
describing normal types of Diesel engines and 
such complementary operating essentials as air 
compressors, charging and starting plant, and lubrica- 
tion and ignition apparatus. Almost half this volume 
is occupied with descriptions of types and makes of 
Diesel engines, including a fair contingent of American 
manufacture, but for the most part of limited capacity. 
This is not inappropriate for just now particular interest 
is being taken in these engines of 30 h.p. to 500 h.p., 
for motor yachts and for auxiliary sailing boats and 
barges, the congestion of road motor traffic having, 
it is stated, given a fillip to motor boating, which is 
proving a counter-attraction to the more wealthy type 
of American motorist. It is noteworthy that few of 
these American engines described have cylinder liners, 
and from other indications it may be inferred that the 





policy is to produce on a price basis, so as to promote a 
demand with some prospects of justifying a quantity 
programme of output. The general descriptive 
portion of the book, dealing with the style and function 
of, and operating experience with, the various com- 
ponents of Diesel engines and the notes on derange- 
ments covering the fuel and ignition systems, give a 
good idea of the requirements and limits of the Diesel 
system. Referring to the official (American) require- 
ments from candidates for an engineer’s qualifications 
for motor ship service, the author points out that it 
would be possible, under the rules, for the largest 
motor-ship under the American flag to put to sea with 
@ compelte staff of licensed motor-ship engineers, of 
whom only the chief had ever been to sea in a motor- 
ship, and that even the chief’s total motor-ship 
expevience need not have been more than thirty days 
as a first assistant. However, it is indicated that 
an amendment of these conditions is likely soon to be 
made. 





In these days of early specialisation and of insistence 
on prolonged drill in elementary quantitative work 
in the laboratory, the science training of the average 
schoolboy is apt to be somewhat lopsided. Moreover, 
there are many of his elders who like to acquire some 
knowledge of general physics, and the Royal Institution 
lectures are accessible to but few of these. A little 
treatise on the “ Marvels of Sound, Light and Electricity,” 
published by Messrs. G. Routledge and Sons, Limited, 
London, at 6s. net, is intended to meet the requirements 
of both these classes. The author is Mr. P. G. Bull, 
M.A. (Oxon), who describes a large variety of simple 
but illuminative experiments, a considerable proportion 
of which require no special or expensive apparatus. 
The author cannot, however, be credited with the 
gift of lucidity, and the text is at times a little mis- 
leading, and in one case at any rate is seriously in 
error. Describing the familiar phenomenon of the 
change of pitch of a locomotive whistle as the engine 
passes the observer the author observes: ‘“ On 
listening carefully we shall find that the pitch of 
the note drops lower and lower as the train disappears 
in the distance. Conversely, the pitch rises higher 
and higher as it gradually approaches us.” Even 
as regards the secondary effects which might con- 
ceivably be observed by an auditor standing some 
distance away from the track, the statement made 





is incorrect, whilst no mention whatever is made of 
the striking and almost instantaneous change in the 
pitch of the note as the train passes the observation 


point. 





The Latin races are credited with a greater appre- 
ciation of mathematical methods than the Anglo-Saxon, 
which, like Maxwell, is seldom satisfied with mere 
deductions from certain equations, but likes to visualise 
the intimate character of the phenomena dealt with. 
Professor G. Belluzo’s treatise on ‘‘ Steam Turbines,” an 
English edition of which has just been issued by Messrs. 
Charles Griffin and Co. Ltd., London, at 42s. net, is, 
therefore, perhaps less adapted to British tastes than it 
is to that of his compatriots. Throughout his volume 
little attention is given to the physical character of the 
phenomena dealt with. Thus, no mention is made 
of Osborne Reynold’s explanation of the existence of 
a critical velocity of efflux, but the existence of this 
critical velocity is merely deduced from the equation 
for the adiabatic flow of an elastic fluid. Again, no 
physical explanation is attempted as to how it happens 
that shafts vibrate at their critical speed, although, 
according to the mathematics of the subject, as 
ordinarily set forth, vibration at this speed should 
be impossible. As pointed out in ENGINEERING some 
years ago, the explanation of this paradox lies in the 
fact that a rotor tends to maintain its moment of 
momentum constant. At the critical speed, the centri- 
fugal forces and the elastic forces of the shaft are in 
exact balance. If, however, deflection occurs, the 
speed automatically slows down, thus destroying the 
balance of the two forces, and the shaft tends to spring 
back to the straight again. As it does so, its speed 
increases automatically, and a fresh deflection occurs. 
The cycle is repeated until the return towards the 
straight is made with sufficient momentum to carry 
the centre of gravity to the opposite side of the axis 
of rotation, and a new condition of steady running is 
thereby established. Professor Belluzo’s book covers 
a wide range, and the author has not only made a 
careful study of the turbine literature of different 
countries, but has himself been the responsible designer 
of a number of important installations. His book 
opens with a discussion of steam formula, but scarcely 
any mention is made of the important work of Callendar 
In the discussion of coefficients for nozzle and blade 
friction, reliance had been placed mainly on early German 
work, much of which is now known to be erroneous. 
There is no reference to the exhaustive experiments of 





the Steam Nozzle Research Committee, as regards the 
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AUSTRALIAN TARIFF AMENDMENTS. 


THERE is no doubt that close co-operation between 
the United Kingdom and the British Overseas 
Dominions in all matters relating to trade and 
commerce would not only greatly benefit our national 
industries and further enhance the prestige of British 
goods, but would also cement more closely the ties 
existing between the Mother Country and her self- 
governing Dominions. In this connection the decision 
of the Australian Commonwealth Government to 
amend its tariffs and to grant new preferential duties on 
British goods entering Australia is of great interest 
to manufacturers in this country. 
missioner for Australia in London states that 
proposals for the amendment of the Commonwealth 


The High Com. | students under the conditions laid down. 





tariff were introduced into the House of Represen- | 


tatives on August 11 last, and became operative, by 
resolution of the House, on and from August 12. 

The British preferential tariff, in the case of iron 
and steel bars, rods, other than wire rod in coils, 
angles and tees, and various other classes of bars, 
is 448, per ton, while the general tariff is 120s. per ton. 
Wire rod in coils is subject to a general tariff of 80s. 
per ton, the British preferential duty being 44s. per 
ton. British wire of gauges 8 to 14, for use as fencing 
wire only, without further manufacture, or for such 
manufacturing purposes as may be prescribed by 
departmental by-laws, is not subject to any duty 
at all upon entering Australia. On the other hand, 
a tariff of 120s. per ton must be paid on foreign 
fencing wire. British wire netting is also allowed to 
enter Australia free of all tariff; foreign wire netting, 
however, is liable to a duty of 200s. per ton. With 
regard to railway and tramway material, British rails 
weighing 50 lb. per yard and over have the advantage 
of a preferential tariff of 35s. per ton, against a 
general tariff of 100s. per ton. Corresponding figures 
for rails weighing less than 50 lb. per yard, are, 
respectively, 45s. and 125s., and for fishplates, tieplates 
and rods, 48s. and 125s. The tariff payable on rolled 
iron and steel beams, channels, joists, girders, columns, 
trough and bridge iron and steel imported into 
Australia from a British source, if not drilled or 
further manufactured, is 48s. per ton. Goods of 
this type imported from other countries are liable 
to a tariff of 125s. per ton. An ad valorem duty of 
25 per cent. in the case of British imports, and of 
35 per cent. in the case of foreign imports, is levied, 
in addition to these charges, if the goods are drilled 
or further manufactured. The proposals to increase 
the duties on motor-car chassis and tyres have been 
withdrawn and the previous rates reinstated. 





ENGINEERING TRAINING AND 
EDUCATION. 


Whitworth Mechanical Science Scholarships, 1927.— 
The Board of Education, Whitehall, London, 8.W.1, 
offer for competition annually six Whitworth Scholar- 
ships and two Whitworth Senior Scholarships, on the 
foundation of Sir Joseph Whitworth, to candidates 
possessing handicraft experience obtained in a mechani- 
cal engineering workshop. In addition, Whitworth 
Prizes, not exceeding 25 in number, are awarded to un- 
successful competitors for scholarships whose work 
appears to deserve recognition. Full details regarding 
the scholarships are published in the ‘‘ Regulations for 
Whitworth Scholarships, 1925.” These will remain 
in force for 1927, with the exception that, as stated in our 
issue of July 23, last, on page, 106, the maximum 
age limit is raised from 21 to 22 years. These regu- 
lations may be obtained from H.M. Stationery Office, 
Adastral House, Kingsway, London, W.C.2, price 2d., 
or by post, 24d. Applications for admission to the 
competition in 1927 must be made on the prescribed 
form, to be obtained from the Board of Education, 
not later than February 1, 1927. Applications by can- 
didates in Scotland should be addressed to The Secre- 
tary, Scottish Education Department, Whitehall, 
London, 8.W.1; by candidates in Northern Ireland 
to The Secretary, Ministry of Education (Northern 
Ireland), Parliament Buildings, Belfast; and by 
candidates in the Irish Free State to the Secretary, 
Department of Education (‘echnical D 
Branch), 64 and 65, Merrion-squere, S., Dublin. 








Instruction | 


South Wales and Monmouthshire School of Mines.— | 


The Calendar of the South Wales and Monmouthshire 


School of Mines, Treforest and Crumlim, for the session | 


commencing on September 27, gives particulars of 


full-time, post-diploma, and part-time courses of | 


instruction in mining or colliery engineering. The 
entrance examination for the full-time course for the 
diploma in either subject, takes place at the Schoo! 
of Mines, Treforest, and begins on June 21, 1927. Two 
scholarships of the value of 60/1. a year each, tenable 
for four years, will be awarded on the results of this 
examination. Other scholarships of similar value may 
be awarded at the discretion of the Mining Board. 
The post-diploma course for students who desire to 





specialise, is provided with studentships, not exceeding 
five in number per annum, tenable for one year, to the 
value of 75l.each. A very practical scheme of appren- 
ticeships for full-time students has also been arranged. 
For part-time courses, there are available ten scholar- 
ships annually to the value of 10/. each, awarded on the 
results of the school examinations, laboratory work, 
homework and attendance. The Colliery Officials 
Association scholarship, value about 4/. per annnm, 
and tenable for one to three years, is open to com- 





petition by all part-time course students. Gold and 
silver medals, book prizes, and the Nobel Industries 
Prize are awarded to both full-time and part-time 
The 
Calendar contains a syllabus of the subjects prescribed 
for the entrance examination and a list of the sub- 
scribing collieries which grant permission to employees 
to attend part-time courses. 





BOOKS RECEIVED. 


Hydraulics. By JosepH N. Le Conte. London: 
McGraw Hill Publishing Co., Ltd. [Price 15s, net.] 
From Slip to Sea. By A. C. Harpy, B.Sc. Glasgow: 
James Brown and Son, Nautical Publishers (Glasgow), 
Limited, [Price 10s. 6d net.] 

Mines Department. Safety in Mines Research Board. 
Paper No. 25. Some Problems Connected with the 


Determination of the Fineness of Coal Dust. By E. F. 
Greic. London: H.M. Stationery Office. [Price ls. 
net. | 


Aeronautical Research Committee. Reports and Memoranda 
No. 985. The Reduction of Aircraft Performance, 
By R. 8. Caron, B.A. [Price ls. 3d. net.] No. 998. 
Gaseous Combustion at Medium Pressures. Part I.— 
Carbon Monoxide-Air Explosions in a Closed Vessel. 
Part II.—Methane-Air Explosions in a Cuiosed Vessel, 
By R. W. FEnninG, B.Sc. [Price ls. net.] No. 999. 
Step-by-Step Calculations upon the Asymmetric Move- 
ments of Stalled Aeroplanes. By Professor B. M. 
Jones, M.A., and Miss A. TREVELYAN, B.Sc. [Price 
ls, 9d. net.] No. 1010. On the Effect of the Walls of an 
Experimental Tank on the Resistance of a Model. By 
H, Lams, F.R.S. [Price 6d. net.] No. 1020. The 
Behaviour of Certain Aeroplanes when the Controls are 
Abandoned in Stalled Flight. By H. L. Stevens, B.A. 
{Price 9d. net.] London: H.M. Stationery Office. 

Elementary Heat and Heat Engines. By F. G. R..Wi1LK1s, 
Oxford University Press. London: Humphrey 
Milford. [Price 7s. 6d, net.] 

Diesel Engines.—Marine, Locomotive and Stationary. 
A Practical Treatise on the Principle, Construction, 
Operation and Maintenance of the Diesel Oil Engine, 
both Marine and Stationary Types, with a Chapter on 
Latest Developments in Diesel Locomotives and Diesel- 
Electric Drives for Ship Propulsion. By D. L. Jonzs, 
New York: The Norman W. Henley Publishing Co. 
[Price 5 dols. net. ] 


United States Department of Commerce. Simplified 
Practice Recommendations. No. 28, Sheet Steel. 
Washington: Government Printing Office. [Price 
5 cents. ] 


United States Coast and Geodetic Survey. Serial No. 347, 
Use of Coast and Geodetic Survey Data in the Surveys 
of Farms and other Properties. Washington: Govern- 
ment Printing Office. 

United States Bureau of Standards. Index to Volume 
19 of Technologic Papers. Washington: Government 
Printing Office. 

Textile Bleaching, Dyeing, Printing and Finishing 
Machinery. By A. J. Hatt, B.Sc., F.LC. London : 
Ernest Benn, Limited. [Price 50s. net.] 

The Location of Mineral Fields. Modern Procedure in the 
Investigation of Mineral Areas and th Subsequent Veri- 
jication of the Extent, dc. By M. H. Happock, F.G.S8. 
London : Crosby Lockwood & Son. [Price 9s. 6d. net.] 

Gear Train Design. By Wm. H. Rascue. Bulletin 
No. 2. Engineering Experiment Station, Virginia 
Polytechnic Institute, Blacksburg, Virginia, U.S.A. 

Dienst voor Waterkracht en Electriciteit in Nederlandsch- 
Indié. Achtste Jaarverslag, 1925. Verkenning, Onder- 
zoek en Ontginning van Waterkrachten. Bouw en 
Bedrijf van Elecktrische Centrales en Overbrengings- 
leidingen. Studies Publicaties en Adviezen. Waterkrachts- 
en Electriciteits-Wetgeving. | Landsdrukkerij—Welte- 


vreden. 

Foundry Practice. A Text-Book for Moulders, Students 
and Apprentices. By R. H. Patmer. Third Edition. 
Partly re-written and enlarged. New York: John 
Wiley and Sons, Inc. London: Chapman and Hall, 
Limited. [Price 15s. net.] 

Materials of Construction, Their Manufacture and Pro- 
perties. By the Late Professor ADELBERT P. MILLs. 
Third Edition. Edited by Harrison W. Haywarp. 
New York: John Wiley and Sons, Inec.; London, 
Chapman and Hall, Limited. [Price 20s. net.] 








LIVERPOOL CORPORATION TRAMWAYS,—The recently- 


| issued report of the general manager of the Liverpool 


Corporation Tramways shows that the total revenue 
of the undertaking for the year ending March 31, 1926, 
amounted to 1,434,597/. 7s, 1ld., and the net profit to 
178,146l. Os. 4d., out of which 50,0007. was contributed 
to the general rates of the city. The length of track 
operated was 158-78 miles, the total charges per car 
mile were 17-361d., and the car-mile earnings, 19-123d. 
During the year, 24 new cars of improved design have 
been constructed and put into service. The car equip- 


ment generally is being completely overhauled, and 116 
additional improved-type motors installed. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron T~ade.—With stocks of Cleveland 
pig iron exhausted, and production on a trifling scale, 
only two furnaces being in operation, sellers experience 
no difficulty in realising prices that have ruled for some 
time past for the few small parcels they have to offer. 
Though consumers of pig express satisfaction with the 
quality of Continental iron, which they are purchasing at 
about 10s. below quotations for local products, they do not 
hesitate to take up supplies of the latter as they become 
available. No. 1 Cleveland is 92s. 6d. ; No. 3 g.m.b., 90s. ; 
No. 4 foundry, 89s. ; and No. 4 forge, 88s. 6d. 


Hematite.—Values of East Coast hematite continue 
comparatively very low, but they are steadily stiffening 
as supply becomes more scarce. Only one firm of makers 
now hold unsold stock to any extent. Nos. 1, 2, and 3 
are selling at 82s. 6d. ; and No. 1 is put at 83s. 


Foreign Ore.—No indication is noticeable of early 
movement in the direction of resumption of operations 
in foreign ore, and market rates remain nominal on the 
basis of best rubio at 21s. 6d. c.i.f. Tees. 


Coke.—Coke keeps scarce and is realising high figures. 
Round about 50s. is named for delivery here. 


Manufactured Iron and Steel.—Very little news is 
ascertainable concerning manufactured iron and steel. 
A little idle plant has been re-started this week to meet, 
to some extent, the pressing needs of customers. Values 
tend upward, but are not quotably altered. Common iron 
bars are 111. 5s. ; iron rivets, 121. 15s. ; packing (parallel), 
8l.; packing (tapered), 11/.; steel billets (soft), 7J. 5s. ; 
steel billets (medium), 7/7. 10s.; steel billets (hard), 
81. 2s. 6d. ; steel ship bridge and tank plates, 8/.; steel 
angles, 7/. 10s.; steel joists, 7/. 10s.; heavy steel rails, 
8. 10s. ; fish plates, 12/. 10s. ; and galvanised corrugated 
sheets (No, 24 gauge), 171. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The staple trades of the district 
continue to maintain the struggle against the effects 
of the coal dispute, and at present are meeting with 
success. Great use continues to be made of outcrop and 
foreign fuel, and another big Siemens furnace has been 
relighted, enabling many men to resume work. Unem- 
ployment continues to decline, Over 1,500 idle operatives 
have been found work this week, while since the end of 
June over 5,000 have been absorbed. In the raw 
and semi-finished steel trades, business is practically 
stagnant. Little is passing in the various classes of 
ferro-alloys used in steel making, while ferro-silicon, 
owing to lack of demand, is on offer at cheap rates. The 
shortage of home-made steel continues, and users are 
making the best of the foreign material available, but 
some firms find this unsuitable for the purpose required. 
and are compelled to restrict the production of finished 
products. Despite the steel shortage, the railway fur- 
nishings and rolling-stock departments are maintaining 
a satisfactory output. Automobile-steel makers are still 
meeting with a persistent call from home motor-car 
builders for steel, fittings, light castings, forgings, and 
other parts. There is little likelihood of the armaments 
trades reviving yet while the shipbuilding industry is 
still under a cloud of depression. It is expected that the 
local works of Messrs. Vickers will benefit from the recent 
contract reported to have been received by them from 
the Lloyd Hellenic Navigation Company for 18 large 
vessels of from 3,000 to 6,000 tons for trade between 
Greece, Egypt, Italy and the Black Sea. The contract 
is reported to amount to 1,000,000. The promise of a 
good harvest in South Yorkshire, North Nottingham- 
shire, Lincolnshire, and Derbyshire, has increased the 
demand for threshing, binding and other harvesting 
machinery and implements. The lighter trades are con- 
tinuing to meet with difficulties, but a satisfactory 
output has been maintained. The sugar-beet industry 
has been responsible for contracts being placed locally 
for special kinds of forks. Road and quarrying imple- 
ments are finding a better outlet and the light foundries 
are fairly well engaged. 

South Yorkshire Coal T'rade.—Big supplies of outcrop 
and foreign coal continue to be available. Outcrop variety 
has been freely offered at 40s. to 45s. per ton delivered 
at local works, while better quality coal fetches upwards 
of 47s. 6d. Continental fuel is being bought well at the 
high price of 55s. to 60s. per ton. Supplies of domestic 
fuel are at a low ebb. Gas and electricity works maintain 
practically a normal supply, though the quality of the 
former tends to become rather below the average. 





ContTract.—Messrs. Guest and Chrimes, Limited, 
Rotherham, have secured the contract for the supply and 
erection of the valve-shaft fittings at the More Hall 
compensation reservoir, of the Sheffield Corporation, 
Swden Valley waterworks. 





ERSONAL.—Messrs, Dowdings’ Machine Tool Co., 
wean Bush House, Aldwych, London, W.C.2, have been 
appointed sole selling agents In Great_ Britain and the 
British Overseas Dominions for the Oerlikon eg a 
Tool Works, Switzerland.—We are informed that - 
Magnesian Flooring Materials Association (formerly the 
Magnesian Compositions Building Materials pesesianen). 
of 106, Fenchurch Street, E.C.3, has been formed to 
develop the use of magnesian compositions for oni. 
plaster work, &c., in co-operation with recognised research 
organisations which cover this subject, 
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NOTES FROM THE NORTH. 


GuasGow, Wednesday. 


Scottish Steel Trade.—Little fresh has happened in the 
Scottish steel trade over the week, and conditions are 
practically without change. Buyers are not very much 
in evidence this week either for near date or forward, 
but the tonnage fixed up for 7 after the present 
trouble is over is fairly good overall. Some difficulty 
is still experienced in securing immediate supplies as 
stocks have now become very low, and the outlook 
for those concerns which are still carrying on is not over 
bright. Production in the black sheet trade is very 
good considering the troubles which have to be faced, 
and everything is easily disposed of on home and foreign 
account, although the tonnage wanted locally is not 
nearly as large as it would be, if normal conditions 
prevailed. Inquiries from abroad are fairly satisfactory, 
and quite a large tonnage is on order. Prices all round 
are very firm, and the following are the current market 
quotations :—Boiler plates, 11/. per ton; ship plates, 
7l. 17s. 6d. per ton; sections, 71, 7s. 6d. per ton; and 
sheets, under + to 4 in., 111. 5s. to 121. 5s. per ton, all 
delivered at Glasgow stations. 


Malleable Iron Trade.—In the malleable iron trade 
of the West of Scotland there is not much doing, but 
there are plenty of buyers for the limited output of the 
works. Re-rolled' bars meet with a ready sale. The 
prevailing conditions are responsible for the firmness 
of prices, and “‘ Crown ” bars are called 117. 10s. to 12J. 
per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—No change falls to be noted 
in the state of the Scottish pig-iron trade this week. 
The large stocks which had accumulated are fast dis- 
appearing, with certain brands now quite exhausted. 
The tonnage being shipped at the present time is very 
small. Prices are still on the up grade, and the current 
market quotations are as follows :—Hematite, 82s. 6d. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 95s. per ton, and No. 3, 90s. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, August 21, was only some 107 tons. 
Of that total, 85 tons went overseas, and 22 tons coast- 
wise. For the corresponding week of last year, the 
figures were 584 tons to foreign destinations, and 28 
tons coastwise, making a total shipment of 612 tons. 


FLIGHT-CADETSHIP AWARDS.—The Air Ministry informs 
us that Aircraft Apprentices J. T. Stephenson, J. Mutch, 
W. R. Worstall, A. L. Weaitt and F. Whittle, from No. 
4 Apprentices’ Wing, Cranwell, and Aircraft Apprentice 
C. B. Hughes, from the Electrical and Wireless School, 
Flowerdown, have been selected for cadetships at the 
R.A.F. Cadet College, Cranwell, on the results of the 
examinations held on completion of their three years’ 
training as aircraft apprentices. ‘‘ Sir Charles Wakefield ” 
Scholarships, valued at 75l. each, have been awarded 
to Flight-cadet H. R. Dale, who obtained the fourth 
place in the recent competitive examination for entry 
into the Cadet College and to Flight-cadet J.T. Stephenson. 
The ‘‘ Hyde-Thomson ” Memorial Prize, valued at about 
337 has been awarded to Flight-cadet C. B, Hughes, 
In addition, the “Sir Charles Wakefield ’ Scholarship, 
the award of which was deferred in November, 1925, 
has now,been granted to Flight cadet C. E. St. J. Beamish, 





TENDERS.—The Postmaster-General’s Department, 
Melbourne, is calling for tenders, to be presented by 
October 26 next, for the supply and delivery of speedo- 
meters, and for lamps, lamp caps, and lamp sockets 
(Schedule No. C. 124,.)—The Bucarest Tramway Com- 
pany, Roumania, is calling for tenders for the supply of 
hand reamers, twist drills, wood-boring bits, taps, 
stocks, drill chucks and hack-saws. Tenders will be 
opened at 11 a.m. on August 31, at Bucarest.—The Port 
Works Authorities, Monte Video, Uruguay, are calling 
for tenders for the supply and delivery of a new floating 
crane for lifting es of from 50 to 80 metric tons. 
Tenders will be received at Monte Video until 3 p.m., 
on October 29, 1926. Local representation is essential.— 
The South African Railways and Harbours Administra- 
tion is calling for tenders for the supply and delivery 
of approximately 40 tons of Pant § steelwork, etc., 
for the engine shed at Klerksdorp (Tender No. 879). 
Tenders must reach Johannesburg, not later than noon 
on Thursday, October 7, 1926. Local representation 
18 practically essential. The administration is also 
inviting tenders, to be received by noon on September 23, 
1926, for the supply and delivery of machine oil, genuine 
dry red lead, and genuine white lead oil paste. Further 
tenders are required for red oxide eo in paste (Ref. 
No. BX 2812); train lighting belting (Ref. No. BX 
2816); two steam-driven locomotive cranes (Ref. 
No. AX 3514); and approximately 32} short tons of 
anti-friction grease (Ref. No. BX 2813), all of which 
tenders are to reach Johannesburg not later than noon 
on Thursday, October 7, 1926.—The Municipal Council 
of Johannesburg is calling for tenders, to be presented 
by September 23, 1926, for switchboard-type overload 
relays.—The Public Works Department, New Zealand, 
imvites tenders for one electrically operated four-motor 
overhead travelling crane and runway. (Ref. No. 
A.X.3517). Sealed tenders must reach Wellington, 
New Zealand, before 4 p.m. on October 5, 1926. Further 
particulars regarding the above contracts, may be 
obtained from the Department of Overseas Trade 
35, Old Queen Street, London, §.W.1. The reference 
numbers given should be stated in the enquiry. 





NOTES FROM THE SOUTH-WEST. 


CarpirF. Wednesday. 

The Coal Trade.—Following the breakdown in the 
joint negotiations for a settlement of the coal strike 
over 200 miners at New Tredegar signed on to re-start 
work immediately, but mass intimidation by a con- 
siderable number of the other 2,800 men normally 
engaged,'prevented the bulk of the men actually resuming 
work. Batches of men are re-starting at other pits, 
and coal market operators are optimistic that after 
the excitement dies down, a considerable number of 
others will follow suit. In the meantime it is interesting 
to learn that from January 1 to August 8, 243 144 tons 
of foreign coal were imported into South Wales against 
nothing in 1925. On the other hand, exports of coal 
and coke in the same period fell from 23,867,152 tons 
in 1913 to 16,740,125 tons in 1925, and further to but 
10,087,229 tons this year. The coal shipment trade 
of the South Wales ports has thus been reduced to 
less than half the pre-war amount. Exports of coal 
at Cardiff were reduced from 4,074,752 tons to 2,530,915 
tons; at Swansea, from 1,924,848 tons to 1,106,748 tons : 
at Newport, from 3,332,098 tons to 1,981,486 tons; at 
Barry, from 4,562,511 tons to 2,688,616 tons; at Penarth, 
from 1,593,597 tons to 969,517 tons, and at Port Talbot, 
from 1,252,319 tons to 809,947 tons. On the other 
hand, imports of coal at Cardiff this year have amounted 
to 90,481 tons, at Swansea to 42,471 tons, at Newport 
to 57,526 tons, at Barry to 28,983 tons, at Port Talbot 
to 11,275 tons, and at Penarth to 12,408 tons. In the 
past week 59,170 tons of foreign coal were imported, 
of which 49,635 tons came from America, 2,415 tons 
from Belgium, 2,350 tons frora Holland, and 4,770 tons 
from Germany. 

Shipping.—An extraordinary general meeting of share- 
holders in the Claymore Shipping Company, Limited, 
Cardiff, has been called to consider resolutions for 
the reduction of the capital of the company from 
300,0007. in 12. shares to 100,0002. in 12. shares. It is 
proposed to reduce the capital by the cancellation of 
capital to the nominal value of 200,000/. The reduction 
will be effected by calling in and cancelling the existing 
certificates and issuing new certificates, each share- 
holder receiving a new certificate for one-third of the 
shares previously held. It is stated that the company’s 
four steamers, totalling 19,400 tons deadweight, appear 
in the company’s books at 334,700/., and that the 
present value of the assets are estimated at 93,8031. 
the present value of the 1/. shares as represented by 
these assets being 6s. 3d. To economise legal expenses 
power is also to be taken to re-increase the capital 
to 300,000/., but it is not the intention of the Board 
to make a further issue unless and until the shipping 
trade improves sufficiently to warrant it. 


INSULATOR FOR WIRELESS RECEIVING AERIALS.— 
Some particulars: of a new form of insulator, known as 
the Sarbolt, and suitable for the aerials of wireless 
receiving sets, have reached us from the Hatton Supply 
Company, of Hatton, Middlesex. The insulator is in 
the form of an inverted cup, of vitreous porcelain, 
screwed on to a galvanised wrought-iron stem, which 
is bent round and upwards outside the insulator roughly 
to the form of a letter C. The aerial wire is placed 
round a groove in the porcelain part, and the halyard 
is attached to a swivel hook, which is fitted into one 
of four holes provided in the bent outer portion of 
the stem, the particular hole being selected which will 
ensure that the insulator hangs vertically. A brass 
terminal, having a pointed inner end, is passed through 
the porcelain insulator near its lower end, so that the 
point forms a short spark gap between the terminal 
and the iron stem. The terminal is electrically connected 
to the aerial wire, and a lightning discharge striking 
the latter will thus jump the spark gap and pass to 
earth through the halyard, which should obviously be 
of conducting material suitably earthed. The aerial 
however, is fully insulated for the feeble currents involved 
in wireless reception, as the insulator hangs vertically 
and the interior is thus kept dry. 


Launcu or THE §.S. “ Ronna.”—Built to the order 
of the British India Steam Navigation Company Limited, 
the twin screw cargo and passenger steamer Rohna was 
launched on August 24 at the Hebburn Shipbuilding yard 
of Messrs. R. and W. Hawthorn, Leslie and Co., Limited. 
The vessel has been built to the highest class at Lloyds, 
and is equipped for the conveyance of first and second- 
class passengers as well as mails and specie, for which 
special rooms are provided. Cargo is accommodated 
in large holds, rapid landing being assured by means of a 
well-planned arrangement of derricks. The overall 
length of the vessel is 476 ft. 6 in., breadth 61 ft. 6 in., 
and depth 41 ft. She is built with a cruiser stern and 
straight stem. There are main, upper, and shelter decks, 
with orlop decks in Nos. 1, 2 and 3 cargo holds, and long 
bridge, forecastle and boat decks. The public rooms, 
of which there are three for first-class, and two for second. 
class passengers, are situated on the bridge deck. Tho 
captain’s rooms are on the flying bridge, the deck and 
engineer officers occupying rooms at the fore and afterends 
respectively of the boat deck, on which deck the wireless 
installation is also situated, with accommodation for 
three operators. All the rooms and cabins are ventilated. 
on the “‘ Punkah Louvre” system. Two hospitals are 
provided with an operating theatre attached to one of 
them. The propelling machinery consists of two sets 
of four crank triple-expansion, reciprocating engines, 
constructed at Messrs. Hawthorn, Leslie’s St. Peter’s 
Works. A wide range of auxiliary machinery is to be 
fitted, and steam will be supplied at 215 lb. per square 
inch pressure, by five single-ended cylindrical boilers 
provided with Howden’s forced draught. 





NOTICES OF MEETINGS. 


Tue Instirute or Merats.—Autumn Meeting, 
Wednesday, September 1, to Saturday, September 4, 
at Liége, Belgium. Wednesday, September 1, at 8 p.m.. 
Fifth Autumn Lecture, by Dr. W. Rosenhain, F.R.S., 
on “Ancient Industries and Modern Metallurgy,” 
in the Salle Académique of the University of Liége. 
Thursday and Friday, September 2 and 3, at 10 a.m. 
each day, general meeting in the Hall of the Association 
des Ingénieurs, 16, Quai des Etats-Unis, Liége; papers 
to be read and discussed: ‘‘The Deformation of 
Tungsten Crystals,”” by Dr. C. J. Smithells and Messrs. 
H. P. Rooksby and W. R. Pitkin; ‘A Comparison 
of Static and Dynamic Tensile and Notched-Bar Tests,” 
by Professor K. Honda; “The Constitution and the 
Physical Properties of the Alloys of Cadmium and 
Zine,” by Mr. C. H. M. Jenkins; ‘‘Some Further 
Experiments on the Behaviour of Single Crystals of 
Aluminium and Reversed Torsional Stresses,” by 
Messrs. H. J. Gough, S. J. Wright and Professor D. 
Hanson: ‘‘Silumin and its Structure,” by Mr. B. 
Otani; “The Primitive Copper Industry of America. 
Part II,” by Mr. G. B. Phillips; “‘ The Constitution and 
Age-Hardening of Some Ternary and Quaternary Alloys 
of Aluminium containing Nickel,’’ by Miss K. E, Bingham ; 
“The Constitution and Structure of the Commercial 
Aluminium-Silicon Alloys.” by Dr. A. G. C. Gwyer 
and Mr. H. W. L. Phillips; with an appendix upon 
“The Properties of the Modified Aluminium-Silicon 
Alloys,” by Dr. D. Stockdale and Mr. I. Wilkinson ; 
“Some Mechanical Properties of Silicon-Aluminium 
Alloys,” by Mr. J. D. Grogan ; ‘“‘ The action of Hydrogen 
on Hot Solid Copper,” by Dr. C. 8. Smith and Professor 
C. R. Hayward; ‘‘The Development of the Use of 
Nickel in Coinage,” by Captain F. R. Barton, C.M.G. ; 
‘“*Season-Cracking in Arsenical Copper Tubes,” by 
Messrs. A. Pinkerton and W. H. Tait; “Thermal 
Anomalies of Certain Solid Solutions,” by Professor 
P. Chevenard; ‘Preliminary Experiments on the 
Copper-Magnesium Alloys.’ by Messrs. W. T. Cook and 
W. R. D. Jones; ‘‘ Bronze Worm-Gear Blanks Produced 
by Centrifugal Casting,” by Mr. F. W. Rowe; “An 
Account of the Non-Ferrous Metals Industry in the 
Liége District,” by Mr. L. Boscheron. 


THe Nortu or Enatanp Institute oF MINING AND 
MECHANICAL ENGINEERS: ASSOCIATES AND STUDENTS’ 
Srection.—Saturday, August 28, at 3 p.m., at Neville 
Hall, Newcastle-upon-Tyne. ‘‘'The Mineral Wealth of 
the British Empire,” by Capt. William Ridley, B.Sc. 








Empire Mininc AND METALLURGICAL CONGRESS, 
1927.—The Empire Council of Mining and Metallurgical 
Institution, Cleveland House, 225, City-road, London, 
E.C.1, informs us that the second (triennial) Empire 
Mining and Metallurgical Congress will be held in 
Canada in August-September, 1927. The opening 
session will be held in Montreal on Monday, August 22. 
Other sessions will be held in Toronto, Winnipeg and 
Vancouver, andthe full programme will occupy about 
six weeks. The general secretary of the Congress is 
Mr. G. C. Mackensie, Drummond Building, Montreal, 
Canada. 


Guipe To OrrtctaL Statistics.—The 1925 volume 
of the ‘‘ Guide to Current Official Statistics ” was issued 
recently by the Permanent Consultative Committee on 
Official Statistics, Treasury Chambers, Whitehall, London, 
§.W.1. This book, the fourth of the anual series, deals 
with all Government publications issued in 1925, together 
with a selection of those issued in 1926. The mode of 
analysis of the various statistics, and the time and place 
to which!theyjrelate, are described. The volume contains 
262 pages and is obtainable from H.M. Stationery Office, 
Adastral House, Kingsway, London, W.C.2, price le. 
net, or post free, ls. 3}d. 








History OF THE CORNWALL WoRKS, BIRMINGHAM.— 
Messrs. Tangyes, Limited, Cornwall Works, Birmingham, 
have recently brought out a booklet entitled “A 
Brief History of Cornwall Works.” A large portion 
of this pamphlet deals with the early struggles of the 
five brothers—James, Joseph, Edward, Richard, and 
George Tangye—and of their associates in the “ fifties ”’ 
and “sixties” of last century. Thehistory of the Cornwall 
Works is traced, step by step, from its establishment in 
1857,to the present day. e booklet has been written 
by one of the directors of the firm, and copies may be 
obtained on application to Messrs./Tangyes, at the address 
given above. 





Tue INDUsTRIES OF LEEDS.—Organised ——_ as 
a demonstration of the city’s industrial expansion 
during the past three centuries, the recent Leeds 
Industrial Exhibition constituted also, in its main 
essentials, a record of many of the varied industries 
which have made the name of Leeds known throughout 
the world. The exhibition was held in the Town Hall, 
Victoria-square, Leeds, from July 12 to 24 last. A 
souvenir handbook of the exhibition entitled ‘‘ Indus- 
trial Leeds, 1626-1926,” has been issued by Messrs. 
Russells (Publicity), 13, Greek-street, Leeds a 3d.), 
and is rather more than a mere catalogue of exhibits. 
It gives interesting details regarding the many and 
varied industrial activities of the city. For four 
hundred years prior to 1750, the manufacture of woollen 
cloths was the characteristic industry of Leeds. About 
1750 coal mining came to the fore, and, during the next 
50 years,-coal provided the impetus which was to make 
the engineering industry dominant during the first half 
of the Nineteenth Century. The final phase is represented 
n the rapid growth of the wholesale clothing industry. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other pubiications bearing 
somewhat similar titles. 

TreLecRraPHic | ‘‘ ENGINEERING,’ WESTRAND 

ADDRESS LONDON. 
TELEPHONE NUMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


““ ENGINEERING”? may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 














For the United Kingdom .................00 £3 5 0 
For Canada— 
Thin paper Copies .............ceeee £218 6 
Thick paper copies.....................++ £3 3 0 
For all other places abroad— 
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TURBULENT COMBUSTION. 

A FRUITFUL cause of minor domestic differences 
is to be found in the use made of the poker. Itis, 
we believe, a matter of common observation that 
the husband generally uses the instrument to 
break up the lumps of coal because he wishes to 
expose fresh surfaces for the oxygen to attack, 
while the wife prefers to insert it more gently 
at the bottom of the grate with the idea of enabling 
a larger stream of oxygen to reach the coal, which 
she does not break up. She attains her object 
of making the fire last well; but he, though more 
scientific without realising it, also attains his of 
getting more heat out of the fire there and then. 
The two methods may be taken as approximately 
representing the fundamental differences in boiler 
practice as between the use of the mechanical 
stoker and firing by pulverised fuel. The average 
engineering student has it well drilled into him 
that an adequate supply of air is the first condition 
for combustion; less often is he taught how it 
should be utilised. Though the late Professor John 
Perry always used to insist that the fuel must be 
“scrubbed with air,’ most pupils are invited 
to picture a pound of coal as a cube of about 
3-in. side, and the air necessary tw transform it 
into gas and ash as a cube of 6-ft. side. Thus the 
idea of space as a factor in combustion often 
becomes more dominant than that of time, and 
persists even when the student develops into the 
practitioner. 

The ordinary man at his fireside realises, however, 
in most cases without reasoning it out, that, in 
spite of an ample air supply, combustion is quickly 
checked by the formation of an envelope of burning 
gas and inert ash, and that fresh surfaces must be 
constantly presented to the oxygen of the air— 
hence his use of the poker. It is the study of 
this question on a large scale which has, in the main, 
formed the preoccupation of a relatively small band 
of engineers, who have devoted themselves to the 
problems of burning pulverised fuel under boilers, 
This school realised that by breaking up the fue] 
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into small particles before it was fed into the furnace 
they could get more perfect combustion, so long 
as a sufficiency of air was provided, because, by 
the method adopted, the exposed surface of the 
fuel was increased many thousands of times. The 
results obtained have led to a demand for boiler 
furnaces of enormous capacity. Considerable com- 
plications have arisen, and new problems have had 
to be tackled, such as the necessity for avoiding 
the impingement of the flames on brick surfaces, 
slag troubles, and so forth. But, while the fact 
that turbulence of the air currents is conducive 
to effective combustion was by no means over- 
looked, on the whole it seems to have been tacitly 
accepted that an essential condition to success 
was a large furnace capacity. Here the protagonists 
of the mechanical stoker, of course, have an 
advantage. They point to the immense increase 
in capital cost of the buildings required to contain 
the towering boilers using pulverised fuel, drawing 
attention to the greater surface exposed to radiation 
in the furnace casing, and hint at the risk of 
dangerous local temperatures. 

A recent development in the methods of firing 
pulverised fuel would seem likely to meet some of 
these objections. The principle underlying this 
is similar to that involved in Professor Perry’s 
“scrubbing” action, but carried further. This 
scrubbing is necessary in order to remove the 
envelope of burning gas and the coating of ash, 
which cling even to the small particles of coal 
blown into the pulverised-fuel furnace, because 
these particles travel practically at the same 
velocity, and generally in the same direction, as 
the impelling air. In the new method, as we under- 
stand it, the attempt is made to bring fresh air 
into contact with the fuel surfaces by employing 
violent air currents travelling more quickly than, 
and not always in the same direction as, the coal 
particles themselves and, by so tearing these 
apart, to maintain continuous action between the 
carbon and oxygen. By so doing, the time of 
combustion, which for pulverised fuel Audibert 
gives as from 0-2 to 0:6 of a second, is reduced, 
and from this it follows, as a natural result, 
that for equal output a smaller furnace may be 
used. From this latter aspect is anticipated the 
production of greater quantities of heat and higher 
efficiencies than are procurable with existing 
pulverised-fuel systems, and this with a combustion 
volume smaller than that customary even with 
the more compact mechanical stoker. 

One method of attaining these results has been 
inspired by a consideration of tornado phenomena. 
It is realised that the disintegrating effect of 
the centrifugal action of the air in a tornado is 
confined to an area more or less distinct from 
the atmosphere immediately surrounding it. The 
practical application following upon this con- 
sideration is described by Mr. H. W. Brooks, 
of The Fuller-Lehigh Company, Fullerton, Penn- 
sylvania, in a paper read recently before the 
Engineers’ Society of Western Pennsylvania. In 
the arrangement described, the fuel is injected 
horizontally at four points in the sides of a vertical 
well, which may be either circular or square in 
cross section. The jets are directed across the 
well, in what may be described as a semi-tangential 
manner—that is, the centre line of each jet cuts 
the diameter of the well to one side of the axis, 
half-way between the axis and the well wall. In 
this way, each jet is met by two others at right 
angles to it, and acting in opposite directions. 
The result is said to be a swirling motion of the 
flames, which, under the action of the chimney 
draught, develops into a spiral formation. In an 
example illustrated in the paper, a boiler of the 
water-tube type with vertical headers, inclined 
tubes and horizontal drum, is shown built over 
a roughly cubical chamber lined at the sides and 
bottom with refractory material. At the centre 
of the floor of this chamber is a small well closed 
in at the bottom with refractory, and in the sides 
of which the jets are introduced about one-third 
of the depth from the bottom. Both chambers 
have double walls through the spaces between 
which pass the primary and secondary air supplies, 
the inner walls being perforated with suitable 
openings. The illustration also shows vertical 
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water tubes set in grooves in the well brickwork 
and connected with the steam and water spaces 
of the boiler. 

Without discussing in detail the precise action 
of the mutually impinging jets and of the air 
supply, it may be said that it is claimed that, by 
regulating the latter, the zone of complete 
combustion—that is, the hottest zone—can be 
developed in the well itself or moved up to a 
point above it, as the rate of steaming may demand. 
Above the well, the rotating flame spreads out 
into the combustion chamber in a form resembling 
that of a mushroom, the upper layers of which 
flow past the boiler tubes with a high velocity 
and with a scouring action. This system is reported 
to have been originally tried out in a small furnace 
18 in. square by 3 ft. deep, but experimental work 
has since been done upon larger sizes. One of 
these was in the form of a cube of 8 ft. side, and 
is reported to have burned coal equivalent to 
that required for a 1,500-h.p. boiler “at 632 per 
cent. of rating.” We may remind our readers 
that in the United States, one boiler horse power 
is generally taken as equivalent to 10 square feet 
of heating surface. By another convention, based 
upon an obsolete rating of 34°5 lb. of steam per 
horse power as the requirement of a reciprocating 
engine, the normal rating of a boiler has become 
3°45 Ib. of steam per sq. ft. of heating surface 
per hour. Consequently, a boiler of 1,500 horse 
power at normal, or 100 per cent., rating is con- 
sidered to be one evaporating 51,750 lb. of water 
per hour. Interpreting the expression ‘‘632 per 
cent. rating ’’ on these lines, the amount of coal 
burned in the experiment referred to must have 
been as much as would be required to evaporate 
327,060 lb. of water per hour. This is, as the 
author says, a rather remarkable performance for 
the volumes given, though the facts as given are 
not altogether conclusive. We should have preferred 
to have had stated theactual weight of coal consumed, 
and to have had some particulars of its calorific value, 
&c.; or, better still, data of actual evaporations 
from a complete boiler installation. It is, however, 
definitely stated that the United Electric Light 
and Power Company carried out a full-size test 
at a station where eight other types of pulverised 
coal installations were being tried, and that the 
new furnace showed an efficiency superior to the 
others by from 2} to 6 per cent. 

A Buffalo company is said to be putting in 
four 1,200-h.p. boilers with well furnaces which 
will operate ‘“‘up to 550 per cent.” Results of 
evaporative tests on these would most certainly 
prove interesting, for the invention certainly seems 
to have important possibilities. For example, 
if prolonged tests do not point to any serious 
weakness, the well furnace may bring the appli- 
cation of pulverised fuel at sea within the range 
of practical application. In this connection it 
may be mentioned that a test is shortly to be 
made on a boiler of the Scotch marine type by 
the United States Government. This installation, 
as may be conjectured, will have horizontal well 
furnaces. The working of the well furnace does 
not seem to be affected by its position. It has 
been tried arranged vertically, horizontally, and 
with its axis at an angle of 40 deg. to the vertical 
without any appreciable difference in operation 
being noted. 

From the tests made it appears that combustion 
can be completed in a much smaller space than 
is commonly realised. For instance, figures have 
been obtained indicating that, under certain 
congitions, 99 per cent. complete combustion 
was secured in a volume ‘uch that the heat 
developed corresponded to from 700,000 to 1,000,000 
B.Th.U. per cubic foot. By way of comparison 
it is stated that the maximum heat developed 
in United States battleship boilers fired with 
oil fuel is 275,000 B.Th.U. per cubic foot of furnace 
volume per hour, while for stoker furnaces in central 
station practice it is common to provide 1 cubic ft. 
of effective volume for each 18,000 to 24,000 B.Th.U. 
liberated per hour. The velocities of the air blast 
used so far have ranged from 3,500 ft. to 8,000 ft. 
per minute. No trouble is said to have arisen 
with refractories, either in the well itself or in the 
combustion chamber, and_ash, it is said, does not 











fall back into the well. The flame is nearly trans- 
parent and no sparks are visible, and it is even 
suggested that, with the well furnace properly 
regulated, the coal will not require to be reduced 
to such a degree of fineness as is now found necessary. 

It is hardly likely that the conclusionsof the author 
of the paper to which we have referred will be 
accepted by every engineer interested in these 
problems. Possibly some will contest his figures 
for, as we have suggested, one section at least 
believes that the disintegration of coal should 
take place at the grate, more or less unassisted. 
At the same time, the experimental work which 
Mr. Brooks records seems to form a valuable and 
suggestive contribution to the science of combustion 
and the art of firing, and to be likely to lead to 
interesting developments. 








WIND PRESSURES ON STRUCTURES. 


Winp pressures have formed the subject of 
numerous investigations dating back to Smeaton’s 
time, but it has not always been sufficiently realised 
that observed pressures on flat plates give somewhat 
misleading results when applied to solid bodies of 
varying forms ; neither hasit been always appreciated 
that the total pressure results were made up of 
active pressure effects on the windward face, 
together with a negative effect, commonly spoken of 
as suction, on the leeward face. At the same time 
there has been a good deal of discussion with regard 
to the actual intensity figures to be allowed for, 
especially in the case of buildings in countries 
where tornado effects have to be taken into account. 
This subject, it may be remembered, was recently 
discussed in our columns by Mr. R. Fleming 
(vol. exxi, p. 127), when the occasion was taken 
to point out that the United States Department of 
Commerce Building Code Committee report recom- 
mends that for structures exposed to high winds, 
provision should be made for direct wind pres- 
sure, negative pressuré to leeward and _ interior 
pressures. 

A contribution, which may possibly be deemed 
to be of a rather academic nature, has recently been 
made to this subject, as a result of an enquiry 
conducted at the United States Bureau of Standards. 
This inquiry was undertaken to see what justification 
there might be for the tendency in recent years to 
reduce the value of wind pressures assumed in the 
design of structures subject to such effects. The 
results are published in pamphlet form under the 
title of ‘‘ Wind Pressures on Structures.”’* The in- 
vestigators in the present enquiry, Messrs. H. L. 
Dryden and G. C. Hill, on the principle that 
‘advance should be made from the simple to 
the complex ” have so far confined their efforts 
to the question of pressures on a simple structure, 
in a steady wind, as a study preliminary to other 
work, which it is hoped to carry out. The tests 
were made in a 10 ft. wind tunnel, upon a model 
building 24 in. high, by 8 in. square, smooth faced. 
The model was set up on a turntable and could be 
turned to any angle with the wind current, the base 
of the model being either on the floor of the tunnel 
or raised on a platform 2 ft. above the tunnel floor, 
the object of this being to examine ground effects. 
One face of the model was pierced with 70 holes, 
so connected that pressure readings could be secured 
by reference to a standard Pitot-static tube and 
inclined gauge. The top of the model was also 
pierced with holes, so spaced that readings could be 
secured for any angular position. With this model, 
a survey was made of pressures at the station points 
for chosen positions with respect to the wind, these 
positions varying, for convenience sake, by 15 deg. 
The pressures ascertained were then tabulated, total 
pressure effects were deduced, and graphic represen- 
tation of the pressures plotted as contour lines. The 
method, it will be seen, gives the distribution of 
pressures, or of defect of pressures, which appear 
to have been the chief object of the inquiry at this 
stage. The authors express all pressure results by 
a series of co-efficients by which “ velocity pressures” 
(i.e. pressure corresponding to velocity) are to be 
multiplied. 








* Scientific Paper, No, 523, of the Bureau of Standards, 
Department of Commerce, Washington, D.C. Price 20c. 





The chief conclusions arrived at, of interest to 
structural engineers, are :— 

(1) The greatest average pressure against the 
building occurs when the wind blows normal to a 
face, and is equal to 1-5 times the velocity pressure ; 
that is, 22 lb. per square ft. for a true speed of 
76 miles per hour (100 miles per hour indicated by 
a Weather Bureau Robinson-type anemometer). 

(2) The average decrease in pressure over the roof 
is about 0-84 times the velocity pressure ; that is, 
12-4 lb. per square ft. for a true speed of 76 miles 
per hour. 

(3) The maximum moment about a vertical axis 
is equivalent to a horizontal displacement of the 
resultant force of 0-077 times the width of the 
building. 

The inquiry also shows that the maximum 
localised decrease in pressure over the top is 2-10 
times the velocity pressure, or, for 76 miles per hour 
true speed, is equivalent to a “ lift” of 31-1 Ib. per 
square foot in places. 

With regard to the procedure adopted, the authors 
state that, “‘ The values of total forces and moments, 
such as are quoted, could readily have been obtained 
by direct measurement, and the more important 
results of the work are the detailed studies of the 
contributions of the forces on each part of the 
structure to the total forces and moments.” 

The simpler procedure here indicated would, on 
the whole, seem to have advantages, and it would, 
indeed, have been more conformable to the methods 
of the structural engineer if the wind effects had 
been ascertained as a total, by direct measurement, 
the overturning momentalso being directly measured, 
as well as the “twist”? about the vertical axis, 
these observations being supplementary to the others. 
Such quantities, referred to the wind velocity, or to 
the velocity pressure, would, by their simplicity, 
be more convincing than are the somewhat compli- 
cated results of this inquiry, every observation in 
which is liable to the minor errors of the method. 

It will be apparent that the detailed method is 
hardly applicable to the case of a building having 
the usual irregularities of architectural form, with 
projections of columns, or of pilasters, with sunk 
recesses and window openings. A method giving the 
overall results must indeed be the only practicable 
way of dealing with such cases. 

One tentative conclusion reached by the authors 
is that, for wind blowing at 90 deg. to a face, the 
condition “‘ is probably the worst for most types of 
construction.”” Examination of the results show 
these to be consistent with this statement, as wind 
blowing across corners in the model shows no greater 
pressure effects. They do not, however, appear to 
be in agreement with the results obtained by some 
earlier experimenters. 








THE BISHOP’S STORTFORD RAILWAY 
ACCIDENT. 


Wui_e the report of Lieut.-Col. A. H. Mount to 
the Ministry of Transport on the Bishop’s Stortford 
railway accident of May 10, was doubtiess necessary. 
a perusal of the complete document can hardly fail 
to intensify the impression that, under the circum- 
stances of the general strike, the country was on the 
whole, not only well, but admirably, served by the 
volunteers of all kinds and classes who temporarily 
undertook responsibilities of various kinds. It is 
the proper thing for these investigations to be strictly 
judicial in the apportionment, without fear or 
favour, of any blame attaching to parties implicated, 
and it is perhaps as well for the continuity of our 
records and also for the sake of the public that 
incidents arising even in such abnormal times as 
existed in May last should be, like others, formally 
inquired into. 

It is, however, with some regret that we find the 
report to be so worded that in the daily Press stress 
has been laid on faults which, after all, are not at all 
astonishing under the circumstances. It would have 
been pleasant, had it been possible for them to do 
so in their summaries of Col. Mount’s conclusions, 
to have included more generous appreciation of the 
excellent help rendered by the scratch services which 
were hastily improvised. The report reveals most 
graphically the difficulties which had to be contended 
with, and the wonder is, not that accidents were 
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numerous, which was by no means the case, but 
that they were actually so scarce, and that so much 
was satisfactorily accomplished. 

In the particular case in question, the district 
locomotive superintendent at Cambridge, with his 
assistant, were left with one driver and a clerk, out of 
a staff of 600 men. By degrees, a little band of 
volunteers was got together, all of whom, were 
necessarily unfamiliar with much that they would 
encounter in their day’s work, although they might 
have had some technical knowledge and previous 
experience. The engagement of drivers involved 
considerable responsibility, which, however, appears 
to have been quite properly appreciated. The driver 
involved in the Bishop’s Stortford accident, not only 
appeared under test to be qualified, but for some 
days justified this impression by working trains 
satisfactorily. The actual circumstances which 
developed on the day of the accident were of a type 
which would not in the least be expected, and though 
the results were very regrettable and the risks 
knowingly or unwittingly taken may be subject for 
censure, we would still prefer to remember the 
contribution which all these men and officials made 
to the‘well-beingYofjthe country in time of stress, 
rather than coldly appraise the value of their service 
according to its strict correctness or otherwise. 

Fortunately times like these are rare. But when 
they do occur, from internal or external causes, the 
country needsJmen}who will undertake responsibili- 
ties and do things. Some'isks must be taken, other- 
wise prompt re-organisation would be impossible, 
and it is to the everlasting credit of the officials of 
our various railways that so few serious results 
attended the improvisations to which they were 
driven. That one man here and there should fall 
a little short of some standard is no great matter. 
The fact remains that the volunteer help, which 
was so readily forthcoming in all directions, together 
with the cheerful optimism of the individuals 
who thus threw themselves into the gaps, carried 
the country through the crisis, at what was, so far 
as accidents go, very small cost. We hope, there- 
fore, that this report, necessary though it be, will 
not be allowed to dim the light of the country’s 
gratitude, both to the sorely tried officials, and to the 
genial members of the very effective organisations 
which were conjured up out of very miscellaneous 
material. 








THE KALAHARI DESERT. 


Amone the many problems that await the atten- 
tion of engineers in South Africa are those of 
irrigation and water power. As contrasted with 
our own country these are characterised above all 
by their large scale, and the uncertainty of the 
available data; and those who consider them 
have often to choose between risking the loss of a 
great opportunity, and spending money and energy 
uselessly on digging out a mare’s nest. Towards 
the end of the war attention was directed prominently 
to the Kalahari Desert in Bechuanaland, a _pro- 
tectorate about three times the size of England, 
inhabited by about 2,000 whites and 150,000 
natives. The desert is a large tract of country, 
situated to the south-east of the highlands of 
Angola at a height of about 3,000 ft. above sea 
level, above which a system of rivers rises and 
spreads out, with the Zambesi on the east and the 
Kunene on the west. Though they are broad for 
much of their length, the central rivers break up 
into diverging branches, inundating annually 
several thousands of square miles of adjoining 
flats, and forming swamps in which the bulk of the 
flow is evaporated or absorbed by the sandy soil, 
and sooner or later, according to the rainfall, is 
altogether lost. Outside these river systems there 
is no permanent water, though the sandy soil is 
well timbered, and certain forms of vegetation, such 
as melons and bush grass, persist generally or at 
intervals over the district throughout the year. 
In itself, therefore, the soil is thought to be particu- 
larly fertile, if only its supply of water could be 
maintained ; and the “ Kalahari problem ” consists 
primarily in determining whether the most profitable 
use to be made of the river system above and on each 
side of the desert is to swamp its borders at 
one time of the year and dry them up at another. 





A first difficulty that besets the examination of 
this question is the insufficiency of meteorological 
data. In the opinion of those who have most 
experience of the plateau regions of South Africa, 
the fluctuations in annual and seasonal rainfall in 
any of these districts are such that, in themselves, 
records of rainfall extending for less than twenty 
years are of very little value for irrigation purposes, 
while considerable reserve must be used in dealing 
with figures not extending back over thirty years. 

Unfortunately, records of such extent do not 
exist for Bechuanaland, which first and last has 
been under white administration only for some 
forty years; and, in the absence of exact data, more 
than one scheme has been propounded for dealing 
with the question on the basis of what were suggested 
as probable assumptions. The most striking of 
these was put forward in 1918 by Professor E. H. L. 
Schwarz, of Grahamstown. According to his view, 
the existing rivers have drained away the waters 
of an immense lake in the Northern Kalahari, 
and are continuing a process of desiccation which 
ultimately must threaten the whole future of 
South Africa. He proposed, therefore, that by 
diverting the existing watercourses this and other 
dried-up lakes should be reinstated, and predicted 
that, in addition to the valuable irrigating facilities 
that would be thus obtained, the rainfall would be 
increased so largely, and over so wide an area, as 
to affect the climate of South Africa far beyond the 
borders of Bechuanaland and into the territory of 
the Union itself. 

So attractive a solution of the Kalahari problem, 
with the promise of consequences so far reaching, 
and involving necessarily a heavy expenditure, 
was bound to excite particular enquiry into the 
grounds on which it was based. The result of the 
criticism was to suggest a variety of points on 
which further information appeared to be re- 
quired, and some in which the data upon which 
Professor Schwarz was relying seemed to con- 
flict with what was known already. A good deal 
of discussion ensued, both scientific and admini- 
strative, and ultimately in July 1924, an anonymous 
donor offered the Union Government 1,000/. towards 
the cost of investigations on the possibilities of the 
Zambesi in respect to water-power, irrigation, &c. 
The Government supplemented this amount by 
further funds necessary for the purpose, and on 
the advice of the Director of Irrigation, Mr. A. D. 
Lewis, it was arranged that the investigations 
should be restricted to a limited district in the neigh- 
bourhood of the Victoria Falls, including any 
possible alternatives in addition to the scheme 
proposed by Dr. Schwarz, but not trying to cover the 
extensive northern Kalahari. A reconnaissance 
party was accordingly organised for this purpose 
under the charge of Dr. A. L. Du Toit, and was away 
for about 4 months from June to October, 1925, 
accompanied for part of the time by Dr. Schwarz. 
The report of its observations has now been published 
by the Union Government.* 

The net results of this survey, which appears to 
have accomplished a great amount of work in a rela- 
tively short time, are put forward as only provisional, 
and much more investigation is said to be necessary 
before any definite scheme could be recommended. 
As far, however, as it goes, it is based on actual 
measurements of levels, supplemented by such 
figures as could be obtained in regard to river 
discharges, meteorological, soil and geological fea- 
tures, and an aerial survey conducted by officers 
of the Air Force; and no dcubt can be felt that 
the information so collected must be of great value 
in any future investigations of the sort, in addition 
to setting a valuable precedent in the matter of 
methods. The report will be read with the more 
instruction because it exhibits the considerable num- 
ber of related questions that have to be answered 
before even a scheme that was practicable from an 
engineering point of view could be carried out 
effectively : white settlement, transplanting of native 
population from districts to be flooded, railway and 
other transport, crops, markets, the possible eradica- 
tion of the tsetse fly, and other matters. Such subjects 
are of course, outside the scope of its reference, but 





* Department of Irrigation Report of the Kalahari 
Reconnaissance of 1925. Pretoria: Government Printing 
and Stationery Office. 5s. net. 





on the primary purpose of the expedition it arrives 
at some quite definite conclusions. 

Neither existing facts nor historic records seem to 
support the suggestion of a greater rainfall within 
the region in historic times, an alteration in climatic 
conditions, or the previous existence of the ancient 
lake postulated by Dr. Schwarz. Owing to the 
immense losses through evaporation and absorption, 
a large scheme of flooding at all comparable with that 
suggested by Dr. Schwarz, would be impossible 
without including the bulk of the Zambesi river. 
The largest scheme of the possible alternatives 
would dam the Zambesi a little above the Victoria 
Falls to a height of about 60 ft., passing compen- 
sation water down the river to provide about 120,000 
e.h.p. in substitution for the 250,000 e.h.p. intended 
to be developed at the Victoria Falls, and, together 
with storage works, would form two lakes of about 
4,600 square miles, which, however, would probably 
take some ten years to fill. The cost of this scheme 
is estimated roughly at 4,000,000/., in addition to 
about half as much again for irrigation canals and 
distribution channels. The area of evaporating 
surface would not be more than three times as much 
as is in existence in the region at present, and 
apparently would have a quite negligible influence on 
the climate even of the surrounding districts. 
Similar considerations apply to works involving 
the entire flow of the Kunene river on the west 
of the district, and it is concluded confidently that 
no practicable collection of any such works could 
have a material effect on climate. 

Alternative schemes on a much smaller scale are 
suggested as possible, and it is thought not impro- 
bable that the further investigation of some of them 
might suggest even better proposals. An area, for 
example, of some 125,000 acres might be irrigated 
by diverting a tributary of the Zambesi on its 
west bank, through an existing channel at a cost of 
5l. per acre, including distribution. The eastern 
part of the floor of a now dried-up lake might, again, 
be irrigated by water from the river system which 
runs down the centre of the district and disappears 
within it, supplying some 30,000 or 40,000 acres with 
water at a cost of about 3/. per acre without distribu- 
tion, or 6/. per acre with it. So far, however, as 
concerns any large scheme, the project for damming 
the Zambesi appears to be the only one possible 
within the region, and would automatically rule 
out the largest of the minor schemes. If this 
project is thought sufficiently encouraging, further 
information will be required with regard to the 
area of irrigable Jand available, its agricultural 
character, and the probable cost of the necessary 
distribution. 

Again, it would be necessary to determine more 
accurately the maximum area to be flooded from the 
weir, and the adjoining water systems should be 
connected by a chain of levels, so as to see whether 
the waters from the dam might be led into the 
central system without filling a large depression 
that lies in their course, and would entail a 
serious loss through storage and evaporation. The 
effect of the report is to show how complex a set 
of conditions have to be dealt with before any 
satisfactory solution can be reached. It indicates 
how alone a safe and satisfactory result can be 
obtained, and may well suggest that without obser- 
vations such as it embodies the enterprise that may 
suggest undertakings such as fertilising a desert, may 
lead to disappointment. Nevertheless, the value of 
the Empire to its inhabitants and to the greater 
nation of which they form a part must depend on the 
extent to which natural disadvantages are overcome 
and natural advantages are revealed. The present 
report is typical of the work which is being done in 
the Dominions to attack such problems, and in the 
increase of such work lies an essential source of 
their future prosperity. 





Tae C.V. Macazine.—We have received a copy of 
the recently-instituted C.V. Magazine, the journal of 
the Clyde Valley Electrical Power Company, of 53, 
Bothwell-street, Canon. C.2. It is edited by Mr. WT. 
Williamson, assisted by Messrs. J. S. Gourlay and G. F. 
Farquhar, and contains several articles of a technical 
nature, as well as numerous notes and items of news 
relating to the social activities of the works staffs. The 
magazine is profusely illustrated by means of plates, 
sketches and drawings, and the published price is 6d. net. 
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Dictionary of Costing. By J. H. Ryatt. London: Sir 

Isaac Pitman and Sons, Limited. [Price 10s. 6d. net.] 
THERE is probably no section of industrial work 
in which the terms used are so badly defined or are 
used more loosely than in what is known as costing. 
Not only have the same terms different meanings 
in different works, but quite often in the same works 
a variety of interpretations is given to them, by 
different people. This state of things has been 
made worse rather than better by the very large 
number of books on the subject of costing, which 
have been published during the last few years. Mr. 
Ryall’s Dictionary of Costing may be regarded as 
an attempt of the right kind to make provision 
for this. 

The author tackles the problem in a compre- 
hensive manner, making a commendable effort to 
cut out some of the many terms meaning more or 
less the same thing, and endeavours to give definite 
meanings to those retained. To what extent he 
has been successful will be a matter upon which 
opinions will probably vary, but, of the need for 
such a work, there can be no two opinions. In 
some instances, the author has gone beyond what 
one would expect in a dictionary and deals with 
system. System implies routine ; routine implies 
conditions, as of a special industry, and to this 
extent the function of a dictionary is ignored, and 
the book becomes another of the many costing 
books to which reference has already been made. 
Thus, for example, upwards of 100 forms are giver. 
In the case of some of these their use is described 
as well as their connection with others and with 
different departments. An instance of this is to 
be found under ‘‘ Manufactured Goods—Rejection 
of.” The aims of the author in connection with 
such expenses as power, light, heat, depreciation, 
insurance, salaries, &c., are good. Expenses of these 
kinds, while incurred in services essential to 
the running of a works, cannot as a rule, be 
booked to any particular order and, usually, are 
apportioned in, perhaps, a more or less inaccurate 
manner over the whole of the orders then in progress 


of manufacture. These expenses are variously 
known as ‘overheads,’ ‘‘oncosts,’’ ‘‘ burden,” 
‘*« charges,” “establishment charges.” Not one 


of the first four is sufficiently definite to mean 
anything precise, while there are so many expenses 
incurred in connection with the securing of orders, 
with manufacture, and the sale of goods, that the 
fifth—* establishment charges ’’—cannot be used 
in any definitive sense. The author suggests 
calling the whole of these expenses ‘ establishment 
expenses ”’ with subdivisions for “‘ factory expenses ” 
and “selling and distribution expenses.” In 
broad principle these subdivisions can be accepted, 
although manufacturing and selling expenses are 
so decidedly and essentially different that it is 
difficult to see any good purpose in their being linked 
up at all; if they are to be apportioned, even 
approximately correctly, the basis of apportionment 
must be different. 

As is to be expected in a book of this kind, the first 
edition is almost bound to fell a little short of what 
is possible. Its need being established, however, we 
shall look forward to it being revised and pub- 
lished periodically. Its weaknesses would then be 
eliminated by degrees, and it could be made a really 
valuable work. As a test, the word ‘rate’? was 
looked up, but little help was found to be 
- forthcoming. This is a much-used word. There 
are time rates, day rates, reference rates, piece- 
work rates, straight piece retes, piece rates, 
job rates, basis rates, time limits, times allowed, 
and rate per article, beside others. These could 
well be defined, although definition would result 
probably in one half of them being eliminated. 
The words rate, price, cost, are often used in con- 
nection with the same thing. Under “ Factory 
Expenses,” instead of ‘ the cost of all direct labour 
employed ” being treated as such, the author means, 
presumably, indirect labour. This is probably a 
printer’s error. The book is well printed, the type 
is readable and the index is of the usual dictionary 
kind. A list of forms, illustrations, and charts 


is given, and a foreword by Sir J. George Beharrell. 





Fortschritte der Luftfahrt ; Jahrbuch, 1926. By Dr. Ina. 
W. von Lanasporrr. Frankfort-Main: H. Bechhold 
Verlag. [24 Marks.]} 

Tis book is a compendium on flight. It contains 

over 400 pages of illustrated descriptive matter on 

aeroplanes and airships, their construction, engines 
and other component parts, in separate chapters. 

Each of these is written by a German specialist. 

It is dated December, 1925. 

In the chapter on the structural features of aero- 
planes, the author expresses the opinion, or, rather, 
lays down as a rule, that the fitness in actual 
practice of such structures does not depend solely 
upon the aerodynamic, but also upon the static 
properties of the component parts. The work of 
Junkers has proved of very great importance in 
this connection. Until 1916, he says, designers 
almost unanimously held the view that thin wings 
alone were to be used for aeroplanes, whilst those 
research workers who gave close attention to the 
structural side of the problem aimed at designing a 
wing having a relatively thick front section which 
decreased slightly only towards the rear edge. 

Until 1916, aeroplanes having a thin wing section 
were those generally in use, and scientific aero- 
dynamic researches: may be said to have borne 
exclusively upon machines of that type. Junkers 
departed from the then current practice, and 
carried out experiments starting from most ele- 
mentary shapes, ellipsoids and others. Measure- 
ments soon showed that thick wings, contrary to the 
hitherto prevailing view, were not to be rejected 
purely and simply, in the construction of aeroplanes. 
More complete experiments further revealed, 
among other points, that less depended upon the 
development of the suction and pressure sides 
of the wing than upon the course of the centre line 
of the section. It was also ascertained that the 
lift and drag ratios with thick wing sections 
were not necessarily less favourable than with 
thin ones. This discovery, the author further 
states, has had a very great influence upon the 
development of the supporting structure of aero- 
planes, in that it has given ample strength with 
less bracing, even allowing bracing to be dispensed 
with altogether; using wings of thin section, 
the construction of a monoplane without bracing 
was practically impossible. Numerous illustrations 
of thick metallic wings in various stages of manu- 
facture are given in the book. The author makes 
the very obvious statement that it is a mistake 
to select a wing section without regard to the 
general design of the machine; the wing section 
should always be considered as a very essential 
component part of the whole aeroplane. 

After dealing with the progress made in recent 
years in the construction of aero engines, the author 
states that by reason of its comparative simplicity 
in manufacture and operation, added to its robust- 
ness, the air-cooled engine has secured for itself a 
wide field and a great future. He is of opinion that 
in many instances it will completely supersede the 
water-cooled engine. Its highest power limit lies, 
at the present time, in the neighbourhood of 
500 h.p.: it is not expected, however, that the 
contruction of aero-engines exceeding this power 
will offer any fundamental difficulties. The power 
per cylinder, ‘‘ except in one special case,” which 
we cannot trace, has generally not exceeded 60 h.p. ; 
the average per cylinder of a modern aero engine 
is about 45 h.p. These figures apply in the first 
place to water-cooled engines, but in air-cooled 
radial engines they have already been attained. As 
compared with war-time flying, the power per litre 
of cylinder capacity has notably increased ; this is 
due, in a large measure, to increased compression 
ratios and to improved design of the inlet passages. 
A series of tables give the characteristic features 
and performances of a large number of engines of 
different types. 

In the chapter dealing with innovations in engine 
component parts, the satisfactory cooling of the 
valves and valve seats by the air is mentioned as 
one of the difficulties in the case of air-cooled engines. 
Exhaustive and systematic experiments on the 
test bed carried out in England and in America, 
using single-cylinder experimental engines, have 
thrown some light upon the conditions the valves 
have to meet, andjupon their proportions. Owing 





to the high speed and with a view to obtaining 
high volumetric efficiency, the gas velocities are 
high and a large valve area has to be provided. 
On the other hand, heat dispersion and tightness 
difficulties increase with the size of the valves. 
Special difficulties surround the exhaust valves, 
which, in most designs, lead to heat storage 
and to consequent trouble, and great care has to 
be taken, especially in the case of air-cooled engines, 
to provide for efficient heat extraction from the 
valves and seats. The cooling of the valves by a 
salt or a liquid has been tried in recent times, whilst 
oil-cooling has been resorted to in the new water- 
cooled Packard engines. 

As regards the pistons for engines of all types, 
those made of a light metal alloys have been 
found unquestionably superior to those made of 
cast-iron. In Germany, pistons of Elektron, a 
light magnesium alloy, are extensively used, 
whilst outside that country an aluminium-copper 
alloy is generally employed. Notwithstanding 
numerous attempts, internally cooled pistons are 
practically never used, and, in this connection, the 
author mentions the Junkers experimental engine 
having double pistons, and the Benz tests, expressing 
the opinion that the high-powered aero engine will 
hardly be able to dispense with internal cooling of 
the pistons when the number of cylinders is 
comparatively small. In regard to ignition, the 
author states that no very great progress has been 
made of late years. The most recent innovation in 
this direction is the Delco ignition device, which 
has been used for many years past in motor car 
engines and has now found practical application in 
the Liberty engine. 

No satisfactory progress has been made, so far, in 
the matter of exhaust collectors and silencers. The 
author mentions, amongst others, the Swiss Birger 
Ad-Astra silencer, which has given satisfaction in 
trial flights ; it has, however, the disadvantages of 
comparatively heavy weight and bulkiness. From 
the Swiss trials, it is claimed to effect a fuel saving 
of from 4-5 per cent. to 5 per cent. ; with improved 
designs a fuel saving up to 8 per cent. is claimed. 
The construction of reliable and light exhaust col- 
lectors for radial engines is a difficult problem, and 
generally collectors are not fitted to air-cooled radial 
engines, short exhaust pipes being preferred. 

According to the author, a method of propulsion 
which may possibly transform flying altogether is 
nozzle propulsion, 7.e., the direct utilisation of the 
reaction pressures of gases issuing through nozzles 
or vanes. The gas turbine is also alluded to as an 
engine which may become practicable in the distant 
future; it is probable that the new steel alloy 
recently'put on the market by Messrs. Hadfields, Ltd., 
an alloy which is capable of withstanding very high 
temperatures, will help to solve some of the 
problems which hamper the production of this type 
of prime mover. Progress in another direction would 
be effected by perfecting heavy-oil internal-com- 
bustion engines for use on aircraft. The numerous 
advantages of these engines over petrol engines, 
provided that their weight can be reduced suffi- 
ciently, need not be enumerated. The author 
mentions experiments made with engines of this 
class in Germany and in other countries, and states 
that the Beardmore heavy-oil engine for use in 
aviation appears to be the one with which most 
progress has been made. 

The book is illustrated by numerous views and 
line blocks, some of which have previously appeared 
in our columns. 





Condutture, Appareochi, Misuratori di Acqua Potabile ; 
Manutenzione e Manovre. By EMo GutRALpINI. Milan : 
Ulrico Hoepli. [Price 24 lire.] 

ProBaBLy the oldest “‘ waterworks” of which a 

record, though only a brief one, has come down to 

us is that constructed by Eupalinus who, according 
to Herodotus, cut a tunnel through a ridge in the 
island of Samos for the distribution through pipes 
of the waters of a copious spring. The same 
historian mentions another water distribution 
system, one to which he gave very little credence, 
and no doubt very rightly so. It was to the effect 
that conduits made of the skins of oxen and other 
animals, sewn together, led the water from a river 
in Arabia to cisterns in the Syrian desert, a 
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distance of twelve days’ journey. Very early in 
their history, the ancient Romans recognised the 
necessity of providing potable water for the cities 
they built in the different parts of their empire. 
They constructed aqueducts for this purpose, and 
the remains of several of these are still to be 
seen in many places. The aqueducts were con- 
nected at the inlet end to some source or spring, 
and probably delivered the water to pools located 
in close proximity to the cities to be supplied. The 
system must have been very defective, especially 
in periods of drought, owing to the absence of 
storage reservoirs, this being probably compensated 
for, to a limited extent only, by the construction 
of aqueducts from additional sources. Deficient as 
the old Roman water supply system must have 
been in many respects, conditions were much worse 
in medieval times in many countries. This country 
was among the first to take up water distribution 
in even small townships. 

In the book the title of which we give above, 
several examples of water distribution installations 
in Italian cities are dealt with. It has been written 
by an industrial expert to serve as a guide for 
public-works engineers and contractors, with a 
view to enable them to deal readily with problems 
connected with potable water supply. It covers 
water distribution from existing storage reservoirs, 
and opens with notes on the selection and laying 
of the necessary mains, etc. Stress is laid by the 
author upon Eternit as a material suitable for 
water pipes. This material is, we believe, of Italian 
invention, and consists, as is well-known, of asbestos 
fibre and slow-setting cement. The pipes are not 
made with sockets and spigots, but are perfectly 
smooth and their diameter varies from 50 to 400 mm. 
(2 to 15Zin.). Their usual length is 3 m. (9 ft. 10 in.) 
up to 100 mm. (4 in.) in diameter, and 4 m. (13 ft.) 
up to 400 mm. The thickness, 10 mm. (2 in.) for 
the smallest pipes, up to 32 mm. (1}in.) for the 
largest, varies with the internal test pressure, this 
ranging from 5 atmospheres to 20 atmospheres. 
An Eternit pipe, 50 mm. in diameter and 10 
mm. thick, weighs 5 kg. per m. (3-36 lb. per ft.) ; 
one 400 mm. in diameter, and 32 mm. thick, weighs 
100 kg. per m. (67-2 Ib. per ft.). In Italy, Eternit 
conduits cost 27 per cent. less than cast-iron ones. 

From the bacteriological standpoint, and with 
respect to impermeability, “‘ Eternit” has been found 
a very satisfactory material, whilst in regard to 
duration in service it lasts longer than reinforced 
concrete, cast iron or steel. It is not affected by 
stray currents which promote corrosion in cast 
iron and steel pipes. Pipe lengths of ‘‘ Eternit ” 
are connected by rings, with lead or indiarubber 
joints of which several examples are given in the book, 
together with examples of branch connections, bends, 
&c., which latter are of the usual metal type. 

The book enters in detail into the work of laying 
water pipes under the various conditions that occur ; 
it also reviews minutely the distribution to users, 
repairing, testing, recording the supply, and so 
forth, a special chapter giving illustrated descrip- 
tions of the different types of water meters in use. 
In regard to rating and the quantity allowed to 
clients, the author deals with the advantages 
and disadvantages of unlimited supply and supply 
by meter. There is, of course, much to be said 
for and against both systems ; conditions vary with 
the country, and the unlimited supply, as adopted in 
London, is no doubt as equitable to all concerned as 
any other method. 

Much of the apparatus referred to and illustrated 
in the book is of British manufacture. In fact, 
British waterworks appliances are frequently met 
with in most Continental towns. 





ROAD DAMAGE BY STEEL-TYRED 
VEHICLES. 


Most road users, in the course of their travels, 
will have noticed long stretches of roads in rural 
districts that have been badly damaged by the passage 
of steel-tyred traction engines and other heavy vehicles, 
especially, but not exclusively, when the wheels of 
such vehicles have been fitted with strakes. Few 
will therefore be surprised to learn that numerous 
complaints have been addressed to the Ministry of 
Transport from all parts of the country, both by 
highway authorities, who are responsible for the 





repair of the damage referred to, and from 
many classes of road users. As would be expected, 
the trouble is most frequent in the early part of the 
summer when many roads have been freshly treated 
with tar or bituminous dressings, the passage of 
one vehicle of the class referred to, in these circum- 
stances, being sometimes sufficient to ruin the surface 
for many miles. The damage is, of course, less severe 
when the surface has become hardened by exposure, 
and in colder weather, but at no time is it by any 
means negligible; in the aggregate, the expenditure 
involved in repairs due to the cause referred to must 
amount to many thousands of pounds annually. 

In consequence of the complaints which, as 
previously mentioned, have been forwarded to the 
Ministry of Transport, that department has recently 
addressed a circular letter to all the highway autho- 
rities in Great Britain recommending them to do 
their utmost to discourage the use of heavy steel-tyred 
vehicles and suggesting, firstly, that they should 
consider the advisability of replacing all such vehicles 
as they themselves own, or of fitting them with 
rubber-tyred wheels. Secondly, it is suggested that 
highway authorities should specify that all engines 
and vehicles used under haulage contracts shall be 
equipped with rubber tyres or pads. It is rather 
remarkable that road authorities, the bodies to whom 
the damage caused by steel-tyred vehicles must be 
most apparent, should continue to employ such 
vehicles, although in a few instances this is the case. 
It is interesting to note, in this connection, that one 
important county council, according to the Ministry 
of Transport letter, has recently decided to discard 
their whole fleet of steel-tyred vehicles owing to the 
road damage caused by their use. This is certainly 
a commendable course, as highway authorities might 
reasonably be expected to set a good example to 
other users of the roads. 

We also note that Colonel Ashley, the Minister 
of Transport, has been in communication with the 
Showmen’s Guild and with the Traction Engine 
Owners’ Association, with the result that both these 
bodies have agreed to urge their members to adopt 
rubber tyres or pads on all the types of vehicles 
referred to, except those used for purely agricultural 
purposes on the land. In many cases this alteration 
has already been made with satisfactory results to 
the owners, the improvement in running and reduction 
in maintenance costs having recouped them for the 
expenditure involved. The damage to the road 
surfaces over which the vehicles operate has also 
been reduced to a very material extent. It is thus, 
perhaps, not too much to hope that this course will be 
followed wherever possible by users of heavy tractors, 
in order to relieve the community of needless expendi- 
ture and inconvenience. 





LETTER TO THE EDITOR. 


SOLID SMOKELESS FUEL. 
To THE Eprtor oF ENGINEERING. 


Smr,—It seems inevitable that all the speakers and 
writers on this matter have axes to grind, and as I 
do not differ from the rest, I trust you will not exclude 
my comments on Mr. W. E. Davies’ letter in your 
current issue. Without discussing the involved and 
problematical reasoning as to what does, or might, 
happen in a, or any, gas retort, I suggest that the 
smokeless fuel problem can be solved immediately. 

Three years ago I took a truck-load of Sir D. R. 
Llewellyn’s Craigola Merthyr dry Welsh steam coal 
and ground it to pass 10 mesh, then in a 2 to 1 ratio, 


I mixed it with old Silkstone, strongly-caking coal, | board 


and, retorted it at temperatures of from 500 deg. to 
1,000 deg. C. At all temperatures a strong product 
resulted—at the lower temperatures easy to ignite, 
and at the higher temperatures more difficult. At 
around 500 deg. C. the product was an ideal household 
fuel, while at 1,000 deg. C. its density equalled anthra- 
cite and it carried a high reactivity index figure. 

I gradually raised the temperature until I reached 
coke-oven practice, when, at Baldwin’s Brymlo works, 
five 5-ton charges showed a reduction in the coking time 
of six hours on 30, and the product was very hard and 
dense, with an absence of dust and small. 

I urge, Sir, that by this method on a large scale, the 
smokeless-fuel demand can be met and South Wales 
coal production be put up, to the advantage of that 
district. No more experiment or costly research is 
necessary. My final results were obtained from 
Messrs. Baldwin’s Brynn Smalls and washed Crilbwr 
Fawr. 

Yours faithfully, 
Water W. STRAFFORD. 
16 Hill Street, Richmond. 
August 23, 1926. 


THE BOARD OF TRADE NATIONAL 
FUEL COMMITTEE. 


As may be gathered from recent references to the 
subject in these columns, fuel economy and technology 
are continually attracting more attention and co- 
ordinated effort. A further development in this 
important matter has now to be recorded, the subject 
having been given a place in the activities of the 
Government. It will be remembered that the Royal 
Commission on the Coal Industry recommended the 
formation of a National Fuel and Power Committee. 
The President of the Board of Trade has accordingly 
appointed a standing committee consisting of the 
following gentlemen :—Sir Alfred Mond, M.P. (Chair- 
man), Mr. J. Baker, M.P.; Mr. Mark Brand ; Sir John 
Cadman, D.Sc., M.Inst.C.E.; Sir Arthur Duckham ; 
Sir William Hart; Mr. Frank Hodges ; Professor F. A. 
Lindemann, F.R.S.; Sir David Llewellyn; Mr. M. 
Mannaberg; Mr. C. H. Merz, M.I.E.E.; Sir Alexander 
Walker; and Mr. D. Milne Watson. The function of 
the Committee is to consider and advise on questions 
affecting the economic use of fuels and their conversion 
into various forms of energy, regard being paid to 
national requirements both in public services and 
industrial processes. Of the thirteen members of the 
Committee it will be remarked by engineers that three, 
viz., Sir John Cadman, Sir Arthur Duckham, and 
Mr. D. Milne Watson are directly concerned with fuel 
per se, while Mr. C. H. Merz is interested in it from 
the point of view of power supply. The qualifications 
of Sir Alfred Mond for the post of Chairman also need 
no comment. Of the remaining members, Mr. Brand, 
Sir David Llewellyn, and Mr. Mannaberg are all 
directors in various colliery and iron and steel com- 
panies. Mr. Baker and Mr. Hodges may be said to 
represent labour, the former being a representative of 
the Iron and Steel Trades Federation, and the latter 
the secretary of the International Miners’ Federation. 
The official designation and address of the new body 
is the National Fuel and Power Committee, Board of 
Trade, Great George Street, S.W.1. The Secretary is 
Mr. W. Palmer, and the assistant secretary Mr. R. J. 
Moffatt. 





PENDULUM APPARATUS FOR 
GRAVITY DETERMINATIONS. 


In 1866, the Austrian Admiral and explorer, Bernhard 
von Wullerstorf-Urbair, proposed to combine an 
aneroid with a mercury barometer for the determina- 
tion of gravity on land. The comparison was tried 
for gravity measurements at sea by Professor O. 
Hecker, of Strassburg, in 1901, on the Black Sea, and 
again later. Renewed observations with a modified 
Hecker apparatus, made by the Cambridge Scientific 
Instrument Company, were taken by Professor W. G. 
Duffield, of Reading—now director of the Common- 
wealth Solar Observatory on Mount Stromlo, Can- 
berra, Australia—on the journey by mail steamers 
to and from Australia in connection with the British 
Association meeting of 1914; his report to the meeting 
of 1916 was noticed in our columns at the time. In 
1923, Dr. Vening Meinesz, of the Netherlands Geodetic 
Survey, tried another method when proceeding by 
submarine from Helder to Batavia, and he took further 
pendulum observations on a second submarine journey 
to the East Indies in 1925. The Stiickrath pendulum 
apparatus which he used on his first journey was 
exhibited by Dr. Meinesz at the Royal Society Con- 
versazione of May, 1924.* It consisted of two pairs 
of pendulums, supported on the same pillar, so as to 
oscillate in planes at right angles to one another, and 
a system of prisms and mirrors by the aid of which 
photographic records of the oscillations were produced. 
In spite of the cradle mounting of the instrument on 
a submarine, which was kept deep enough 
to avoid the effects of surface waves, and other pre- 
cautions, the curves were very difficult to interpret, 
and Dr. Meinesz modified his apparatus after the first 
journey. One possible objection to the mounting of 
two pairs of pendulums on one pillar was that the 
pillar itself might begin to oscillate. The three- 
pendulum apparatus, which the Cambridge Instrument 
Company Ltd., exhibited at the Royal Society Soirée 
on June 16 last, marks a further modification of the 
Meinesz apparatus, due to Sir Gerald Lenox-Conyngham. 
It was made by the firm for the Cambridge School of 
Geodesy and will, it is hoped, be used in the long- 
desired gravitational survey of this country. 

The instrument is illustrated in the photographs. 
Figs. 1 and 2, in the latter with the domed cover off, 
and also by the diagram, Fig. 3. Theair-tight rectangular 
chamber, about 2 ft. long, forms the support for three 
pendulums, A, B, C, of the same period of half a second, 
mounted in a row, with their knife edges parallel to 
one another, so that they all oscillate in the same plane. 
Each pendulum is made of solid nickel-steel, of a very 








* See ENGINEERING, May 16, 1924, p. 648. 
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PENDULUM APPARATUS FOR GRAVITY DETERMINATIONS. 


CONSTRUCTED BY THE CAMBRIDGE INSTRUMENT COMPANY, LIMITED, LONDON. 
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Fig. 1. 


small temperature coefficient, and is fitted with a, 
knife-edge formed of a single piece of stellite—one 
of the most constant non-corrosive alloys known— 
which is firmly wedged into the head; the central 
portions of the sides of the stellite, A B in Fig. 2, are 
polished to form mirrors. The object of this arrange- 
ment is the following: A lamp is placed some distance 
from the chamber, and a beam is reflected to one of the 
outer pendulums, A or C, then to the middle pendulum 
B and thence to the eye or to the camera outside the | 
chamber. The beam will oscillate up and down, as 
if it were proceeding from the mirror of an imaginary 
pendulum, the phase angle of which is always the differ- 
ence between the phase angles of the two actual pendu- 
lums. In our diagram, Fig. 3, the lower ray records the | 
difference for the first hypothetical pendulum, i.e., 
A — B, and the upper the difference B -- C, while the 
middle ray records the movement of B only. The 
differences are undisturbed by horizontal accelerations Fic. 2 
which affect the chamber as a whole. The instrument a 
can thus be used in cases where a perfectly stable 
platform is not available, and the time obtained is that 
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of the oscillation of an imaginary pendulum swinging on Fia.3 J 
a perfectly stable and rigid support. Two pendulums, chil ‘ond Hy pole =e 4B 
B and either A or C, would sutlice; but the addition of j . Sen ete et aid ee ee ee —— = Penal” yl 
the third pendulum provides a check by giving simul-| 3° im Z ar aaa aa —jneacot ~ (From Lamp. 
taneous observations of a second imaginary pendulum. } 2 ie: eae pea. ea ee rE HyP E 

When the two outer pendulums are given equal and| ; Re ae = = 





opposite amplitudes, the middle pendulum will, y. r Ry eg el 
ordinarily on land, remain at rest; in the demonstra- S| if 43 i 

tion at the Royal Society Soirée, however, the observer | A LA anita 
saw one stationary light spot (due to B) and a pair of | : 

spots, one above the other (due to A and C) moving up | 
and down in a vertical plane. By the aid of the tube | 
connections, shown in Fig. 1, the chamber is connected | two hypothetical pendulums can be superimposed upon | perature within the latter is observed by the aid 
to a pump for evacuation, so that in the rarefied air/the upper part of the record, while the movement | of a thermometer attached to a dummy pendulum 
the damping can be reduced sufficiently for oscilla- | of the pendulum B can be marked on the lower! mounted behind the first window, but not visible 
tions to contiuue for 10 hours at moderate initial | edge of the record. Continuous records are not | in Fig. 2. The position of the agate planes is checked 
amplitudes. |taken. The light is not kept on continuously, but | by means of the spirit level P. 

One of the pendulums will be seen in the foreground | is flashed instantaneously every second, that is to say, | 
of Fig. 2. The knife edges of the pendulums rest on | nearly in phase with the pendulums themselves. The | 
polished agate planes C, so mounted on a platform pendulum period, however, is not exactly half a second,| Wrreiess TELEPHONES AT Basra.—Messrs. Marconi’s 
in the chamber as to be accurately flat and true with | but a little longer; consequently the light flashes | Wireless Telegraph Company, Limited, Strand, London, 
each other. On the platform is mounted a vertical | occur at slightly different positions of the movement | W.C.2, inform us that very satisfactory results are 
support D, carrying two plane mirrors E and F,| of the hypothetical pendulums at each second, and| reported from the working of their wireless-telephone 
which are so adjusted in position as to reflect the | the record obtained becomes a sine curve, the amplitude | °¢: installed on harbour vessels some twelve months ago, 
light from a small electric lamp as shown in Fig. 3. | being the same as that of the hypothetical pendulums, | PY the Basra Port Trust, Iraq. The vessels 80 eadipped 
When the pendulums are in position, the cover of | but the period depending upon the time of swing of | +? the Persian Gulf are the control ships Alert eo 
the chamber is fixed on tightly by means of clamps | the aliiiedn 5 up § £ Yenan, the pilot vessels Nearchus_ and Liger, and the 

4 ast Wh : | pen . station ship Harmag, working with shore stations at 
and the chamber is exhausted. A slow motion device,| The light flashes are produced by means of a shutter, |'Tanoomah and Fao. A wireless bell is included in each 
operated by turning the handle H, allows of lifting | which is operated electrically from a standard clock | installation, which is of the Marconi YB type ; there is 
the knife edges of all the three pendulums simul-|or chronometer. The recording camera contains a/| therefore no necessity for maintaining a continuous 
taneously clear of their agate planes and of lowering | continuous band of photographic paper or film which | watch. Any vessel or station can call any of the soon 
them gently again for the observations. The oscillations | is slowly moved behind a cylindrical lens by means | with the facility of an ordinary telephone. The trans- 

axte y ce ; m . Se eR, . ? | mitters have a power of 100 watts, and the range for 
are started by external levers, that marked L actuating | of clockwork. The working of the instrument can | telephony, depending on local conditions, varies from 
the outer pendulums and M the central pendulum. | be watched through two windows, one of which is | 35 to 96 fey The radius for telegraphy is from 100 
The beam of light is first rendered parallel by passing | shown at W, in Fig. 2; the other takes up nearly the to 200 miles. Indian signalmen are employed and they 
through a lens. The curves correspondirg to the | full width of the end of the chamber. The tem- | are stated to have rapidly gained proficiency in their work. 
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LABOUR NOTES. 


TuE conference in London between representatives 
of the coalowners and representatives of the miners 
left matters practically as they were in the beginning 
of the long-drawn-out trouble. On behalf of the 
owners it was, in effect, declared that the hours of 
work and the wages in force before the stoppage 
were now impracticable, and that a national agreement 
which met the individual necessities of the different 
coalfields was impossible. The attitude of opposition 
to a subsidy was maintained. For the miners it was 
contended that an extension of working hours was 
not necessary for the successful operation of the 
industry, and that a national agreement for the 
adjustment of wages was essential. The Feéderation 
was prepared, it was stated, after a consideration of 
possible measures for the reorganisation of the industry, 
to discuss what wages were possible, and suggested 
a joint application to the Government for assistance 
while the reorganisation schemes were being carried 
out. That the Government has no intention of 
further subsidising the industry has, however, been 
made tolerably clear during the past few days. In 
Notts and Derbyshire a considerable number of 
men have returned to work on terms arranged locally, 
and there have been steady though small additions 
to the men who have returned in other areas. The 
breakaway has not yet assumed very great proportions, 
but it is already large enough to jeopardise the 
existence of the Miners’: Federation. 





In the report prepared for submission to next month’s 
Trades Union conference at Bournemouth, the 
General Council allude to the proposal that they 
should be given power to order a stoppage of work 
by any affiliated organisations, or any number of 
the members of such organisations, in order to assist 
a union defending a vital trade union principle. The 
Council felt, it is stated, “ that great difficulties would 
be experienced in obtaining such a mandate from 
the unions. It would necessitate very drastic 
alterations of the constitutions of many unions, and 
the Council considered that unions were not likely 
to surrender such a measure of autonomy until they 
had had greater experience of the manner in which 
the Council were able to utilise the recent powers 
already entrusted to them. The view was taken 
that any effort in the way of active support to a 
union in dispute would be far more likely to be successful 
if coming spontaneously from the union or unions 
whose assistance was required. The national strike 
has since proved that there is no lack of readiness 
on the part of affiliated unions to respond to such 
an appeal for assistance where it is felt that some 
vital principle affecting the movement as a whole is 
imperilled.” 





A conference of textile factory workers at Southport 
on Tuesday passed a resolution to the effect that 
before any policy was adopted involving a stoppage 
of work by members belonging to the various textile 
trade unions, such policy should be approved by the 
members who would be affected. About 400,000 
workers were represented at the conference. 





The Ministry of Labour states that on August 16, 
the total number of persons on the registers of Employ- 
ment Exchanges in Great Britain was 1,580,500. This 
was 12,669 less than a week ago, but 282,215 more than 
a year ago. The total of 1,580,500 on August 16, is 
exclusive of persons who ceased work in the coal mining 
industry on account of the dispute. 





In engineering trade union circles, it is an open secret 
that the real cause of the abandonment of the movement 
for increased wages, is lack of funds. The exchequers 
of most of the organisations were depleted by the 
payments which had to be made during the ill-starred 
general strike, and in some cases a load of debt has 
been accumulated which will take years to wipe out. 
From the point of view of the general welfare of the 
industry, it is a pity that the reason for the withdrawal 
of the demand was not a healthier one. Engineering is 
still badly handicapped by its working conditions in 
the competition for work with foreign industries, 
and nobody knows that better than Labour’s less 
extreme representative men. The poor financial state of 
the unions, before the general strike arrived to absorb 
what funds were left, was clear evidence that something 
was wrong, for it reflected a serious falling off in revenue 
due to abnormal unemployment. It would have been 
much better from every point of view if, instead of 
deciding to wait for a more favourable opportunity to 
revive the wages’ claim, the unions had resolved to 
co-operate in the investigation of working conditions 
and labour costs which the Engineering and Allied 
Employers National Federation proposed just before the 
wages demand was originally put forward. Sir Allan 
Smith and his Board are, presumably, still willing to 





take part in such an investigation. If they are, the 
unions might profitably employ the time they are 
waiting for this more favourable opportunity to press 
the wages claim, by joining them. 





It goes almost without saying that the spectacle of 
British Trade Unionists going up and down the world 
begging and borrowing money is very distasteful to the 
majority of independent workers. The loans are bad 
enough, for they will hang like millstones for years 
round the necks of the organisations which have 
accepted them. The donations are, however, worse, 
because, besides being demoralising in their indirect 
effects, they come from organisations whose members 
have lower wages and work under far less favourable 
conditions than those for which the suppliants are 
‘ fighting.” Moreover, the begging and borrowing are 
not dignified, and the sturdy independence of British 
Labour’s rank and file is offended by them. 





At the end of July 27,797 members of the Boiler- 
makers and Iron and Steel Shipbuilders Society were 
“signing the books” as compared with 26,170 at the 
end of June. During the month, there was a net 
decrease in the membership of 390. The expenses were 
138,648. 1s. 9d. as compared with 107,117/. 9s. 3d. in 
June. The July total includes five weeks’ expenditure. 





The members of the Boilermakers’ Society are this 
month ballotting on an important proposal relating to 
the payment of superannuation benefit. 
paragraph 3, the executive propose to substitute 
‘** 60 years” for ‘‘ 55 years,” and to add: ‘“‘ Members 
having 40 years’ membership before arriving at the 
age of 60 years, and being in benefit as per Rule 23, 
shall be entitled to superannuation benefit according to 
the above-mentioned scale.” It is further suggested 
that paragraph 7 of Rule 26 should be deleted, and the 
following paragraph substituted: ‘‘A member on 
superannuation shall, when working, pay contributions 
of ls. per week and levies, and shall only be entitled to 
funeral money for himself and his wife. He may 
follow any other labour for which he may be able, but 
shall not be allowed to return to the trade.” In reply 
to questions sent in by branches, the executive state 
that if the new proposals are accepted the position of 
members already on superannuation will not be affected. 
The statement, ““ A member on superannuation shall, 
when working, pay contributions of 1s. per week and 
levies,”’ means, it is added, that he must pay for monthly 
and annual reports, and all levies, except the General 
Federation levy. 





In an explanatory memorandum the executive 
state that the payment of superannuation benefit to 
members between 55 and 60 years has so greatly 
increased the Society’s expenditure under this head 
that the liability cannot be met. Since January of 
this year, 70 members, whose ages range between 55 
and 60 years, have been placed on the Fund, and, 
while they are all certified as permanently incapacitated, 
30 have no record of sickness and 20 have not been on 
the Sick Fund for several years. The executive further 
regard it as imperative, if the Society is to continue to 
discharge its obligations to members over 60 years 
of age, that all superannuated members, when working, 
shall contribute from their earnings, and that payment 
of superannuation benefit to members under 60 years 
of age, who have not paid for the benefit of a 40 years’ 
membership, shall be suspended until they reach the 
age of 60 years. 

In the 107th quarterly report of the General Federa- 
tion of Trade Unions, Mr. Appleton, the secretary, says 
that the voting at the annual meeting of the Federa- 
tion’s General Council on the claims for benefit on 
account of the general strike decisively endorsed the 
Management Committee’s policy in declining to accept, 
under the present constitution of the Federation, the 
incalculable liabilities of such a stoppage. By rejecting 
the demand for payment of these claims the General 
Council indicated, he claims, no lack of sympathy with 
those who had, unfortunately, been involved. Sym- 
pathy was there in abundance, he says, but it was 
governed by an intelligence, which recognised, by 
41 votes to 6, that a very limited contribution could 
not be made to cover unlimited liabilities, especially 
when these were created by authorities which incurred 
no financial responsibility. Proceeding to deal with a 
suggestion that the contributions should be increased to 
meet such contingencies as those arising out of a general 
strike, Mr. Appleton says that any schoolboy, given 
the numbers involved and the benefit to be paid, could 
tell how many millions sterling would be required for 
one week’s pay. Given 10,000,000 workers and an 
allowance of 25s. per week—not an extravagant one 
by any means—the sum required by any organisation 
for a four weeks’ stoppage, which would not, after all, 
be really general, would be 50,000,0001. ‘‘ The Council 
showed its common sense,” he declares, “‘ by refusing, 


In Rule 26, | 


even remotely, to commit itself with policies which 
involved the spending of millions which it did not 
possess and could not obtain.” 





The August issue of the Monthly Journal of the 
International Association of Machinists contains the 
texts of several further interesting agreements with 
American employers. In one with the Chicago Manu- 
facturers’ Association, the minimum rate for machinists 
on day shift is 98 cents per hour; that for tool and die 
makers is 1 dol. 11 cents per hour, that for automatic 
and hand-screw machine hands 98 cents per hour, that 
for automatic screw machine tool setters 1 dol. 11 cents 
per hour, and that for helpers 61 cents per hour. The 
normal working week is one of 44 hours, but night 
shift men work 40 hours for 44 hours’ pay. Double time 
is paid for overtime and for work done on Sunday and 
holidays. Under another Chicago agreement—the 
employers in this case are the Machinery Moving and 
Erecting Contractors’ Association—machinists are paid 
at the rate of | dol. 50 cents per hour. 





As most of the unions are known to have lost. practi- 
cally all they had in the general strike, the figures 
relating to their financial positions, given in the Parlia- 
mentary White Paper published last week, are less 
instructive than might otherwise have been the case. 
The particulars of salaries and allowances paid to officers 
are, however, interesting. The National Union of 
Railwaymen witha membershipof 398,596 paid 101,974. 
in 1925, the Amalgamated Engineering Union with a 
membership of 234,323, 95,775l.; the Electrical 
Trade Union with a membership of 29,241, 6,5741. ; 
the Iron and Steel Confederation, 36,208/.; the 
Workers’ Union, with a membership of 152,000, 88,9401. 
(including organisers’ wages and expenses); the 
Transport and General Workers, with a membership of 
376,251, 189,419/.; and the General and Municipal 
Workers, with a membership of 313,981, 123,1791. 
The corresponding expenditure in 1926 will, probably, 
be less as most of the unions are economising, but 
the full effect of the savings made recently by the 
A.E.U. National Committee is unlikely to be visible 
before 1928. 





The Federation of Engineering and Shipbuilding 
| Trades at a meeting in York, last week, formally adopted 
the new provisions for avoiding disputes in the ship- 
building industry and instructed its representatives 
to sign the agreement embodying them. A summary 
of the provisions has already been given in ENGINEERING. 
The negotiating machinery is almost ideally suitable 
to the industry, and if given a reasonable chance to 
function should ensure prolonged peace. 





The provisional agreement between the craft and 
other unions which have members employed in rail- 
way workshops, and the National Union of Railway- 
men, has been approved by a conference composed, of 
executive representatives and delegates from the rail- 
way shop centres. The text has been submitted to 
the various unions affected, and the expectation is 
that the agreement will be signed next month. Under 
the arrangement, it is provided that there shall be no 
desertion of membership from one union to another, 
that craftsmen who are not members of a union shall 
be approached to join the one catering for their occu- 
pations, that there shall be unification of contributions 
so far as trade union benefits are concerned, and that 
all national negotiations affecting the interests of rail- 
way shopmen shall be conducted jointly by the unions. 
On purely craft questions each union shall have the 
right of separate negotiations, but dealing with dis- 
putes, in the event of national machinery being estab- 
lished, each union shall co-operate to utilise it to the 
fullest advantage. 





Lecturing at the I.L.P. Summer School last week, 
Mr. C. T. Cramp, the Industrial Secretary of the 
National Union of Railwaymen, said that as one who 
had given the theoretical side of the general strike 
long consideration, and also was in action during the 
whole of its continuance, he believed the chief lesson 
which emerged from their experience was that a general 
strike was quite inadequate to deal with any issue 
which was complicated or involved. Indeed, it would 
appear that they must henceforth regard the general 
strike as a weapon to negative something rather than 
one which could achieve results on the positive side. 
If carried to its logical conclusion, it would deprive 
the workers themselves not merely of food, but of the 
means of communication for the continuance of the 
struggle. The general strike, as such, had been 
proved a failure and could never be employed success. 
fully in a positive way against a Government. The 
workers would have to reinforce their industrial power 
by their political power, as at East Ham, Hammer- 
smith, and Wallsend, in order to obtai the machinery 
of government and the necessary nower for dealing 
with the organisation of the great i.dustries. 
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THE PROTECTION OF ALUMINIUM 
AND ITS ALLOYS AGAINST CORRO- 
SION BY ANODIC OXIDATION.* 


By G. D. Bencovenu, M.A., D.Sc., and H. Surron, M.Sc. 


F¥T ue resistance of aluminium to corrosion by ordinary 
industrial waters and sea water is in striking contrast 
to its position in the table of electrode potentials of 
metals and its chemical reactivity. These indicate 
that aluminium should be very rapidly attacked instead 
of, as is actually the case, very resistant to neutral salt 
solutions. Local action takes place when chlorides are 
present, but even this action is not rapid. 

This resistance of aluminium to corrosion is un- 
doubtedly due to the presence of a protective film of 
aluminium oxide or hydroxide. It would seem, there- 
fore, that the resistance of aluminium against corrosion 
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might be greatly increased if a thick and strongly | 
adherent film of oxide or hydroxide were formed on | 
the metal instead of the natural thin film. Mott | 
(Electrochemical Industry, Vol. I1., p. 129) pointed | 
out that such a film could be formed by making the | 
metal the anode in a bath of sodium-hydrogen phos- | 
phate, and recommended such treatment as a protection 
against corrosion. The present authors find that the 
film produced by anodic oxidation in a bath containing 
a chromate, bichromate, or—best of all—chromic acid, 
protects the metal much more effectively against 
corrosion. The following paper deals mainly with the 
details of treatment of various alloys of aluminium by 
this method, the results of testing such treated speci- 
mens in sea water, and the development of the process 
on technical lines. 

Nature of the Film Formed by Anodic Oxidation.— 
The process of anodic oxidation is essentially as 
follows :—After thoroughly cleaning the surface of 
the aluminium, it is immersed in a suitable bath, e.g., 
dilute chromic acid, along with a carbon rod,, and a 
small external E.M.F. is applied so as to make the 
aluminium the anode and the carbon the cathode. The 
applied E.M.F. is gradually raised to a value depending 
on the nature of the alloy and on the composition of 
the bath. Thus, with duralumin in a chromic acid 
bath, the voltage may be safely raised to 50 volts. 
After treating for some time in this manner, the surface 
of the metal becomes covered with a semi-opaque, 
uniform, grey coating. 

In carrying out the treatment, two practical points 
should be noted. The immersed material must consist 
only of aluminium or suitable aluminium alloys, since 
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Hence, the film forms in recesses as the voltage is raised. 
As an example, an aluminium tube 7 in. long and § in. 
in diameter, was treated with an exterior cathode, then 
dyed, and cut in half lengthways. The dyed film was 
found to be perfectly uniform throughout the inner 
surface of the tube. 

It follows from the above that the film will form in 
the recesses of any pores or cracks in the metal, provided 
liquid can penetrate into such pores or cracks. This 
property is of great importance in protecting the metal 
against corrosion, since Seligman and Williams (Journ. 
Inst. of Metals, vol. xxiii (1920), p. 176) have shown 
that minute pores or cracks in rolled aluminium readily 
give rise to pitting in aluminium immersed in tap 
water. Such pitting probably results from the 
difference of potential set up by the difference in 
oxygen concentration in the pore and at the external 
surface. The aluminium surface inside the pore 
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with a thick protective scale. This scale must be 
broken down before any action can start, and corrosion 
tests on anodically-treated aluminium and duralumin 
show that no breakdown occurs for a long period 
under test in sea water. 

Preliminary Investigations on Anodic Treatment.—A 
preliminary study of the anodic oxidation process was 
carried out by treating a large number of specimens 
under different conditions. The number of variable 
factors is obviously large, e.g., the nature of the alloy, 
the composition of the bath, the time of treatment, and 
the maximum voltage applied. For simplicity, sheet 
duralumin was mainly used for these tests, and atten- 
tion was chiefly concentrated on determining which 
bath gave the best coating. 

In determining this, the appearance of the coating 
was observed, and the specimens were then submitted 
to a waterline test in sea water at 50 deg. C. 
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functions as an anode and is rapidly attacked by 
the chlorine ion. The rapidity of the attack 
probably also indicates that the naturally-formed 
film of oxide over the sharp contours inside the 
pore is less protective than the film over a smooth 
surface, possibly owing to a state of strain. It would, 


other commercial metals are usually attacked by the | therefore, break down more readily, and would not be 
treatment and prevent the raising of the voltage ; also | readily re-formed, owing to the lack of oxygen in the 
the bath should be large compared to the material, | pore. A similar explanation can be applied to the 
otherwise the heat produced by the current will make | susceptibility of cut edges to corrosion in the case of 
it difficult to regulate the temperature of the bath. | aluminium. 
However, in cases where a sufficiently large bath is} Once the attack has started through the interior 
impracticable, cooling coils may be used to remove | walls of the pore functioning as anode, the aluminium 
the excess of heat. | chloride produced in the pore will become hydrolysed, 
The coating seems to consist almost entirely | and resulting acid will attack the metal with the 
of aluminium oxide in a glssy, adherent form. | liberation of hydrogen. 
The oxide is possibly hydrated to some extent, but} Bailey (Journ. Soc. Chem. Ind., 1920, Vol. xxix, 
the amount of hydration cannot be large, since the | page 118T) has shown that a small amount of hydro- 
coating may be heated to at least 350 deg. C., without | chloric acid can destroy a large amount of aluminium 
changing in appearance or tenacity. The amount of | in this manner at temperatures above 50 deg. C. The 
chromate in the film was determined by stripping the | attack may, therefore, be accelerated in the pore, and the 
film from a measured area of commercial aluminium | aluminium hydroxide and hydrogen gas formed in the 
with caustic potash. The average result of three deter- | cavity, as a result of this secondary action, will ulti- 
minations gave 0-041 grammes of CrO, per square metre. | mately push up the overlying surface skin of the metal, 
It is important to note that the possibility of raising | producing a blister. Such blisters are a well-known 
the voltage depends on the presence of the oxide over | phenomenon in the corrosion of rolled aluminium by 
the whole of the immersed surface of the metal, since | sea-water, &c. Hence, in order to prevent pitting and 
it is the resistance of this film, and not that of the bath, | blistering, the initial electrochemical action must be 
which presents a rapid increase of current with voltage. | prevented. The anodic oxidation process greatly 
hinders such action, since the interior of all pores 
|accessible to liquid becomes automatically covered 








* Paper read before Section G of the British Associa- 
tion at Oxford, on Monday, August 9, 1926. 


The work showed that good coatings could be 
obtained from baths containing free chromic acid. 
Many baths were tried containing other constituents, 
in order to avoid the pitting which occurred in some of 
the treatments. Pitting is due to breakdown of the 
protective coating under electrical pressure, and the 
voltage at which it occurs is known as the “‘ breakdown 
voltage’? ; it is dependent mainly on (1) the nature of 
the metal treated, and (2) the nature of the bath. 

When pitting begins under the anodic treatment 
through breakdown of the glassy coating at one or 
more points, the current rapidly increases, and the 
metal is heavily attacked at such points. The oxide 
produced under these conditions over the pitted area 
is apparently a non-protective porous variety, instead 
of the original glassy form. 

The experiments indicated that the best coatings 
could be obtained in a bath consisting only of a 
solution of chromic acid, and that pitting could be 
avoided by suitable voltage regulation. A series of 
test samples of duralumin was then treated in solu- 
tions of commercial chromic acid, the temperatures and 
concentrations being varied selectively. The voltage 
was raised in a standard manner, the procedure being 
to raise the voltage to 40 volts in 15 minutes, keep it 
at 40 volts for 35 minutes, raise it to 50 volts in five 
minutes, and keep it at 50 volts for 5 minutes. After 
treatment, the strips were subjected to the water- 
line test in sea water at 50 deg. C., and the approximate 
time in days noted when definite corrosion first 
appeared. The first results obtained were somewhat 
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irregular, and on investigation it was found that the 
chromic acid used contained about 11 per cent. of 
sulphuric acid. Experiments with dilute sulphuric acid 
as electrolyte showed that this reagent does not give 
protective coatings; and probably its presence in the 
chromic acid baths adversely affects the protective 
value of the coatings obtained. 

Another series of duralumin test strips was anodically 
treated in solutions of chromic acid free from sulphate. 
As before, the temperature and concentration were 
varied, and the same voltage regulation was employed. 
The strips were tested in the same way, in sea water at 
50 deg. C. The experiments indicated that a solution 
containing 3 per cent. of chromic acid when used at a 
temperature of 40 deg. C., gave the most satisfactory 
results. These conditions, and the voltage regulation 
detailed above, were therefore adopted as standard. 





be about 67 volts, and, when the standard voltage regu- 
lation was employed, no difficulty was experienced 
in treating this material. The protection of this alloy 
obtained by the standard treatment was found to be 
consistent. Owing to the fact that the main object 
of these investigations was to provide a method 
of protecting aircraft parts, the treatment of 
duralumin was more fully investigated that that of 
other alloys. 

In the case of porous castings, a considerable amount 
of chromic acid is absorbed by the pores and cannot be 
quickly washed out again. Unless washing is very 
thorough, the chromic acid oozes out of the pores and 
stains the anodic coating yellow in patches. The 
protective value of the coating is not impaired but the 
appearance of the coating is not improved by the 
stains. 


Fig.4 . ANODIC TREATMENT OF ALUMINIUM SHEET 
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Fig. 6. ANODIC TREATMENT OF DURALUMIN SHEET 
Watts supplied to Bath Per Sq.Ft.of surface treated with Bath Temperatures of 35°40°&45°C 


‘Anode Surface 


20 
(9675.F.) 


Experimental Treatment of Cast Aluminium Alloys.— 
Cast aluminium alloys containing approximately 0-9, 
2-8, 4-7, 7-5 and9-4per cent. of copper were prepared, 
and their behaviour under anodic treatment was exa- 
mined, The alloys containing more than 5 per cent. 
of copper could not be treated satisfactorily, as break- 
down of the film occurred at about 30 volts. The 
presence of the copper constituent CuAl, in appreciable 
amounts in the alloy as a separate phase, appears to 
increase the current consumption and to lower the 
breakdown voltage. The alloys of lower copper 
content were treated satisfactorily, but the current con- 
sumption was higher than with aluminium. 

Cast aluminium-silicon alloys containing 7-5 and 
8:75 per cent. of silicon, respectively, were treated 
successfully but the current consumption was high. 
Anodic treatment increased the resistance of these 
alloys to corrosion appreciably. With a cast aluminium- 
zine alloy containing 18-8 per cent. of zinc, somewhat 
more current was required than in the case of duralumin, 
but the breakdown voltage was high. In view of 
the successful treatment and the protection obtained, 
the process appears to be very suitable for use with the 
aluminium-zine alloys. 

The break-down voltage of duralumin was found to 
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Anodic Oxidation as a Base for Paints.—Careful 
examination of the samples submitted to corrosion 
tests showed that the corrosion of anodically treated 
duralumin was almost entirely water-line corrosion 
and that this was caused mainly by alternate wetting 
and drying of the film. This was confirmed by another 
type of test, in which the vertical suspended samples 
were gradually covered with sea water in a period of 
twelve hours, and then gradually uncovered in a 
similar period, and so on alternately. 

It now appears that when aluminium or aluminium 
alloys are exposed to sea water, the two chief causes of 
corrosion are (1) The presence of pores or fine cracks 
in the metal, and (2) the rupture of the oxide film by 
water-line conditions. 

The anodic process provides a protective coating 
at pores and cracks, but water-line conditions break 
down even the anodic film. Clearly some form of water- 
proofing would be desirable in order to prevent gradual 
penetration of the film as a result of wetting and drying. 
The simplest method of water-proofing is to apply a 
grease, such as lanoline. This may be effected by 
dipping the article in molten lanoline or in a solution 
of lanoline in a suitable solvent, e.g., a 15 per cent. 
solution in benzene, or into a lanoline emulsion. The 


15 


lanoline is adsorbed by the film and held very tightly. 
The resistance to corrosion of anodically treated alu- 
minium and aluminium alloys is much increased by the 
lanoline. The film may also be water-proofed by the 
application of paint or varnish. The combined 
treatment gives very'effective protection against cor- 
rosion, and is much superior to treatment by paints 
and varnishes alone. These adhere much more 
strongly to the thick oxide film than to the untreated 
metal, 

Dyeing of Anodic Films.—It is well known that 
aluminium hydroxide is used as a mordant for many 
dyes. Tests on anodically treated aluminium and 
duralumin showed that they could be strongly coloured 
by simple immersion in a suitably heated bath in which 
the dye was suspended. Anthraquinone blue, ali- 
zarine celestol B, Solway green E, and many other 





Fig. 5. ANODIC TREATMENT OF DURALUMIN SHEET 





55 60 


“ENGINEERING 


20 25 35 40 45 50 


30 
Minutes 


| dyes can be used successfully. For a glossy finish, the 
| dyed metal can be varnished. 
| Experimental Anodic Treatment on a Larger Scale.— 
| The first experiments were made in an enamelled 
| cast iron tank, 2 ft. long, 1 ft. 6 in. wide, and 1 ft. 6 in. 
deep. Heating was effected by means of a gas burner 
underneath the tank. The current was taken from 
| @ 200 volt D.C. main, regulation of voltage across the 
| bath being obtained by a potentiometer arrangement 
as shown in Fig. 1, where two resistances are con- 
nected in series across the mains, the bath being con- 
nected through an ammeter to the negative main and 
also to a sliding contact operating on one of the 
resistances. A larger tank was made by welding 
together mild steel sheets, No. 10 S.W.G., the tank being 
5 ft. in length, 1 ft. 8 in. in breadth, and 1 ft. 4 in. in 
depth. The surface of the steel was not prepared in 
any way but was almost completely covered with an 
adherent layer of scale. The voltage regulation was 
obtained with the arrangement of Fig. 1, the resistances 
being suitably modified. When large areas of alu- 
minium or alloy were under treatment, resistances of 
about 10 ohms each were used, but for areas up to 
1 sq. ft., resistances of 50 ohms were more convenient. 
This tank also was heated by long gas burners. The 
carbon cathodes were supported by soft iron wire. 
Copper wire was unsuitable for this purpose, being 
attacked by chromic acid, which tended gradually to 
creep up to the top of the un-immersed portion of the 
plates. 

In each of the two baths described, the solution 
contained 3 per cent. of chromic acid (chemically pure). 
After several months, no deterioration or contamination 
of the solution could be detected, nor did the tanks 
appear to be affected in any way. A considerable 
amount of water was lost by evaporation, but more was 
added from time to time to prevent appreciable 
changes in the concentration of the solution (i.e. the 
solution was kept at a constant level by periodical 
addition of water). Treatment of an area of 3 sq. ft. of 
surface of aluminium or duralumin caused so much 
heat to be generated in the bath that even when the 
gas burners were turned out at the commencement of 
the treatment, the temperature of the bath rose 
beyond the limit allowable. An aluminium cooling- 
coil was therefore fixed in the bath and cooling was 
effected by a stream of cold water. This permitted 
easy control of the temperature, 

The rise in temperature is due principally to the 
heating effect of the current in passing through the 
film, the resistance of which is very high in the direction 
in which the current passes. In each tank agitation 
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was effected by means of a paddle driven by a small 
electric motor. 

Large Plant.—Owing to the necessity for means of 
treating larger areas of aluminium and duralumin, 
a larger tank was equipped for this work. The tank was 
of riveted steel plates, of 10 S.W.G., and was 13 ft. long, 
2 ft. deep, and 1 ft. 6 in. wide, supported on small 
steel trestles. At the bottom of the tank an iron pipe 
(1 in. inside diameter) was fixed traversing the full 
length of the tank three times. Through this pipe 
steam could be d for heating the solution, or cold 
water for cooling when the bath was being used at full 
capacity. Fig. 2 illustrates the tank and fittings. The 
steam valve B was connected to a steam main (80 lb. per 
square inch), and the valve C allowed condensed water 
to pass into a steam drain. If the temperature of the 
bath during working at any time exceeded 40 deg. C., 
the steam valves were both closed and cold water was 
passed through the pipe by opening valves A and D. 
Agitation was effected by means of a large steel 
paddle, the exposed portion of the stirring gear being 
shown in the illustration, on the right, behind the steam 
valve B. 

It was not possible to obtain a uniform temperature 
with a still bath, but with agitation a variation of more 
than one degree over the full length of the bath was 
seldom observed. 

Solution.—The chromic acid used contained 0-95 per 
cent. of sulphuric acid, this being the purest material 
available in sufficient quantity to make up the solution. 

Electrical Equipment.—The current for the large 
plant was supplied by a temporary arrangement con- 
sisting of an 18 h.p. motor, used as a generator and belt 
driven from an 18 h.p. motor. Voltage regulation was 
obtained by means of a variable resistance in series 
with the field coils of the generator, controlled by the 
handwheel E on the right of Fig. 2. The ammeter was 
connected in series with the generator and the bath, the 
voltmeter being connected across the leads.to the bath, 
as shown in Fig. 3. A chart showing the correct voltage 
in relation to time, and a stop watch, were fixed near the 
voltmeter. A single operator was then able to control 
the voltage and to follow the ideal graph without 
difficulty. The bars carrying the cathodes and anodes 
were of brass, 1 in. in diameter, supported by grooved 
pieces of timber, which could be moved from place to 
place. The graphite cathodes were suspended by means 
of soft iron wire. The work was suspended by various 
means, the aeroplane rib shown in Fig. 2 being sup- 
ported by duralumin wires. 

Support of the Work during Treatment, and Electrical 
Contact.—Experience has shown that the article under 
treatment, if completely immersed, must consist entirely 
of aluminium, duralumin or a suitable aluminium alloy. 
Pieces of duralumin have been treated successfully by 
complete immersion after binding one end of a piece of 
aluminium wire tightly round them. In_ several 
experiments, however, the work became insulated from 
the wire, due to the formation of the film between the 
surfaces of contact, the current afterwards flowing 
through the wire only. With small pieces, the contact is 
particularly likely to fail; the weight and strength of 
large pieces, on the other hand, enable higher pressures 
to be maintained at the contact surfaces. 

It has been found more convenient to treat the pieces 
by double immersion, each immersion covering rather 
more than half of the surface of the piece, so that no 
part remains untreated. One small portion receives 
actually two treatments, due to the overlapping. The 
effect of the double treatment is to leave a very notice- 
able band across the piece, corresponding to the surface 
of the solution during the second immersion. 

The colour of the band is different from that of the 
rest of the surface, and the film appears to be more 
transparent there. A method has been developed, 
whereby the film may be isolated and examined. This 
consists in removing the underlying aluminium as 
chloride in a current of dry hydrogen chloride gas. 
The film from aluminium samples showing the band was 
found to be perfectly continuous, and although the 
colour of the film in the band was different from the rest, 
no other irregularity could be detected. 

The double treatment procedure necessitates pene- 
tration of the film in order to secure contact for the 
electrical connection during the second immersion. For 
this purpose, spring steel clips h1ving sharp points have 
been found satisfactory. These must be of sufficient 
size and in sufficient numbers to carry the current 
required for the treatment of the work. 

The effect of using the spring steel clips is that, after 
treatment, the work has several very small spots free 
from coating. This must be so, whatever the method 
of treatment may be, as electrical contact must be 
made at some point on the surface of the piece. The 


spring clip method would appear to reduce the amount 
of bare surface to a minimum. 

Anodic Treatment of Aluminium.—Standard treat- 
ment of commercial samples and articles of aluminium 
and duralumin presented no serious difficulties. Good 
samples of aluminium sheet required a current density 





of 3-0 to 3-6 amperes per square foot as a maximum. 
The maximum current density was found to vary to a 
considerable extent. It was high in samples of alu- 
minium which had a rough surface, or were unsound. 
This effect was attributed to the surface being appreci- 
ably greater than in the case of smooth sound metal. 
In many cases, yellow stains appeared on the work even 
after prolonged washing in water. This was due to 
chromic acid remaining in cracks and fine cavities. 
In many cases, the stains revealed cracks which could 
not have been detected except under the microscope. 

Standard treatment of a sample of commercial 
aluminium sheet having a good surface, and not having 
been worked in any way, required a current density of 
2-8 amperes per square foot of surface as a maximum. 
The voltage and amperage curves are given in Fig. 4, 
which also shows wattage curves representing the 
input to the motor and the watts supplied to the bath. 
The latter quantity may be considered as the effective 
output of the generator. ‘ 

Pieces of aluminium which had been worked up into 
special shapes by spinning or hammering, without sub- 
sequent polishing, showed higher current consumption 
during anodic treatment, maximum values as high as 
6 amperes per square foot having been noted. The 
nature of the surface of the metal under treatment has 
a marked influence on the current consumption. Sand- 
blasted samples require much more current than bright- 
rolled or polished material. Aluminium in contact with 
steel, brass, copper or other metal could not be treated 
satisfactorily. Pieces of aluminium joined by riveting 
with aluminium rivets and by autogenous welding, 
however, were treated satisfactorily. 

Experiments were made to ascertain the influence of 
anodic treatment on the mechanical properties of 
aluminium sheet. It was found that the tensile 
strength was not influenced, the results of the tests 
being as follows :— 




















Thick- Elongation. 
Sample. ness. Width. | Ult. Stress. | Per cent. 
9 
Inch. Inch. | Tons/sq. in. | ©" in. 
Untreated alu- 
minium .| 0-0118 | 0-498 11-5 1-5 
“ a 0-0118 | 0-498 11-7 1°5 
Anodically-treated 
aluminium ..| 0-0118 | 0-498 11-5 — 
” ” 0-0118 | 0-498 11-6 1-5 








Bending tests on pieces of the same material before and 
after anodic treatment showed a marked difference :— 


























Longitudinal. _ Transverse. 
Sample Limit- Limit- 
Reverse} ing Reverse ing 
Bend. | Radius | Bend. | Radius 
Bend.* Bend.* 
Untreated aluminium ..| 54 re- lt 44 re- lt 
versals versals 
Anodically-treated alu- 
minium ..| 3} re- 5t 3. sre- 6t 
versals versals 
* The minimum radius round which the sample may be 


bent to 180 deg. without failure occurring, is expressed in 
terms of the thickness of the sheet. 

As regards the weight of the coating, it should be 
stated that treated samples generally weigh slightly less 
than the untreated samples. This is due to the fact 
that during treatment some of the original metal is 
lost. The weight of the film is less than that of the 
metal lost. The actual weight of the film on samples 
of aluminium already examined was found to vary 
between 0-005 gm. and 0-010 gm. per square inch 
of surface, the latter figure being obtained frequently 
with bright rolled aluminium sheet. 

Anodic Treatment of Duralumin.—Standard treatment 
of commercial samples of duralumin was found to 
proceed in the same way as with aluminium, but, in 
general, the current density required in order to follow 
the standard voltage curve was higher. 

Fig. 5 shows the standard voltage curve and also 
the amperage curves corresponding to the treatment of 
1 sq. ft. of surface of duralumin with bath temperatures 
of 35 deg. C., 40 deg. C. and 45 deg. C. It will be noted 
that the current consumption was greater at the higher 
temperatures. 

Fig. 6 shows the wattage curves, which give the 
energy consumed in the treatment of 1 sq. ft. of surface 
of duralumin at various bath temperatures. The 
energy consumed in the anodic treatment of 1 sq. ft. 
of duralumin with bath temperatures of 45 deg. C., 


40 deg. C. and 35 deg. C. was :— 
Temperature. Watt-Hours. 
45 deg. C. 107 
40 deg. C. 72 
35 deg. C. 53 





Experiments were made to determine the influence 
of anodic treatment on the mechanical properties of 
duralumin sheet of commercial quality; the results 
are given below :— 




















Thick- Elongation. 
Sample. ness. Width.] Ult. Stress. | Per cent. 
Inch. | Inch. | Tons/sq. in. | 2 2 in. 
Untreated dural- 
umin .. .-| 0-0158 | 0-501 32-3 10 
ie i. 0-0158 | 0-501 32-8 8 
Anodically-treated 
duralumin ..| 0-0158 | 0-501 31-7 94 
a ne 0-0158 | 0-501 31-7 8 








Bend tests on samples of the same material before 
and after anodic treatment gave the following results :— 











Longitudinal. Transverse. 
Sample. | Limitin, imiti 
a ting} Reverse | Limiting 
Reverse Radius | Bend. | Radius 
‘ | Bend. Bend. 
T 
Untreated duralumin . } 3t $ 3t 
=e dural- $ 3t + 3t 
umin. 

















The results show that the tensile and bend tests of 
duralumin sheet of this quality are not influenced 
appreciably by anodic treatment. 

In the anodic treatment of one particular bar of 
duralumin, the usual increase in voltage could not be 
applied, current continuing to pass freely. Excessive 
evolution of gas was noticed, and the particular place 
at which this occurred was marked before removing 
the piece from the bath. Examination revealed a 
small piece of a steel drill which had been left in the 
metal following breakage of the drill. After removal of 
the steel, anodic treatment proceeded normally. 

As an experiment, anodic treatment of duralumin 
containing brass rivets was attempted. The brass was 
quickly dissolved and, apart from a slight etching 
effect, the duralumin was unchanged. Various 
“stopping off’’ preparations, paints and varnishes 
have been used in the attempt to protect brass parts 
in contact with duralumin, so that the latter might be 
treated by the anodic process. So far no preparation 
has been found to permit the use of voltages higher 
than 30, and the best results were given by a solution of 
celluloid in amyl acetate. Parts joined by means of 
duralumin rivets were treated satisfactorily. 

Care must be taken to ensure that the cross-section 
of the portion of the anode carrying current to the 
portion under treatment, or of the aluminium or 
duralumin wires used for this purpose, be sufficiently 
large. 

Overheating may cause pitting at the water-line, 
particularly in the absence of sufficient agitation of the 
solution. If the solution be insufficiently agitated, or 
not agitated at all, a convection current of hot solution 
proceeds upwards along the surface of the anode to 
the top of the bath. Here the overheated solution 
tends to accumulate, and pitting may occur. Local 
boiling of the solution at the water-line is an indication 
of this effect, and, when it occurs, attention should be 
paid to the agitation of the bath. Violent agitation is 
unnecessary. 

It should be noted that oxygen is evolved at the 
surface of the anode during treatment, and pieces of 
irregular shape should be treated in such a way that 
the gas will not be trapped, otherwise bare places will 
occur. This point should be considered in the design 
of articles which are to be treated by the anodic 
process. 

Cost of Anodic Treatment of Duralumin. 
£' a... 
Heating of bath 15 deg. to 40 deg., 
100 Ib. of steam .... go and 
Power to treat six batches, 25 sq. ft. 
in each 27 kw. hours at 1-7d. 
(taking the mean efficiency of 
generator as 40 per cent.) ois 
Labour charges ; one skilled opera- 
tor, with occasional help of un- 
skilled assistant .... we vot saw Od 


The net cost of treatment in the experimental plant 
works out at 1-93d. per sq. ft., but it should be noted 
that the principal cost is that of the labour. With a 
plant in regular daily operation it would probably be 
economical to maintain the temperature in the range 
38-42 deg. C. during the night and periods when the 
plant was not in use. A motor-generator designed for 
the pu would probably permit the cost of treat- 
ment of aluminium or duralumin on an industrial 
scale to be reduced to a penny per square foot. 

Application of the Process.—The investigations have 
shown that the treatment, combined with lanoline 
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treatment, increases substantially the resistance to 
corrosion of aluminium and its alloys. The applica- 
tion of the process to which the authors have given 
first consideration is the protection of aluminium 
and light alloy aircraft parts. The main corro- 
sive influences to be considered in aircraft are sea- 
water corrosion and atmospheric corrosion ; there are a 
number of others, such as fuels, dopes, rubber, fire- 
proofing agents, &c. Of these, sea-water corrosion is 
the most important. Aircraft flying inland within 
forty miles of the coast may be in an atmosphere of 
salt spray, the effect of which on aluminium and 
aluminium-alloy components is serious. 

f On marine aircraft, the prevailing conditions are 
very severe. Sea mist, spray, splashing of sea water, 
and sea water remaining on the aircraft in the sheds of 
seaplane stations, all tend to give the equivalent of 
water-line conditions under which corrosion takes 
place very rapidly. Under these severe conditions, 
anodic oxidation followed by lanoline treatment has 
been found to afford satisfactory protection over 
considerable periods. 





THE HIGH-DUTY COMPRESSION- 
IGNITION ENGINE.* 


By D. R. Pye. 


Introductory.—I have been asked to give an account 
of recent work in some line of aeronautical engineering 
which would be of interest to engineers in other fields, 
and I cannot, I think, do better than attempt to 
describe to you what has been done towards the 
development of an engine burning heavy oil for use 
in the air. 

Broadly speaking it would probably be true to say 
that success in any form of constructional engineering 
is bound up with the use of available materials in the 
most economical way possible. Material is always 
a large, if not a preponderating element, in the cost 
of the finished product, and the designer who can 
eliminate every pound of waste material will probably 
build the cheapest as well as the most efficient engine. 
But necessity, besides being the mother of invention, 
is the mother also of the ideal designer. It is safe 
to say that, but for the demands of aeronautics. no 
engine would be in existence now which could generate 
500 h.p. at a total weight of less than 1,000 lb. Of 
course, this extreme weight-cutting is expensive on 
account of the necessary inspection and selection of 
material, as well as for other reasons, and is not of 
direct interest to the general engineer. It is always 
useful, however, to have some high-water mark which 
shows what can be done, and to scale down from this 
to meet less exacting conditions. A very rough figure 
for motor-car engines to-day might be given as 
15 lb. per horse-power at the maximum output, so 
that a wide gap exists between ordinary commercial 
practice and the aero engine. I believe I am right 
in saying that, in large-scale motor production in the 
United States, it has been found that production costs 
are appreciably affected by weight of material, and 
that a steady lightening of design has been the 
result. 

The idea of a compression-ignition engine, using 
heavy oil, has certain obvious attractions for aero- 
nautical engineers, but it would perhaps be true to 
say that the less they are engineers the more attractive 
the scheme appears. The advantages to be gained 
by sweeping away all the complications of electrical 
ignition, by the use of a cheaper fuel at a higher 
thermal efficiency, and by the reduction of fire 
risks, are indeed worth striving for, but, while 
they are plain for all to see, the difficulties and 
drawbacks remain coyly hidden away within the 
cylinder. It is not until we attempt to cut down the 
price, measured as weight per horse-power, to a point 
within the limits for air work that the difficulties 
become apparent. 

At present, the price asked in weight per horse-power 
is too high for the aircraft builder. Nevertheless, 
great strides have been made towards the production 
of a light and efficient prime-mover with compression- 
ignition, and even if the research work done by and for 
the Air Ministry has not yet succeeded in putting such 
an engine into the air, it may all the same be a national 
asset if made available for other purposes. Even if I 
am not at liberty to give full details of the latest work, 
I hope that the facts and conclusions I can lay before 
you may be of some interest. 

It may not be out of place, at this point, to say a few 
words about the part played by the Air Ministry in 
relation to work of this kind. Commercial aviation 
being not yet a paying proposition, so that the Govern- 
ment, directly or indirectly, is practically the sole 
customer of the constructing firm, it is not to be ex- 
pected that the latter can afford to embark upon 
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expensive research work unless this has a direct bearing 
upon the improvement of their own special products. 
Early research work, which aims at the establishment 
of a principle and at laying down the fundamental 
conditions of ultimate success, must always be under- 
taken at some place whose primary function is research, 
such as the Royal Aircraft Establishment, or the 
National Physical Laboratory. The Air Ministry also has 
the advantage, for this type!of work, of the resources 
of the well-known research laboratory of Messrs. 
Ricardo and Co., who act in the capacity of consulting 
engineers. As soon as the work has been carried to a 
point at which it can be said that certain possibilities 
have been established, the results are made available 
to engine builders with a view to their incorporation 
in aero-engine design. From this point onwards it is 
usually desirable that research be carried on at the 
contractor’s works, for only in this way can the design 
staff engaged on the building of the complete engine 
keep themselves in a position to solve the thousand 
and one problems of design detail which are sure to 
arise. 

The Engine Problem.—Soon after the war, the ques- 
tion was discussed of building a large-cylindered, com- 
paratively slow-running, engine of the simplest possible 
design, for airship work. The intention was that such 
an engine should be so designed that it could be 
modified later to work with heavy oif and compression.-: 
ignition, if this proved to be practicable. In 1921, all 
airship development was suspended on grounds of 
economy. It was recognised, however, that the needs 
of the airship to-day are the aeroplane needs of the 
future, so that although the building of a complete 
;engine was postponed, single-cylinder engines were 
| built for research purposes, to explore the possibilities 
of compression-ignition working. This work was 
initiated at Farnborough, and later at Messrs. Ricardo’s, 
but not so that it was in any sense duplicated, for the 
details of the method of fuel injection differed funda- 
mentally at the two places, and each has yielded results 
of great interest which are in a sense complementary 
to one another. Before describing further either of 
these methods, or the results achieved, it is necessary 
to consider shortly the problem of combustion as it 
presents itself in a compression-ignition engine. 

Turning for a moment to the ordinary petrol-engine 
cycle, it is a commonplace that improved economy 
follows steadily upon greater and greater compression 
of the combustible mixture before it is fired by the 
spark. The limit to which this compression can be 
pushed depends upon the fuel. The present limit, 
for volatile fuels which are available in quantity, may 
be taken, roughly, as 6:1, but even supposing fuels 
become available with which the detonation difficulty 
is eliminated, it is not probable that a compression 
ratio greater than 8:1 could ever be employed. The 
temperature produced by adiabatic compression of air 
in this ratio is nearly 400 deg. C., which is above the 
self-ignition temperature of volatile fuel-air mixtures. 
Pre-ignition will, therefore, take place at these high 
ratios in an irregular manner depending upon engine 
temperatures. 

The cycle taking its name from Dr. Diesel, by com- 
pressing air only and so eliminating pre-ignition, makes 
possible the use of a much higher compression and ex- 
pansion ratio, with consequent higher economy. The 
fuel is introduced at or near the top of compression, 
when the air temperature has been raised to about 
800 deg. C., and is vaporised and ignited by the hot 
cylinder contents. The combustion problem now 
takes on a new aspect. If the whole of the injected 
fuel is to be burnt, every particle of it must be brought, 
in a finely-divided condition, into intimate association 
with its proper quantity of oxygen. This pulverising, 
mixing, evaporation, and burning of the fuel has all 
to be achieved in a time which, even in the comparatively 
slow-running type of heavy stationary engine, is very 
short. It is of the order of ;),th sec. for an engine 
running at 300 r.p.m. In the heavy stationary type 
of Diesel engine, the pulverisation and distribution of 
the fuel is accomplished by squirting it in with a high- 
pressure air-blast. The economy achieved in such 
engines, with their compression ratios of about 15: 1, 
is very high, but the weight and complication of the 
necessary air compressors put them quite out of court, 
where weight and simplicity have to be considered. On 
this account, even for submarine engines, where the weight 
is still 30-40 lb. per horse-power, a method of fuel injec- 
tion has been developed which is independent of high 
pressure air, the liquid fuel being squirted in as a 
fine jet or spray under direct pressure from a pump 
plunger. In these circumstances, we are clearly depen- 
dant upon either turbulence in the cylinder, or upon 
the penetration of the jet itself, for the proper mixing 
of the fuel and air. 

Provided satisfactory mixing and combustion of the 
fuel and air can be achieved, a compression-ignition 
engine with its high expansion ratio may be expected 
to consume a smaller weight of fuel per horse-power than 
a petrol engine, and since the effective weight of 








power plant for an aeroplane, which has to get off the 
ground fully equipped with fuel, is the total weight of 
engine and fuel, any reduction in the fuel weight neces- 
sary for a given journey may be set off against an 
increase of weight in the engine itself; the longer 
the journey the more will high fuel economy com- 
pensate for a heavier engine. Allowing for this factor, 
we may say that, at a weight of 3 lb. per horse-power, 
the compression-ignition engine would nowadays be a 
serious proposition for heavier-than-air craft and could 
compete with the petrol engine at a weight of 2 lb. per 
horse-power. Now the petrol engine at 2 lb. per horse- 
power maintains a brake mean-effective pressure of 130 
lb. per sq. in. up to speeds of revolution of 2,000 r.p.m. 
and higher, corresponding to mean piston speeds of 
about 2,300 ft. per min. The highest output obtained 
with direct-injection engines in commercial use is of 
an order corresponding to a B.M.E.P. of 70 lb. persq. in. 
at piston speeds of 1,500 ft. p.m. From these figures 
we can get some idea of the magnitude of the problem 
to be faced, for the only hope of reducing the weight 
power ratio of such an engine to within the range of 
possibility for air work must involve an increase of 
the mean piston speed to about 2,000 ft. p.m., while 
maintaining at the same time a B.M.E.P. of at least 
100 lb. per square inch. At these speeds, the time 
available for injecting and vaporising the fuel becomes 
exceedingly short, and a host of difficulties is encoun- 
tered in the attempt to obtain reasonably complete 
combustion of both fuel and air. 

The Cycle Employed.—Whether the cycle of 
operations involves combustion at approximately 
constant pressure (Diesel cycle) or constant volume 
(Otto cycle), or a combination of the two, is purely 
a question of the instant at which injection of the fuel 
is commenced. From injection just before top dead- 
centre, giving a Diesel cycle, the combustion can, by a 
progressive advance of the moment of fuel injection, be 
made sharper and sharper, with correspondingly higher 
maximum pressures, until practically constant volume 
combustion is attained. It has been found that the 
nearer this is approached the better is the fuel economy, 
and, moreover, that the combustion becomes less sensi- 
tive to an alteration of load, and the running conditions 
as a whole become more stable. 

But, roughly speaking, the weight/power ratio of an 
engine will move up or down with the ratio of maximum 
to mean cylinder pressure, since the scantlings must 
be designed to withstand maximum forces while the power 
is proportional to the mean pressures during the stroke. 
When the weight/power ratio has to be kept down, 
therefore, the burning must be regulated so as to limit 
the maximum pressures reached. We cannot, for the 
sake of economy, go in recklessly for constant-volume 
combustion. If all fuel were burnt by the end of 
compression, when the volume ratio of this is 12: 1, 
a maximum pressure of 1,600 lb. per square inch (as 
compared with 600-700 lb. for a petrol engine) might be 
expected even if only enough fuel were present to con- 
sume about 75 per cent, of the air in the cylinder, 
this being the greatest proportion of the total air 
which it has been found possible up till now to use up 
when employing airless injection of fuel. 

Our aim must therefore be the attainment of the 
necessary M.E.P. in conjunction with a controlled 
maximum pressure, and the employment of a cycle 
in which, after the first part of the fuel has been burnt 
at constant volume, combustion of the remainder 
occurs at as near the agreed maximum pressure as 
possible. 

The problem which the single-cylinder research work 
set out to investigate was what maximum output, 
measured as (B.M.E.P.) x (mean piston speed), there 
was any hope of attaining from a Ne gE hy 
cylinder with a reasonable bore/stroke relation, the 
maximum pressures being also limited to allow of 
light construction. The results of this work are 
given below under the heading ‘ Experimental 
Results.” 

The Fuel Jet.—Combustion in a direct-injection 
engine involves a number of chemical and physical 
problems of the greatest interest and variety which 
present a wide field for further research. It is necessary, 
in the first place, to form a fuel jet which will deliver a 
definite quantity of fuel during a predetermined time 
interval and, while doing so, will penetrate the com- 
pressed gas sufficiently to give adequate mixing of 
the fuel and air. Combined with this penetration 
there must be sufficient breaking up, or “ pulverisa- 
tion,” of the fuel to promote its vaporisation and 
combustion in the extremely short time available. 
These problems immediately raise the question of the 
dependence of the penetration of a jet and of its pul- 
verisation upon the delivery pressure, upon the pres- 
sure, density, and temperature, of the gas into which 
it is squirted, upon the constancy of fuel pressure 
during delivery, and upon the design of the nozzle. 
To what degree will the breaking up of the jet depend, 
further, upon the viscosity, the compressibility, and 
the surface tension of the liquid fuel ? Can sufficient 
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pulverisation of the jet be obtained by the simple 
impact of the fuel with the compressed air? Or will 
combustion be accelerated by directing the jet against 
some hot metal surface before it breaks up ? 

Some interesting researches have been carried out 
on jet formation, but not many. Among them may 
be mentioned those of Riehm (Z.V.D.I. No. 25, June, 
1924) and of Miller and Beardsley (N.A.C.A. Report 
No. 222). The latter experimenters succeeded in 
taking a series of photographs of their fuel jet, under 
any given set of conditions, at the rate of 4,000 ex- 
posures per second. By measurements of the records 
they were able to measure the velocity and penetration 
of the jet, and the rate of deceleration of the foremos 
tip of it. Injection pressures from 2,000 to 8,000 Ib. 
per square inch were employed, and a range of receiver 
pressures from atmospheric up to 300 lb. per square 
inch, gauge. Riehm employed a totally different 
method, namely, that of squirting the jet against a 
dynamic balance enclosed in his receiver and so 
measuring its momentum after penetrating various 
distances from the nozzle, of which the position was 
adjustable in relation to the measuring balance. By 
collecting and measuring the oil emitted per second 
during steady flow, its velocity on reaching the plate 
is calculated from the measured momentum. Riehm 
employed three injection pressures of 25, 60, and 116 
atmospheres, and receiver pressures from atmospheric 
to 21 atm. (310 lb. per square inch). In both sets 
of experiments, a steady injection pressure was main- 
tained, but whereas Riehm’s experiments involved a 
continuous jet, the American ones employed a mechani- 
cally-operated fuel valve, which gave a single short 
delivery by means of a rapidly rotating cam. 

Both of these researches, in their different lines, are 
most admirable pieces of work, and a few results of 
particular interest may be summarised here. Riehm 
experimented with both water and fuel oil, and it is 
rather unexpected to find that the water jet was, of 
the two, much less affected by a rise in the receiver 
pressure. This is illustrated in Table I, where the 
“dynamic pressures”’ on the balance (which are 
proportional to the square of the velocity of the jet) 
are shown for different receiver pressures when the 
balance was 20 cm. from the jet, the net injection 
pressure constant at 60 atmospheres, and the receiver 
pressures 1 atmosphere and 21 atmospheres. 


TaBLE I.—WNet Injection Pressure 60 atm. Dynamic Pressure 








in grammes. 
Per cent. 
Receiver pressure | Receiver pressure} Reduction for 
1 atmosphere. 21 atmospheres. | 20 atmospheres 
| Increase. 
| 
! 
Water..| 98 93 5-1 
on. 61 43 30-0 
' 











Since the oil jet was of smaller diameter than the 
water jet and the liquid is less dense, the figures for 
water and oil cannot be directly compared, but only 
their perceritage reduction. 

Is this difference a real effect due to a difference in 
viscosity, compressibility, or some other property of 
the liquid? Or can it be explained by the difference 
in diameter of the two jets and by imperfections in the 
nozzle bore with the oil ? Only further research can 
show, and this Dr. Riehm has so far, unfortunately, 
been prevented from carrying out. 

With the water, again, there was, at the high receiver 
pressures, a very sudden falling off in velocity after a 
length of 20 cm., while, with the oil, the fall off was 











more gradual (see Table IT). 
TABLE I1.—Net Injection Pressure 60 atm. Receiver Pressure 
21 atm. 
Distance from nozzle 0 cm. | 10 cm. | 20 em. | 30 em. 
1 | 
Dynamic poy (pro- | 
portional to square of 
jet velocity) | 
Water --| 100 97 92 |. 29 
Oil as 63 60 43 | ll 
{ 





A further observation of great importance made by 
Riehm was that, after penetrating 30 cm. with the 
receiver pressure 21 atmospheres (310 Ib. per square 
inch), the oil jet was reduced to the same velocity, 
whatever the net injection pressure and consequent 
initial velocity. This result is illustrated in the diagram 
annexed, in which dynamic pressure is shown plotted 
against length of oil jet for a constant receiver pressure 
of 21 atmospheres, and net injection pressures of 25, 
60, and 116 atmospheres. In each case, the jet is 
practically brought to rest at 30 cm. In other words, 


the penetration of the jet is independent of the injection 

re—a result which is, at first, very surprising until 
we reflect that the high injection pressures produce a 
greater pulverisation of the jet, and this results in a 


more rapid slowing up in the high-pressure air of the 
receiver. This, if always true, would, obviously, be a 
result of paramount importance in engine design. 
But we must recollect that these were experiments 
with a continuously flowing jet, not therefore directly 
applicable, and that the highest injection pressure of 
116 atmospheres (1,700 lb. per square inch) was very 
moderate, probably not high enough to give sufficiently 
rapid initial penetration for high-speed engine work, 
as will appear from what follows. 

The photographic records of Miller and Beardsley 
showed, in the first place, that the initial jet-tip velocity 
was nearly proportional to the square root of the injec- 
tion pressure up to 8,000 lb. per squareinch. They also 
provide an interesting confirmation of the same general 
phenomenon of rapid slowing up of the jet with high 
injection pressures, as was observed by Riehm. The 
conclusion that penetration is independent of injection 
pressure, however, does not hold for this type o 
suddenly started jet. Miller and Beardsley’s photo- 
graphs show that after 0-003 second the jet-tip velocity, 
with a receiver pressure 300 lb. per square inch, for 
all injection pressures, had been reduced to, roughly, 
the same value, i.e., within + 10 per cent. of 50 ft. 
per second. But during this time, the advance of the 
tip from the nozzle was 5 in. at 8,000 lb. per square inch 
pressure, against 3 in. at 2,000 lb. per square inch. At 
200 Ib. per square inch receiver pressure, the corre- 
sponding penetrations were 5-75 in. and 3-5in. The 
total penetration was not recorded in the photographs, 
but from the plotted curves of advance of the jet tip 
against time, it is clear that the total penetration, with 
the receiver at 300 lb. per square inch, would not have 
been more than about 34 in. at 2,000 Ib. per square inch, 
while it might have reached 6 in. or more at 8,000 lb. 
per square inch. The general deduction can be made, 
by measurements of the photographs, that once the 


temperature and 200 lb. per square inch pressure, the 

velocity of the 8,000 Ib. per square inch jet has dropped 
to 80 ft. per second after penetrating about 5 in., 
and it has taken 0-0025 second to advance thus far. 
That is to say in an engine running at 1,000 r.p.m. 
the jet tip would have occupied 15 deg. of crank angle 
in penetrating 5 in., and in another 5 deg. it would 
advance only about 4 in. 

In applying these figures to engine conditions, the 
question arises whether resistance to penetration 
depends only on the density of the air in the receiver, 
or whether it is also affected by the viscosity which is 
proportional to the square root of absolute temperature. 
This is one of the points which still awaits experimental 
investigation. Air temperature will certainly affect 
the condition of the injected fuel and probably, 
therefore, the penetration; but assuming for the 
present, in the absence of definite information, that 


f | penetration is affected only by density of the air, 


then receiver conditions at 200 lb. per square inch 
(13-6 atmospheres) correspond fairly closely with 
those of a compression-ignition engine at maximum 
compression. Under running conditions, of course, 
other factors come in. Injection will begin before 
maximum density is reached, in the first place, and 
considerable turbulence will be set up in the cylinder 
both by the jet itself and by the incipient combustion 
before injection is complete. These conditions will 
aid penetration and mixing of the fuel, but their 
effect cannot at present be quantitatively estimated. 
Although not directly applicable to engine conditions, 
therefore, the experimental results enable us to 
appreciate the difficulties to be surmounted before 
the direct-injection engine can be a success, and they 
give us, even at present, valuable information about 
the fundamental conditions which govern design. 
In a 10-in. bore cylinder, for example, with central 











break up of the jet has begun, the deceleration of the | fuel jet, we should need, according to the above 
; | experiments, an injection pressure of about 8,000 Ib. 
| per square inch in order to get the necessary pene- 
| tration, and it appears that, when using this, the jet 
/may not begin to break up and pulverise appreciably 
| during the first inch of its travel. 
Jet Formation in the Engine.—There are two alterna- 
, tive methods of producing the necessary fuel jet in 
an engine, each of which offers advantages and dis- 
advantages peculiar to itself. In one system, an 
| approximately constant pressure is maintained in the 
fuel supply in the immediate neighbourhood of the 
| injection valve, and the admission of fuel to the cylinder 
| is controlled by the opening and closing of this valve 
| by a cam and spring, in the usual manner. There are 
| certain advantages in a constant injection pressure, 
| and in this method, moreover, the beginning of injec- 
| tion is controlled in a very positive manner. It is 
| with this system that the best results, on a single- 
| cylinder unit, have so far been obtained. 
jet tip is proportional to the 1-5 power of its instanta-| In the alternative, expressively styled the “ jerk- 
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neous velocity. It is also easy to deduce from the 
observed relation between initial velocity and injection 
pressure that the maximum penetration should increase 
with injection pressure to a maximum value, and after 
that decrease with further increase of pressure, a result | 
which is of the more interest because definite evidence 
was obtained during certain experiments on a single- 
cylinder engine that there existed an optimum fuel 
pressure which gave minimum consumption in pounds 
of fuel per brake horse-power hour. 





A further point of interest deducible from the | 


photographic records, is that while the jet velocity 
at a pressure of 2,000 Ib. per square inch is reduced 
almost from the start by an increase in the back 
pressure to 100 lb. per square inch (5 per cent. of the 
injection pressure), the velocity produced by 8,000 Ib. 
per square inch is not reduced appreciably even at 


300 lb. per square inch receiver pressure (3-75 per | 


cent. of the injection pressure) until 1 in. or even 1-5 in. 
from the nozzle, and at 100 lb. per square inch, not 
until 3 in. from the nozzle. In the 8,000-lb. jet, 
however, the fall of velocity, when it begins, is 
extremely rapid, as may be seen from Table III. 


TaBLe JII.—Jet-Tip Velocities. Receiver Pressure 


300 1b. per ag. in. 


| 
| 
: 





Injection Pressure. 





Jet tip velocity. 
2,000 Ib. sq. n.| 8,000 Ib. sq. in. 





650 feet per second. 
650 
110 


At nozzle as 
lin. from nozzle 
3 = eis 
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It appears as if, with very high pressures and initial 
velocities, the jet persists at first intact and with 
velocity little affected by the receiver pressure, then 
bursts somewhat like an explosive shell projected from 
@ gun, 

Let us for a moment consider these results in relation 
to engine conditions. With a receiver at atmospheric 


pump,” system, the admission of fuel to the cylinder 
is controlled by a spring-loaded valve which is opened 
and closed by the rise and fall of pressure in the oil- 
| fuel itself. 

In the “ Attendu”’ engine* delivery takes place 
during nearly the whole of the stroke of the oil pump 
plunger, this stroke being varied for different loads 
by lifting the plungers from their driving cams so 
| that at light loads they engage only the peaks of the 
|cams. An alternative design of jerk-pump developed 
in this country, which has many advantages, produces 
| @ very sharp rise of pressure in the oil by the sudden 
closing of a by-pass valve at the moment when the 
fuel pump plunger is moving at or near its maximum 
velocity. The instant of re-opening the by-pass, 
which is adjustable, controls the duration of the lift 
| of the fuel valve and the quantity of fuel injected. 
There is little doubt that, from the point of view of 
| satisfactory jet formation, the mechanically-operated 
fuel valve offers many advantages over the jerk- 
pump system. The constancy of fuel pressure and 
positive control of admission afford us, in the present 
| state of our knowledge, much more certainty of what 

is actually going on in the cylinder under running 
/conditions. A great deal of further research with 
ithe jerk-pump is needed to place the designer in @ 
| position to know what are the characteristics of the 
|jet he is producing. He may set his fuel valve to lift 
when the pressure in the fuel-oil is 2,000 lb. per sq. in., 
| but how does the pressure, and so his jet-form, vary 
| thereafter ? Is the pressure which actually forces the 
oil through the fine holes of the spraying nozzle higher 
| or lower than that at which the fuel valve lifts? The 
‘timing, again, is fixed by the closing of a by-pass 
'valve at the pump, and this, for design reasons, 
| will be some distance from the cylinder head and fuel 
| valve. When the by-pass valve closes, a pressure 
wave will travel along the oil delivery pipe, and will 
open the fuel valve when it reaches the far end. The 
actual timing of the fuel injection will lag behind 








* See Journal of the Society of Automotive Engineers, 
Feb., 1926. 
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the closing and opening of the by-pass by a certain | bustion of the fuel and air has been achieved can be 
amount, depending upon circumstances. The sharp- | gauged by the fraction of the total air in the cylinder, 
ness of the pressure rise in the system will depend on | which is burnt when the engine is giving its maximum 
the*compressibility of the oil and the elasticity of the | torque. It was found that under these conditions, 
delivery pipes. The form and penetration of the jet | and therefore with the maximum fuel charge, the air 
will depend upon the unknown pressure-time relation | in the cylinder was approximately 30 per cent. in 
for the fuel immediately behind the spraying nozzle. | excess of that required for complete combustion, and, 





There are, therefore, a variety of problems involved 
in the jerk-pump injection, which only long and careful 
research can solve sufficiently to place the designer 
on firm ground in judging the characteristics of his 
jet. 

;' The difficulties inherent in the otherwise advan- 
tageous alternative, of opening and closing a valve 
which admits fuel under approximately constant 
pressure, arise from the necessarily very small and very 


rapid movement of a necessarily robust valve spindle. | 


as the load was reduced at constant speed by reduction 
of fuel, this increased to about 150 per cent. at the point 
of maximum economy. 

In the experiments with the smaller sleeve-valve 
cylinder, carried out by Messrs. Ricardo, using jerk- 
pump injection, the maximum B.M.E.P. obtained has 
been 113 lb. per square inch, but, to get this, economy 
had to be sacrificed. It was found that up to a B.M.E.P. 





of 90 lb. per square inch, which could be held with a 
fuel consumption of 0-375 lb. per brake horse-power 


On the single-cylinder research engine of 8 in. bore} hour, the engine ran with a perfectly clean exhaust ; 
and 11 in. stroke, used at the Royal Aircraft | but at higher torque values the exhaust became rather 
Establishment for these experiments, the fuel valve | suddenly black and the economy fell off so that at 
was lifted by the direct operation of a cam carried on | 105 lb. per square inch in B.M.E.P., it had risen to 
an overhead camshaft. Since the normal lift of the |0-55 lb. per brake horse-power hour. The above 
valve is only about ;3%, in. and the period of! mean pressures were obtained up to a speed of 1,400 
opening corresponds to 15 deg. of camshaft rotation, | r.p.m., corresponding to a mean piston speed of 1,650 ft. 
it is clear that the cam is very small, and great rigidity | per min. Maximum cylinder pressures throughout were 
of construction is essential. For this reason it is | limited to 800 lb. per square inch. 
doubtful whether any method of operation, other} The figures given above for these two sets of experi- 
than by an overhead camshaft acting direct on the | ments must not be taken as affording a direct compari- 
valve spindle, would be as successful as the experiments | son of performance with mechanically-operated valve 
so far made with this design have been. Less direct | and with jerk-pump injection. The short stroke and 
methods of lifting the fuel valve, more easily | high revolutions of the sleeve-valve engine accentuate 
incorporated on a multi-cylinder engine, have so far | injection difficulties, the smaller cylinder will make heat 
failed to provide the necessary exactitude in the very | losses more serious, and little attempt was made, in 
small movement of the valve. Although the research | these particular jerk-pump experiments, to make use 
engine has done many hours successful running without | of the penetration of the jet for mixing purposes. 
overhaul, the problem of maintaining all the fuel | There is little doubt, however, that up till now mixing 
valves of a multi-cylinder engine, each with its ,3$,in.|and combustion have been more satisfactory, and 
lift, in proper adjustment, is a very serious one; | certainly more easily controlled, with the mechanically- 
and it seems fairly certain that it would prove more | operated fuel valve than with the jerk-pump, and 
difficult to reproduce the results obtained from the | the sudden falling off in economy with the latter when 
single-cylinder research unit on a multi-cylinder engine | the B.M.E.P. was pushed up above 90 lbs.per sq. in. is 
than it would when jerk-pump injection is employed. | an indication of our ignorance, and of the need for 
The principal research employing jerk-pump injec- | further research upon the characteristic of a jet pro- 








tion has been carried out on a rather smaller cylinder, 
5} in. by 7 in., employing a single sleeve valve for 
controlling air inlet and exhaust. An interesting point 
about these experiments is that the necessary mixing 
of fuel and air is not dependent wholly, or even mainly, 
upon the distribution of the fuel by the jet. It is pos- 
sible with sleeve valve operation to provide a high 
degree of swirl in the cylinder, which persists during 
the compression stroke, and serves to bring the air to 
the fuel instead of the fuel having to distribute itself 
amongst the air. 

Experimental Results.—As previously pointed out, all 
the single-cylinder experiments have been aimed at 
securing the best possible power output and economy, 
which can be combined with such a limitation of the 
maximum cylinder pressure as will allow of equally 
light construction as in the petrol engine. Both power 
output and economy are increased if the maximum 
pressure is raised by injecting the fuel earlier, but this 
would entail an undesirable increase in weight to get 
the necessary strength. 

With the 8 in. by 11 in. cylinder and mechanically- 
operated fuel valve, the maximum speed at which 
satisfactory burning and good economy have been 
obtained is 1,200 r.p.m., corresponding with a mean 
piston speed of 2,200 ft. per min. The main results are 
summarised in Table IV, from which the dependence 
of B.M.E.P. and economy upon the maximum cylinder 
pressure allowed can be clearly seen. 








TaBLe IV. 
Effect of Maximum Cylinder Pressure upon B.M.E.P. and 
Consumption. 
| Maximum Corresponding 
Cylinder | B.M.E.P. Fuel 
Pressure. Consumption. 
At 800 rpm... 800 123-2 0-392 Ib./b.h.p.-hr. 
~ SO ,, re 650 117-0 0-415 ‘os 
s, 1200 800 114-8 0-421 
», 1200 650 107-0 0-45 pe 











For light-load running a considerable advantage is 
to be gained by injecting the fuel earlier, as the amount 
of fuel injected is decreased. Under these circum- 
stances, of course, an earlier injection is possible 
without increasing the maximum pressure, and a con- 
tinuous increase of thermal efficiency is obtained down 
to approximately half torque. The highest recorded 
efficiency with the maximum pressure limited to 800 lb. 
per square inch was obtained at 1,000 r.p.m., when 
the B.M.E.P. was 78 lb. per square inch and the fuel 
consumption 0-358 lb. per brake horse-power hour, 
which corresponds to a brake thermal efficiency of 
38-8 per cent. 

The success with which complete mixing and com- 


duced in this manner. 

Conclusions.—No multi-cylinder engine of the com- 
| pression-ignition type has up till now been built, so 
|far as I am aware, at anywhere near 3 lb. per horse- 
power, although a two-cylinder unit of the ‘‘ Attendu ” 
engine previously mentioned, comes out at about 4 Ib. 
| per horse-power. The fuel consumption in this was, 
| however, 0-6 lb. per brake horse-power, and unless 
| this can be largely improved upon, an engine even at 
|3 Ib. per h.p. cannot compete with the petrol engine 
|for heavier-than-air craft. 
| The single-cylinder work has shown that it is possible, 
| nevertheless, to obtain a cylinder output expressed 
|as (B.M.E.P.) x (piston speed), or, in other words, 
|as horse-power per square inch of piston area, nearly 
|on a level with that of a high-duty petrol engine, and 
| that this can be done without going more than a little 
| beyond the maximum pressures customarily allowed 
|for, and with a considerably lower fuel consumption. 


| To get the piston speed, a large cylinder is desirable 
|in order to keep down the revolutions, and this will 
involve some increase of weight in crankshaft and 
crankcase construction. But even allowing for this 
| it should be possible, if the performance obtained with 
la single cylinder could be reproduced on a complete 
| engine, to keep the weight/power ratio within the limit 
| of 3 lb. per horse-power. 
| The design difficulties of reproducing these research 
| results in a multi-cylinder engine, however, are very 
|formidable. If the successful R.A.E. method of fuel 
|injection is to be applied on a complete engine, the 
problem has to be faced of carrying an overhead cam- 
shaft in a sufficiently rigid cylinder-head construction 
|to give the very small lift and the precise timing, 
accurately and continuously, on a series of cylinders. 
| For a multi-cylinder engine, the jerk-pump system has 
| great advantages from a designers’ point of view, for 
the points at which adjustments may be required are 
|not distributed about the engine, but are localised in 
|the pump, which can be kept as a small and compact 
| unit at one end of the engine, with pipes leading to the 
| automatic fuel valves in each cylinder head. Successful 











| 
| 
| 


| engines of this type have been built by Messrs. Beard- 
| more and Co., of which some description was given by 
| Mr. Chorlton in a paper to the Institution of Mechanical 
| Engineers in March this year.* If combustion condi- 
| tions could be made as satisfactory with this type of 
| injection as with the mechanically-operated fuel valve, 
| there is little doubt that the greater simplicity of the 
| cylinder-head construction would result in a lighter 
| engine. 

| <A possibility of further weight reduction lies in the 
| development of the two-stroke cycle. Although the 
|full prima facie advantage of having two working 


| strokes instead of one at the same speed are not easy 





* See ENGINEERING, Vol. cxxi, page 409 





of realisation, this is an advance which must surely 
come, and seems to offer the most promising line of 
development. For aircraft work, an engine of the 
fixed-radial type offers peculiar advantages for com- 
pression-ignition working, if this is combined with a 
two-stroke cycle. The reason is that the chief limiting 
factor in the design of radial engines is the heavy 
loading on the crank pin, due to piston and connecting- 
rod inertia at high speeds. With a two-stroke cycle, 
the inertia forces of the pistons would be counter- 
balanced every stroke, and, at the same time, the 
danger to the big-ends from the possibility of exceptional 
peak pressures at the beginning of the stroke would be 
minimised by the inertia forces. 

But these refinements concern only the aero engine 
designer. My aim in this paper is to bring to the notice 
of a wider circle of engineers what can be done in the 
design of a high-duty engine using compression-igni- 
tion of directly-injected liquid fuel. For a variety of 
purposes, this type of engine offers great possibilities 
of development, both as regards fuel economy and the 
saving of weight in material. But only by closest 
attention to the fundamental conditions of jet forma- 
tion and combustion will it be possible to achieve 
the economy which should go with the high-expansion 
ratio. The engine offers a striking example in which 
the designer is really waiting upon the research worker 
to give him guidance on the intimate details of his 
work. 

In conclusion, I should like to express my appreciation 
of the invaluable work of Professor Hawkes, who acted 
in an advisory capacity during the early stages, and of 
Mr. H. B. Taylor of the Royal Aircraft Establishment, 
to whose skill the success of the experiments done 
there is largely due. The name of Mr. Ricardo, and 
the quality of work done by his firm, are too well 
known to need any expression of appreciation from me. 





THE RUGBY RADIO STATION OF 
THE BRITISH POST OFFICE.* 
By E. H. Saaveunessy, O.B.E., M.I.E.E. 

(Concluded from page 184.) 


Masts.—The masts are 820 ft. in height from ground- 
level to the top of the antennz aerial sheave and are 
of the stayed and pivoted type, insulated at the base. 
Fig. 16 illustrates the upper portion of one of them, 
and their general arrangement can be followed from 
Fig. 17. The pivot is about 17 ft. above ground- 
level; below this are columns of porcelain insulators 
and a granite cube (5 ft. 6 in. sides), the whole being 
supported by a steel column, the top face of which 
is 8 ft.2 in. above ground. The masts are of triangular 
form with 10-ft. sides, the vertical posts being formed 
of two channels fastened together at an angle of 60 deg. 
by a bent bar plate. The bracing is arranged in panels 
9 ft. high and is ofthe K form. Five sets of stays, 3 per 
set, are provided and divide the mast into 5 sections. 
The mast is not tapered but the mast sectional 
members are gradually diminished in size at each 
stay point from the bottom to the top of the mast. 
The principal dimensions of the mast sections are :— 

Vertical Posts. 

Channels—Bottom section, 10in. x 3} in. x 28-2 lb. 
Top section, 5in. x 24 in. x 11 Ib. 
Bent bar plate—Bottom section, 8 in. x }in. 
Top section, 6 in. x # in. 
Bracing Angles.—Bottom section, 4 in. x 4in. X }in. 
Top section, 34 in. x 34in. x } in. 
The masts were designed to withstand a uniform wind 
load of 60 Ib. per square foot of projected surface, and 
a horizontal antennz pull of 10 tons at the top. The 
maximum heel or deviation from the vertical allowed 
under load, was 1 per cent., t.e., 8 ft. at the top of the 
mast. It was specified that the maximum compressive 
stress in pounds per square inch was not to exceed 
18,000 — 80 1/r where //r is equal to or exceeds 50, 
and not to exceed 14,000 Ib. per square inch for 
ratios of J/r less than 50, where / is the length 
of the post between bracings, or the distance 
between stays, and r is the least radius of gyration 
of post or mast section. Under these conditions 
the maximum bending moment occurring at any 
section was 400 ft.-tons, and the maximum shear force 
15 tons. Throughout the length of the mast below t he 
top stay, the compressive load, due to the weight of the 
structure and the vertical component of the stay ten- 
sions, always exceeds the tensile load due to bending 
moment and the posts are therefore always in com- 
pression. 

The total weight of steelwork in a mast is 170 tons 
and the weight of the 15 stays is 28 tons and stay 
anchorages, &c., 12 tons. Under maximum wind load 
the resultant vertical load on the base of the mast is 
400 tons. 

The foundations of the mast consist of a reinforced 





* Paper read before the Institution of Electrical Engi 
neers (Wireless Section), on April 14, 1926. Abridged. 
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concrete block 20 ft. x 20 ft. x 6 ft. The reinforce- 
ment consists of one row of steel joists 18 in. x 7 in. X 
75 Ib. and a second row of steel joists of 12 in. x 6 in. 
x 44 Ib. placed at right angles to the first row; the 
steel joists are bolted together, and the steel supporting 
stanchion is bolted to the upper row of joists (Fig. 18). 
The maximum load on the earth surface is 1 ton per 
square foot. Borings were taken at mast positions to 
depths of about 25 ft. and averaged 1 ft. of soil, 3 ft. 
to 8 ft. of yellow loam and 12 ft. of soft blue clay, 
below which was stiff blue clay. In one case only 
running sand was encountered, and the foundations were 
carried below this to the blue clay. 
Two considerations arose in determining the method 
to be adopted in insulating the masts :— 
(1) The choice of a dielectric capable of withstanding 
a high voltage at high frequency and a consider- 
able compressive load. 
(2) Arranging the insulating medium so that the 
capacity of mast to earth was as low as possible. 


the load and the bottom acting as steadying insulators. 
A hydraulic press is incorporated in the stay-rope 
attachment which can be connected to a hydraulic 
pump and gauge on the ground and used to measure 
directly the tension of the stay. 

The stays are of parallel strand construction and 
were made on the site. The maximum tensions im- 
posed on the stays under full wind load vary from 30-5 
to 37-6 tons in the different stays, the top and bottom 
sets carrying rather higher loads than the intermediate, 
and two sizes of stay ropes were adopted. The larger 
is composed of 151 wires of No. 10 8.W.G. having an 
area of 1-918 sq. in. and a circumference of 5} in. 
and the smaller of 103 No. 10 S.W.G. and 6 No. 8 S.W.G. 
The factor of safety specified for the stay ropes was 4. 
The individual wires of No. 10 S.W.G. have an exten- 
sion, within the elastic limit, of 0-5 per cent. under a 
stress of 57-7 tons per square inch, and a breaking load 
of 3,050 Ib. 

The aggregate breaking load of the larger ropes, 
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The solution arrived at is indicated in Fig. 18. The 
insulation is primarily provided by 12 columns of 
porcelain insulators arranged three in each column and 
placed between steel castings immediately below the 
pivoted joint. These insulators comply with the speci- 
fied conditions of withstanding a high-frequency 
voltage of 25,000 (R.M.S.) at 50,000 cycles per second 
for 6 hours without overheating or breaking, the insu- 
lators having first been immersed in water for 2 hours. 
They were tested mechanically to a compression load 
of 270 tons, corresponding to a factor of safety of 6. 
Each insulator is 9 in. in diameter and 34 in. thick, 
with a recessed hole in each face 2} in. diameter and 
1 in. deep. To ensure uniform distribution of stress 
between the columns all insulators have ground faces, 
and those in each column were cemented together by 
a thin layer of Portland cement. 

Wooden blocks were used in the place of the insulators 
during the erection of the masts. To insert the insu- 
lators, the mast was raised on hydraulic jacks, the 
wooden blocks were removed, and the columns of 
insulators inserted with a thin layer of cement at the 
bottom. The mast was then lowered on the insulators, 
but the full load was not taken off the jacks until the 
cement had properly set. It will be noted (see Fig. 18) 
that the arrangement of the insulators permits of the 
insertion of three hydraulic jacks to raise the mast 
and replace any damaged or faulty insulators as re- 
quired. 

The stays are insulated at the base only. The same 
type of insulator is used as for the mast base, the 
method of mounting being indicated in Fig. 19. The 
insulators are in compression, the top column taking 


assuming uniform distribution on all the wires, would 
be about 205 tons. Short lengths of rope with sockets 
attached were tested in connection with experiments 
carried out to determine the best type of socket, and 
the ultimate strength of the rope was greater than 
125 tons, the limit of the machine available for the tests. 
This type of stay has a great advantage over the usual 
small wire stranded variety in possessing a smaller 
extension under load. The parallel-strand type has an 
extension very little in excess of that of the individual 
wires and for the longest stay in use on the Rugby 
masts, under maximum load, does not exceed 17 in. 
irrespective of variations due to temperature, or 
allowing for a temperature rise of 50 deg. F., 21 in. 
The best results obtained on stranded ropes of special 
construction and under similar conditions would be 
equivalent to 35 in. extension for the longest stay at 
Rugby. The advantage of the use of the parallel-strand 
construction is thus evident in limiting the heel of the 
mast under conditions of load. A further advantage 
of the use of parallel-wire ropes is that a more exact 
determination of stay stresses is possible. The masts 
were manufactured and erected by Messrs. Head, 
Wrightson and Company, Limited. 

Switches of substantial design are provided for 
earthing the masts when access to them is required, and 
also for enabling transmission to be carried out at full 
power with the masts earthed. A spark-gap is also 
associated with the switch as a protective device against 
abnormal voltages on the masts or aerial. 

Mast and Aerial System.—The mast and aerial system 
are arranged so that two separate aerials of different 
capacities may be used or, alternatively, the two com- 











bined to form one larger aerial. ‘Two of the masts, 
spaced symmetrically with regard to the station 
buildings and 1,320 ft. apart, are common to both 
aerial systems. The larger of the two aerials is the 
telegraph aerial and is supported on eight masts 
arranged to form an elongated octagonal figure in plan, 
with sides of 1,320 ft., but with opposite sides on axes 
at right angles, at distances apart of 880 yards and 
1,210 yards. The smaller aerial is supported on six 
masts with the same spacing, but forming an aerial 
with two open arms. This arrangement is designed to 
pemmit of the addition of four more masts if necessary, 
for which purpose sufficient ground is available. 

Each aerial system is fed by a lead-up connected to 
two separate feeders, one attached to each of the masts 
nearest to the station. When using the whole system 
as one aerial the leads-up to the two separate aerials 
are connected together by an internal cable running the 
whole length of the inductance room. 

The aerial insulators are of the porcelain-rod ten- 


Fig 20AERIAL INSULATOR 
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sion type, weighing 6} cwt., and are shown in 
Fig. 20; one can also be seen in Fig. 16. The 
specified testing pressure which the insulators had to 
withstand was 120,000 volts at a frequency of 50,000 
cycles per second. Each porcelain tube of the aerial 
insulator was tested to a load of 10 tons. The com- 
plete insulator will thus withstand a pull of over 
20 tons. Electrical tests made previous to erection 
showed that 200,000 volts at 50,000 cycles per second 
could be applied across the ends without damage. 
The insulators were made by Messrs. Bullers, Limited. 

Spider spreaders of tubular steel, 12 ft. in diameter 
and spaced 140 ft. apart, are used to support the eight 
7/14 S.W.G. silicon-bronze wires that form the cage 
aerial, as shown in Fig. 16. In order to reduce the dip 
of aerial, it was essential to design spreaders having small 
mass, without undue sacrifice of strength. In the type 
decided upon, as best meeting these requirements, the 
split hubs of each spreader are tightly clamped to a 
central steel supporting cable. All radial arms and 
circumferential ties are composed of weldless carbon 
steel, containing about 0-5 per cent. of carbon, with a 
yield point of 30 tons per square inch and an ultimate 
breaking stress of 40 tons per square inch. In spite 
of their light structure, the spreaders have withstood 
the severest gales without apparent damage. At each 
mast, the aerial insulator is attached to the stee! wire 
cable at the junction of two spans of the cage aerial, 
and the aerial is held in space well away from the metal 
masts. 

The two eight-wire feeders are formed on spreaders 
6 in. diameter, spaced 20 ft. apart. They meet at a 
point about 400 ft. from the building and are joined to 
form a single 16-wire lead-up on 6-in. spreaders. The 
tension of the lead-up wires is taken by six porcelain 
tubes, similar to those used in the main aerial insulators, 
suspended on a steel structure near to the building. 
The six tubes are arranged to form three arms 120 deg. 
apart, each arm comprising two tubes in series. From 
these strain insulators, the lead-up wires pass through 
a copper tube about 19 ft. long, that bridges the space 
between these insulators and the transmission building. 





282 


ENGINEERING. 





[AuG. 27, 1926. 








EARTH 





SYSTEM AT THE RUGBY RADIO STATION. 


Fig.21. EARTH SYSTEM 
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At the building the tube carrying the lead-up wires 
passes through the middle of a double conical porcelain 
insulator fixed at the centre of a glass plate, 7 ft. 
square, and the lead-up wires then pass from the tube 
to the aerial tuning inductance. 

In order to avoid either the overloading of the mast 
or the breaking down of the aerial, the steel rope sup- 
porting the aerial insulators passes down the centre of 
the mast and is attached to a drum fitted with a slipping 
friction brake so adjusted that the rope is slackened 
when the load exceeds 10 tons. 

The earth system on the telegraph site consists of 
copper wire, 100 lb. per mile, buried a few inches below 
ground. The earth follows the plan of the aerial and 
extends 800 ft. on either side of the vertical projection 
of the aerial on the ground, as shown in Fig. 21. Near 
the buildings the wires leave the ground and converge 
upon the transmitting room in a fan arrangement. 

An insulated counterpoise has been erected under 
the smaller aerial at an average distance of about 
16 ft. from the ground. The counterpoise follows 
generally the earth system in arrangement, except that 
the spacing between individual wires is not uniform 
but varies from 40 ft. immediately below the cage 
aerial to 80 ft. at the edges. 


General Results Obtained.—The following schedule | 


gives two typical series of measured values of the more 

important quantities when working on one portion of 

the aerial only, viz., that having a capacity of 0-033 pF. 
Number of power units in use _.... 3 3 


Total number of valves in power units 54 54 
Aerial circuit— 
Current, amperes 550 600 
Power, kilowatts + ie 257 306 
Primary circuit current, amperes 275 300 
Coefficient of coupling to aerial ... 0-015 0-015 
Efficiency of coupled circuit, »ercent. 974$ 973 
Direct-current input— 
Voltage, volts 5,820 6,780 
Current, amperes 61 64 
Power, kilowatts <b 355 434 
Filament power, kilowatts 48 48 
Efficiency of transmitter— 
Excluding filament, per cent. ..... 72 fa 
Including filament, per cenf. .... 64 5 
Voltage on antenna, volts - 165,000 180,000 | 


These figures are for about two-thirds power of the | 
station, and the present limitation is due to the fact that | 
only part of the main aerial is available, and this is | 
already being used at antenna voltages in excess of | 
165,000 volts. With this power, however, the station 


has been proved to have a world-wide range, and only 
the collection and scrutiny of data over a long period 
will show to what extent, if any, an increase of power 
is necessary for a continuous world-wide service. From 
the experience already gained, it can be predicted that, 
if it is proved to be necessary, three power units using 
a direct-current supply of about 9,000 volts will be 
able to give an antenna current of the order of 750 
amperes in the larger antenna of 0-045 uF, with an 
increased overall efficiency. 

It is interesting to note that during the several months 
that the telegraph station has now been tested and 
working commercially with type D circuit, not a single 
complaint has been received in regard to interference 
with broadcast or other reception by harmonics from 
the telegraph transmissions and, moreover, broadcasting 
stations have been received without interference, on 
the site under the aerial. 








CATALOGUES. 


Electrical Machinery.—A list of motors and dynamos, 
in stock ready for dispatch, is to hand from Messrs, Higgs 
Motors, Witton, Birmingham. Prices are stated. 


Antiseptic Diffuser—Messrs. Herbert Smethurst and 
Sons, Knutsford, Cheshire, have issued a catalogue of 
their apparatus for diffusing antiseptic air. It consists 
of a fan which evaporates antiseptic liquid and diffuses 
it into the atmosphere of a room. 


Gas Heating—Two further pamphlets have been 
received from Messrs. James Keith and Blackman 
Company, Limited, 27, Farringdon-avenue, London, 
E.C.4, one dealing with boilers for heating by low- 
pressure gas and the other with various burners for high- 
pressure gas. 


Switchgear.—The Metropolitan-Vickers Electrical Com- 
pany, Limited, Trafford-park, Manchester, have sent us 
a copy of their catalogue of armour-clad compound-filled 
switchgear for pressures up to 35,000 volts. A full tech- 
nical description with illustrations and a list of firms 





| the air, the cooling water and lubricating oil. 


supplied with equipment, are given. 
Aircraft Instruments.—A special catalogue of thermo- 


| meters for aircraft has come to hand from Messrs. Negretti 


and Zambra, 38, Holborn-viaduct, London, E.C.1. 
The instruments are for indicating the temperatures of 
In all 
cases prices are stated and practical information is given. 


Electrical Tests.—A catalogue of testing equipment 
using high tension direct current has come to hand from 
Messrs. Ferranti Limited, Hollinwood, Lanes. It gives 
a full description of the apparatus and methods of apply- 
ing the tests, which are used in X-ray medical work, 
electrical precipitation, and tests of cables and insulation. 
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Winches.—The British Steel Piling Company Limited 
54a, Parliament-street, London, 8.W.1, have issued a 
catalogue of their “ Zenith ” friction winches used for 
lifting piling hammers for operating drag-line excavators 
and for general work. These winches are generally steam 
driven, but other engines and electric motors are also 
supplied for driving them, The capacities of the 
standard sizes for piling lift hammers are 1, 1}, 2, 3 and 
4 tons. 


Electric Motors.—Two lists of motors have been 
received from the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2. One of 
these deals with squirrel-cage induction motors of from 
1 h.p. to 30 h.p., and slip-ring induction motors of from 
44 h.p. to 100 h.p. The other catalogue relates to 
motors for driving looms and illustrates several methods 
of mounting the motors, as well as reduction gears for 
low-speed looms. 


Heat Treatment.—A general catalogue issued by Messrs. 
Automatic & Electric Furnaces Limited, 175, Farringdon- 
road, London, E.C.1, describes several electric furnaces 
of the horizontal and vertical types and, in a second 
section deals with oil and salt tempering baths and air 
tempering ovens. Apparatus for automatic control of 
the temperature is provided. The explanatory matter 
contains information of practical use in the operation 
of the furnaces and ovens. 


Power Plant Instruments.—The Republic Flow Meters 
Company, 2240 Diversey-parkway, Chicago, U.S.A., 
have sent us a copy of their catalogue of instruments 
which include meters for steam, water, gas and coal, 
liquid level indicators and recorders, pyrometers, draught 
gauges and CO: recorders. A circular of their motor- 
driving mechanism for recording instruments has also 
come to hand. The applications of the instruments 
are fully and clearly described. 


Shipbuilding.—We have received a circular from Mr. 
Edgar Ames, 30, Church-street, New York, U.S.A., 
describing the Ellis patented system of constructing 
barge and ship hulls of channel section steel. Ordinary 
channels are used with the flanges riveted together inside 
the ships, the struts being notched to recejve the double 
flanges ; the decks are also constructed of channels with 
the flanges downwards. Mr. Ames is the sole licensee. 
The system has been approved by the American Bureau 
of Shipping. 


Lifts.—We have received a copy of a catalogue of electric 
lifts issued by Messrs. William Wadsworth and Sons, 
Limited, Bolton, containing illustrations of a large number 
of passenger lifts, an incline cliff lift or railway, and lifts 
for hospitals, warehouses, cupolas, &c. The control gear, 


lifting gear and safety devices are illustrated in detail. 
Some figures of actual costs of operation show that the 
cost of current for electric lifts is very much lower than 
is the cost of pressure water supply for hydraulic lifts. 
The firm has some 3,000 lifts in operation. 
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THE HETCH-HETCHY WATER SUPPLY 
OF THE CITY OF SAN FRANCISCO. 


(Continued from page 222.) 


In our last article we dealt with the diversion 
dam and spillway at Early Intake, describing 
the automatic action of the sector sluices. The 
sectors themselves are illustrated in Figs. 71 
to 83 on this page. They are of 5 ft. radius, 


3 in. by 4 in. by 3 in. stiffeners on the ends, as shown 
in Figs. 71 and 73. Both the top and bottom faces 
are provided with an 18 in. manhole placed at. the 
centre of the sector. A l-in galvanised pipe is 
provided inside the sector as shown in Fig. 75, for 
drainage purposes. The mouth of this pipe is 
tapped for a suction pump connection, while the 
inside end finishes with a perforated length laid 
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horizontally in the bottom angle of the sector. 
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Fig. 71. SECTION A.A. 
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the curved end flange, and the other rubbing on a 
curved angle let into the pier. At the lower end 
of this angle is a recess, in which is arranged a 
lignum vite plug pressed forward by a spring, to 
fill the corner space between the gate and pier. 
This arrangement is shown in Figs. 80 and 81. The 
latter also shows the downstream lip casting, 
which is fitted with a loop of belting rubbing on the 
curved longitudinal face of the sector. In contact 









4% Rubber Belli 
Fig. 77. sing 
Upstream face of Gate. 
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(9659.c) Le to end Seal (N°1) and tobe Watertight. 
B “ENGINEERING” (9605.K) “ENGINEERING 
: Pe ee nd Fig.80. SEC.D-D. G SEAL N° I 
Fig.78. SEC.A-A. Fig.79. S66 CG | |e-218-—> intemal 
SEAL N°. tite Flat bar Galy.|| | Face of P 
11% Rubber Beltina. TH subiereen mine rama SCL Fig.81. SEC.G-G. SEAL N°IV 
20% Flat Bar Galv," Downstream face of Gate||~~| || jack rks 
450 (sk. Brass Mach. screw: saunas Lip Casting i 
Upstream Fi ithe (be 1% in Pier, 2 | 
fa ERY a | | 
Rubber Belt to fit ti 
against Pier. * | | 
face of Pier. 5‘ ic 
(3695. ¥s Rubber Belting. “ENGINEERING o 6G ely tiie | 
8 Plug ad aed a aa | 
r : 5 Pp iat 2 He wood Plug driv. lightly. toho 
S p Fig.82. 4 Plate at Top 4 Bottom of recess. Bushing in plo ete ™ 
gf ils: Lignum Vitee Plug to fill spacein ‘ee 
me nal Line ‘ i 
-— ep of Downsire mam igh Centre of nn (9695.4) corner between Gate § Pier 
8 a . ae The sector top | with this, when the gate is in the highest position, 
oe septa 4 A % Fig.83. DETAIL OF 'M: is fitted with |is the brass spring strip shown in Figs. 82 and 83, 
EN el two eyes, to fa- | and carried by a longitudinal 3} in. by 34 in. by 3 in. 
E N cilitate lifting, | angle iron riveted to the lower part of the curved 
L. Sex3 1x9 ! om and there are | face. 
ie rt {| seven hinges| The position of the gate tower for controlling 
_— k- 34-4 Fae are ye to each sector.| the supply to the tunnel aqueduct is shown in 
- p centre of tobebrared §madefush. The seals are| the plan, Fig. 53, the structure itself being seen on 
Line rough N°78.US.Std. Gauge Spring Brass. illustrated in| the far bank beyond the dam in the view, Fig. 52 
eS ee Continuous ‘tanec’ ~—- Figs. 76 to 83. | (page 219, ante). The gate tower is a reinforced 


the angle included between the two faces being 
75 deg. The length is 22 ft. 11} in. They are 
built up of steel plate 4 in. thick, with a longi- 
tudinal 3} in. by 3} in. by 3 in. angle at the hinge 
and one of the same dimensions at the bottom 
inside the face. The joint between the top plate 
and curved face is effected with an outside channel, 
6 in. by 3} in. by 15-2 Ib. The top plating is 
prolonged beyond the curved face plate for 9? in., 
and ends in a flanged angle 34% in. deep, turned 
downwards. Intermediate frames are provided 
1 ft. 10 in. apart, made of 3 in. by 4 in. by # in. angles. 
Gussets of 4 in. plate with 2} in. flanges are provided 
at the corners of the intermediate frames, and 





The end seal 
of the top face is illustrated in Figs. 77 and 78. Itis 
of two forms, that shown in Fig. 77, extending for 
the outermost length of 1 ft.  in., while that exten- 
ding for the remaining distance of 4 ft. 7 in. towards 
the centre, is illustrated in Fig. 78. For the outside 
portion the seal is made by rubber belting fixed to 
the face of the sector and working into an angle 
formed of two angle irons embedded, back to back, 
in the concrete of the pier. For the rest, this seal 
consists of a loop of rubber belting pressing against 
the concrete face of the pier. The seal extending 
down each end of the sector at the curved, face is 
shown in Fig. 79. It consists of a piece of rubber 
belting bent at right angles, one limb being fixed to 





concrete structure containing nine sluice gates 
4 ft. wide by 5 ft. high. These are set, five in 
a lower tier and four in an upper. The sluices 
are arranged on the face of a thin reinforced 
concrete arch of 16-ft. radius having abutments 
on the rock side of the canyon. The valves are 
operated by hand gear, which is protected by a 
house, enclosing the whole. In front of the sluice 
position is a grillage of nine panels set in reinforced 
concrete. Inside this are wire mesh manually 
operated travelling screens, to arrest smaller refuse. 
A sandpit is placed in front of the tower, and can 
be flushed by means of a 12-in. outlet passing 
through the dam. The tower is protected by 
a guard wall built on the mountain side’ above, 
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toYprevent damage by falling rocks, &c. The) 
tunnel aqueduct, which extends for 18-8 miles | 
from this point will be dealt with next. 

The Mountain Division Tunnels extend from 
Early Intake to the Priest Regulating Reservoir, 
whence the supply for the Mocassin Power House 
is drawn. The 18-8 miles of tunnel are broken 
at one point only by a river crossing, over which 
the aqueduct is carried by a pipe supported on piers. 
Figs. 84, 85 and 86 give three typical sections of | 
the tunnel. For the first half mile the tunnel 
skirts the canyon. It is 14 ft. 3 in. high by 
13 ft. 4 in. wide, with the top arched to a radius | 
of 6 ft. 8 in. This section is shown in Fig. 85. 
The section gives an area of 166°5 sq. ft. This | 
stretch, which is through granite, is unlined except | 
for short pieces where seams were met with. 
Fig. 86 shows the section adopted for the next | 
7 miles, which were also unlined. Here the width | 
is 13 ft. 4 in. and height 13 ft. 6 in., the sectional | 
area being about 167°8 sq. ft. The roof is struck | 
to a radius of 15 ft. and the invert to 20 ft. 5 in. 
In places the roof radius is reduced to 6 ft, 8 in. | 
This run of tunnel is broken at the South Fork | 
of the Tuolumne River, as remarked above. Here | 
there is a length of 225 ft. of riveted steel pipe, | 
9 ft. 6 in. in diameter. The pipe acts as a con- | 
tinuous girder of four unequal spans carried by | 
reinforced concrete piers; 6-in. by 6-in. by $-in. 
angle ring stiffeners are welded on to the pipe 
at 8-ft. intervals. The longest span is 74 ft. The. 
pier reinforcement is carried down to and let into 
bedrock. An expansion joint is arranged at the, 
point of contraflexure nearest the up-stream anchor, 
to facilitate packing. The pipe is protected from | 
falling rocks by a heavy timber apron. The 
remainder of the tunnel is through slate, quartz, 
diorite, &c., and is lined, being built to the section | 
shown in Fig. 84. This length extends for 14°3 
miles. The tunnel is of horseshoe-shaped section, 
having a width and height of 10 ft. 3 in. The arch | 
isysemi-circular and struck to a radius of 5 ft. 14 in., 
while the floor width is 8 ft. 1 in., the invert being 
struck to a radius of 15 ft. 44 in. The minimum 
thickness of concrete allowed was 6 in., the mixture 
used being 1:2}:4}. The section gives a net| 
area of 87-94 sq. ft. The excavation necessary in | 
parts where timbering was not required worked | 
out at about 105°63 sq. ft., while for timbered | 
lengths it was 133-5. The concrete required varied | 
from 0-655 cub. yard to 1-39 cub. yard per foot run. | 
A view of the interior of a concreted section is | 
given in Fig. 87. 

The tunnels are pressure tunnels, and are operated | 
full. They are laid from 20 ft. to 70 ft. below the | 
hydraulic grade line. The latter has a slope of | 
1-2 ft. per 1,000, while 1-55 per 1,000 has been | 
adopted for the tunnel gradient. This works | 
out to a drop of 154 ft. in the distance, compared | 
with a drop in the hydraulic grade of 106 ft. 
In addition to the sand pit and flushing valve | 
arranged for at the Early Intake head works, other 
similar arrangements are provided at South Fork and | 
at two other points. These valves will be opened | 
at times of high flood, and the silt flushed out. | 

The tunnel was divided into eleven sections, the | 
divisions consisting of she South Fork Canyon | 
already referred to, seven adits and two shafts. | 
The number of working faces was gradually increased 
until twelve were in use at once. These were as 
follows :—One worked from each end, and one 
from each side of the South Fork Canyon ; one in | 
each direction from two adits and one in each | 
direction from the two shafts. The other five 
adits were employed for ventilation and the removal | 
of spoil. Bids were invited fer this work in 1917, | 
but no tender was accepted, owing to excessive 
prices. The city authorities subsequently com- 
menced operation, and carried it on, as money was 
available, till 1920, when a contract for the re- 
mainder was let on a cost plus fee basis to a firm of 
contractors, the men working on a bonus system. 
The legality of this was questioned in the Courts, 
but the decision was in favour of the city authorities. 
During the time in which the work was carried out 
by direct labour, five faces were worked. These 
included one at early Intake, two at the South 
Fork Canyon, two at the No. 1 (Big Creek) Shaft, 
and oné at the end, at Priest Portal. When the 





work was done under contract, the faces were 
gradually increased, and it was speeded up. The 
progress for twelve months 1920-21, was 14,471 ft.; 
for 1921-22 it was 38,210 ft. ; in 1922-23 it amounted 


| to 24,449 ft., while in the next year it was completed 


by 3,499 ft. The first faces to meet were those 
working between Early Intake and South Fork, and 
the last those between the two shafts which were 
15,320 ft. apart. The record of 776 ft. of 11 ft. by 
11 ft. tunnel driven, was made in August, 1921, when 
the total for the month was 3,490 ft. for eight head- 
ings. The maximum given, which worked out at 
8-34 ft. per shift, was for work on a length passing 
through altered slate and schist, driven from 


Fig. 84. SECTION 1, CONCRETE 
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The No. 2 (Second Garotte) shaft was carried to 
a depth of 786 ft. below the surface, the general 
arrangements at the shaft bottom being similar 
in the two cases. At the Second Garotte shaft a 
great deal of trouble was experienced from water, 
the inflow amounting to 1,850 gallons per minute, at 
one time. This was dealt with by forming collars 
of concrete at intervals round the interior and 
pumping out the intercepted water. Four pumping 
stations were installed at different levels. The 
flow was mainly due to water percolating from one 
of the old gold working ditches. 

The larger loading machines employed were of 
the Myers-Whaley pattern. This machine is com- 
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Fig.86. SECTION 4, UNLINED. 
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Priest Portal. One of the best month’s work was 
represented by May, 1922, when the length driven 
was 4,817 ft. from ten headings. At the time, the 


to 50 in granite. The last section of tunnel, between 
Second Garotte and Big Creek shafts was holed 


three miles long. 
The rock as shot down was loaded by machines 


employed. At the headings served by the shafts, 
smaller machines operated by air had to be used. 
At the shafts the rock was dumped into pockets, 
whence it was admitted through pneumatically- 
operated gates into hoisting skips. The No. 1 (Big 
Creek) Shaft had a total depth of 646 ft., the tunnel 
level being 575 ft. below the surface. The rock 
pocket extended 30 ft. below the tunnel floor-level, 
while the bottom 30 ft. of the shaft were utilised 
as a pumping sump. 


CONCRETED SECTION OF PRESSURE TUNNEL. 


| posed of two sections, one providing a shovel and 
| short conveyor and the other a raised conveyor 
'capable of delivering into small cars. The shovel, 


‘Second Garotte headings were not working, the| of the excavator pattern, scoops up the rock 
| shaft not having been sunk low enough. The number | debris, after blasting, up to 2 ft. pieces, and, turning 
of holes drilled per round varied from 25 in schist /over backwards, delivers on to a canvas belt con- 


| veyor protected by steel slats. This delivers to the 
| second conveyor extending to the end of a cantilever 


|through in November, 1922. This length was frame, so that cars can be run underneath it. 


|The front part can swing 45 deg. either side of the 
| centre and the back part 40 deg., so that the shovel 


| into two cubic-yard cars, handled by electric battery | can work over a wide arc, and the whole machine 
‘locomotives. At all headings but those working | accommodate itself to a wide range of alignment. A 
|out from the shafts, electric loading machines were | single motor is provided of about 15 h.p., and this is 


| used for operating the loader or for travelling it for- 

| ward, &c., as the work requires. Before firing, steel 
| plates are laid to make a shovelling floor. 

At one point water made its way from the South 

| Fork into the tunnel to such an extent that the 

11-ft. section was flooded to a depth of 4 ft. This 

| inflow was traced to the stream through a fissure in 

the rock, some 6 ft. wide, filled with debris. To 

overcome this trouble, the stream outside was 

diverted through a wooden flume, a length of 30 ft. 
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sufficing to span the bad section. When this had| Thus the following equations can be obtained : 


been accomplished the s epage into the tunnel 
could be handled by a 16-in. pipe. 

The portal at Early Intake being situated in a 
narrow canyon, the delivery of material for the) 
works presented considerable difficulties. An in- | 
clined tramway, worked by a 25-h.p. electric winch, | 
was installed. This had a length of 3,000 ft. and a| 
gradient of 70 per cent. Difficulties were also | 
experienced at South Fork, where 10-ton sections | 
of the 9 ft. 6 in. pipe in which the water is carried | 
across the stream, had to be skidded down very | 
steep inclines on sledges. 

Concreting was done by pneumatic power, two | 
machines being employed. The machine employed | 
was a development of the Webb and Coxe plant, first | 
used in California. The ‘‘ gun” employed in this | 
system consists of a long steel body in which work | 
two pistons on a single rod. A manhole or hatch is | 
arranged in the body, so placed that it is just ahead | 
of thefront piston when this is in its rearmost position. | 
The front end of the body tapers by means of a cone | 
piece down to a 5-in. or 6-in. pipe connection. The | 
gun is worked by air at from 90 lb. to 100 lb. pressure, | 
and can place concrete satisfactorily to a distance | 
of 200 ft. away. In operation the concrete is brought 
in small cars along an overhead platform, and 
dumped through a chute into the gun hatch. This 
is then shut down and the pistons, under air pressure, 
force it forwardsinto the coneend. At this stage air 
is also admitted at this point and the mix is propelled 
through the delivery pipe to be deposited behind the 
forms. The gun is mounted on wheels and runs 
on a track laid on the tunnel invert. The charge 
amounts to about 20 cub. ft. and the appliance is 
said to work best if the mix is on the dry side. The 
concrete lining was started in March, 1923, and 
completed in May, 1925. 


(To be continued.) 








VENTILATION OF TURBINE ROOMS 
ON BOARD NAVAL VESSELS. 





By Ing. Jutius Liévat, Budapest. | 

THE vital importance of this in itself secondary | 
detail of naval design, lies in the fact that the tem- | 
perature of turbine rooms on board the Austrian | 
war vessels ruled much higher, especially in the | 
warm season, than it ever did when reciprocat- 
ing engines were employed. Owing to insufficient 
ventilation, this temperature, on some boats, rose so 
high that the physical alertness and the capacity for 
permanent attention of the engine-room staffs were 
gre tiy impaired. Since insufficient ventilation thus 
seriously menaces the fighting efficiency of ships— 
especially in night actions when turbine rooms are 
closed—it seems well worth while to give a fuller 
consideration to this often neglected subject. 

The heat of the turbines is communicated to the 
surrounding air by conduction and by radiation, 
and also, in a very great degree, by the steam which, 
escaping through the glands, mixes with the air. | 
In the case of neglected plants we have also to take | 
account of the steam escaping from the glands | 
and drains of the auxiliary engines. The aed 
of heat absorbed can be determined as the difference | 
between the total heat of the moist air as it enters | 
and leaves the turbine room. In general, the vapour | 
content of the air will not be identical at the two 
points in question. 

Let us define the symbols as follows :— 

V. volume of atmospheric air (which always contains 
some vapour) which passes through the turbine 
room per hour in m3 (cubic metres). 

W. the quantity of heat in calories brought in by 
this mixture of air and vapour. | 

U,. the quantity of heat brought in by the gaseous 
constituent of this mixture. 

Qe the total heat brought in by the vapour consti- 
tuent of the atmospheric air as it enters the 
turbine room. 

Wa, Ua, Qa, the corresponding values of the above 
at the outlet side of the turbine room. 

y the specific gravity of air. 

pthespecific gravity of the vapour contained in the air. 

t the temperature of the air. 

? the total heat of the vapour per kilogramme. The 
last four quantities will be marked with the suflix e 
for the inlet and with the suffix a for the outlet side. 

Let us also denote by C, the specific heat of air 
at constant pressure, which may be taken as 1-2335 
ca:ories per kilogram, 








(1) { We = Ue + Q 1 
Wa = Uat Qa J 
W = Wa — We = (Ua — Ue) + (Qu-Qe) =U+Q 
(Ue Vy Ye op te) 
\ Us= Va Ya ep ta J 
U =Ua— Ue = V yeep (tu — te )* 


(2) 


because : 
Ve Ye = Ve Ye: 
Furthermore : 
a) ( Qe = Ve pete) 
(3) | Qu = Va Pa tq J 
Q = Qa = Q- = Va Pa ta — Ve Pe te 


= ve( Pa ta — oe ie) 
because, as already noted, steam has been escap- 


ing from the glands to the air and thus V, ye. 
exceeds V, y, in quantity. Finallyfrom 1, 2 and 3 


(4) W=V- [ ep (ta — t.) + (= Pa ta — pe i) | 
Ve = 


Now, if the heat quantities as reckoned per m of 
the entering air are denoted by w, u and q, respec- 
tively, with the corresponding suffixes, we get :— 

We Ue le 

(2) to en + a } 

W= Wa — We = (Ua — U)+(Ga — Ye) =U+G 

(2) w = Ua — WU = Ye Cp (ta — te) 


(3) Gi de — Ga Ti Pata — pe fe 
(4) w = Wa — Ww, = ¥ Cp (ta — be) + V pa in — pe ie 
e 


The air and vapour mixture entering the room 
absorbs a quantity of heat A in consequence of 
conduction and radiation from the plant and also 
an additional quantity, which may be denoted by B, 
by admixture with steam escaping from the glands, 
and in some cases also with the steam that is 
escaping through imperfectly packed joints of the 
main and auxiliary engines. Part of this heat 
remains latent and the rest appears as sensible heat 
and exerts its undesirable effect on the engine-room 
atmosphere. 

This whole amount of heat picked up in the tur- 
bine room will be carried away by the outflowing 
air and vapour mixture, partly as heat content of 
the dry air U and partly as that of the vapour 
content Q. 

We thus get from equation (1) :— 

(5) W= Wa-We-=U+Q=A+B 
and 

(5) ws=wv-w=ut+q=z=athb 
per m of entering air. In these equations (A + B) 
and (a+ 6) represent, respectively, the absorbed 
heat and (U + Q) and (w+q), respectively, the 
imparted heat, in their components. 

After suitable transpositions, equation (4) can be 
employed to determine by experiment the amount 
of heat imparted by the turbine plant to the turbine 
room. For this purpose, the individual factors of 


| the equation require a certain analysis. 


From the equations— 


¥ F : 
W = Ye Cp (ta — te) + z Ppa ta — Pe te 
‘ 


we obtain the amount of heat that is absorbed by 
each m® of air from the turbine plant. ¢, and ¢, 
of this equation are obtained by simple thermo- 
metric measurement, ¢, and ye are known quantities 
and the following considerations will serve to 
determine the other quantities If: 


p” is the pressure of the non-saturated steam in the 
air, expressed in mm. of mercury, 

py the pressure of saturated steam at the same tem- 
perature, also expressed in mm, of mercury, 

A. a coefficient for determining the moisture from 
readings of the wet and dry bulb thermometers 
with the ship in motion. This may be taken as 
0 -000656, which corresponds toa strong air current, 

t the temperature measured by the dry-bulb thermo- 
meter, and 

ty the temperature measured by the wet bulb thermo- 
meter of a hydrometer, both in deg. C., and 

b the atmospheric pressure in mms. of mercury. 

We then have 


p” = pp — Ac (t— ty) bt 
Furthermore, if F indicates the relative percentage 
of moisture in the air obtained by hygrometric 





* The change in partial pressure of the air as it enters 
and leaves is small, and has, accordingly, been neglected, 

t+ See Psychrometric Tables, by Jellinek, enlarged by 
J. Hann, Leipzig, 1903. 


| measurements, ps the pressure of saturated steam 
| which corresponds to the temperature of the air, we 
| get, approximately, since p” and pz relate to the 
/same temperature and the change is isothermal, 
| F= 1002 = 100? 
| Ps d 

wherein p is the specific gravity of the steam, 
which is, of course, superheated, and d the specific 
gravity of saturated steam at the same temperature 
t, whence : 


p=0-01Fd 
in kilograms, supposing the steam to be dry. 
Consequently : 
| px = 0-01 Fa da and p. = 0-01 F, d, 


can be determined by the 


is ee Ni 
The { quotient Vv. 


following considerations: The weight of the dry 
air, which in its atmospheric condition is mixed 
with a certain quantity of vapour, is the same when 
entering as when leaving the turbine room. Conse- 
quently y, and y, are the specific gravities, 7.e., the 
weights of dry air in each m’of air and vapour mixture 
when entering and leaving the room, respectively, 
and thus the volumes V, : V- are in inverse propor- 
tion to ye: ya; that is to say: 
re 
Ve Ya 
Let p.’ and p,’ indicate the partial pressures 
of air when entering and leaving, 
b the atmospheric pressure as before, 
Te = te + 273 
Ta = ta + 273 
the absolute temperatures of entering and leaving 
air, whilst R = 29-27, the gas constant for air. 
Finally, making use of the general gas equation, 


P=RT 
¥ 
so that 
Va _¥ _ Pe Ta 


Ve Ya — pa Te 
which can be easily calculated. 
The total heat 7 is obtained from the equation 


ti=X + Cu(t — ts) 


wherein A is the number of calories in each kilo- 
gram of steam—that is, contained in the air—in its 
saturated condition. 

C, is the specific heat of the superheated steam, 
which may be taken as 0-46 calorie per kilogram, 
and ¢ and ¢, indicate the temperature of that mass of 
steam, as superheated and as saturated, respectively. 
Noting that 7 indicates the heat contained by the 
steam under constant pressure, \ and é, will always 
have the value which corresponds to the respective 
vapour pressure. This vapour pressure p’” is 
obtained from hygrometric observations, by means 
of equation (6)—that is to say, if A is the latent 
heat and ts; the temperature of the saturated steam 
under pressure, we get 

ta = Na + Cu (ta — tsa) 
ig = Ne + Cu (te — tse) 

By means of the preceding equations (4), (6), 
(7), (8) and (9)—after suitable transpositions and 
after inserting the given numerica] values—the heat 
absorbed by the air and vapour mixture can be 
determined, with the result that 


(10) w= 0°2335 yc (te —te) + 0°01 {Te Pi pd, x 
l T. Pa’ 
[Aa + 0°46 (ta — tsa)] ™ F. de [Ae + 0°46 (te - tse) ] j 


wherein tq — Ue = 0:2335 ye (ta — te ) indicates 
the heat absorbed by the air, and the remainder, 
viz., 
qa — qe = 0-01 {Te , PE By dy [de + 0°46 (ta — tha) 
ce. 


— F.d, [Ne+ 0°46 (t— tse) J} 


of the right-hand side, indicates the heat absorbed 
by the steam in each m' of the entering air-steam 
mixture, 

All the factors of this equation can be determined 
by means of simple experiment in the following 
manner: The readings of both thermometers, 
dry and wet, of a hygrometer at inlet and at outlet 
of the turbine room, and that of a barometer on 
the deck, are to be registered simultaneously and, 
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at the same time, the total volume of the air passing 
is to be determined. 

The writer made an experiment of this kind in the 
aft turbine room of the former Austro-Hungarian 
torpedo boat 95-F, un September 16, 1916. The boat 
was equipped with two A.E.G. turbines of 2,500 
shaft horse-power each, in two longitudinally 
arranged rooms. Each of the rooms was provided 
with a suction and a blower ventilator. The fresh 


Fig. 7. DESTROYER “TRIGLAV” 








Measurements then made in the aft turbine room 
of the torpedo boat gave the following results :— 


Performance of the main turbine . 2,820 s.h.p. 
Temperature of the main steam 
(superheated)... sa ae --- 248 deg. C, 
Temperature of the auxiliary steam 
(saturated) ... os nis ... 207 deg. C. 
Temperature of the atmospheric air ... 22-35 deg. C. 
Relative humidity of atmospheric air 46-6 per cent. 
Temperature of air when leaving the 
turbine room ... ow ca ... 40°4 deg. C. 





Fig.3. 


Volume of air entering per hour . 3,060 mi 
Cubic capacity of turbine room oe 91-5 m3 
Changes of air per hour 3,060: 91-5 = 33 
Amount of steam escaping into the 

room per hour 64-4 kg, 


Heat imparted to the room per hour... 55,650 calories, 


Had there been no leakage from the glands, the 
temperature of the air discharged would have been 
37 deg. C. instead of the 40-4 deg. C. actually 
observed. 
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BATTLESHIP “SZENT ISTVAN” 




















Fig.5. CRUISER “NOVARA” 
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Fig.7. 
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air entered through the blower and left through 
the suction ventilator. This arrangement had the 
advantage that the steam carried away from the 
turbine room by the air became well mixed with the 
Jatter in the suction ventilator, and a homogeneous 
mixture was thus delivered to the hygrometer. 

To obtain{a useful result, the observations were 
made during a forced-draught run, and, in the 
fourth hour, when the turbines were steadily develop- 
ing 2,850 shaft horse-power at 850 r.p.m., and were 
well and uniformly heated, the skylights, open 
vents and hatches were closed. 





Relative humidity of air when leaving 

turbine room ... oes nee ... 53-°4 per cent. 

Heat absorbed by each m5 of the air in the 

turbine room ... sas nae . 

Heat absorbed by conduction and radi- 
ation (a) 


“ see .» 4-13 calories. 
from escaping gland steam 
b : 


” 
aa aes oes .. 14-07 calories, 
Ratio of the two quantities (a) (b) ... 1: 3-76. 
From the 18-2 calories per m3 the 

dry air carried off (u) eee ... 5:05 calories. 
The moisture contained in the air 

carried off (q)... és0 ees aa 
Proportion of heat carried off by air to 

heat carried off by moisture me 





2-6 


. 18-20 calories. 


. 13-15 calories. 
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This’series of tests led the writer to make similar 














calculations relating to the turbine-room ventilation 
| ) 
| pis- | speed | ..,, | Boiler | 
-—-— | place- . | -_ | Pres- kr" 
| ment. | oo) ees rr 
: | 
Battleship ‘ Szent Tons. = 
DUE 66. pvicces 20,000 20 25,000 |18 atm.| 50°C." 
Cruiser ‘“‘ Novara” 3,500 27 25,000 | 16 i == 
Destroyer “ Triglav” 875 32-5 | 17,000 {16 ,, _ 
Torpedo-boat ‘95 A ‘ 
Bo west es saneun 250 28°5 5,000 bs ig | 50° C. 
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of other units of the former Austro-Hungarian fleet.| remarks may be added. ll the observations | ance with the report of the Meteorological Institute 
Particulars of the vessels investigated are giveninthe| were made during forced-draught runs of|at Fiume, in the neighbourhood whereof the experi- 
tableonpage286. Allthesevesselswereequippedwith | these ships in the years 1915-17, and the| ments were made. The gland steam per hour has 
turbines of the type made by the Allgemeine Elektri- | writer made the observations personally, with the | been calculated from the pressure gauge diagrams of 
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Fig.10 








BATTLESHIP ‘SZENT ISTVAN”. 







Fig. 15. 







Fig.13. GRUISER “NOVARA* 
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citiits,Gesellschaft, Berlin, but the turbines were built | exception of those on the battleship Szent Istvan. | the main turbine. In column 8 are noted the cal- 
by the}Budapest firm, Ganz & Co., Danubius. Column 1 gives the amount of air delivered by | culated amounts of gland steam per hour inkilograms, 

Figs. 1 to 8, on page 286, show the arrangements | the ventilators per hour. assuming a gland-packing clearance of 0:2 mm.anda 
adopted in these vessels for the turbines, and Figs.9| The temperatures ¢, and ¢, were measured during | gland steam pressure of 0-1 atmosphere aboveatmos- 
to 16 above show the corresponding ventilation | the trip, andare givenin columns 2and4. In column | pheric pressure; column 9 gives the amounts of heat 
arrangements. The calculations are given by Table | 3 are given the vapour contained in the air, F,, at the | contained by thissteam. The amount carried off by 
I on page 288, to which the following explanatory | corresponding hour of the day, was noted in accord- | each m’ of inflowing air, p’, was obtained by dividing 
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nickelised asbestos, is sometimes used as a reducing | bution of the number of particles with their|industry and 600 private firms; 44,500,000/. had 
catalyst, and the substance is mixed with an excess | diameters could not be changed, no matter how often | been spent on new equipment, &c., in the last six 


of sodium carbonate to facilitate the reaction. 


The | the sand was re-graded ; nine elutriations did not | years. Profit-sharing was said to have been tried 


paper dealt with the complications which the | change the distribution, which followed the law of | and to have proved a failure in 1921, but the 1921 


presence of various elements introduced. 


Hypro.tysis By Ligut PoLaRISED BY SMALL 
PARTICLES. 


The experiments of Miss E. S. Semmens, of 
London, described in a paper bearing the above 
title, are interesting as a contribution to the solution 
of the problem of the part played by radiations in 
chemical reactions, with particular respect to the 
views of Professor.E. C. C. Baly, of Liverpool, 
who instigated them.* The sunlight was polarised 
by falling upon the colloidal particles of diastase, 
the enzyme which causes the hydrolysis of starch, 
and well-washed potato-starch, suspended in water, 
was exposed to the light coming from the diastase 
suspension, which was contained in a vessel sur- 
rounding the starch tray. Bright sunlight rapidly 
broke up the starch grains, converting them into 
sugar, and also the cell membranes, with forma- 
tion of a fatty substance ; but the yields were very 
small, as in most of these reactions. 


THe Union or Mercury AND HELIvuM. 


Mr. J. J. Manley, of Magdalen College, Oxford, 
gave an exceedingly interesting account of the 
first experiments, successful after some years of 
working, in which an inert gas, helium, had 
apparently combined with mercury. In the first 
series of experiments, helium was admitted into the 
mercury (all materials being carefully purified) of a 
barometer tube, which was then moved up and down 
so that the electric glow discharge passed through 
the helium. The gas pressure was best kept at 


| probability. 


| SECTION F.—ECONOMIC SCIENCE AND 
STATISTICS. 


Two papers brought before Section F, over 
which Sir Josiah Stamp presided, call for notice in 
our columns. In his presidential address on Inheri- 
tance as an Economic Factor, Sir Josiah dwelt 
upon the importance of accumulated capital and 
savings, as well as upon the sense of social injustice 
which the inequality of wealth was apt to engender. 
He also referred to the unsettled state of the 
industry. 


Economic ASPECTS OF THE LABOUR OUTLOOK. 


Sir Lynden Macassey, K.C., started, in his paper, 
fromconsiderationsof thisunsettled state. Stability, 
he said, was the fundamental basis of prosperous 
industry, essentialaliketoemployers and workers, and 
the level of stabilisation was less important than the 
fact of stabilisation ; that view would by no means 
preclude agitation for improved wages and labour 
conditions. Stability could be secured by collective 
bargaining, and that depended upon the existence 
of representative and responsible federations of 
employers and of trade unions. Recent events 
illustrated the absence of this condition. Industrial 
requirements had outstripped legislative concep- 
tions; the machinery of employers’ federations 
was too slow and ponderous for the quick response 
required. The federations should be reorganised to 
constitute competent responsible parties to industrial 








about 6 mm., and then fell, in the course of several | agreements. Such agreements had legal validity in 
hours, by 75 per cent. Other gases, hydrogen, | other countries. Sir Lynden would unhesitatingly 
oxygen, and nitrogen, under similar conditions, | compel all employers to join the federation of their 
gave dense permanent deposits; this, Mr. Manley | industry, and all the workers in that industry to 
thought, indicated that the glow discharge con- | become members of the representative trade unions, 
ditions are generally abnormal. The helium com-|[n order to make such agreements enforceable, 
pound could neither be liquefied nor absorbed by | federations and trade unions should have all the 
charcoal at the temperature of liquid air. Frem | rights and all the obligations of ordinary contracting 
density and refractivity observations, and estimates | parties. He did not admit the right “of the indi- 
of the uncombined mercury before and after the | vidualistic employer to manage his own business as 
experiment, determined by means of a special | he thought fit and pay just such wages as he chose. 
apparatus of Mr. Manley’s and of the Aston micro- | The Trade Union Act of 1871 had provided, foolishly, 
balance, it was concluded that the 236 millionths | that no agreement between two trade unions—and 
of a gramme of helide obtained represented the com-| an association of employers was a trade union 





pound Hg He,). When the gas was heated by con- 
tact with a white-hot platinum spiral in the appar- 
atus it was evidently decomposed, as the pressure 
rose at once. 

A second series of experiments, in which 
exposure to the glow discharge was maintained 


for much longer periods, pointed to the forma- | 


tion of another compound, apparently Hg He. 
The fact that cooled charcoal failed to arrest the 
compound had not been considered really surprising 
by Professor Soddy, who, however, was not present 
at the meeting. He suggested that, if the inert 
gases represented closed rings of electrons, devoid 
of any valency electrons outside the ring, as was 
believed to be the case, they need not obey the 
ordinary gas laws as known at present. Mr. Manley’s 
similar experiments with argon had, so far, been 
entirely unsuccessful. 


THE CHEMISTRY OF FINE GRINDING AND FINE 
PowDERs. 


Dr. G. Martin, of Wembley, described experi- 
ments carried on since 1923 with quartz sand, ground 
in 18-in. tube mills, with l-in. steel balls, and 
elutriated in a stream of air, the weight, number 
and surface of the particles being ascertained. 
When the particles were reduced to colloidal dimen- 
sions they behaved like fluids. The surface pro- 
duced was found to be accurately proportional to 
the work done, owing to the constant nature of mole- 
cular attraction. The number, N, of the particles 
increased with decreasing diameter x, according to 
the law: N= ae -%t where a and b were constants. 
The average shape of the crushed particles remained 
the same during the grinding down, and the crushed 
sand coming from a grinding mill was composed 
of homogeneous grades of sand in which the distri- 





* See ENGINEERING, vol. cxx, page 408. 


within the meaning of the Act—could be enforced 
by law; it was amazing that this provision was 
still on the statute book. The law should be altered. 
When collective bargain agreements were conclud- 
ed, sympathetic strikes and direct action would be 
barred as illegal. Sir Lynden would not make all 
strikes illegal, but no strike should be declared 
that had not been approved by a two-thirds majority 
of the union members in secret ballot, conducted 
under the supervision of the Ministry of Labour. 
There should be a proper Court of Enquiry, to 
be called by the Ministry, not to settle a dispute, but 
to ascertain the facts. 

Sir Josiah Stamp, in the chair, asked what would 
be done to a union official who broke the agreement. 
Mr. Arnold Lupton did not desire any government 
|interference in wage settlements ; the wages fixed 
|in this way in Australia, he said, had been too high. 
| Mr. E. Garcke thought the ballot suggested was as 
necessary for a lock-out as it was for a strike, while 
| Mr. F. Roby deprecated all obligation to join a 
| federation or trade union, and Mr. H. H. Neilson, 
| agreeing with much that had been said, remarked 
‘that the root of all industrial trouble was suspicion 
between employers and employed, which confer- 
| ences might remove. 





| CoaL AND Co-PARTNERSHIP. 
In introducing his paper, Dr. J. A. Bowie, M.A., 
|of the Department of Industrial Administration, 
Manchester College of Technology, remarked that 
| the report of the Royal Commission on the Coal 
| Industry, 1925, recommended compulsory co- 
| partnership by profit-sharing. The economic condi- 
| tions of the coal industry were peculiar. The total 
capital value of British mines was not greater than 
| 200,000,000/., and 1,200,000 workers were engaged 
|in them. There were 800 companies in the mining 


| scheme and the scheme of 1924, had been merely dis- 
| trict schemes, not applying to individual works, and 
| were intended to provide an index of wage changes 
| better than the old sliding scale. The 85 (and 87) 
per cent. of the surplus (left after deducting standard 
wages, standard profits, and cost of production) 
intended for addition to standard wages, did not 
really constitute an addition to wages, but was 
incorporated in wages. The 1921 scheme had been 
a landmark in wage settlements, but no conclusions 
could be drawn from its failure or success of the 
appropriateness of a profit-sharing scheme. 

As regards profit-sharing, the agreement had 
been hastily drawn up, and was full of inconsistencies 
and contradictions. It had been inoperative during 
the depression when there was no divisible surplus ; it 
had, therefore, caused discontent and had not stopped 
absenteeism. When in operation, the proceeds- 
sharing clauses had promoted regularity of employ- 
ment. On the other hand, the losses due to neglect 
of production and industrial disputes were enormous; 
what the miners lost in wages since 1900 by disputes 
would buy up all the collieries of the country, and 
the losses by absenteeism were equally high, whilst 
the community had lost four times the present-day 
capital value of the collieries. Hope lay in real 
co-partnership, but success depended upon the 
creation of a better understanding, a moral partner- 
ship. Dr. Bowie would not make partnership 
compulsory ; that had failed, or had been vainly 
attempted, in France, and what was done now in 
Czecho-Slovakia only meant that 10 per cent. of the 
profits went to the welfare funds. Yet trade-union 
membership should be a condition of admittance to 
co-partnership. One-third of the excess over a sum 
equal to 10 per cent. of salaries and wages, might be 
divided among the men, all charges, except amortisa- 
tion, to be considered as costs of production. The 
profits should be divided on the wage basis, with 
additional allotments for length of service, all the 
| workers to participate after three years’ service. 
|The employees’ bonuses should be invested in 
| ordinary shares until they totalled up to one-third 
of the share capital issued, when a co-partnership 
committee should reconsider the scheme. This 
committee should consist of nine members—four 
to be elected by the workers and three by the staff 
and deputies. 





SECTION J.—PSYCHOLOGY. 
ACCIDENTS IN INDUSTRY. 


In presenting his paper entitled “‘ Observations 
on Accidents in Industry ”’ to Section J, Mr. Arthur 
Stephenson, of the National Institute of Industrial 
Psychology, first briefly indicated the methods 
in use for investigating the frequency of accidents 
and for their prevention. About one-third of the 
actual accidents occurring at present were ascribed 
to machinery, and one-third of these only to the 
absence of mechanical safeguards. This meant that 
about 90 per cent. of the accidents were due to failure 
on the part of the human subject. The success 
of safeguards, however, should not be belittled, 
though all machinery could not be made fool-proof. 
According to the United States Federal Board 
for Vocational Education (Bulletin 47), one large 
steel corporation had reduced its accidents by 80 
per cent. in 12 years on a personnel.of 10,000; 
another was estimated to have saved 10 per cent, 
of its personnel of 23,000 from death or serious 
injury in 12 years. The most interesting point 
was, however, that one-third of the reduction had 
been effected by safeguards in equipment; in 
the industries doing the most efficient safety work, 
two-thirds of the reduction were assigned to 
organisation and education. The activities of the 
British Industrial Safety First Association de- 
served to be better known. The efforts were 
mainly applied, however, to the man, and the 
capacity of the worker to protect himself might 
have been overrated. 

There had further been investigations of the rela- 
tion between accident frequency and speed of 





production, fatigue, illumination, hour of the day, 
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age, methods, experience, &c. Lastly, Miss New 
bold had found by statistics that the average 
number of accidents was much influenced by a 


| restriction, but great doubt as to its importance and 
| extent. 
| to be a defensive action by a group of workers against 


Where restriction was practised, it seemed 


comparatively small number of workers, and this | conditions they believed to be unfair. The statistics 


suggested individual study. Instructions might leave 
little impression on some minds in which little 
sense of responsibility could be aroused. The 
influence of experience was a moot point. The 
Federal Board mentioned, held that the immi- 
gration of inexperienced peasants was responsible 
for the unusually high number of accidents about 
1906. Dr. Vernon had quiterecently suggested giving 
new employees a preliminary training for a week or 
two on safe dummy machines. The scheme of the 
Institute of Industrial Psychology for training 
learners by instructresses did not go so far, for the 
work done was not especially dangerous ; but the 
machinery was slowed down, and the learners were 
allotted only a part share of the work. Inthestatistics 
so far available, the rate of accidents per thousand 
hours had been the same for novices (1-74) and 
for experienced learners (1-755). Efficiency tests 
had been applied to decide whether a learner should 
be retained or dismissed, such tests being based 
on the assumption that susceptibility to accidents 
could be detected by tests. In tests of taxi-cab 
drivers in Pittsburgh, it was found that those who 
failed in the tests had more than two accidents 
to one by those who had passed the test. These 
observations supported the vocational selection 
tests. 

As regards artificial illumination, there were more 


|of Mr. Angles proved that, in general, output was 
| uniform over periods of years. The chief reasons for 


| restriction were the cutting of the rates of pay on 
piece work when improved methods were introduced, 
and the fear of the adoption of that practice when 
it appeared that money was made too easily. 
There was further tae fear of unemployment or of 
increased short time in periods of depression. 
Workers might lose 3 hours of pay in the morning 
before being given work; men, therefore, began to 
cease work when the daily standard output had 
been reached. Defects in piece rate or time-rate 
systems were another cause of dissatisfaction and 
restriction. Mr. A. Stephenson had pointed out 
that, when a new seam in a colliery was opened, 
the men were careful to avoid too speedy pro- 
duction lest too low a piece rate should be adopted, 
| which would be difficult to adjust later when winning 
| became harder. Sometimes regular workers and the 
|examiners and repairers, who had harder and more 
|responsible duties, were paid at the same rates. 
| Mr. Hoover, in ‘‘ Waste in Industry,” based upon 
| an inquiry by sixty engineers into the six principal 
| trades of the United States, had estimated that the 
| percentage of waste due to defective management, 
| amounted to 75 per cent. in clothing, 63 per cent. 
|in printing, 81 per cent. in the metal industries, 
| and 50 per cent. in textiles; in the last-mentioned, 





accidents during winter than during summer, and | 40 per cent. of the waste was ascribed to external 


programme covering 1? million acres in 40 years. 
In the first period, up to 1925, 50,000 acres were to 
be planted, and 50,000 more acres were now ready 
for planting or were being prepared for planting 
by corporations or private owners, with the aid of 
small State grants for unemployment, although 
meanwhile the Economy Committee had stopped 
the expansion of the scheme. Forestry was a 
business in which a long view was essential. The 
items for plants and for land reached high figures ; 
schools for foresters and foremen had been estab- 
lished and the universities assisted, but any tem- 
porary suspension of work, such as occurred in 1923, 
threatened serious loss. On the other hand, that 
suspension had impressed people with the need for 
a settled State forest policy. Statistics proved that, 
even in this generation, the American Continent 
would not possess sufficient timber for its own 
requirements, and in this country the start had been 
made a generation too late. 

The creation of forest worker’s holdings was of 
extreme importance in this connection. Lord 
Clinton distinguished two classes of small holdings: 
the first requiring a full equipment of houses and 
buildings to start with; the second, the cottage 
holding of the worker otherwise employed, but able 
to cultivate fruit or vegetables or to keep pigs and 
poultry, and requiring little capital. Forestry was 
very suitable for the second class. The Forestry Com- 
missicn limited such holdings to 10 acres and 150 
days’ work a year was guaranteed, while more might 
be granted. The worker was sure of his land and of 
seasonal employment. The fire danger to forests 
from trains, road locomotives, &c., was a constant 


accidents seemed to increase slightly during the | factors. 


first hour of turning on the light and to increase 
much more afterwards during the last half-hour 
before 6 p.m.; there was, however, but little 
observational material available. 

More should be done to prevent accidents. 
Mr. J. J. Davis had estimated that the fatal and non- 
fatal industrial accidents in the United States 
exceeded 23.000 and 2,500,000, respectively, each 
year, and that 85 per cent. of these were pre- 
ventable. In Great Britain, there were about 


1,200 fatal accidents a year in factories and work- | 


shops and the same number in coal mines and 
quarries ; non-fatal accidents, resulting in disable- 


ment for a week or more, amounted to 120,000 and | 


200,000, respectively. The moral obligation of the 
employer extended beyond the payment of the 
insurance premium. Insurance companies might 
grant rebates to firms able to demonstrate reduction 
of risk. An arrangement to this effect had, accord- 
ing to Colonel Pickard, been made between the Home 
Office Workmen’s Compensation Committee and 
the Accident Offices Association. Workers’ organi- 
sations might help, especially in the selection of boys 
for underground work in mines, where unsuitable, 
untrained workers devoid of the “pit sense” 
became a danger to themselves and to others. 


The costs of accidents could not be measured | 


solely by the insurance premium, even from the 
employers’ point of view. The output suffered in 
quantity and quality by the weakness or unsuita- 
bility of the workers, and quite trivial accidents 
entailed heavy loss in production. The men risked 
limb and life ; the emotional effect of an accident on 
others was loss of self-control, which might have 
immediate serious consequences in various ways. 
Mr. Stephenson summarised in favour of scientific 
selection and the determination of individual 
susceptibility to the risk of accident, without, of 
course, deprecating the use of safeguards and 
educational and propaganda methods. 


RESTRICTION OF OUTPUT. 
Following, with a paper on “ Restriction of 
Output,” Mr. A. Angles, of the same Institute, 
said that the public had grown used to regard 
the term ca-canny as synonymous with output 
restriction, and they regarded the practice as a 


deliberate, malicious attack on industry, for which | 


the trade unions were mainly or wholly responsible. 
In his experience and in that of the Institute men- 
tioned, however, no case observed could be attributed 
to the trade unions themselves, neither had the so- 


called “ soldiering ” in the United States been found | 


to be essentially associated with trade-unionism. 
There was no doubt as to the existence of deliberate 


Satisfaction with actual earnings might also lead | worry to the forester. Houses would have to be 
'to restriction, as in the case of ‘“ pin-money ”’ of | built in suitable places and only a small amount of 
| girls who earned enough for their dress allowance. | the cost should be debited to the holdings, and it 
| It should not be overlooked, moreover, that restric- | would be necessary to create forest communities 

tion was practised by the employers as well, when | with schools and shops ; and self-supporting villages, 

| materials were scarce, when the market was becom- | with village industries, should be created as in the 
‘ing flooded, and when different departments | Middle Ages. A start had been made in the summer 
did not keep pace. Where the mental atmosphere of 1924; by September, 1925, 198 holdings had been 
of a factory was good, restriction would rarely be | in course of construction, nearly all of which were 
| found. | now occupied. 





| Lord Bledisloe, expressing agreement with Lord 
INDEX OF COMFORT AND ATMOSPHERIC | Clinton, suggested that displaced miners might be 
ConDITIONS. | settled on forest land. 


A paper by Dr. H. M. Vernon, of Oxford on this | 
subject, was based upon experiments made in| = sal 
| America and elsewhere already mentioned} in our | ial 

‘columns, on effective temperature and on the| Mr. T. F. Chipp brought his paper on ‘‘Some 
‘cooling power of air. In the investigation of | Dangers of Forest: Destruction in the Tropics ” 
mine conditions, men had been kept in a chamber | before the main Section K, Botany. He pointed out 
_at 101 deg. F. for an hour, when their own tempera- | that the short-sighted policy of burning down 
ture rose to 102 deg. and their pulse to 140, so that | forests to obtain fertile land was disastrous to the 
'the experiments had to be stopped. As regards | climate in New Zealand, Papua, Malay, &c. Rains 
work and rest fperiods, the best results had been|ran down the bare mountain slopes which the 
‘observed with periods of 53 minutes work and 7 | sun then overheated so that they no longer arrested 
‘minutes rest; the poorest with 22 minutes work|the rain clouds; the rivers were choked and 
/and 38 minutes rest. | inundated instead of fertilising the land. 


DANGERS OF FoREST DESTRUCTION IN THE 


| Financia Points in Forest Economy. 
* | 

SUB-SECTION K. ~-FORESTRY. | Mr. A. C. Forbes, head of the Forestry Branch, 
At the Southampton Meeting of 1925, forestry, Dublin, who followed Lord Clinton with a paper on 
for the first time was separated from Section K, | the financial aspects of forestry. Forest economy, 
Botany, and became a distinct sub-section. This | he said, should never be merely a question of 
| year the sub-section had a long programme under the | profit or loss. Forests were a necessary covering 
chairmanship of Lord Clinton,in the Oxford School | ¢o the land as clothes were for our bodies, and, unfor- 
of Forestry. This school was established in 1908, | tunately, the recent tendency haa been to divert 
| but a Professorship of Forestry was only endowed | responsibility from the individual to the State. 
in 1920; over 170 students have, so far, successfully | [he result was that, left to industrial enterprise, 
completed their three years’ course of training. | all our forests seemed doomed to disappear 
| Lhe Imperial Forestry Institute for advanced | sooner or later, after having been broken up into 
research work was founded, also at Oxford, in | patches. Some States had intervened in time and 
October, 1924. Lord Clinton is Chairman of the | stopped indiscriminate clearing of woodland without 
Board of Directors, and Professor R. 8. Troup, | corresponding regeneration; in England and Ireland, 
_F.R.S., isa director. The two institutions make up | forest: legislation had been deferred too long. At 
the Department of Forestry of the University of | the recent International Forest Conference in 
| Oxford. | Rome, 58 countries had been represented, many of 


SmatL Hotprnes AND NATIONAL AFFORESTATION. | which had regarded this question with indifference 


In his address, Lord Clinton first referred to the gi Lire se points, Mr. Forbesremarked 
| progress of national afforestation before coming to | p44 re-afforestation, as distinct from forest main- 
his main subject, which was small holdings in their | tenance. would rarely give a full return of the 
relation to the State. The first Forestry Act of| joney lceshed, Sareab ore ps on individual blocks 
| 1919, he said, provided a grant sufficient to plant| night give satisfactory yields ; but the creation of 
150,000 acres in the first ten-year period, the full | these blocks and their upkeep, and the maintenance 
of intervening land by the State, could not be expected 








| Bs. uate cama ee re | to promise more than a low yield. The State could 
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TYPE THREE-CYLINDER LOCOMOTIVE FOR THE UNION PACIFIC RAILROAD. 


CONSTRUCTED BY THE AMERICAN LOCOMOTIVE COMPANY, ENGINEERS, NEW YORK, N.Y., U.S.A. 
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not select the land for its productive capacity, but 
the private owner, devoting different soils to different 
purposes, might do so. The critical item in forest 
management was not the initial cost of preparing and 
planting the land, but rather the heavy expenditure 
for rates, protection, fences, &c. Mr. Forbes did 
not accept the idea that these overhead charges 
would be too high for blocks smaller than 4,000 or 
5,000 acres. Charges for fencing were high only in 
England—not on the Continent—and the onus 
should really fall on the stock owner, who should 
keep his cattle from straying; the law put this 
duty on the stock owner, but compensation could 
only be obtained by litigation. The old Norman law 
should be renewed in some form which made 
any act illegal that affected the welfare of trees at 
any stage in a “forest area.” Excessive felling should 
also be made an offence, and the distinction between 
public and private forest lands shouid be abolished 
or modified. Legislation on the lines indicated 
might be a remedy for the present state of affairs 
if the public would take its share in forest protection. 
(To be continued.) 





Tue INstrruTion or StructuRAL ENGINEERS.—The 
Portland House Scholarship for 1926 has been awarded 
to Mr. George Robertson, assistant to the City Engineer 
of Bath, by the Institution of Structural Engineers. 
Under the conditions of the award, the recipient will 
travel on the Continent and in America to study modern 
concrete developments. A silver medal was granted to 
Mr. C. J. Wood, of Purley, and a bronze medal to Mr. 
F. W. Davey, of Westminster, the two candidates placed 
next in order of merit on the results of the examinations 
and the competitive design, on which the scholarship 
award was determined. 
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4-12-2 TYPE THREE-CYLINDER LOCO- 
MOTIVE FOR THE UNION PACIFIC 
RAILROAD. 

Nor very long ago the use of ten-coupled locomotives 
was quite exceptional, and the number of railways 
in the United States on which they were in regular 
service was very small—in fact, we believe that in 
1902, or thereabouts, only a couple of roads employed 
machines of this type. The development of the 
Mallet type opened up possibilities which have by 
degrees become part of accepted operation methods in 
America. The Mallet, however, is essentially a slow 
speed machine, and as the ten-coupled engine has been 
designed up to the limits possible, further progress in 
locomotive power capable of handling large freight 
trains at a somewhat improved speed, has resulted in 
the adoption of the 4-12-2 type. The first machine 
of this type to be built, is illustrated in the two-page 
engraving, Plate XVII, with our issue of this week, 
and in Figs. 3 to 14, on this page and page 298, the 
builders being the American Locomotive Company, 
whose representatives in this country are the 
American Locomotive Sales Corporation, 26, Vic- 
toria-street, S.W.1. The design is the joint product 
of the builders and of the mechanical department of 
the Union Pacific Railroad, Omaha, Neb. 

This engine is regarded as a logical development 
from the 2-10-2 type, and is not in any sense considere 
to be a freak machine. It is not experimental, so far 
as mechanical equipment goes, but is a straightforward 
attempt to secure a definite power coupled with a weight 
limit of 59,000 lb. per driving axle. While Mallet 
engines have a permissible speed of about twenty miles 
per hour and make an average in service of 12, the 
2-10-2 type employed on the Union Pacific system has 











a permissible speed of 40 m.p.h. and makes an average 
of rather more than 20. These were the speeds desired 


Fig. 5. 
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of the new class. To obtain the required power on 
the weight limits imposed, it was necessary to resort 
to three cylinders and to six driving axles. With this 
arrangement, it was found possible to combine 67 in. 
driving wheels, With six coupled axles and wheels 
of this size, the rigid wheel base is necessarily on the 
long side. The precaution was therefore taken in 
this engine to fit the fourth driving axle with blind 
tyres. The general arrangements of the engines are 
so satisfactory, and the leading and trailing trucks so 
flexible, that curves of 54 chains radius are negotiated 
with ease, and it has been decided to fit further 
engines with flanges on all driving wheels. As essen- 
tially contributing to this satisfactory solution, it may 
be mentioned that controlled lateral displacement is 
allowed to both the leading and trailing drivers. 
Details of the devices used in this connection will be 
dealt with later. 

The general features of the engine and tender may be 
seen from Fig. 1, Plate XVII, while Fig. 2, on the same 
plate, gives an elevation of the engine only. Of our 
other illustrations this week, Fig. 3, above, is a rear 
end elevation, and Fig. 4 a section through the cab 
just behind the boiler front. Fig. 5 is a section through 
the firebox just to the rear of the trailing driving 
axle, Fig. 6 being taken between the fifth and sixth 
axles, looking towards the rear. Figs, 7 and 8 show 
sections close to the fourth axle, fitted with flangeless 


d | wheels, while Figs. 9 and 10 are taken further forward, 


the former showing the outside crank adopted for the 
third pair of drivers, and the latter the inside crank 
arrangement of the second coupled axle. Figs. 11 
and 12 show two sections still further forward, at the 
first coupled axle, while Fig. 13 is taken just ahead of 
the cylinders, and Fig. 14 shows the front end in 
elevation. 

We do not propose in this article to go into details of 
the design, but give below the leading particulars of 
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the engine and tender, from which some of its striking 
characteristics may be gathered :— 


Locomotive— 
Cylinders (three), diam. eax) ON Eh. 
se stroke (outside) woe {i 
a » (inside) boo | aR 
Wheels, leading bogie, diam. ... 30 in. 
» driving, diam.... San OD 

» trailing, diam.... ce ~S0'in. 
Wheelbase, driving... ... 30 ft. 8 in. 

ss rigid an oc AT 1G. OM. 

" total kes ooo Ee es @ EM. 
Boiler barrel, diam., front ... 90 in. 
Firebox, length ... ae .-. 15 ft. 44 in. 

we width ... Ae ... 9 ft.-} in. 
Combustion chamber, length ... 6 ft. 8} in. 
Water space, front os os a, 
*» sides and back ... 5 in. 
Tubes (262), diam. eae --. S$in, 
me length ass oss «ew Ht. 
Heating surface, tubes... ..- 6,262 sq. ft. 

* » firebox --- 629 sq. ft. 

” ” arch tubes ... 62 sq. ft. 

” ” total ... ... 5,853 sq. ft. 
Superheating surface ... ... 2,560 sq. ft. 
Grate area tes sine ..- 108-25 sq. ft. 
Working pressure _ ... 220 Ib. per sq. in. 
Tractive power ... eae .-- 96,650 Ib. 

Tender— 
Tank capacity ... Bue ... 15,000 gall. (U.S.). 
Coal capacity ... eee ... 21 tons (short). 
Locomotive and tender— 
Total wheelbase... ; 91 ft. 6} in. 


(To be continued.) 





ELECTRIC TROLLEY ’BUS FOR 
BRADFORD. 


Ir is being increasingly found that the electric 
trolley ’bus forms a useful link between an ordinary 
tramway system and the more flexible motor ’bus. 
Some of the earlier trolley ’buses were undoubtedly 
needlessly heavy, as their design was based on that of 
the tram rather than the motor ’bus; but, more 
recently, extended experience has led to the develop- 
ment of a lighter, and, incidentally, a neater-looking 
vehicle. An interesting example of the latest design 
is given by the first of three vehicles ordered by the 
Bradford City Corporation. This ’bus was manu- 
factured by the Associated Equipment Company, 
Limited, of Walthamstow, E.17, and is based on one of 
the well-known petrol ’buses made by this company. 
The new vehicle is of {the¥single-deck type, with an 
entrance in the middle of one side, and is designed to 
be operated by two men. It has a seating capacity 
for 36 passengers, and is capable of a speed of 28 m.p.h. 
when fully laden. The traction motor and control gear 
were made by Messrs. E. R. and F. Turner, Limited, of 
Ipswich. The motor is rated at 55 h.p. at 1,030 r.p.m., 
and is of the ventilated and interpole type. The foot- 
operated controller is arranged with five plain series 
accelerating notches, operated in conjunction with the 
Associated Equipment Company’s patent governor 
device, which automatically shunts the field current by 
means of a governor and contactor. The field of the 
motor is automatically diverted by 33} per cent. at a 
speed of 16 m.p.h., and by 50 per cent. on the last 
notch of the controller. 

The chassis generally follows ordinary ’bus practice, 
the frame having pressed-steel channel side members, 
parallel throughout. The front axle is an I-section 
stamping of high-grade steel, and the rear axle is made 
up from a nickel-steel drop forging. The final trans- 
mission is by underslung worm drive. There are 
internal-expanding brakes, operated on the Westing- 
house air-brake system, on all four wheels. In addition, 
there is an external-expanding brake for emergency use 
at the rear of the motor on the transmission shaft. 
This brake is operated by a foot pedal mounted on the 
left-hand side of the controller pedal. The propeller 
shaft is fitted with universal joints of the Spicer type at 
each end. The joints are enclosed in dust-proof and 
grease-tight cases. The overall length of the frame is 
25 ft. 10 in., there being a 7-ft. 2-in. overhang behind 
the rear axle. The wheel-base is 14 ft. 6 in., the track of 
the front wheels is 6 ft. 4 in. and that of the rear wheels 
6 ft. 1}in. As a final point, it may be mentioned that 
the ’bus is fitted with a Wilkinsun trolley-pole deviation 
indicator, and with life guards both in front and between 
the two axles, in addition to the usual equipment. A 
similar ’bus is being sent to Liverpool for demonstration | 
purposes, and will be on view during the meeting there 
of the Municipal Tramways Association. 





Friction OF ANNULAR Pipes: ErRRATUM.—Our 
attention has been drawn to the fact that, by an 
oversight, the formula for pipe flow was given as 


— = in the letter, signed by Mr. R. J. Cornish, 
pS? Sm 

appearing in our issue of August 6, on page 168, The 
quantity on the right-hand side of the equation should 





have been 2 —”- 
Sm 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nors.—In the diagrams, the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “fine foreign” and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin — 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and seh a 
pig-iron. The prices given, in the case of steel plates, are for ship, bridge and tank qualities, yar 
those for steel rails are for heavy sections. The pig-iron prices are for East-Coast hematite an 
Cleveland iron, both of No. 1 quality. The price of quicksilver is per bottle, the contents of 
which vary from 70 Ib. to 80 lb. The price of tin-plates is per standard box, but in yt 
cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the 
horizontal lines represent 11. each, except in the case of the diagram relating to tin-plates, in 
which they represent 1s. each. 
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LABOUR NOTES. 


WHEN this issue of ENGINEERING went to press, no 
official information was available with regard to the 
decision of yesterday’s Miners’ Conference in London. 
It is tolerably clear, however, that if the meeting 
has shown the same hesitation to frame definite pro- 
posals as the executive did on Monday and Tuesday, 
the existence of the Federation is gravely imperilled. 
The delegates will not, of course, be-altogether blame- 
less in the matter, for the supreme power is really 
vested in their national conference; but there is not 
much doubt that the hopeless tactical position in which 
the miners find themselves is the result of as poor a 
leadership as the British Labour movement has known 
for many years. Experienced negotiators generally 
strive,even in acutely critical moments, to maintain 
some kind of contact with the other side. The miners’ 
executive have repeatedly and in the most light- 
hearted way, taken the opposite course. The 
attitude which they adopted in their conference 
with the representatives of the Government made 
progress along that line towards a settlement hopeless. 
The manifesto which they issued on Saturday was a 
most maladroit affair, for, in the light of this week’s 
meetings of the executive, it suggested a way out of 
the trouble which the leaders themselves did not 
believe in. And to crown all, the executive threw the 
whole responsibility for ending or continuing the 
stoppage on to the delegate conference by declining 
to give a lead. If the ultimate result is to break up 
the national federation, the rank and file will not 
find it very difficult justly to apportion the blame. 
Meanwhile, the drift back to work continues. 





The difficulties which would be created for French 
industry if Parliament framed the Bill at present before 
it relating to annual holidays with pay for workers, 
were recently described by M. de Lavergne, General 
Delegate of the Confederation of French Production 
to the Labour Committee of the Chamber of Deputies. 
So far, he said, only five countries had passed legisla- 
tion on the subject—Austria (1919), Poland (1922), 
Latvia (1922), Finland (1922), and Czechoslovakia 
(1925). The Governing Body of the International 
Labour Office had decided by ten votes to two last 
January not to place the question on the agenda for 
the 1927 session of the International Labour Conference, 
owing to the scantiness of the national legislation in 
existence on the matter and the increase which would 
be involved in costs of production. Although in some 
countries, such as Germany, Great Britain, Italy, 
Norway and Sweden, the system of holidays with pay 
had been instituted by collective agreements, the 
countries in which the system had attained extensive 
proportions were countries which, so far from having 
a dearth of labour, ordinarily had at their disposal 
more labour than their industries required. He recog- 
nised the need of the worker for an opportunity to 
regain his physical and mental vigour by periodical 
spells of rest, but he expressed the opinion that such 
opportunity was already provided by the Sunday 
rest, national and local holidays, and the spread of the 
“ English week-end.” 





It was impossible, M. de Lavergne went on to say, 
to compare the position of salaried workers with that of 
wage-earners. The latter performed a work which was 
essentially physical, which, since the introduction of the 
eight-hour day, could not be described as excessive, 
and which was largely counterbalanced by the 16 hours 
of rest on working days, to say nothing of the weekly 
rest and public holidays. The brain work of the salaried 
employee, on the other hand, involved a constant 
nervous strain, and demanded a continuous rest of 
several days. Amongst the problems which the Bill 
would create, was the difficulty of distributing holidays ; 
rotation would lead to a disorganisation of shifts, and 
the total closing of works would be impossible for 
certain undertakings of public importance. The 
choice of the period for holidays would be another 
problem, and there was also the risk that some men 
might use their holidays to work in other factories and 
thereby obtain double pay. Experience had also 
shown that some workers did not return to their posts 
after a holiday. The argument that the Bill would 
merely confirm the present position was untenable. 
Inquiry by the Ministry of Labour had shown that the 
practice of giving holidays with pay was the exception, 
that it was followed in only 628 establishments em- 
ploying 38,466 workers, and that it was above all a 
question of rewarding long service. Finally, he said, 
it was not opportune, on the eve of the grave economic 
crisis which the stabilisation ofi the franc could not fail 
to entail, to adopt a measure which would cause a loss 
of between five and six millions of francs and add 
considerably to the cost of living. 





The Ministry of Labour states that, on August 23, the 


number of unemployed persons recorded on the registers 





of Employment Exchanges in Great Britain was 
1,558,900. This was 21,620 less than a week ago, but 
215,162 more than a year ago. The total of 
1,558,900 cn August 23, is exclusive of persons who 
ceased working the coal-mining industry on account of 
the dispute. 





A special delegate meeting of the National Union 
of Railwaymen, held in London on Tuesday, rejected 
the provisional agreement recently arrived at with the 
craft unions and the companies setting up machinery 
for dealing with the working conditions of men em- 
ployed in railway shops. Several of the craft unions 
which have members employed in railway shops have 
accepted the agreement. 





In his report for the first half of the current year to 
the members of the National Union of General and 
Municipal Workers, Mr. W. Thorne, M.P., the General 
Secretary, stated that the district accounts showed the 
total dispute benefit paid out during the period to be 
119,130/., of which 116,375. was paid to members in 
respect of the national stoppage. The branch income 
for the June half-year amounted to 170,976/., and other 
net receipts to 8,160/. That made a total income of 
179,1371., as against 175.9571. for the December half 
year. The paying membership was 324,760, as against 
313,981 at the end of December—an increase of 10,779—- 
and the total membership rose from 348,859 to 360,839 
—-an increase of 11,980. At the end of December the 
funds amounted to 429,3671., but, by the close of the 
June half-year, they had dropped to 363,4791. The 
decrease was due entirely to the dispute benefit paid 
during the six months. 





At a meeting of the National Joint Trimming Com- 
mittee at the offices in London of the Shipping Federa- 
tion, the sides failed to agree on the proposal of the 
shipowners to reduce the national tariff and modify 
the existing agreement. It was, therefore, decided to 
invite the Ministry of Labour to appoint a Court of 
Inquiry to investigate the matter. Some time ago 
the tariff was reduced by 334 per cent., and the owners 
now seek an additional reduction of 16% per cent., 
making a total cut of 50 per cent., as compared with the 
rates obtaining five years ago. The dispute affects 
the whole of the coal-exporting ports, including the 
Firth of Forth, the West Coast of Scotland, the North- 
East Coast of England, the Humber, South Wales, and 
the Bristol Channel. 





According to the Adelaide correspondent of The 
Times, a conflict is developing between the trade 
unions and the Government of South Australia over 
the 44-hour week. The agenda of the approaching 
Labour Party conference contains motions by the 
unions demanding its immediate introduction and its 
adoption as part of the fighting platform of the party, 
and also requesting Government action; but the 
Premier, Mr. Gunn, has informed Parliament that 
the Industrial Officer has been instructed to tell the 
Industrial Arbitration Court the effects of a shorter 
week upon the State revenue. The Government did 
not intend, he added, to give the unions financial 
assistance in presenting their case. The Government’s 
decision has been received with gratification by em- 
ployers and in Liberal circles, which were alarmed at 
the effect of a 44-hour week upon Government and 
private industry. 


A report presented to the Central Council of Russian 
Trade Unions in June last shows that the average length 
of the working day in 1925 was 7-6 hours, while almost 
all (96 per cent.) juvenile workers were on a six-hour 
day. The use of overtime is, however, widespread, 
and 16 per cent. of the workers of Russia properly 
so-called really work a nine-hour day, while in the 
Ukraine as much as 30 per cent. of the workers work 
from nine to nine and a-half hours daily. Overtime is 
especially prevalent in the metal and mining industries. 
In the metal industry 70 per cent. of the workers regu- 
larly do 40 hours’ overtime a month (the number of 
working days in the month varies from 20 to 26, and 
averages 23 days), while in the Donetz Basin coalmines 
underground workers are employed on an average 
from seven to eight hours a day, and even nine hours, 
instead of the six hours laid down by the Labour Code. 
In both industries the weekly rest of 42 consecutive 
hours is frequently not observed, and in certain factories 
and mine work is carried on regularly for seven days 
a week. 





At its annual conference in Southport, the United 
Textile Factory Workers’ Association, by a majority 
of two to one, passed a resolution in favour of giving 
power to the Minister of Labour to set up, at the 
request of either party, a public court of inquiry into 
the causes of any dispute, before either a lock-out or 
a strike is declared. It was also sought to be stipulated 
that the period of inquiry should not exceed ten days, 





including the day on which the Minister received the 
application, and that, in the event of the recommenda- 
tions of the Court not being acceptable, either side 
should be at liberty to give notice of a lock-out or a 
strike. Amongst the other resolutions adopted by 
the gathering were one condemning the system of 
taking the average weekly wages for the preceding 
twelve months as a basis of compensation, and urging 
the Government to amend the Workmen’s Compensa- 
tion Act by substituting a normal full week’s employ- 
ment as the basis for assessing compensation; and 
one instructing the Legislative Council to reopen 
negotiations with the employers’ organisations to 
secure wages for the workers for the period when the 
mills are closed for the annual holidays. In the dis- 
cussion on the latter proposal speakers pointed out 
that each year the demand for payment for annual 
holidays was becoming more earnest and insistent ; 
and Mr. James Hindle (Burnley) asserted that in 
Burnley it would only represent an addition of 1d. 
to the price of each of the seven pieces of cloth, 
125 yards long, which a four-loom weaver produced 
in a week, 

An emergency resolution, which was carried unani- 
mously, expressed profound disappointment with the 
proposals of and omissions from the Government’s new 
Factories Bill. It stated that the textile workers 
objected especially to the provisions for overtime and 
the two-shift system as an attempt to meet all the 
desires of the employers without sufficient considera- 
tion for the desires and welfare of the workpeople, 
and called for a special conference at which the clauses 
affecting cotton workers could be considered, and the 
Government could be urged to amend the Bill in the 
direction desired. The Legislative Council was in- 
structed to interview the Labour Party and the mem- 
bers of Parliament for the cotton districts on the 
subject. 





The Generaj Council of the Trades Union Congress 
has recently gf¥en close attention to the problem of 
bringing Ruskin College, Oxford, and the London 
Labour College together at Easton Lodge, and of 
financing the joint undertaking. It is proposing to the 
Bournemouth Congress a levy of 1d. a member for three 
years in order to provide the 50,0001. required for 
alterations and developments, and it is also seeking 
powers to raise capital on loan to enable it to start on 
the scheme. Apart from the levy, the affiliated unions 
will be expected to maintain scholarships at the college. 
The conditions put forward last September, under which 
the General Council was to take over the Labour College, 
London, from the South Wales Miners’ Federation and 
the National Union of Railwaymen, included stipula- 
tions that the theoretical teaching in economics and 
historical science on its present Marxian basis should be 
safeguarded, and that the teaching staff should be 
composed of individuals qualified to impart their teach- 
ing on this theoretical basis. In the case of Ruskin 
College, it was proposed that the present aims and 
educational methods of the college should be retained. 
Ruskin College, by resolution of its governing body, has 
agreed to come into the Easton Lodge scheme, but. 
pending transference to Essex, the General Council has 
made arrangements with the governing body to carry 
on the college. The one important modification of the 
Scarborough agreement involved in the Easton Lodge 
plans is that the original scheme would have retained 
Ruskin College and the Labour College as separate 
colleges, whereas it is now considered essential that they 
should be combined. 

The resolutions passed “‘ unanimously ” at the annual 
conference last week-end of the National Minority 
Movement did not err on the side of originality. Most 
of them were political in character, and their keynote 
was condemnation of the present leaders of the Labour 
movement. Nobody in the ranks of organised labour 
expected anything else. In his opening address, 
Mr. Tom Mann said that the failure of the general strike 
was a failure of leadership. The leaders of the future 
must understand, he declared, the real nature of the 
class struggle, and be ready to take militant action 
towards the workers’ control of industry. They must 
have a policy to meet the varying conditions on a 
national and international scale. A member of the 
Boilermakers and Iron and Steel Shipbuilders’ Society 
was responsible for a resolution which declared that the 
failure of the general strike was primarily a failure of 
leadership, that the leaders failed to prepare for the 
strike and never believed in its efficacy, and that the 
sole guarantee against future failures is the development 
of leadership with a fighting working-class policy. A 
member of the E.T.U., in seconding, said that the 
workers had placed at the head of the industrial organi- 
sation men who were either knaves or cowards. All 
industrial conflicts would have to be waged in the future 
on the mass scale, and that mass struggle must neces; 
sarily involve @ political struggle. 
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of pulverised fuel to the firing of boilers, and for 
various industrial heating purposes, has been the 
provision of the large combustion space required. 
In the case of new plants, the necessary arrange- 
ments can frequently be made, although at some con- 
siderable cost, but when it is desired to convert an 
existing installation for the use of the newer method 
of firing, the matter is by no means simple, and, in | 
the case of internally-fired boilers and many types | 
of industrial furnaces, the difficulties are particularly | 
acute. The advantages of pulverisation in enabling | 
low-grade fuels to be burnt with a high degree of | 
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efficiency, however, are now generally admitted, so | 
that it is probable that numerous attempts will be 
made to remove or reduce ny existing disabilities | 
that may tend to hamper the more extensive appli- | 
cation of this system of firing. One such attempt, 
which seems to have been attended with a considerable | We now propose to describe another system of burning 
measure of success, was referred to in a leading article | pulverised fuel, the invention of Mr. E. 8. Suffern, 
which appeared in our last issue, on page 267. In| which is being developed in this country by Messrs. 
this case, the combustion was effected in a rectangular | Gasified Fuel, Limited, 22, Bloomsbury-street, W.C.1. 
auxiliary chamber below the boiler furnace, fuel and | Its object is to reduce the combustion space required, 
air being supplied to the chamber in a manner designed | and to render the system applicable to existing boilers, 
to produce a high degree of turbulence, which had | including those of the internally-fired type, as well 
‘ the effect of hastening and localising the combustion. | as to the firing of kilns and furnaces for various 
The arrangements for the supply of air were such | industrial heating processes, For this purpose, a 
that the zone of complete combustion could be confined | horizontal cylindrical chamber, with a refractory 
to the chamber or made to extend upwards into the | lining, is mounted in front of the furnace with one 
furnace proper, in accordance with the demand for| end close up to the furnace opening and the other 


steam, | end closed. Pulverised fuel is injected into the chamber 
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with a small proportion of air, which is insufficient 
for its complete combustion, and the gases generated 
pass into the furnace, where the combustion is com- 
pleted, the necessary supply of additional air teing 
admitted through the sides of the chamber close 
to the furnace opening. An installation on this 
system, for demonstration and test purposes, has 
now been in operation for about six months at 
the works of Messrs. Davey, Paxman and Co., Limited, 
Colchester, the equipment having been applied to 
an old boiler of the firm’s well-known Economic 
type. We shall describe the system in connection 
with this particular installation, but before doing so 
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THE GASIFIED-FUEL SYSTEM OF BURNING PULVERISED COAL. 


Fic. 8. PuLVERISER witH Door OPEN. 


we may point out that certain detail improvements, 
which, however, do not affect the general principle of 
operation, would be made in future installations, and 
that the designs would require to be modified to 
some extent in applying the principle to other types 
of boilers and furnaces. It should also be mentioned 
that the principles involved in the method of operation 
employed in the process have been fully covered by a 
number of patents. 

A photograph of the experimental installation at 
Colchester is reproduced in Fig. 1, on page 294, and the 
general arrangements are illustrated in Figs. 3, 4 and 5 
which are, respectively, side and end elevations and a 
plan. The boiler is 8 ft. in diameter, 14 ft. 6 in. in 
length and has two internal furnaces 2 ft. 8 in. in 
diameter extending for its whole length. There are 
90 return tubes, 3 in. in diameter, the total heating 
surface being 1,200 sq. ft., and the working pressure 
120 1b. per square inch. Natural draught is employed, 
the flues being connected to a brick chimney 70 ft. in 
height above the furnaces. The pulverised-fuel 
equipment comprises two cylindrical chambers, or 
pre-gasifiers as they are called, located in front of 
the furnaces, each pre-gasifier being designed for the 
consumption of 3 cwt. of fuel per hour. The fuel used 
has been a low-grade colliery slack, normally obtainable 
at about 3s. a ton at the pit, having a lower calorific 
value, when dried, of about 11,500 B.Th.U. per lb. 
This is crushed in a Forplex pulveriser-separator, 
made by Les Ateliers Réunis, of Billancourt, Seine, 
France, and capable of supplying 12 cwt. per hour. 
This, it will be noticed, is twice the capacity actually 
required, the explanation of the unnecessarily large 
capacity provided being that it was originally intended 
to apply the equipment to two similar boilers. The 
pulveriser is driven by belt from a 12 h.p., 220-volt, 
continuous-current motor, running at 1,150 r.p.m. 

A photograph of the exterior of the pulveriser is 
reproduced in Fig. 2, while Fig. 8, above, is an 
end view with the hinged cover open, so that the 
interior can be seen. Fig. 9 is a longitudinal section 
from which the design and construction of the machine 
can be followed with but little explanation. The 
small coal is filled into the hopper on the right of 
Fig. 9, from which it is delivered by an oscillating tray 
{ceder on to a small magnetic separator in the form of a 
rotating cylinder, which serves to remove any sorap iron. 
Che coal falls from the separator into another hopper, 
which delivers it into the centre of the pulveriser 
proper. This consists of a cylindrical chamber fitted 
internally with serrated segments, and having a hinged 
cover which carries two concentric rings of projecting 
lingers, clearly shown in Fig. 8. A steel disc mounted 
on the end of a shaft running in ball bearings at 2,500 
T.p.m., carries three rows of dogs, also visible in Fig. 8, 
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these dogs fitting between, and working in conjunction 
with, the fingers projecting from the cover. The coal 
entering the centre of the pulveriser is driven radially 
outwards by centrifugal force, and is crushed and dis- 
integrated by passing between the stationary and 
rotating Jprojections. A fan mounted on the same 
shaft as the disc carrying the dogs, draws the smaller 
particles through the annular space round the periphery 


| of the chamber, and delivers them upwards through a 


vertical passage, as indicated by the arrows in Fig. 9. 
The passage, as shown in that illustration, curves over 
at the upper end, and the larger particles are delivered 
into another hopper whence they are returned to 
the pulverising chamber for further treatment. The 
finest particles, however, are drawn off “from the air 
stream leaving the first passage, by means of a second 
fan, also mounted on the main shaft. This fan draws 
the fine dust down through the passage on the left, and 
delivers it through sheet-steel trunking to the pre- 
gasifiers in front of the boiler furnaces. 

Attention should be drawn to two hinged plate 
valves fitted at the top of the pulveriser, as shown in 
Fig. 9, as these valves serve to control both the fine- 
ness of the coal dust and the proportion of air delivered 
with it. It will be clear that if the lower of these 
two valves is closed, the whole of the coal passing 
up the first vertical passage will be returned to the 
pulverising chamber, air only being drawn through 
the second fan. On the other hand, if the lower valve 
is fully opened and the upper one closed, the suction 
will be sufficient to draw over comparatively large 
particles into the second fan which will deliver them 
into the pre-gasifiers. The suction can, however, be 
reduced by opening the upper valve and, by regulating 
the opening of the two valves together, both the 
proportion of air and the fineness of the coal can be 
adjusted to give the most satisfactory results. In 
normal working, the coal is reduced so that about 80 
per cent. passes a 180-mesh sieve, but when starting 
up it is found advantageous to grind it rather finer. 
Messrs. Gasified Fuel, Limited, are the sole agents 
for the Forplex pulveriser, with respect to its use 
for fuel pulverisation. It can, however, be employed for 
many other materials, such as slate, bauxite, graphite, 
gypsum, phosphates, sulphur, ocres, &c. The chief 
advantages claimed for it are that it enables the 
fineness of the product and the proportion of air to be 
regulated while working, as explained above, is com- 
pact and carefully balanced, the fineness of the pro- 
duct is not affected by wear, wearing parts can be 
easily and rapidly replaced, and the power required 
for operation is small. 

Sections of one of the pre-gasifiers, as applied to the 
furnace, are given in Figs. 6 and 7, Fig. 6 being a longi- 
tudinal section and Fig. 7 giving transverse sections 








through the coal inlet and secondary-air ports, respec- 
tively. The wheels on which the pre-gasifiers are 
mounted so that they can easily be drawn back from 
the furnaces, are omitted in these illustrations, but 
are shown in Figs. 3 and 4. The chambers, we may 
mention, are 5 ft. 6 in. in length overall and 2 ft. 8 in. 
in diameter externally. They are, however, lined with 
refractory bricks 4} in. in thickness, so that the 
internal diameter is about 1 ft. ll in. Two half-rings 
project inwards towards the front end, as shown in 
Fig. 6, and at the rear end a recess is formed at the 
bottom in which the fused ash collects as a liquid 
slag. A door is fitted to enable the slag to be run 
out, and any solid dust present to be removed at 
intervals. Openings are also provided, as shown, to 
enable the interior to be inspected and to permit a 
wood fire to be kindled for starting up the plant. 
Coal dust and air from the pulveriser are delivered 
through sheet metal trunks to the top of the chamber, 
which they enter through a port designed to direct the 
stream downwards and backwards towards the rear end. 
After circulating round the rear end of the chamber, 
where the fuel is ignited first by the wood fire and 
subsequently by the heat of the refractory lining, the 
stream returns in a forward direction, passing through 
and round the incoming stream and mixing with the 
secondary air, which is admitted through the ports 
shown in Fig. 6 and also on the right of Fig. 7. There 
are three air ports, one being a simple opening at the 
bottom of the chamber and the other two on the sides 
being fitted with sliding dampers, visible in Fig. 1, 
to enable the quantity of air admitted to be regulated. 
It will be seen that the arrangement provides a high 
degree of turbulence to the mixture, which ensures the 
thorough ignition of the fuel. The combustion of the 
latter, however, is not completed in the chamber, 
since the air supply is insufficient; the temperature is 
maintained at about 1,400 deg. C. The effect, we 
are informed, is to drive off the volatile constituents 
of the fuel and to produce a large proportion of carbon 
monoxide. Both these are completely burnt in the 
boiler furnace after having mixed with the secondary 
air. To protect the furnace plates from the very 
high temperatures reached, a 2-in. lining of firebrick 
tiles is inserted as shown in Fig. 6. 

As: previously stated, the equipment illustrated is 
of an experimental nature, and certain fairly obvious 
improvements will be made in future designs. It 
will be evident, for instance, that with the present 
arrangement a certain amount of heat will be lost by 
radiation from the walls of the pre-gasifiers. This 
can be recovered and returned to the furnace with the 
secondary air by passing the latter through a jacket 
surrounding the chamber. Experience has also 
indicated that the opening provided for the removal 
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of the slag and dust can, with advantage, be made 
somewhat larger. We understand that no trouble 
has been experienced with the refractory linings, 
although as the plant has only been used for demonstra- 
tion purposes they have naturally been exposed to 
frequent and rapid heating and cooling effects. The 
makers estimate that their life would range from 6 to 
12 months, according to the working conditions. 

As an indication of the results so far obtained 
with the existing installation, we may, in conclusion, 
quote some figures obtained in a 6-hours’ trial carried 
out for Messrs, Gasified Fuel, Limited, on July 27 
last, by Messrs. T. and W. Morgans, of New Broad- 
street House, E.C.2. In this trial, using coal of the 
class above referred to with a lower calorific value 
in the dried state of 11,493 B.Th.U. per Ib., an 
evaporation of 8-49 lb. of water from and at 212 deg. 
F, was obtained per pound of fuel as fired, which 
would be equivalent to 9-07 lb. per pound of dried 
fuel, and to 11-48 lb. per pound of carbon value. 
The fuel, it may be mentioned, contained 14-78 per 
cent. of ash, The feed was supplied at a mean tem- 
perature of 56-5 deg. F., and the steam generated was 
blown off to the atmosphere at a gauge pressure of 
107-5 lb, per square inch. Neglecting the moisture in 
the steam, the thermal efficiency works out at 76-2 
per cent. Finally, it should be stated that the power 
supplied to the motor driving the pulveriser amounted 
to 9°75 kw., when operating with the above-men- 
tioned coal, which contained 6-33 per cent. of moisture. 
This represents an energy consumption of 39-31 Board 
of Trade units per ton of fuel fired. The latter figure 
includes the energy consumption of the magnetic 
separator. Similar results have also been obtained in 
a number of trials carried out by the makers and other 
engineers. 








THE LATE MR. H. T. ENSOR. 


A very widely known authority on the raising of 
wrecks and sunken vessels, Mr. Henry T. Ensor, of 
Queenstown, Irish Free State, died in Glasgow on 
Wednesday, August 25, while on a visit to the Clyde 
to consider the raising of a hopper barge, which was 
recently sunk in the harbour at Bowling. 

Mr. Ensor was a salvage contractor for over thirty 
years and the firm he founded, Messrs. Ensor, of 
Queenstown, undertook and accomplished successfully 
many of the most difficult salvage tasks, which have 
ever been done. His confidence in his diagnosis of the 
troubles incidental to the raising of various types of 
sunken craft, and his appreciation of the abilities of 
his staff to carry out the work involved, enabled him 
to make offers for the salving of vessels on the basis of 
“* no success, no charge.”” Many years ago the success- 
ful way in which Mr. Ensor conducted salvage work 
was brought before the notice of the engineering and 
shipping public, through his raising the Daunts Rock 
lightship, on the southern coast of Ireland, near 
Kinsale, which had been sunk in a very heavy gale. 
In this case, as in many others later, Mr. Ensor went 
down personally to study the conditions of settling of 
the vessel, before making the arrangements for the 
work involved in its salvage. During the European 
War, the services of his organisation were much in 
demand by the Government and various shipping 
organisations, but he was able, in the intervals, to raise 
the dredger Silurus, which turned turtle in the Gareloch, 
where she was laid up owing to the war risks attaching 
to her transfer to India for the service of her owners, 
the Bombay Port Trust. The salvage of this vessel 
was a remarkable achievement, because of the heavy 
superstructure it carried on its deck. A full account 
of this accomplishment will be found in ENGINEERING 
of January 7 and 14,1921 (vol. exi., pages 5 and 32). 
Amongst his recent work was the raising of the steam- 
ship Baron Vernon, which sank in the Clyde channel 
near Dumbarton. This work was of so difficult a 
character, that it was thought by many authorities 





that the destruction of the vessel with explosives was 
the only means by which the channel could be freed. 
Many months had to be spent on the work, but in the | 
end Mr, Ensor was able to raise the vessel successfully. | 
Another example of his salvage work on the Clyde | 
was the raising of the tug Victor, when it sank in the 
Princes Dock at Greenock. 


| 








Incomr-Tax CHarts anD Hanpsoox.—-We have 
received from Mr. Chas. H. Tolley, of 4, Great Winchester- 
street, London, E.C.2, copies of the very useful income- 
tax chart for 1926-27, which he has prepared, as well 
as his Handbook of Income Tax. Both contain the 
essential information required for the complete under- 
standing of the rates and allowances, and the alterations 
in the law relating to the subject. They may be thoroughly 
recommended to all seeking information. 'The chart, 
with its many well-arranged and indexed tables, is sold 
at 10d. post free, and may be obtained from the 


author, or from the publishers, Messrs. Waterlow and Sons, 
Limited, London Wall, London, E.C.2. 








ENGINEERING TRAINING AND 
EDUCATION. 

The Royal Technical College, Glasgow.—The Calendar 
of the 13Ist session of The Royal Technical College, 
Glasgow, gives full particulars of the day and evening 
classes in civil, mechanical, electrical, mining and 
chemical engineering, and in naval architecture qualify- 
ing for the degree of B.Sc., the associateship of the 
college, and also the diploma. Classes start on Monday, 
September 20, the qualifying examinations and enrol- 
ments taking place during the previous week. The 
courses in mechanical engineering are under the control 
of Professors A. L. Mellanby, D.Sc., and William Kerr, 
Ph.D., and the laboratories are equipped with modern 
plant and testing machines of capacities suitable for 
the performance of experimental work of professional 
value. Dr. Stanley Parker Smith is Professor of 
Electrical Engineering, and his laboratories have re- 
cently been extended and provided with modern 
plant, through the generosity of the leading members 
of the B.E.A.M.A. The civil engineering department 
is under the control of Professor George Moncur. 
The courses in each section of engineering are arranged 
to permit students to undergo their training on the, so- 
called, sandwich system, spending, in each year, six 
months in classes and a similar period in obtaining 
works experience. 
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Belt Conveyors and Belt Elevators. By FReperic V. 
Herzet, M. E. Second Edition, Revised. New York : 
John Wiley and Sons, Inc.; London: Chapman and 
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Elementary T'reatise on Statically Indeterminate Stresses. 
By Professor Joun IRA PaRcetL, and _ Professor 
GrorcE ALFRED MANrey, New York: John Wiley 
and Sons, Inc.; London: Chapman and Hall, Limited, 
[Price 25s. net.] 
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Acid. By Dr. Bruno Waegser. Translated by 
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Churchill. Two volumes. [Prices 2. 2s. net.] 


Nomography in a Nutshell: Being two Lectures on the 
Elements of Practical Collinear Nomography, delivered 
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1926. Port Louis: ‘The General Printing and 
Stationery Company, Limited. [Price 2s. post free.] 
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1926. Edited by G. SHaw Scort, M.Se. London : 
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United States Geological Survey. Bulletin No. 779. 
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G. F. Loueutin. [Price 35 cents.]. Washington : 
Government Printing Office. 





PrrRsONAL.—Mr. C. Garfield Abbey has been appointed 
President and General Manager of the Lancashire Dynamo 
and Motor Company of Canada, Limited, the address 
of which company is now 4, Hospital street, Montreal.— 
The Lancashire Dynamo and Motor Company Limited, 
Manchester, announce that Mr. A. Powell has been 
appointed manager in the South Wales area, with an 
office at 8, Ty-Glas road, Llanishen, Cardiff.—Messrs. 
Société Anonyme Alfred Herbert, Paris, have removed 
from 47, Boulevard de Magenta, to 1 and 3, Rue de Delta, 
Paris.—Mr. D. C. Morrison, general sales manager of 
Messrs. William Adams and Co., Limited, Sydney, will 
be in London from October to December, and can be 
communicated with through Messrs. Adams and Co., 
1, Sise-lane, Queen Victoria-street, E.C.4.—The Tormo 
Manufacturing Company, Limited, state that in a 
few days they will be removing from 67-68, Bunhill-row, 
E.C.1, to 57, Old-street, E.C.1. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Making the best of a very unsatis- 
factory position, manufacturers have managed, except 
in basic steel production, which is paralysed, to retain 
the bulk of their staffs, and even, in some instances, to 
augment them as compared “— a fortnight ago. Out- 
puts in several of the engineering and tool sections are 
substantial, having regard to the difficulties of current 
working, and prospects are stated to be favourable to 
a considerable expansion in business as and when fuel 
supplies return to normal. Railway steel and furnish- 
ings in various forms comprise one of the most active 
sections. British requirements, judging from contracts 
recently placed with local mills and wagon builders, 
are by no means exhausted, while in several directions, 
notably in Canada and British East Africa, fresh book - 
ings are anticipated as the outcome of development 
schemes. Makers of tramway steel, particularly of the 
manganese variety, are securing a good share of pro- 
vincial and foreign orders. Heavy machinery manufac - 
ture is depressed, largely owing to the surplus of iron 
and steel works’ plant in this and comparable districts, 
while engineers supplying machinery makers with 
special parts for tropical industries, are repeatedly under- 
sold by French and Belgian makers, who are exploiting 
exchange differences to the fullest possibleextent. Amount- 
ing in some instances to 30 per cent., the difference in 
quotations is too large to be offset by further economies 
in production, even if these were possible. In current 
circumstances, such economies are quite impracticable, 
basic costs being severely augmented by fuel and other 
running charges. A small amount of crucible steel is 
being melted for special purposes, though much of the 
business in hand will be completed at a loss. Headway 
continues to be made in improved steels for use in 
chemical engineering. Another progressive line is that 
devoted to the manufacture of safety-razor blades. An 
interesting feature from the engineering standpoint is 
that all the machinery required to keep pace with 
expanding output is being made locally from Sheffield 
steel. The largest firm engaged in this line employs 
1,700 hands and has reached an output of one million 
blades per week. Makers of sporting guns are buying 
special steels in Sheffield to cover American orders. 
Makers of edge tools, shear, files, saws and farm tools 
have a good deal of work in hand, though in some direc- 
tions export inquiries tend to diminish. 


South Yorkshire Coal Trade.—Resumption of opera- 
tions at some of the neighbouring collieries in Derbyshire 
and Nottinghamshire has augmented supplies of foreign 
and outcrop fuel, without appreciably benefiting the 
industrial position, Coke-oven plants have absorbed a 
considerable share of the output, but the bulk has been 
retained for feeding colliery boilers, pithead stocks 
having been greatly reduced. Deliveries of foreign fuel 
are irregular, and many complaints are heard of the un- 
suitable character of high-priced imports, which increase 
the cost of steel-making by about 6/. per ton. Outcrop 
coal for industrial use is quoted round about 45s. per ton, 
plus delivery charges. Gas coke has risen 5s. a ton to 
45s. A limited quantity of high-class coke from Germany 
is available for foundry purposes, at 65s, per ton and up- 
wards. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrppLesBRrouGcH, Wednesday. 


The Cleveland Iron Trade.—Little Cleveland pig- 
iron is available for the market, and sellers report that 
they experience no difficulty in obtaining an advance of 
6d. on last week’s quotations for the few small parcels 
they are able to offer, notwithstanding that Continental 
irons are still offered for consumption here at very 
substantially below terms on which local products can 
be purchased. For home consumption, No. 1 Cleveland 
is now 93s.; No. 3 g.m.b., 90s. 6d.; No. 4 foundry, 
89s. 6d.; and No. 4 forge, 89s. Though there is little 
or no export demand, sellers ask 6d. above the foregoing 
figures for shipment overseas. 


Hematite.—The position as regards East Coast hema- 
tite is rather peculiar. With supplies becoming quite 
scarce, sellers are inclined to take a rather firmer stand, 
but customers report that they can still purchase Nos. 1, 2, 
and 3 at 82s. 6d. both for home use and for export. 
Thus, mixed numbers are 8%. below No. 3 Cleve- 
land, whereas in normal times they realise 8s. to 10s. 
above the ruling quality of Cleveland. 


Foreign Ore.—Business in foreign ore is at an absolute 
standstill. Nominally quotations are on the basis of 
best rubio at 21s. 6d., c.i.f. Tees. 


Coke.—Coke continues scarce and is realising high 
figures. Sales have been recorded at 50s. 


Manufactured Iron and Steel.—Inquiries for manufac- 
tured iron and steel for delivery a few weeks after the 
termination of the coal strike are fairly numerous, but 
they result in few contracts being arranged owing to 
varying views as to post-strike quotations. The 
prevailing opinion is that a good deal of idle machinery 
will be speedily re-started when local collieries resume 
operations. Among the principal current quotations 
are :—Common iron bars, 11l. 5s. ; iron rivets, 12/. 15s. ; 
packing (parallel), 8/.; packing (tapered), 111. ; steel 
billets (soft), 72. 5s.; steel billets (medium), 7. 10s. ; 
steel billets (hard), 82. 2s. 6d.; steel ship, bridge and 
tank plates, 8/.; steel angles, 7/. 10s.; steel rivets. 
121. 10s.; steel joists, 77. 10s. ;, heavy sections of steel 
rails, 8/. 10s.; fish plates, 122. 10s.; and galvanised 
corrugated sheets, 17/. 
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NOTES FROM THE NORTH. 
Grascow, Wednesday. 

Scottish Steel Trade.—There has been no change in the 
state of the Scottish steel trade since the last report, and 
as the weeks drag on with no production of ship and 
boiler plates, &c.. the outlook is becoming more serious, 
particularly from the point of view of consumers. Many 
establishments have been able to carry on, in a moderate 
fashion, since securing supplies of foreign coal, but the 
searcity of steel and iron material is causing much 
anxiety now. The orders booked by steel makers for 
forward delivery amount to quite a large tonnage, and 
whenever local fuel is obtainable at a moderate figure 
the different works should be kept busy for some time ; 
in the meantime stocks are fast disappearing. In the 
black-sheet trade, the output is quickly absorbed, and 
so heavy are the bookings that a brisk run is assured 
when the coal trade permits conditions to approach the 
normal, Orders for near date delivery can only be 
placed with difficulty. Owing to shipping troubles, 
those buyers who placed large orders with Conti- 
nental firms are not getting deliveries as quickly 
as they would like, and are thus being hampered 
in their business. Arrangements are being made 
to. try and combat this trouble and secure better 
transport. Prices all have an upward tendency and all 
transactions have to be negotiated. The current market 
quotations may be taken as follow :—Boiler plates, 11J. 
per ton ; ship plates, 7/. 17s. 6d. per ton ; sections, 71. 7s. 
6d. per ton ; and sheets, under - to } in., 110. 5s. to 121. 
5s. per ton, all delivered Glasgow stations. 

Malleable Iron Trade.—In the West of Scotland 
malleable-iron trade, the limited output finds a ready sale. 
Prices are high for anything on offer. Crown bars 
are quoted at from 111. 10s. to 12/. per ton, delivered 
Glasgow stations. 

Scottish Pig-Iron Trade.—No change has taken place 
in the Scottish pig-iron trade over the week and the 
amount of business passing is not very heavy. The 
large stocks which were held three months ago have 
dwindled down, and if any demand of note were being 
made, all that is left would soon disappear. Prices are 
very firm and are as follow :—Hematite, 82s. 6d., 
delivered at the steel works; foundry iron, No. 1, 95s. 
per ton, and No. 3, 90s. per ton, both on trucks at makers’ 
yards, 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 28, although fully three 
times larger than that of the previous week was again 
small and only amounted to 350 tons. Of the total, 
318 tons went overseas and the balance of 32 tons went 
coastwise. For the corresponding week of last year the 
figures were 422 tons foreign and 40 tons coastwise, 
making a total shipment of 462 tons. 

Scottish Shipbuilding.—Another poor month falls to 
be recorded in the shipbuilding industry of Scotland. 
Employment is far below what it might be if supplies 
pes be obtained, but so long as the present trouble 
in the coalfields continues, the number of men employed 
at the shipyards will gradually decrease. Material of 
all descriptions is difficult to secure, and what with 
the scarcity of steel and the high price demanded for 
foreign fuel, the outlook has become very serious. The 
new work reported during the past month was three 
cargo steamers, an oil tanker, two hopper barges, eighteen 
80-ft. barges, and a 6-ton ketch. The output from the 
different districts for the month was 11 vessels of 
35,474 tons, made up as follows :— 

Vessels. Tons. 





The Clyde aes aan re 8 31,970 
The Forth ike oe 2 2,854 
The Tay... vas ae oo -— 
The Dee and Moray Firth 1 650 

ll 35,474 


The Clyde total is only the fourth highest for this 
year, and is much less than the average for the month 
of August. It brings the total output for the year up 
to 100 vessels and 203,419 tons, which is over 186,000 tons 
less than that of the corresponding period of last year, 
which itself was about 50,000 tons less than for the 
same period of 1920, when the high figure of 440,174 tons 
was reached. 





LAUNCH OF THE §.8, “ Punprr Pornt.”—Messrs. Lith- 
gows, Limited, Port Glasgow, launched on August 27 
the oil tank steamer Pulpit Point. Built to the order 
of the Vacuum Oil Company, Limited, under the super- 
vision of Messrs. Flannery, Baggally and Johnson, Limited, 
London, to Lloyd’s highest-class and Board of Trade 
requirements, on the Isherwood system, the vessel is 
460 ft. long between perpendiculars, ‘with a moulded 
breadth of 62 ft. 6 in. and a moulded depth of 36 ft. 6 in.; 
she can carry a cargo of 12,300 tons of oil on a 28-ft. 
draught. There are nine main tanks sub-divided by 
continuous bulkheads extending to the upper deck. 
Cofferdams are fitted between Nos. 3 and + tanks and 
at the forward and after ends of the cargo space, fuel 
tanks being provided beyond the latter. Summer tanks 
are arranged on each side in way of the main oil tanks. 
The pump room, containing two horizontal pumps, each of 
500 tons per hour capacity, is situated between 
Nos. 6 and 7 tanks. The propelling machinery, supplied 
by Messrs. David Rowan and Co., Limited, Glasgow, is 
situated aft over double bottoms arranged as feed and 
ballast tanks. The main engine is of the triple-expansion 
type, steam being provided by two single-ended cylindri- 
cal boilers at a pressure of 220 lb. per square inch. The 
boilers are oil-fired on the ‘Todd system, with 
Howden’s forced draught. The whole of the auxiliary 
machinery, both below and on deck, is steam driven. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—In view of the hopes and prospects 
of an early settlement of the coal dispute, interest in 
foreign coal is relaxing, and inquiries are beginning to 
circulate for Welsh coal after the strike. This has led 
to renewed talk about the prices likely to rule when 
work is resumed, and salesmen are talking about 23s. 
to 25s. per ton for large coal and 12s. 6d. to 15s. for 
small, but exporters are acting very cautiously, and at 
present are not inclined to commit themselves. It is 
believed, even if no mutual settlement is reached 
between the representatives of the owners and men, 
that the men will go back to work without the authority 
of the Federation, for there are thousands who have 
only been restrained from returning because of the 
fear of intimidation. The fact that the Minister of 
Mines has relaxed the regulations governing the distri- 
bution of coal inland is taken as a good omen of the 
Government view of the situation. In the meantime 
foreign coal continues to arrive at the Welsh docks, 
for in the past week 53,190 tons were imported, compared 
with 59,170 tons in the preceding six days. The United 
States supplied 41,860 tons against 49,635 tons, Belgium 
3,760 tons against 2,415 tons, Holland 1,670 tons against 
2,350 tons, and Germany 5,900 tons against 4,770 tons. 
Arrivals at Cardiff amounted to 27,520 tons against 
39,310 tons, at Newport 8,540 tons against 6,690 tons, 
at Swansea 14,970 tons against 11,895 tons, and at 
Port Talbot to 2,160 tons against 1,275 tons. In 
August, 182 vessels cleared from the South Wales port 
to foreign countries in ballast, compared with 185 in 
July, 203 in June, and only 42 in April. 

Salvage Contract—-When only a mile from her 
destination, the Italian steamer Valsesia, with 7,700 tons 
of American coal for the Great Western Railway, 
stranded on Friar’s Point rocks, Barry. Though the 
vessel floated on the following tide, inability to slip 
the anchor until too late resulted in her drifting back 
to her original position, a couple of tugs being unable 
to tow her on account of the currents and receding tide. 
The vessel broke her back, was holed fore and aft, and 
eventually split in two. Mr. J. Hindmarsh, M.Sc., 
managing director of the Cornish Salvage Company 
(1918), Limited, has, however, accepted a ‘‘ No cure, 
no pay” contract to salve the vessel and cargo, and 
the work of discharging the cargo has already been 
commenced. It is not expected that an attempt will 
be made to float the wreck for a couple of months. 


PRODUCTION OF PIG-TRON AND STEEL,—A natural 
consequence of the coal stoppage has been the almost 
complete cessation of the production of pig-iron and 
steel in Britain. Of the 147 furnaces in blast on the 
eve of the stoppage only 23 were in operation at the 
end of May, 11 at the end of June, and 8 at the end 
of July. Production of -pig-iron has therefore fallen 
from 539,100 tons in April to the insignificant figure of 
17,900 tons in July. The July output of steel ingots 
and castings amounted to only 32,100 tons. The 
tonnage for June was 34,500, for May 45,700 and for 
April 661,000. All the above figures are taken from 
a statement issued by the National Federation of Iron 
and Steel Manufacturers, Caxton House (East), Tothill- 
street, London, 8.W.1. 


TENDERS.—The Southland Electric Power Board, 
Invercargill, New Zealand, is inviting tenders, to be 
presented by December 1, 1926, for the supply of one 
3,200-h.p. horizontal Francis turbine and one 2,350-kv. 
generator (Ref. No. B.X.2822)—The Postmaster- 
General’s Department, Melbourne, Australia, is calling 
for tenders, to reach Melbourne not later than 3 p.m. 
on November 16, 1926, for the supply and delivery 
of timing clocks for indicating the duration of a trunk 
line call (Ref. No. B.X.2827).—The Victorian Railways, 
Australia, are inviting tenders, which must reach 
Melbourne by 11 a.m. on November 3, 1926, for the 
supply of 77 miles of seven-strand bare hard-drawn 
copper cable. Local representation is essential (Ref. No. 
A.X.3535).—The Department of the Survey of Egypt 
is calling for tenders, to be presented in Egypt by 
noon on November 3, 1926, for the supply of 80 metal 
filing cabinets and 12 safes for storing deeds (Ref. No. 
B.X.2828).—The New South Wales Government Rail- 
ways and Tramways, Chief Electrical Engineer’s Branch, 
are inviting tenders for the supply, delivery and erection 
of one motor-driven centrifugal boiler-feed. pum 
complete. Contract No. 771. Tenders must reac 
Sydney by noon on November 10, 1926 (Ref. No. A.X. 
3536).—The Victorian Government Railway Commis- 
sioners are calling for tenders, which must reach Mel- 
bourne, Australia, before 11 a.m. on November 3, 1926, 
for the supply and delivery of one milling machine of 
modern design (Ref. No. A.X.3541) and also for the 
supply and delivery of one duplex boring and turning 
mill (Ref. No. A.X.3540).—The National Administration 
of the Port of Montevideo is inviting tenders, to be 
presented by October 28, 1926, for the supply of various 
materials, including tool steel in bars, lubricating oil 
for steam engines, linseed oil (boiled and raw), Muntz 
metal in bars and sheets, bolts and nuts, washers, 
rivets, nails, screws, &c., weldless copper tubes, engine 
packing, iron bars and sheets, files, canvas (waterproof 
cotton, &c.), superheater tubes for boilers, and paints, 
Local representation is essential (Ref. No. C.X.2055).— 
The Victorian Railways are calling for tenders, to be 
presented by December 1, 1926, for a rotary converter 
and rectifier set, together with switching equipment for 
its automatic operation (Ref. No. B.X.2835).—Further 
particulars regarding the above contracts may be 
obtained from the Department of Overseas Trade, 
35, Old Queen-street, London, S.W.1. The reference 
numbers given should be stated in the inquiry. 





NOTICES OF MEETINGS. 


Tue Instrrurion or Mounictpan AND County 
ENGINEERS: SourH Wates Disrricr.—Saturday, Sep- 
tember 4, at 10.55 a.m., at Dunraven Arms, Bridgend. 
‘“* Bacterial Sewage Disposal Works, Pontyclun and 
Llanharan ”’ and “‘ Mid-Glamorgan Water Board Supply 
Scheme,” by Mr. Gomer S, Morgan. 


THe Instirurion or MuNIcIPAL AND CouUNTY 
ENGINEERS: NortH-EasterN  Dztstrict.—Saturday 
September 4, at 12.30 p.m., at the Municipal Buildings, 
Blyth. “The Law Relating to House and Trade Refuse 
Collection,” by Mr. J. Leigh Turner. “Five Years’ 
Progress at Blyth, Northumberland,” by Mr. Leonard 
Leeper. 


THe Ceramic Socrety: Rerracrory MATERIALS 
Section.—Autumn Meeting. Thursday, September 9, 
and Friday, September 10, at the Queen’s Hotel, Leeds. 
Thursday, September 9, at 10 a.m. General Meeting. 
‘““A Further Note on the Influence of Iron Oxide in 
Promoting the Inversion of Silica,” by Mr. W. J. Rees. 
‘** Practical Results and Experience in the Drying and 
Burning of Refractory Materials,” by Messrs. F. West 
and J. W. Fagan. “ Refractory Linings for Cement 
Kilns,” by Dr. G. Martin. At 2.15 p.m., Visit to the 
Burmantofts Works of the Leeds Fireclay Company, 
Limited. At 7.30 p.m., Dinner at the Queen’s Hotel, 
Leeds. Friday, September 10, at 10 a.m. “ The Influ- 
ence of Foreign Matter on the Thermal Expansion and 
Transformation of Silica,” by Professor J. W. Cobb, 
Dr. H. S. Houldsworth and Mr. J. F. L. Wood. “ Refrac- 
tories in the Gas Industry,” by Mr, W. T. Gardener. 
‘** Note on Modern Ciay-Working Machinery as used on 
the Continent,” by Mr. H. M. Ridge. “ Note on the 
Products Obtained by Heating Stourbridge Fireclay with 
Potassium Chloride,” by Mr. C. E. Moore. 








PASSENGER SHIP witH ELEcTRIC T'RANSMISSION.— 
The keel of the first large passenger ship to make use of 
electric transmission was laid at the yard of the Newport 
News Shipbuilding and Drydock Company on March 20. 
This vessel will be the largest mercantile ship built in the 
United States, and will be put on the New York to 
California service in 1927. She will have a length of 
601 ft., a beam of 80 ft., and a speed of 17 knots. The 
machinery will consist of two 9,000-h.p. turbo-generators, 
made by the General Electric Company of America, 
supplying electricity to drive the motors connected to 
the two propeller-shafts. 





Contracts.—Clayton Wagons, Limited, Lincoln, 
have recently received an order from the Forden Rural 
District Council, Garthmyl, Montgomeryshire, for a 
4—5-ton “Clayton ” over-type steam wagon with three- 
way tipping body.—The Westinghouse Brake and Saxby 
Signal Company, Limited, London, have received an 
order for 101 motor-driven air compressors from the 
Metropolitan Vickers Electrical Company, Limited, in 
connection with the Sydney Suburban Railways Exten- 
sion.—The Dublin Dockyard Company (Vickers (Ireland), 
Limited) have received an order for a motor vessel, 210 ft. 
long by 35 ft. broad by 16 ft. wide, from the New Zealand 
Government. Intended for the Pacific Islands Adminis- 
tration, about 26 passengers are to be carried in addition 
to the Administrator, and the holds will be refrigerated. 
Two Vickers-Petters semi-Diesel engines, of 600 brake 
horse-power each, are to be fitted for propulsion. 





LuBRIcATION.—The conditions which have to be met 
in lubrication are so varied that extended investigation is 
frequently necessary before success can be attained. 
Fortunately for engineers, who have but little time to 
carry out actual tests and who do not view with equani- 
mity the taking of the hazardous risks associated with 
experiments on their actual plants, the services of the 
technical officers of the oil companies are available. In 
this respect, the Vacuum Oil Company, Limited, of 
Caxton House, London, S.W. 1, has done good service 
by the provision of their Gargoyle Technical Series of 
publications, each of which deals with the specific 
problems associated with a particular type of plant. We 
have before us two of the most recently issued of these 
pamphlets, dealing, respectively, with the lubrication of 
spindles in textile mi!ls and of laundry machinery. The 
information they contain is likely to be of great service 
to engineers who have to superintend the running of 
these types of machinery. 


TRAVELLING Factiiities tn SoutH East Lonpon.—As 
the result of representations made to him from local 
authorities and other bodies as to the alleged inadequacy 
of travelling facilities to and from south east London, 
the Minister of Transport requested the London and 
Home Counties Traffic Advisory Committee to investigate 
the matter. Five members of the Committee, viz., Sir 
Henry P. Maybury, K.C.M.G., C.B., Sir Henry Jackson, 
M.P., Mr. J. R. Pakeman, C.B.E., Mr. E. B. Barnard, 
O.B.E., and Mr. J. Cliff, have accordingly been appointed 
to hold a Public Inquiry, which will take place at the 
Middlesex Guildhall, Westminster, at 11 a.m. on Monday, 
October 11, 1926. Any person who desires to make repre- 
sentations on the travelling facilities to, from, and within 
the areas of the Metropolitan Boroughs of Bermondsey, 
Southwark, Camberwell, Deptford, Greenwich, Lewisham, 
and Woolwich should send to the Secretary of the London 
and Home Counties Traffic Advisory Committee, at 7, 
Whitehall-gardens, S.W.1, a clear and concise statement, 
endorsed with his name and address, of such representa- 
tions. This should state whether he wishes to be heard 
at the Inquiry or not, and should be accompanied by 
eight additional copies. 
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TRADES UNION REFORM. 

Noratne in folk-lore is more interesting than the 
way in which customs of primitive antiquity crop 
up unexpectedly in modern times. From the 
mine, of such information to be found in “ The 
Golden Bough,” Sir James Frazer relates an 
example that is singularly apposite at the present 
time. ‘“ Among the Gallas,” it is said, “when a 
woman grows tired of the cares of housekeeping 
she begins to talk incoherently and to demean 
herself extravagantly. This is a sign of the descent 
of the Holy Spirit Callo upon her. Immediately 
her husband prostrates himself and adores her, 
she ceases to bear the humble title of wife and is 
called Lord, domestic duties have no further claim 
on her, and her will is a divine law.”’ With the 
trifling amendment of gender, the leaders of the 
Miners’ Federation and of the bodies associated 
with them, have adopted with remarkable precision 
the practices of the Gallas women, and the un- 
fortunate members of the unions have taken upon 
themselves the part of the husband. The men 
have prostrated themselves and adored the leaders, 
while the leaders call themselves Lord, ignore the 
domestic duties of the industry, and proclaim their 
will to be a divine law. Sir James can doubtless 
match the performance in other early mythologies. 
It is remarkable that a parallel so close can be 
found in the twentieth century. 

The ecstasy of the Holy Spirit Callo cannot, 
however, go onfor ever. Signs are evident that the 
men are beginning to resume their normal senses. 
They have had an expensive experience. Set to work, 
like all great industries, in competition with foreign 
producers, they were undersold. The four years of 
destruction of war left a great shortage of com- 
modities, and to supply it one essential was cheap 
coal. Other countries saw this better than we did, 
and realised that to cheapen coal was one step 
towards reducing the cost of living, from: which 
miners as well as the rest of the community 
would benefit. We, on the other hand, declined 
to listen to the dictation of facts. By legislation, 
which might have been made expressly to pro- 


-barrel,as badly as the industries. 





mote the interests of foreign competitors, the 
hours of work in British mines were restricted to 
an average, at the coal face, of approximately 
314 per week, as against 48 hours at the face in 93 
per cent. of the coal-producing states of America, and 
39 hours or more on;the continent. The rates of wages 
on the continent were much lower than ourown. The 


1 | dispute which still drags on was intended to main- 


tain shorter hours and much larger wages than in 
competing countries, and to continue the system 
of taking the adjustment of disputes out of the 
hands of the districts and placing it in those of 
the central Federation. If the difference had been 
solely in regard to hours and wages, the trouble 
could not have lasted long. Whether the conditions 
in this respect are compared with what existed in 
this country a few years ago, or with what exist to- 
day in competing countries, the miners could scarcely 


7| have doubted that they were getting more than 


the industry could afford. What has held up the 
solution has been the insistence by the leaders on 
national settlements. This system, only introduced 
in 1921, substituted for adjustment in districts 
that were more or less similar in conditions, a 
central settlement in which the difficulties of 
the several districts were averaged over the entire 
country, the guidance of local circumstances being 
superseded by the central authority. 

In some quarters the hope seems to be entertained 
that even at this late hour a way will be found to 
arrive at what is called a national settlement. 
Those who seek or would tolerate such a solution 
can have learnt little by experience. No single class 
of the community can look back on its short 
acquaintance with this system without bitter regret. 
The miners have had some eighteen weeks’ idle- 
ness, and since the average proposed reduction of 
the minimum is something under 10 per cent., 
it would take close upon four years to make good 
the loss of wages sustained through the strike, 
even in the impossible event of the men going 
back on the old terms. The mining industry has 
to face foreign contracts made ‘ahead, which both 
in the import and export markets will reduce 
for some time the demand for British coal, and 
the most likely event, in the immediate future, 
is that, when the first rush of orders is past, 
the industry will have to go on short time until 
forward foreign supplies are absorbed, even if 
ultimately British suppliers succeed in recovering 
their markets. ; 

The position of the engineering trades, working 
with short supplies of dear coal, is only less unfor- 
tunate, and the vast amount of unemployment in 
these industries is the direct consequence of this 
striving for a national coal settlement. The trade 
unions themselves have suffered stock, lock and 
A great portion 
of their assets, on a large part of which their members 
depend for their provident funds, has been com- 
pletely lost, and their energies in the purely indus- 
trial sphere, in which their future lies both for 
their members and their organisations, are held 
up. That a single trade-wide mechanism for 
adjusting differences between employers and em- 
ployed would be convenient in negotiation cannot 
be doubted, if it be practicable. The experience of 
this strike, following on much else to the same effect, 
shows that for the mining industry it is not so as it 
has worked out. The power placed in the hands of 
a heterogeneous body with very various objects in 
view is no safe mechanism to which to trust the 
administration of a fundamental industry. 

If a solution satisfactory to the industry and to 
the community is to be found, it must be along 
the lines of substituting natural for artificial 
regulation. The intention with which the demand 
for wages much higher than those of other countries, 
and for lower hours of work has been put forward, 
is to increase the prices of ships, railways, the iron 
and steel trades, and other industries. With the 
productive capacity of the world far beyond what it 
is at present capable of absorbing, this is a purely 
artificial aspiration, which is doomed to failure, 
and can only have the effect of ruining the British 
engineering industries. The prosperity of the country 
depends not merely on negotiations between poli- 
ticians, but on the country obtaining its fair share of 
orders. No elaboration of mechanism for obtaining 
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goodwill within an industry will be successful if it 
does not provide for the means on which the 
industry must live. It has been admitted frankly 
that the Miners’ Federation is a political organisa- 
tion as well as an industrial machine. Events have 
shown that by its’ political activities it may wholly 
frustrate whatever intentions it may have had to 
improve, or even maintain, the standard of industrial 
prosperity. The most obvious direction in which a 
radical cure can be sought is to put the responsibility 
of what the men do upon the men themselves, and 
to restore to them the freedom of action of which 
the trades union mechanism has too long deprived 
them. 

For the moment it is essential that this individual 
freedom, shall be restored without any sort of 
hindrance. The usefulness of trades unions will not 
be decreased but augmented, when they are based 
on free judgment of the men concerned, and the 
right to form an unconstrained opinion is an 
elementary necessity of civilised life. It is, more- 
over, indispensable that where matters of conse- 
quence to the industry are in question, the same 








private liberty of voting shall be assured as is 
provided in parliamentary elections, with the 
issues of which electors are far less immediately 
concerned. The maintenance of the absolute 
secrecy of the ballot in industrial matters is 
not a matter for the trades union organisation. 
An enterprising wing of the political movement 
can too readily dispose of that. The liberty to vote 
without supervision may be of as much importance 
to the voter as even his provident funds, and should 
be secured to him as jealously. Not, indeed, that 
the provisions for preventing funds from being spent 
on political objects, when they have been subscribed 
for provident purposes, are wholly satisfactory. 
The business of trade union legislation is to assure 
to members the benefits that these bodies could 
provide. By looking this overdue reform squarely 
in the face, and giving the industrial trades unionist 
a charter that will secure him against the miseries 
of the past few months, the first step will be taken 
to emancipate industry and put an end to its 
misrepresentation. 











THE DECLINE IN BRITISH TRADE | 


WITH EGYPT. | 
ALTHOUGH persistent efforts have been made by | 


the British Commercial Secretary in Egypt, the 
successive presidents of the British Chamber of 
Commerce of Egypt, and the Press, to awaken further 
the interest of manufacturers in the United King- 
dom, in the Egyptian market, the trade returns con- 
tinue to decrease. A comparison of trade between 
Egypt and the Home Country shows that in the 
year 1922, Britain supplied 34-0 per cent. of the 
Egyptian imports. In 1923 the figure had fallen to 
32-6 per cent., in 1924 it was 27-6 per cent. and last 
year it went down to 25-3 percent. Egyptian goods 
sent to this country also decreased in percentage of the 
total output, being 44 per cent. in 1925, as com- 
pared with 48-6 per cent. the previous year. The 
seriousness of the position may be gauged from the 
fact that at no period in the last 40 years has the 
British share in the trade cf Egypt been so small as 
it is at present. There may, of course, be several 
reasons for this state of affairs, and all deserve 
the most earnest: consideration, 

There can be no doubt that the quality of British 
goods to-day is quite as good as, if not better than, 
was ever the case. Comparison with the products 
of foreign competitors, in the majority of cases, 
shows a relative superiority, which must be of 
value in maintaining marke‘s,, in which their 
quality, in agreement with sample, are appreciated. | 
The Agricultural and Industrial Exhibition in Cairo, 
which was held from March 1 to April 20 last, 
afforded useful evidence of the appreciation of 
British goods. In the machinery section of this 
exhibition, which offers a very valuable opportunity 
for display by traders, as it can be utilised as 
a means of actually demonstrating the running 
of the various machines they desire to introduce 
to the market, the greater proportion of the 

_ premier awards were gained by firms showing 
British products, Very good business accrued 


to the progressive firms, who were represented. 





If the quality of British products is exceptionally 
high, and there seems to be no reason to doubt 
their suitability for this market, we must look for 
other reasons for the decline in British trade. 
Mr. J. Davies Bryan, a former president of the 
British Chamber of Commerce of Egypt, called 
attention recently to many of the contributing 
factors. Firstly, he commented on the peculiarity of 
outlook shown by many British manufacturers in 
distrusting British firms of agents of established 
standing, whereas they welcomed, accepted and 
trusted, without independent enquiry, members of 
other races who sought interviews, in order to 
enter into business relationships. Mr. A. Brookes, 
the editor of The Near Hast Trader, a bilingual 
monthly journal published in Alexandria, in com- 
menting on this statement, said that there are many 
first-class British firms in Egypt, who knew the 
market requirements and who had the confidence 
of the fellahin. These firms were capable of giving 
reliable advice to the makers of machinery and 
other goods, and should receive the support and 
confidence of the Home manufacturers. Were 
full advantage taken of their capacity for demon- 
strating the qualities of British plant by the use 
of actual machines, there would be no reason for 
disappointment in British trade with this country. 
It seems almost incredible that the representation of 
British firms may be confided to any plausible 
foreigner who may ask for it, whereas the claims of 
reputable British houses may not be looked upon 
with favour. The effect is disastrous to the market, 
for it commonly happens that after, perhaps, a 
satisfactory beginning, arrangements fail and the 
manufacturer shows his disgust by leaving the 
market alone in the future. 

Complaints are frequently heard that inadequate 


| support and little encouragement is afforded to the 


agents, and the visits of responsible members of the 
manufacturing firms are much too infrequent. It is 
also contended that failure to adopt modifications 
in standard designs, to meet the needs of the market, 
is another source of restricted business. Sometimes 
the conditions relating to the grant of agencies are 
far too onerous and, indeed, in some cases are quite 
impossible of performance in an untried market. 

In the first eleven months of 1925, the total 
importation of machinery amounted in value to 
1,758,000 Egyptian pounds. Of this, Great Britain 
supplied 42°3 per cent. The share of the United 
Kingdom was maintained at its normal percentage 
in this field, through the increased supply of irriga- 
tion plant and machinery for agricultural purposes. 
In electrical machinery the competition of foreign 
producers is very marked, and only 21 per cent. 
of such plant is obtained from this country. Great 
Britain sends to Egypt 323 per cent. of the require- 
ments in agricultural machinery. In contrast 
with these figures it must be acknowledged that 
the position with regard to the supply of tractors 
is very bad indeed. In the year 1924, out of 341 
tractors imported into the country, only 7 came 
from the United Kingdom, and in 1925, not a single 
unit, out of 716, was of British origin. Only 6 per 
cent of the motor cars supplied to Egypt in 1925, 
were obtained from this country. 

It must, therefore, be recongised that a real effort 
must be made to hold the British position in the 
Egyptian market, let alone improve it. British 
goods are popular, but there is a necessity for 
increased and forceful representation and publicity, 
if they are to be sold extensively. It does not seem 
too much to expect, that the United Kingdom manu- 
facturers can obtain a larger share of the business 
in electrical fittings, in which market American and 
German appliances are finding favour. There is 
also room for improvement in regard to electric 
generators and motors, in competition with those 
of American, French and Italian origin. The recent 
exhibition in Cairo was the first to be held after 
an interval of thirteen years, and British machinery 
seems to have created quite a good impression. 
It would seem desirable, because of its great value 
to the traders, that this Exhibition should not be 
held at such wide intervals, but should be made 
on annual event. Persistent efforts would then 
be made easily possible, to convince the people 
of the country, as well as visitors, of the superiority 
in design and workmanship of British products. In 





view of the position of the trade in Egypt in 
British-made motor cars and commercial vehicles, 
attention may be called to the forthcoming Inter- 
national Motor Show, which will be held in Cairo 
from February 15 to March 15, 1927. 'This, the first 
exhibition of its kind in the territory, has been 
authorised by the Permanent International Bureau 
of Motor Car Manufacturers. It, therefore, affords 
British manufacturers an excellent means of dis- 
playing their touring cars, commercial vehicles, 
tractors, motor boats and accessories, of which we 
hope full advantage will be taken. The Depart- 
ment of Overseas Trade are showing considerable 
interest in the venture, and already are in possession 
of a number of copies of the regulations, plans 
and general literature. British manufacturers who 
hope to seize the opportunity the Exhibition affords, 
should get into early touch with the Department 
immediately at their offices, 35, Old Queen-street, 
London, §.W.1, quoting the reference A.X. 3437. 
There can be no doubt, whatever, that at the 
present time, when British goods have already 
received official recognition for superiority, any 
advantage should be pressed home by making 
a renewed and determined effort to win back the 
Egyptian market for British trade. 





THE DETERIORATION OF 
STRUCTURES IN SEA WATER. 


THE investigation of the deterioration of structures 
in sea-water is not a problem as secular in character 
as those of agriculture, but it is eminently one 
which has to be studied over prolonged periods 
before any results can be expected. This is the 
reasonable explanation of the considerable number 
of interim reports which the Committee of the 
Institution of Civil Engineers have produced on 
the deterioration of timber, metal and concrete in 
sea-water, since 1916, with the assistance of grants 
from the Department of Scientific and Industrial 
Research, the sixth of which has just been pub- 
lished.* It will be remembered that the scheme 
of experiments included biological as well as 
chemical observations, and, except for an important 
summary of work done by the American National 
Research Council, the present deals with 
further work on the lines to which considerable 
reference has been made in previous reports. 

The biological results obtained in the present 
year’s observations confirm the view that the pro- 
tection of timbers from marine parasites is differen- 
tial, and highly satisfactory results may be obtained 
as against one parasite by the use of a substance 
that may be indifferent to another, though another 
substance that has considerable effect on the latter 
may be relatively inoffensive to the former. This 
matter is for the time being in the hands of the 
chemists. 

Against the teredo larve a definite order of 
concentration is found to lie between some couple 
of dozen substances which have been tried. The 
substances so far proved to be most effective are 
mixtures of creosote in some arsenic compounds, 
and extended trials are being made on a special 
method of impregnation. Prepared samples have 
been despatched after treatment for exposure in 
various waters. On the other hand, limnoria is not 
specially susceptible to any of these substances, 
except an expensive organic compound, and the 
whole problem of providing a cheap specific against 
this organism is still open. It is to be observed 
however, that in a few experiments in Leith Docks 
by Mr. A. H. Roberts, the use of good creosote 
served to keep redwood “ practically immune : 
from limnoria for two years, though similar timber 
not so treated was, like oak, pitchpine, and American 
elm, attacked up to }-in. thickness, except in the 
resinous bands. Greenheart, on the other hand, was 
found “ perfectly immune ” for a similar period. 

An important set of experiments has been pro- 
jected by Professor S. M. Dixon for carrying out tests 
with arsenic compounds on a larger scale. In these 
tests the timbers (4 in by 4 in. by 4 ft.) were ex- 
hausted to a 10-in. vacuum, and after the vacuum 
had been held for 30 minutes, the creosote was 
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admitted. The temperature wasthenraised to 48 deg. 
C. and the pressure to 190 lb. per square inch, both 
temperature and pressure being kept constant for 
an hour. The vacuum was dropped to 15 in. for a 
further 30 min., after the creosote had been run off. 
In addition to the arsenic compound in creosote, 
three concentrations of carbazole are also being 
tried, and some sticks have been merely painted 
with a stronger concentration of the arsenic com- 
pound in creosote. An interesting feature of this 
test is the wide variation shown in the density of 
the specimens and the increase in weight on creosot- 
ing. The timber was Archangel pine, straight 
grained and free from large knots, and was com- 
mercially dry at the time of creosoting (average 
12 per cent. moisture). The actual variation in 
density of untreated timber ranged from 40 lb. per 
cubic foot to 27 lb. per cubic foot, though the aver- 
age for nine sets of sticks varied only by some 10 per 
cent. The total number of sticks was 252, and for 
any group of 28 sticks the increase of weight from 
creosoting varied between 33 per cent. and 45 per 
cent., with an average of 38 per cent.; but the 
extreme range varied from 11 per cent. to as much 
as 100 per cent. 

The considerable series of paints on steel, under 
investigation by Mr. F. E. Wentworth-Shields and Dr. 
J. N. Friend, and of special steels at stations abroad, 
are under continued trial, and seem likely to have posi- 
tive results. But until the specimens are finally 
taken up nothing definite can be said. Trials are 
also projected of a variety of chromates. 

Other intermediate results are reported, and their 
significance will become apparent as the observa- 
tions proceed. In asense perhaps the most interesting 
section of the report is contained in an abstract 
contributed by officers of the Committee on Marine 
Piling Investigations of the Division of Engineer- 
ing and Industrial Research of the National Re- 
search Council of the United States. This report 
summarises the very large amount of work which 
has been done in the United States on this sub- 
ject, stimulated as it has been from time to time 
by vigorous attacks of parasites in their various 
home waters. How extensive this has been— 
though what is here presented is only a relatively 
short summary—may be judged from the fact that 
a classified bibliography occupies sixty pages of 
text. The selection of the subject matter for the 
abstract, not always an easy task, appears to have 
been admirably done. This excellent résumé 
might well have beeen extended. How many 
civil engineers could state offhand the average weight 
of wood excavated daily by a shipworm, need not 
perhaps be estimated. It is sufficient to say that, 
as the mean of many observations, it is no less than 
a centigram per individual, or about five times as 
much as has hitherto been believed. 








THE IRON AND STEEL INSTITUTE. 


THE autumn meeting of the Iron and Steel 
Institute, which took place in Stockholm, Sweden, 
opened on Thursday evening, August 26 last, when 
a reception was held in the house of the Jernkontoret, 
Kungstriidgardsgatan. The members and _ their 
friends were welcomed by Mr. Jonas C. Kjellberg, 
President of Jernkontoret, by Mr. Kinander, 
managing director of Jernkontoret and chairman 
of the executive of the reception committee, and 
by Mrs. Kinander. 

On Friday morning, August 27, members as- 
sembled in the Riddarhuset (Palace of the Nobility) 
at 10.30 a.m., for the first of the two business 
meetings ; Sir W. Peter Rylands occupied the chair. 

In welcoming the President, Council and members 
of the Iron and Steel Institute to Sweden, on behalf 
of Jernkontoret, Mr. J. C. Kjellberg recalled the 
meeting of 1898, which had also been held in the 
Palace of the Nobility. Continuing, he said it was well 
known that, as regards actual size, the Swedish iron 
industry was small; moreover, in Sweden, as well 
as in other countries, it was not flourishing at the 
present time. They had hope, however, of better 
times in the future, and, in this hope, Swedish 
metallurgists were doing their utmost, by intro- 
ducing new methods and by improving old ones, to 
produce a still higher quality of material than hither- 
to, and to accomplish this in a more economical way. 





They, in Sweden, realised the leading place which 
the Iron and Steel Institute held in all matters 
relating to the scientific and practical progress of 
the iron industry. They were also aware that 
among its members the institute had had, and still 
possessed, several who enjoyed a well-earned, world- 
wide reputation. He very much regretted the 
circumstances which had prevented many mem- 
bers from attending the meeting, He sincerely 
hoped that the existing controversy would soon be 
at an end, and that a permanent settlement would 
be reached. That event would be of the greatest 
importance, not only to Great Britain, but to the 
whole world. 

An address of welcome was also given by Mr. 
Kristoffer Huldt, President of Svenska Teknolog- 
Foreningen (the Swedish Association of Engineers 
and Architects). In the course of his speech, Mr. 
Huldt stated that a Past-President of the Iron and 
Steel Institute, Sir William Ellis, had referred a 
year ago to the necessity for close co-operation 
between metallurgists and engineers. He fully 
endorsed that statement, and, in addition, would 
like to point out that Swedish engineers, and 
engineers the wide world over, were under a great 
and indelible obligation to the Iron and Steel 
Institute and to its members for the contributions 
made by them in past years, to scientific and 
practical metallurgy and engineering. He was con- 
vinced that it was no exaggeration to say that 
engineers in all branches of the profession and in all 
countries took advantage of and exploited the 
concrete researches and investigations of the Iron 
and Steel Institute. Engineering knew no boun- 
daries ; it connected nations and brought peoples 
together on the ground of universal problems. 
He expressed the hope that the visit of the Institute 
to Stockholm would further strengthen the bonds 
which existed between British and Swedish engineers, 
technicians, scientists, and industrialists. He was 
confident that the Institute would continue long and 
unceasingly its valuable creative efforts. 

In thanking Messrs. J. C. Kjellberg and F. Huldt, 
Sir Peter Rylands stated that Sweden was especially 
dear to the minds of the ironmasters of Great 
Britain. They felt that when visiting Sweden 
they were visiting friends. He was glad to be 
able to announce that the Council had elected 
Mr. Kjellberg as an honorary member of the 
Institute. Sir Peter stated that the number of 
members present was not as great as it might 
have been. Industrial troubles had given rise 
to great anxiety in the minds of all connected 
with the iron and steel industry. Many works had 
been brought to a standstill during the past four 
months. A number of members had been unable 
to get away in consequence, and this was the 
only reason why the attendance at Stockholm 
was not as large as had been expected. Swedish 
metallurgists were fortunate in that their ruling 
sovereigns ever since the days of Gustavus Vasa 
had been interested in their industry. His Majesty 
King Gustaf had asked the members to meet him 
that afternoon at the Royal Palace. Unfortunately, 
owing to the illness of Her Majesty the Queen, 
this function had had to be postponed. He wished 
to take that opportunity of expressing the sorrow 
of the members, and, with their approval, proposed 
sending a telegram to His Majesty conveying to 
him the deepest sympathy of the meeting in his 
present grave anxiety. 

The meeting having signified its unanimous ap- 
proval of this, an appropriately worded telegram 
was despatched. 


Notes ON JERNKONTORET. 


The first paper taken, entitled ‘“‘ Notes on the 
History and Organisation of Jernkontoret,” was 
read by the author, Mr. E. Kinander, managing 
director of that Institution. Jernkontoret, the 
Association of Swedish Ironmasters, was in some 
respects, said Mr. Kinander, an unique Institution. 
The commercial agent Andreas Backmansson, who 
became a peer in 1743 under the name Nordencrantz, 
was regarded as the founder of Jernkontoret. An 
“ironmasters’ parliament ” or Bruksriksdag, con- 
sisting of about forty delegates from the iron 
districts, assembled in Stockholm in 1744. Certain 
minimum prices for the sale of various kinds of 





iron were fixed, and, in order to maintain the level 
of those prices, the ironmasters agreed to establish 
an association, with headquarters in Stockholm, 
and directed by certain delegates. A memorandum 
regarding the establishment of the Association of 
Ironmasters (Jernkontor) was drawn up and 
sanctioned by the King in December, 1747. Origi- 
nally the association was intended exclusively for 
the support of the bar-iron trade; the question of 
admitting to membership manufacturers of finished 
iron goods and general hardware, was brought 
forward in 1749. Arrangements for this extension 
of the Jernkontoret’s sphere were completed in 
1757. 

During the first period of its development the 
activities of the Association were directed inte two 
main channels, namely (a) direct loans to the owners 
of works in need of assistance, and (b) grants to 
institutions devoted to the welfare of the iron 
industry. These activities were further expanded 
in 1769, 1868 and 1894. Two departments were 
organised soon after the establishment of the 
Association, and for one, five chief iron- smelters, 
while, for the other, two directors of iron and steel 
manufactures, were appointed. A director of 
bar-iron manufacture was appointed in 1778, a 
mechanical engineer for mines and ironworks in 
1779, and a director of pig-iron making in 1780. 
The technical staff was reorganised in 1805, and 
again in 1817, 1826, 1859 and 1903. In the latter 
year the technical staff ceased to be permanent ; 
various experts were selected and attached to 
Jernkontoret in an advisory capacity. The new 
staff consisted of one chief engineer, two metal- 
lurgical engineers, two mechanical engineers, one 
mining engineer, one expert on peat, and three 
master forgemen. Dr. J. A. Brinell was the first 
holder of the new position of chief engineer; he 
retired in 1914, and was succeeded by Mr. A. 
Wahlberg. That Jernkontoret had been able for 
so long to exist and work for the benefit of the 
Swedish iron industry was mainly to be attri- 
buted to the circumstance that it had been fortunate 
in obtaining good executive deputies and collabor- 
ators. In the long list of delegates many of the 
pioneers of the Swedish iron industry were to be 
found. The presidents of the Board were generally 
persons who were in some way associated with the 
iron industry, but had at the same time occupied 
prominent public positions in other spheres of 
activity. 

Sir Peter Rylands thanked Mr. Kinander for his 
contribution, and stated that it would constitute a 
permanent record of what was in many respects 
an unique institution, the exact counterpart of 
which did not exist in Great Britain. 


Tue SwepisH Iron Inpustry. 


“The Development of the Swedish Iron Industry 
during the Last Thirty Years,” by Professor A. 
Johansson and Mr. A. Wahlberg, was the second 
paper considered. It was read in abstract by 
Mr. Wahlberg, who said that the Swedish iron 
industry was still mainly based on the ores of 
Central Sweden, which were very low in phosphorus 
and sulphur. Although some of the mines were 
worked down to a considerable depth, the deposits 
of ore had not, so far, shown any diminution; on 
the contrary, new deposits were continually being 
discovered. The quality of the ore had not deterio- 
rated, and the basis of the Swedish high-grade iron 
industry was, therefore, secure for some time to 
come. The major portion of the necessary charcoal 
fuel was still obtained by the process of burning 
wood in heaps. About the year 1900, however, the 
practice of carbonising in ovens began to gain 
ground, and during the last two decades about 
10 per cent. of the charcoal supply had been pro- 
duced in ovens, and the by-products recovered. 
The fact that carbonisation in ovens had not been 
more widely adopted was largely due to the quality 
of the raw material. The soft wood used in Sweden 
for carbonisation gave a poor yield of by-products, 
as compared with the hard wood used abroad. 
Further drawbacks were the cost of transporting 
the wood to charcoal plants and the relatively high 
cost of erecting such plants. The normal charcoal 
consumption of the Swedish ironworks before the 
war was 4-2 million cubic metres per year, the 
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value of which, at the present day, was about 
25 million crowns. Prior to 1915, on an average 
9 million cubic metres of piled wood were carbonised 
annually ; this was equivalent to more than 10 per 
cent. of the total output of wood in Sweden. 

r-In olden times the only source of power was 
water, and for centuries water-wheels, directly 
connected to the various machines, were used. 
It was not until the middle of last century that the 
water turbine first came into use. In 1923, 
according to published statistics, 52,148 tons of 
ordinary electric pig-iron were produced in Sweden, 
for a consumption of energy of 132-2 million 
kw.-hours and 1,331,464 hectolitres of charcoal. 
These figures were equivalent to 2,540 kw.-hours 
and 25-5 hectolitres of charcoal for 1 ton of pig- 
iron. The hydro-electric power produced in Sweden 
in 1923 amounted to 2,980 million kilowatt-hours, 
or only 9-1 per cent. of the total obtainable. In 
this connection, there were many advantages to be 
gained by co-operation. In 1917, a company was 
formed to supply power on a co-operative system 
to a number of power consumers and producers. 
This had met with success, and the transmission and 
distribution lines of 12 ironworks, 8 mines, and 
5 independent power-stations were now connected 
with the main line of the power company; the 
total generating capacity of the system was about 
125,000 kilowatts. The interconnection of several 
power-producing systems resulted in a more con- 
stant load; moreover, there was less need of 
reserve or spare plant than when working inde- 
pendently. 

The inside dimensions of the ordinary Swedish 
blast furnaces remained on the whole unchanged, 
except that the diameter of the hearth had been in- 
creased a little, and the stack had been lowered some- 
what, resulting in a lower bosh. A blast furnace pro- 
ducing high quality pig iron for the acid open-hearth 
process consumed about 55 hectolitres of charcoal per 
ton of iron. A small experimental electric pig-iron- 
producing furnace was built in Domnarfvet in 1907, 
and this was followed in 1910 by a full-size furnace 
erected at Trollhattan by the Jernkontoret. The 
furnace fulfilled all expectations, and there were 
now 14 electric furnaces in the country. The 
development of Swedish steel making during the 
last 25 years was marked by the decline in the 
Bessemer process and the expansion of the open- 
hearth process. Electric steel-making had been 
adopted, to some extent, but had not attained to 
any degree of importance ; Swedish metallurgists 
relied on the older methods. On the other hand 
the production of high-alloy steels and of ferro- 
alloys in electric furnaces was a relatively important 
industry. 

The engineering and metallurgical stafis of the 
Swedish iron and steelworks were trained at the 
Royal Technical University in Stockholm. The 
courses of study usually occupied four years. 
A public testing laboratory for the mechanical 
testing of metals was established by the Jern- 
kontoret in 1875. This was enlarged on several 
occasions, and, finally, the present Government Test- 
ing Institute, Stockholm, was brought into exist- 
ence, and commenced operations in 1920. A special 
Institute of Metallography, to the cost of which 
the various metallurgical and engineering firms 
had liberally contributed, was founded in Stockholm 
in 1921. The Royal Swedish Institute of Scientific 
Industrial Research was established in 1919. The 
members were appointed by the Government, and 
the Academy was divided into seven sections, one 
of which was entirely devoted to metallurgy and 
mining. 

Sir Peter Rylands said that the paper which had 
just been read was a further valuable contribution 
to the record of the history of Swedish metallurgy. 
It was interesting to recall that, in 1901, Mr. Wahl- 
berg had presented to the Institute in London, 
a paper, which had put before them for the 
first time Brinell’s method of testing the hardness 
of metals. This contribution had been published 
simultaneously in Jernkontorets Annaler. 


Tue SwepisH Mrninea Industry. 
The third and last contribution considered on 
Friday morning, August 27, was upon the subject 
of the “Development of The Swedish Mining 





Industry during the Last Twenty-five Years.” It 
was by Professor W. Petersson, who read his paper 
in abstract. The author stated that the year 1833 
was the first for which official statistics were 
available. The total production of iron ore in 
Sweden, up till and including the year 1924, had 
been calculated to be some 210,000,000 tons. The 
annual output passed the first one million-ton mark 
in 1892, the second in 1896, and the third in 1904. 
The maximum annual production so far was that of 
1913, when 7} million tons of ore were mined. The 
European War period, and the years which imme- 
diately followed, brought about a depression, but 
the production curve was now on the rise once 
more. In 1925, the output of lump ore and of con- 
centrates together amounted to some 8,170,000 tons. 

About 25 years ago, hand-drilling was practically 
the only method of boring in Swedish mines. 
Rock-drilling machines of the heavy piston type 
were, however, subsequently introduced, and electri- 
cal rock-drills of the Siemens and Halske, and of the 
Marvin types had been tried. These machines 
were, however, very heavy ; they needed two men to 
operate them, and they worked with an air pressure 
of from 3 to 4 atmospheres. Taken altogether, 
they did not prove advantageous. A great change 
in these conditions occurred when, in 1902, air 
pressures of from 6 to 7 atmospheres began to be 
used, whereby a great increase (2:5 to 3-5 metres) 
was obtained in the depth of holes, drilled by each 
man per shift. A still more radical change was, 
however, brought about by the introduction of 
light rock drills, of the so-called hammer type, 
with hollow drills, through which water or com- 
pressed air was forced in order to maintain the 
bottom of the holes free from rock powder. Various 
improvements had also been effected in the matter 
of the drainage, ventilation, and the lighting of 
mines. The first magnetic separators, for the con- 
centration of magnetic iron ore, to be used in Sweden, 
were constructed by Messrs. Ball and Norton and 
were introduced into the country by an Englishman, 
Mr. Porter. The separators now used were chiefly 
of the Gréndahl and Allians types, and consisted 
essentially of brass drums rotating round systems 
of radialfy-placed fixed electro-magnets with 
alternating polarity. The electrical ore-finding 
process of Daft and Williams was introduced into 
Sweden in 1907. Two methods were now employed. 
The first, or potential method, was based on the 
investigation of the potential in an electric field 
by tracing equipotential curves or measuring 
differences in potential between different points. 
The second, or electromagnetic method, was based 
upon the investigation of the direction and intensity 
of an electro-magnetic field. 

Professor H. Louis complimented the authors of 
the last two papers on the excellent accounts they 
had given of the Swedish metallurgical and mining 
industries. In the course of his paper Professor 
Petersson had made brief references to shrinkage 
stoping or magazine mining. He (Professor Louis) 
was under the impression that this method of 
mining had been introduced and developed in 
Sweden, and he would like to know if this was 
indeed the case. Even in Scandinavia, there appeared 
to be a difference of opinion regarding the useful- 
ness of the method. Shrinkage stoping had been 
employed at Griingesberg and Ammeberg and else-. 
where, and he would like to know if the method 
was still employed. He would also like further 
information regarding electrical ore finding, and 
was desirous of knowing how some of the difficulties 
had been overcome. Several methods, which had 
been tried, gave similar indications for underground 
water channels and for underground veins of ore. 
He would, therefore, like to know more about the 
results which had been obtained by the methods 
briefly alluded to in the paper. 

Professor Petersson intimated that he would 
reply to Professor Louis’ questions in writing. The 
meeting thenadjourned. Members were then enter- 
tained to luncheon at the Hasselbackan Restaurant 
by the Swedish Association of Engineers and 
Architects. After lunch a short tour was made 
by motor-car through the most interesting parts of 
the Swedish Capital. Later in the afternoon visits 
were paid to the Royal Palace and to the Stockholm 
telephone works. 





On the evening of Friday, August 27, the members 
assembled at the Grand Hotel Royal, where they 
were entertained to dinner by the Jernkontoret. 
The President, Mr. J. C. Kjellberg, was in the 
Chair. The toast of the British Nation was proposed 
by Mr? E. Trygger, Member of the Riksdag, late 
Prime Minister, and was responded to by Sir Peter 
Rylands. ‘“‘The Iron and Steel Institute” was 
proposed by Mr. J. C. Kjellberg, and this was 
replied to by Sir Peter Rylands. Other speakers 
included Mr. Th. Wigelius, managing director of the 
Hellefors Works, Mr. E. Kinander, and Sir Hugh 
Bell. 

On August 28, members reassembled in the 
Palace of the Nobility at 10.30 a.m. ; on taking the 
Chair, Sir Peter Rylands announced that a telegram 
had been received from King Gustav, in which His 
Majesty expressed to the meeting his very sincere 
thanks for the kind message they had sent the day 
before ; he wished the conference success in every 
respect. Sir Peter then announced that the three 
vice-presidents of the Institute who were due to 
retire in 1927 were Messrs. F. W. Harbord, M. 
Mannaberg, and Colonel Sir W. Charles Wright. 
The five members of the Council who were due to 
retire in the same year were Messrs. H. Brearley, A. 
Hutchinson, W. Simons, V. Beardmore Stewart, 
and A. Dreux. 


ANOMALIES IN HEAT CONDUCTION. 


The first paper dealt with was by Professor C. 
Benedicks, and Messrs. H. Biickstr6m and P. 
Sederholm. It was entitled “‘ Anomalies in Heat 
Conduction as Investigated in Spherical Steel 
Specimens, with some Determinations of Thermal 
(and Electrical) Conductivity in Iron and Carbon 
Steels,” and was read in abstract by Professor 
Benedicks. 

The paper dealt with experiments carried out at 
the Metallografiska Institut, Stockholm, in order 
to determine the heat conductivity of two steel 
specimens. It is reproduced in abridged form on 
page 306 of this issue. 

Professor C. H. Desch thought the paper of 
remarkable interest from a practical standpoint, as 
well as from the point of view of the theory of 
conduction. The whole question would have to be 
thoroughly thrashed out by the physicists before 
an explanation of the phenomena observed could 
be advanced. Professor Benedicks had found 
certain irregularities in the temperature distribution 
in his specimen. He could not quite see from the 
paper whether identical results would be obtained if 
the experiment were repeated under the same con- 
ditions. Professor Benedicks had mentioned that 
thermo-electrical convection currents might have a 
bearing on the thermal conductivity of a metal. 
Convection currents might occur, but, on the 
other hand, the whole subject was very complex. 
Our knowledge on these matters, and even on such 
subjects as electrical conductivity, was very limited. 
Coming to the practical side of the matter, he 
would like to point out, that in the case of a plate of 
uniform thickness, such as boiler-plate, the flow 
of heat through it would take place very much as 
one would expect. The shape of the metal specimen 
was of importance when considering the effects of 
heat conduction as put forward in the paper. The 
authors had stated that the mechanism of heat 
conduction might cause temperature irregularities 
of a possibly unfavourable character, especially as 
regards corrosion. From this he gathered that 
they thought that this was due to local irregularities 
of temperature. If that were so, it should be 
possible to measure those local differences in the case 
of conduction through an ordinary plate. He would 
like to know if the authors had made any obser- 
vations of thatkind. Viewing the results as a whole, 
it seemed that cylinders had given more uniform 
results than spheres, and one would imagine that 
plates would give more uniform results still. 

Dr. W. H. Hatfield stated that metallurgists were 
very much indebted to Professor Benedicks for his 
past researches on physical constants. It was true 
that there were discrepancies in the paper, but there 
was no need to be anxious about them, because, 
when discrepancies were disclosed, it generally 
meant that something of consequence was about to 
be discovered. Heterogeneity in steel had been 
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put forward by the authors as a possible explanation 
of some of the phenomena observed. He thought 
that that was not thecase; those phenomena, in his 
opinion, were due to purely physical causes. Profes- 
sor Benedicks and his collaborators had conducted 
the research in such an extremely careful way that 
it was difficult to make any observations on the 
results obtained by them. The figure given for the 
thermal conductivity of very pure iron, namely, 
0-187, was, he thought, high. Ingersoll and his 
co-workers had obtained 0-1428 and Jaeger and 
Deisselhoert, 0-151 and 0-143. Speaking as a 
steelworks metallurgist he thought it was necessary 
to persevere in this complex and careful type of work 
in order that exact data regarding physical constants 
might be obtained. 

Dr. A. Bramley presumed that under the spherical 
method in which the sphere had been turned and 
then cut in two, the plane section bore some definite 
relationship to the direction of rolling. He would 
like to ask whether a sphere had been made in which 
the plane section was transverse to the direction of 
rolling, and whether another at right angles to this, 
i.e., a section parallel to the direction of rolling, 
had also been made. If that had been done, he 
would like to know whether the direction of rolling 
had had any influence on the differences in the 
conductivity. It was interesting to note that, 
some time ago, Professor Callendar carried out 
many experiments on a continuous-flow method of 
determining conductivity, using cylindrical tubes. 
The method worked exceedingly well for materials 
having a low conductivity, but he found it very 
difficult indeed to apply to materials of high thermal 
conductivity. 

Professor Benedicks, in reply, stated that the 
character of the phenomena described in the paper 
was extremely capricious. On repeating experi- 
ments one got nearly the same results. On the other 
hand, there were at times considerable changes. 
Certain of the figures given in the paper showed that, 
with low heating, the temperature difference was 
larger on the left-hand side of the specimen; with 
greater heating, however, it was larger on the right- 
hand side. The material used was identical with 
that used in Sweden for the construction of boilers, 
and the trouble had been to obtain determinations 
which were reliable. A question had been asked 
concerning the possibility of obtaining direct evi- 
dence of temperature differences. The authors had 
made experiments with that object in view, but the 
investigation was only in its early stages. They 
had encountered considerable difficulties. They had 
had spheres made in a direction parallel with, and 
at right angles to, the direction of rolling. They 
had expected a regular result, but had found con- 
siderable deviations between the two specimens ; 
they had not, however, pursued this investigation 
further. Mr. E. H. Saniter here interposed the 
remark that he thought if Professor Benedicks had 
cast his specimens instead of preparing them in 
the manner he had indicated he would have got 
over the difficulty. 


Testing OF HARDENED STEEL. 


The second paper taken was devoted to the 
subject of the testing of hardened steel. It was 
by Mr. A. Lundgren and was read in abstract by 
Professor J. O. Roos af Hijelmsiiter. This paper 
is reproduced on page 309 of this issue in abridged 
form. 

Dr. A. Bramley, who opened the discussion, 
asked if the authors had made any experiments in 
connection with the duration of the tempering at 
one particular temperature. It would be interesting 
to know what the effect would be if a steel were 
tempered at, say, 150 deg. C. for 10 minutes, 20 
minutes, 1 hour, and so on. Figures given by the 
authors showing the influence exerted on the bending 
strength of steel specimens by the velocity of cooling 
after tempering seemed to suggest that the duration 
of tempering might have some effect. He would, 
therefore, like to know if any experiments had been 
conducted in this direction. 

Dr. W. H. Hatfield thought that it was curious 
that there was no information in the paper giving 
an indication of the kind of steelemployed. It had 
been stated that four kinds of steels were used, but 
this merely implied four steels having each a 





different carbon content. He would like to know by 
what metallurgical process each steel had been 
made. The effect on the specimens of various 
methods of manufacture would have greatly 
increased the interest of the investigation. The 
author had said that it was important that the 
cementite in a high-carbon steel should be in the 
spheroidised condition prior to hardening and 
tempering. He fully agreed with this statement. 

Professor Roos and Mr. Lundgren intimated that 
they would reply to the discussion in writing. 


(To be continued.) 





LETTERS TO THE EDITOR. 
FRICTION OF ANNULAR PIPES. 


To THE Eprror oF ENGINEERING. 


Stmr,—In the issue of ENeInEERING for July 23, 
1926, page 111, when commenting upon Professor 
D. H. Atherton’s paper on “ Fluid Flow in Pipes of 
Annular Cross-Section,’ read at the San Francisco 
meeting of the American Society of Mechanical Engi- 
neers, you add some useful information. 

May I beg the favour that you would be good 
enough to refer me to your authority for the state- 
ment, ‘“‘it is known that with narrow annuli and a 
stated difference of pressure, the flow obtained with the 
core touching the outer wall is two and a-half times 
as much as with the core concentric.” 

It would also be most valuable to know approxi- 
mately the dimensions of theradial depths (i.e., the width 
of the gap) included within the term “ narrow annuli.” 

In this connection, I would refer to the useful article 
by Mr. Edgar Buckingham on “‘ Leakage through Thin 
Clearance Spaces,’’ published on page 225 of your issue 
for February 23, 1923. In this article, reference is 
made to Becker’s experiments on flow through narrow 
annular slits of such space widths as might occur in 
the working clearances of hydraulic apparatus. 

A number of attempts to reconcile Mr. Buckingham’s 
data with measured leakages through hydraulic 
apparatus with known clearances have shown dis- 
parities far greater than the 10 to 15 per cent. limit of 
accuracy mentioned by him, It was recognised, of 
course, that concentric alignment would be an exceed- 
ingly rare condition in ordinary hydraulic apparatus, 
and that the condition you describe “‘ with the core 
touching the outer wall,” is much more likely to occur. 

In these circumstances, a well-authenticated correc- 
tion factor of the type you now mention would show 
that leakages in these cases can hardly be estimated 
within 150 per cent., and would add greatly to the 
practical value of Mr. Buckingham’s article. 

Yours faithfully, 
Owen A. Price. 

The Bungalow, Dundonald, Ayrshire, 

August 30, 1926. 


[If an annulus be sufficiently narrow, the flow through 
it must be viscous; and can then be calculated from 
first principles. The annulus being by hypothesis 
very narrow, its curvature can be neglected, and it 
can be replaced by two plates, one of which is flat 
whilst the other is bent to such a curve that the distance 
between the plates at any point is the same as the width 
of the annulus at the corresponding point. When the 
original surfaces are concentric, both plates will be 
flat and parallel. In this case we may represent 
the distance between them by hy, which is best 
expressed in centimetres. Then if P denote the 
pressure in dynes ~per square centimetre at any 
point, and 2 is the distance in centimetres of this 
point from the entrance, the pressure gradient 


is — Hence, if y be the distance of the same point 
from the flat plate, and wu the velocity of flow here, 


expressed in centimetres per second, we have the well- 
known equation :— 


oF = 

Oa 
where ) is the viscosity of the fluid in C.G.S. units. 
Then, following Osborne Reynolds, the pressure P 
is independent of y, and thus the above equation can 
be integrated off hand. This leads to the result :— 
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Xda° 2 
Consider a little element A s of the channel; measured 


transverse to the line of flow. Then the total flow 
at this section is given by 
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If, then, h be constant, as in the case of an annulus 
with concentric surfaces, the total flow will be :— 


hos GP |* hi dP 

isi-Ze: [ise “is\'ds°-7" 
cubic centimetres per sec., where r denotes the mean 
radius of the annulus. 

When, however, the surfaces touch, the width of the 
channel varies from 0 at the point of contact to 2 h, 
at the opposite point, and, to a first approximation, 
we have h = h, (1 — cos 0). Here @ denotes the 
angle which the radius to any point makes with the 
radius to the point of contact. We also have As = 


rd Q. 
Hence the total flow is now 
ho? dP 29 " . 
zz. [ (1 — cos 0)5 rd 0 
_ 247 édP 5 
~ Re 3° 


The total flow is, therefore, two and a-half times 
as much as when the two surfaces of the annulus are 
concentric. In order that the above reasoning should 
apply, the annulus must be so narrow that the flow 
is non-turbulent, The limit below which this condition 
is satisfied is a matter for simple experiment best made 
perhaps, with some very viscous fluid such as glycerine. 
—Ep. E.] 





THE REFRIGERATED TRANSPORT 
OF APPLES. 
To tHE EpiTror oF ENGINEERING. 


Srr,—Although I was present at the meeting of 
the British Association in Oxford when Dr. E. Griffiths’ 
paper was read before Section G, I was unable to 
contribute to the discussion owing to lack of time. 
As an abstract of the paper and a report of the dis- 
cussion on it appeared in your issue of August 13, on 
page 205, I should be glad if you would allow me to 
make the following remarks relating to it in your 
columns: I have been to some extent associated with 
Dr. Griffiths in investigating this subject, and he will 
appreciate that shipowners and refrigerating engineers 
are anxious to supply the most efficient equipment 
that can be designed for the carriage of fruit cargoes, and 
that any remarks which I have to make with regard to 
his paper are made purely with the object of giving 
assistance, 

The recommendations made by Dr. Griffiths are as 
follows :— 

(1) To devise means of quickly and uniformly 

cooling the cargo throughout its bulk. 

(2) The more even distribution of the temperature 
throughout the cargo. 

(3) The temperature at which the cargo should be 
maintained when cooled down. 

(4) The control of the CO, content in the holds. 

(5) The provision of instruments for the measurement 
of temperature and the CO, content of the atmo- 
sphere of the holds. 

In order to make progress, the first essential is the 
provision of substantial and reliable instruments which 
can be used with confidence by the engineering staff on 
board ship. This problem has been very thoroughly 
investigated by Dr. Griffiths, and he has made suggestions 
with regard to the construction of distance thermo- 
meters, hygrometers, and CO, recorders which should 
result in satisfactory instruments being constructed. 

As regards the other recommendations :— 

(1) To devise means of quickly and uniformly cooling 
the cargo throughout its bulk : 

Looking at this recommendation from the engineer’s 
point of view, it is of the greatest importance that the 
terms “ quickly ” and “ uniformly ” should be defined. 
They are much too indefinite as they stand. This 
problem must be settled by plant physiologists. It 
has been seriously contended that the cargo of a vessel 
consisting of 150,000 cases of apples should be cooled 
from the temperature at which it was shipped, viz., 
55 deg. F., to 34 deg. F. in three days. I think that 
it is generally agreed that to attempt to cool the cargo 
at this rate would involve serious risk of damage through 
freezing. The rate at which the cargo has to be cooled 
has an important bearing upon the size and capacity 
of the refrigerating plant. When apples are shipped 
at a port where pre-cooling stations are not provided, 
the temperature on loading may be as high as 70 deg. F. 
From investigations I have made, the demand upon the 
refrigerating machinery to cool such a cargo from 70 deg. 
F. to 34 deg. F. would be double the demand if it were 
cooled from 55 deg. F. to 34 deg. F. in the same time. 
It would appear that if any stipulations are to be made 
as to the time allowed for cooling the cargo, the tempera- 
ture at which it is shipped must be taken into account. 

A further problem which requires investigation is 
the extent to which the quality of the cargo on arrival 
at its destination is affected by the rate of cooling 
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down. It has been necessary for me to examine a 
large number of logs of voyages of vessels carrying 
apple cargoes, and I have noticed that the rates of 
cooling down in different spaces have varied ve 
considerably, and yet the cargo from all the spaces 
has been landed in good condition. 

As an example, I give the following figures of the 
average temperatures recorded in the holds :— 








— Hold 1. Hold 2. Hold 3. 

deg. F. deg. F deg. F 
Start 60 60 53 
5 day 52 47 41 
10 , 49 44 39 
15 47 40 35 
20 44 38 35 
26 42 35 36 
30 39 35 35 
35 COC, 38 35 34 
0 ,, 89 36 34 











It is probable that the biologicai condition of the 
apples discharged from the different holds may vary, 
as Sir Wm. Hardy has pointed out, and the biological 
and market definitions of a good cargo may differ, but 
from the point of view of practical people engaged in 
the trade, a cargo which is delivered in a condition 
satisfactory to the consignees must be regarded as good. 

(2) The more even distribution of the temperature 
throughout the cargo. 

The variations of temperature are shown in the 
graphs in Dr. Griffiths’ paper, but it is nevertheless 
the fact that the cargo in the vessel investigated by 
Dr. Griffiths arrived in good condition. It has been 
established that immense quantities of apples have 
been delivered in good condition with similar variations 
of temperature in the holds. It is possible that, if the 
temperatures had been more even or constant through- 
out the holds, the apples might have been delivered in 
a better condition, but here again the engineer requires 
from the plant physiologist information as to the 
variation of temperature which should be aimed at. 

(3) The temperature at which the cargo should be 
maintained when cooled down. 

Opinions differ as to what this temperature should 
be. In the report of the Scientific Research Board, 
34 deg. F. is recommended, and it is said that this 
temperature is supported by the general consensus of 
opinion of shippers. A number of cargoes have been 
delivered in good condition which have been delibe- 
rately maintained at temperatures not lower than 
38 deg. F. It is a matter of importance to determine 
the most suitable temperature; from the biological 
aspect, because it influences the susceptibility to 
diseases, and from the engineering aspect, because it 
affects the demand on the refrigerating machinery 
when cooling down the cargo. 

(4) The control of the CO, content in the holds. 

The researches of Drs. Kidd and West have shown 
that a disease, which they have named brownheart, 
can be produced in apples by exposing them to an 
atmosphere containing approximately 13 per cent. of 
CO,, with a corresponding deficiency of oxygen, and 
consequently it is advisable to provide means of venti- 
lating holds carrying apple cargoes and of determining 
the CO, content in the atmosphere of the holds. 

The causation of this particular disease also requires 
further investigation, since it has been established 
that the damage in a cargo which was alleged to be 
brownheart could not have been caused by an excessive 
quantity of CO, in the holds; that in the same boxes 
some apples were damaged and some undamaged ; and 
that in another vessel, which had been carefully venti- 
lated, the apples, in some of the cases, were affected by 
brownheart. 

I have indicated a few of the problems which it is 
necessary to examine in order to provide the informa- 
tion which an engineer should have in considering 
improvements in design of refrigerating equipment for 
the carriage of apple cargoes. It is obvious that the 
problems connected with the rate of cooling down would 
be solved if the American practice of pre-cooling fruit 
before shipment were applied in Tasmania. The 
function of the refrigeration plant on the vessel would 
then be confined to maintaining the cargo at some 
specified mean temperature, with maximum and 
minimum limits throughout the cargo. If pre-cooling 
is not feasible, the number of problems which require 
solution will necessitate scientific investigations being 
carried out on a large scale; that is, the investigations 
must be carried out in holds of a size which will enable 
reliable practical results to be obtained, and the con- 
ditions must approximate to those experienced in the 
carriage of apples from Tasmania to England. 

There is one fact which must not be lost sight of, and 
that is, however perfect the equipment on board ship 
may be, it will not be possible to transport and deliver 
in good condition apple cargoes which are not in a 
healthy condition on shipment. As a result of the 


investigation into the cause of the damage in the 





largest individual shipment of Tasmanian apples of 
the season 1921, it was decided that it was not due to 
any defect in the equipment of the ship, or of the 
handling of the equipment by the crew, but was due 
to inherent defects in the apples on shipment. While it 
is essential to push on with research into the conditions 
which influence the health of apples while being trans- 
ported in ships’ holds, it is even more essential that 
research should he undertaken in the culture and 
packing of the apples in the orchards to ensure that 
when they are shipped they are free of inherent defects. 
Yours faithfully, 
F. A. WILtcox. 
Dartford Ironworks, Kent. 
August 14, 1926. 








BAFFLE PISTON FOR INTERNAL- 
COMBUSTION ENGINES. 


Tue piston illustrated by the accompanying half-tone 
engraving, which has been prepared from a photograph 
of a sectioned model, has been designed to obviate the 
troubles caused by the access of lubricating oil to the 
combustion space, and by the carbonisation of the oil 
in the crank-case, of internal-combustion engines. A 
conical diaphragm is formed between the cylinder head 
and the gudgeon-pin bosses, the object of this being 
mainly to prevent the oil from splashing on to the hot 
cylinder head and thus becoming carbonised. A series of 
rectangular holes is formed in the walls of the piston 
immediately above the diaphragm, the holes com- 
municating with a groove turned in the piston. On 
the up stroke, any excess of oil is scraped off the cylinder 
walls by the lower edge of the groove, and, on the down 
stroke, the same function is performed by the scraper 
ring shown in position in the illustration. The oil 

















collected in this way runs through the holes on to the 
upper surface of the diaphragm and escapes through a 
central hole in the latter, whence it drops into a hole in 
the small end of the connecting rod and serves to 
lubricate the gudgeon pin. The latter feature, 
however, is not of primary importance, as ample 
lubrication for the pin is provided by splashing. 

In the case of shallow pistons, which are also con- 
structed on the same principle, a raised pocket is formed 
in the centre of the conical diaphragm to cover the 
small end of the connecting rod, and the oil collected 
from the cylinder walls drops through holes at the base 
of the raised pocket clear of the gudgeon pin, which is 
lubricated by splash only. With either type of piston, 
it is claimed that the oiling up of the sparking plugs, 
smoky exhaust and other troubles arising from ex- 
cessive lubricating oil in the combustion chamber, are 
avoided, while wear is reduced and a considerable 
saving in lubricating oil is effected owing to the fact 
that the oil in the crank-case is kept free from carbonisa- 
tion products. We are informed by the makers, The 
Baffle Piston and Engine Company, Western Road 
Works. Southall, Middlesex, that the pistons can be 
fitted, without alteration, to any type of motor car or 
other similar internal-combustion engines. 





THe Brirish AssociATION MEETING AT OXFORD: 
ErratumM.—We wish to correct an unfortunate, though 
obvious, misprint in our notice of Sir Ernest Rutherford’s 
paper on “Collision of a Particles with Light Atoms,” 
on page 254 of last week’s issue. The sixth and seventh 
lines, from the commencement should read :—In the 
early experiments they used to shoot (not, used short) 
@ article. . . , 





AN ELECTRIC VIBRATING SCREEN. 


A very interesting development in vibrating screens 
for dealing with any type of material of a granular or 
crystalline nature, whether wet or dry, was made in 
1917 by Mr. B. A. Mitchell, then the chief engineer of 
the Utah Copper Company. This screen, which makes 
use of unbalanced centrifugal force for its action, has 
since been put to long duration tests in a variety of 
services, and its manufacture is now undertaken by 
Messrs. C. W. Hunt Company, Inc., of West New 
Brighton, New York, U.S.A. It is electrically driven, 
by means of an alternating-current motor, and consists 
of the vibrator, from which is suspended by sleeves 
the skirt-boards or vibrating plates, which hold between 
their feet the ends of the screen cloths. The entire 
system is mounted on a framework, made of angle 
sections, and extended upwards at one end for the 
accommodation of the feed hopper. 

The vibrator is a cylindrical pipe, about 10 in- 
in diameter and 30 in. long, which has a band at the 
middle of its length, turned on the outside to form 
part of a sphere. This spherical part is provided with 
a seat, lined with Babbitt metal and situated within a 
part of the framework. Provision is thereby made for 
the vibrator to move freely to the desired extent. 
Within the vibrator cylinder, there is a shaft, mounted 
concentrically on S.K.F. ball bearings. The rotor of 
the alternating-current motor is built-up on this shaft. 
The stator of this motor, which is a ?-h.p. unit in the 
standard screen, is pressed and keyed into the vibrator 
cylinder, and the connections to it are led through dust- 
proof and water-tight tubes. At each end of the shaft 
there is a cage which accommodates a single ball at one 
end. When the ball at one end of the shaft is in its 
top position, that at the other end is at the bottom of 
its case. Rotation of the motor-shaft thus causes the 
two balls to move outwards against grooved races, 
inside the cylinder, As the balls are set at 180 deg., 
a tilting of the vibrator results. This tilt varies from 
moment to moment, and since the seat on which the 
vibrator is accommodated is spherical, results in an 
upward and downward circular motion combined 
with a sideways shifting movement. As the speed 
of vibration is about 60 times a second, the screen 
may be set at a steep angle, of 25 deg. to 45 deg. 
Balls of 2 in., 12 in., and 1} in. diameter are 
supplied to obtain varied amounts of unbalanced 
centrifugal force for the screening action, and thus 
different types of substances can be treated. In 
action, the material to be screened is made to travel 
across and up the screen, on to which it falls by gravity, 
while the heavy material falls off at the lower edge. 
Great rapidity of action is claimed for these screens, 
which have now been used in dealing with coal, 
coke, limestone, cement, sand, gravel, bone, sugar, 
tale, and asbestos. 





LAuNcH oF THE M.V. “ Apapa.”—The twin-screw 
passenger motor vessel Apapa for Messrs. Elder, Dempster 
and Co., Limited (British and African Steam Navigation 
Company), was successfully launched on August 26 at 
Belfast by Messrs. Harland and Wolff, Limited. The 
vessel is intended for the owner’s West African service, 
and is of about 9,300 gross tons, with a length of 
468 ft. 9 in., a breadth of 62 ft., and a depth of 35 ft. 
There is accommodation for about 500 passengers and 
crew. A double bottom, carrying oil fuel, extends the 
full length of the vessel, which is built with six decks 
and eight watertight compartments. The propelling 
machinery consists of two Harland-Burmeister and Wain 
six-cylinder, four-cycle, double-acting Diesel engines of a 
normal rating of 3,750 h.p. each. An oil-fired vertical 
boiler is installed for generating steam for distilling, 
emergency, and other purposes. 





Tue B.E.A.M.A. Boox.—The British Electrical and 
Allied Manufacturers’ Association was founded primarily 
to act as a common centre for the whole electrical manu- 
facturing industry, and the importance of the Association 
may be gauged from the fact that the firms constituting 
its membership are now responsible for over 80 per cent. 
of the entire production of electrical machinery and 
apparatus, other than cables, in Great Britain. The 
R.E.A.M.A. was incorporated in the year 1905; it came 
into existence largely as a result of the concerted attacks 
that were being made on the British electrical trade by 
foreign firms in combination. It was the first great 
effort made in Britain to offer organised resistance to the 
powerfu! forces which Germany and America were able 
to put into the field against the British electrical manu- 
facturer, not only in the foreign market, but also in 
Great Britain. A publication which constitutes a 
history of the organisation and a survey of the work 
which is being done by it has recently been issued ; it 
is entitled “‘ The Beama Book.” It comprises some 
140 pages and contains much information regarding the 
balance of trade, prices and wages, capital and profits, 
and other matters affecting the British electrical industry. 
Other sections deal with the generation of electricity, 

ower production, electric traction, and illumination. 

he book contains a large number of plates depicting 
typical industrial plant. The offices of the Association 
are_at 36, Kingsway, London, W.C. 2. 
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8-IN. ROTARY SURFACE GRINDER. 


CONSTRUCTED BY THE PRATT AND WHITNEY COMPANY, ENGINEERS, HARTFORD, CON., U.S.A. 
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Fie. 1. 8-In. Rotary SuRFACE GRINDER. Fie. 2. 8-IN. GRINDER, VIEW SHOWING DRIVE AND FEED. 


From the first two of these figures, it will be seen 
that the general construction is exceptionally heavy 
and rigid for the size of the grinding wheel. This 
permits of heavy cuts being taken when desired, 
and ensures the stiffness necessary for accuracy. The 
frame is in two parts. A base contains the main 
driving shaft with the chuck driving gear, and sup- 
ports the chuck housing. Attached to the base 
at the back of the machine is a column faced for 
the sliding headstock, which carries the grinding wheel 
and spindle, and is provided with brackets for the idler 
pulleys of the wheel drive. The power required is 
about 74-h.p. and may be supplied by a belt drive from 
an independent motor, as shown in Fig. 2, or from line 
shafting. The main driving shaft carries, in the box 
| to be seen in Fig. 2, a two-step pulley, one step taking 
| the drive, and the other transmitting motion to the 
| wheel spindle by means of a belt running over two idler 
pulleys. A small pulley, which drives a pump for the 
cutting compound, not visible in the illustrations, is also 
mounted upon it. The shaft is supported at both ends 
by double ball bearings, one of which is inside the 
base, the other being in the pulley housing. Near the 
inner bearing the shaft carries a sleeve, in which it is 
free to rotate, but which is fixed longitudinally. At 
each end of this sleeve is a cut pinion. These are of 
different diameters, and one end of the sleeve is bolted 
to one part of a conical friction clutch. The other part 
of the clutch slides on the shaft, the torque being trans- 
Fie. 3. Magnetic Couck LOADED WITH Fig. 4. WHeret Dressing Too. IN mitted by a key. Movement of the sliding part of the 
SMALL WASHERS. OPERATION. clutch is effected by a lever carried on a spindle running 
| through the side of the base casting, and there carrying 
_ | agents in this country. It 1s primarily designed for | another lever connected to the pedal attachment shown 
8-IN. ROTARY SURFACE GRINDER. | the rapid finishing pe nt such as pine in Figs. 1 and 2. This is provided to permit the 
washers, piston rings, cutters, and so forth, which | operator to use both hands. To stop the chuck, the 
described in recent years have been of considerable size. | require accurate flat parallel surfaces, though the pro- | pedal is depressed. This action disengages the clutch 
We now propose to describe a handy machine of more | vision of a tilting chuck makes possible the grinding of | and brings into action a brake acting directly on the 
moderate size, having a tilting magnetic chuck, and | concave or convex surfaces also. It should prove aj chuck. A catch is provided to keep the lever de- 
lever feed somewhat similar to that used on sensitive | useful machine, both in the toolroom and for assembI- | pressed. Upon releasing this, a spring on the shaft 
drills. The machine is an 8-in. rotary surface grinder, | ing, as parts deformed by hardening, or inaccurate | engages the clutch and starts the chuck. 7 
made by the Pratt and Whitney Company, Hartford, | through error in manufacture, can be rapidly trued up | A secondary driving shaft runs above the main one. 
Conn., U.S.A.. for whom Messrs. Buck and Hickman, | without any special setting or adjustment. We illus- | This is supported in two plain bronze bearings, lubrica- 
Limited, 2, 4 and 6, Whitechapel-road, E.1., are! trate the machine in Figs. 1 to 4, above, | ted by splash from the driving gear ojl-bath, A two-step 





























Many of the surface-grinding machines we have | 
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spur wheel fitted}with a |key, slides upon this shaft. 
The {spur wheel ,meshes ,with one or the other of 
the pinions on the clutch sleeve of the main shaft 
according as to whether the slow speed, 50 r.p.m., 
or the high speed, 100 r.p.m., of the chuck is required. 
Movement of the spur wheel along the second shaft 
is effected by the = lever handle near the centre 
of the inspection door in the base casting. The 
secondary shaft is coupled by a flexible connection to 
a short extension, on the same axis, which extension 
also runs in plain bronze bearings and carries a steel 
bevel pinion, gearing with a bevel wheel, keyed to 
the vertical spindle of the magnetic chuck. The 
casting carrying the chuck spindle, the extension 
shaft, and the bevel gearing, is hinged at the back, 
the hinge pin showing quite clearly about the centre 
of the machine in Fig. 1. It is carried at the front by 
an adjustable screw, visible in Fig. 1, and in the bottom 
right-hand corner of Fig. 4, the function of which is to 
level the chuck or to tilt it either way according as to 
whether convex or concave work is to be undertaken. 
The maximum tilt is 2 degrees from the horizontal, 
and a graduated index on the screw enables the inclina- 
tion to be read off in minutes. This tilting is not, 
however, the only adjustment of which the chuck is 
capable. The hinge of the housing casting above 
referred to, is carried upon another casting which can 
be moved in a horizontal direction along the major 
axis of the machine. This movement is made possible 
by the provision of oval holes for the bolts connecting 
the flange to the base casting. Adjustment is made by 
a screw seen immediately below the tilt regulating screw, 
in Fig. 1. The maximum horizontal adjustment permits 
‘ of movement of the chuck centre to one inch beyond 
the outside diameter of the grinding wheel. The tilting 
adjustment is rendered possible by the insertion of the 
flexible coupling in the secondary shaft, and the horizon- 
tal sliding adjustment by the fact that the spur gear 
itself slides on the shaft. 

The magnetic chuck calls for little comment. It is 
fine meshed and constructed for 110 or 220 volt, direct 
current. The current is controlled by a switch, on the 
operating side of the machine in Figs. 1 and 2, which 
is also arranged to demagnetise by current reversal. 
Setting and releasing work is therefore only a matter 
of throwing over the switch. The face of the chuck 
is visible in Fig. 3, which shows a number of washers 
arranged circumferentially for grinding. A ring is 
provided for use in such operations, where a quantity 
of small pieces are dealt with at once. In Fig. 4 a 
cross-cut plate is shown on the chuck. This is used 
when grinding such an article as a cutter, a centring 
plug being also employed. Particles of grit, etc., find 
their way into the plate grooves and a high degree of 
accuracy is thus assured. A hinged casting with a 
beaded edge almost encircles the chuck, to prevent 
splashing of the cutting lubricant. It is shown in 
Figs. 3 and 4 in the depressed position, which allows 
access to the chuck. A spring pin, easily recognised in 
Fig. 4, keeps it in position when raised during 
grinding. 

As previously stated, the grinding wheel is carried 
on a sliding headstock. The range of motion, with a 
new wheel, is from a position of contact with the face 
of the chuck, to 5 in. above it, thus affording not only 
a wide range of variation in thickness but under 
normal conditions, with articles of moderate thickness, 
providing ample room to handle them on the chuck. 
The feed is controlled by a hand lever, shown out of 
action in Fig. 1, and in action in Fig. 2. This operates 
a pinion, which gears with a rack between the slides 
at the back of the headstock. The operator has, thus, 
control of the pressure exerted on the work, the sensi- 
tiveness of the feed being increased by careful counter- 
balancing of the wheel spindle and headstock. In 
order to grind down to definite thicknesses an adjust- 
able stop is provided. The handwheel immediately be- 
low the lever requires some explanation. This wheel 
is provided for the purpose of making fine adjust- 
ments for wear of the wheel, varying thicknesses, 
&c., and it operates through a worm and wheel, the 
points of the stop being arranged .so as to neutralise 
any backlash in the gear. The handhweel is graduated 
to enable adjustments as fine as 0-0002 in. to be 
made, one complete revolution making a difference 
of 0-05in. The feed lever may be locked in position, 
and only the handwheel used for the feed if desired, 
for any particular class of work. 

The grinding wheel is 8 in. in external diameter b 
3 in. deep and is, of course, of the rim type, the thick- 
ness being § in. It is mounted on a face plate carried 
on the spindle, and is held in place by a ring which is 
attached by set pins to the plate. A steel guard covers 
it down to about } in. from the bottom, an additional 
safeguard being provided by a ring clamped round it. 
The relative positions of the wheel and guard are 
shown in Fig. 3, but when the wheel is raised for load- 
ing the work on to the chuck while it is still revolving, 
the guard automatically covers it completely. The 
wheel spindle runs in bearings and is provided with 








means for taking up wear and end-play. The long 
belt pulley upon it is well seen in Fig. 2. The belt 
idler pulleys run upon double ball bearings. The 
wheel runs at a speed of 2,000 r.p,m., equivalent to 
a rim speed of 4,200 ft. per minute. 

Lubrication is effected by grease cups except where 
otherwise stated. The cooling lubricant is contained 
in a tank in the base from which it is pumped to the 
feeding and washing pipes seen in Fig. 4. A strainer, 
which can be removed like a drawer, is fitted. This 
can be seen in Fig. 1 just under the projecting front of 
the base. Cocks are provided on the pipes for regula- 
tion, but the flow is controlled by the feed lever so that 
the lubricant is automatically turned on when grinding 
is proceeding, and is shut off when the lever is pushed 
back to lift the wheel. Hand control may be used 
instead of the automati¢ control, if desired. Both the 
automatic and hand control gears are seen in Figs. 1 
and 2 below the feed lever. An important accessory 
is illustrated in Fig. 4, which shows the wheel dressing 
tool in use on the machine and indicates how 
safely truing up may be carried out with the tool 
provided. The overall height of the machine is about 
6 ft. 1 in., the greatest length and breadth being respec- 
tively about 4 ft. 6 in. and 2 ft. 6 in., without the 
motor. The total weight with normal equipment is 
3,000 Ib. 


ANOMALIES IN HEAT CONDUCTION 
IN STEEL.* 


Anomalies in Heat Conduction as Investigated in Spherical 
Steel Specimens, with Some Determinations of Thermal 
(and Electrical) Conductivity in Iron and Carbon Steels. 

By Professor C. Brenrpicxs, H. BacxkstRém, and 

P. SEDERHOLM. 


Part. I.—HeEat ConDvuctIon oF STEEL. 


On account of a request from the industrial side, the 
Metallografiska Institut made some determinations of 
the heat conductivity of two steel specimens. A high 
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degree of reliability being desired, and in view of the 
difficulties met with in the ordinary methods of elimi- 
nating external heat transfer, it was decided to adopt 
a spherical method, which in itself is necessarily free 
from that source of error. The use of a hollow homo- 
geneous ‘sphere, heated centrally, the temperature 
gradient of which is ascertained, is the best method for 
eliminating errors due to external heat transfer. 
As a matter of fact, it was used by Nusselt for sub- 
stances of low conductivity, but it does not seem to have 
been used previously for metallic conductors. 

The theory is simple, on the supposition that under 
conditions of equilibrium the heat flows throughout 
in a radial direction. The heat quantity dQ which 
flows in one second through a section, distant r from 
the centre, of an infinitely thin solid angle dw, is 


Y | expressed, according to the fundamental formula of 


heat conduction, by the equation 
_ Add x dw X 


d -= 
° dr 
where § =the temperature and A = the thermal 
conductivity. 
d d 
Writing instead “ x as = — dé, 











* Paper read before the Iron and Steel Institute, 
at Stockholm, on August 28, 1926. Abridged. 





and observing that, on account of the assumed sym- 
metry, 

aq 

dw ™ 4x 
Q being the total heat generated per second, the follow- 
ing expression is obtained : 

T? 

dr 


Tr 


9. 


=4™ 1 ae 


Q 
9; 
After integrating, the final formula is obtained : 
(%2 — 1") Q 


darts a 0, — 9. 

Thus, knowing the heating effect Q from the intensity 

of current ¢ and the voltage V used : 

Q = 0-239 tV cal./sec., 
it is only necessary to determine the temperature 
difference between the two points, situated at the dis- 
tances r; and r, respectively. 

The steel specimens had the following percentage 
composition :—A, C, 0:50; Si, 0-24, Mn, 0-32. B, 
C, 0°71; Si, 0-24; Mn,0-18. C,C, 0-24; Si, 0-13; 
Mn, 0:49; P, 0-030; 8, 0-027. They were taken 
from thick tubes, and their size permitted the shaping 
of hemispheres, as large as 45-0 millimetres in outside 
diameter. The exact spherical shape was obtained by 
using the rotating tool-rest of a Seneca Falls Manufac- 
turing Company lathe, after having carefully set its 
axis of rotation to intersect the axis of the lathe. The 
inner spherical space was turned out to a diameter of 
11-5 millimetres. 

The experimental arrangement used is represented 
diagrammatically in Fig. 3. The essential parts are 
the specimen A with its thermocouples, and the heating 
sphere B. In order to arrive at quite decisive results 
after much laborious work, the following method was 
adopted, which is quite independent of any resistance 
changes in the different thermocouples or galvanometer 
circuits, and permits of an accurate checking of the 
thermocouples at any moment. In the first place, a 
very precise means was adopted in order to obtain 
reliable temperature indications from the thermo- 
couples. Each of the four constantan and the four 
copper wires were soldered into a 1 x 1 mm. silver 
cylinder, previously perforated with a fine hole. After 
having made the grooves for the wires in one of the 
hemispheres, holes about 1:05 mm. in diameter and 
1-5 mm. deep were drilled into them, close together, 
and into these holes the small cylinders were driven 
by means of a suitable punch. In this way the contact 
and the geometrical definition obtained were very 
satisfactory. 

The method of determination was based entirely 
on the use of compensation. As illustrated by Fig. 3, 
the thermocouples, say a1 and a,, were simultaneously 
compensated against two further identical thermo- 
couples y,, Y2, the junctions of which were placed in 
electrically heated, thick copper tubes I. and II, 
respectively. Each of these contained a precision 
mercury thermometer (0 deg. to 100 deg. C., reading 
to 5}; deg.), one of which had been calibrated at the 
Reichsanstalt. The thermo-elements y, and y, were 
soldered into copper wrappers closely surrounding the 
mercury bulbs. Electrically insulated, but in close 
thermal contact with them, a series of six successive 
iron-constantan thermocouples § (shown as a single 
one in Fig. 3) also surrounded the thermometers 
closely, the whole being placed in paraffin oil. The 
electromotive force of these thermocouples was measured 
by the compensation arrangement shown at III. The 
mercury thermometers served as indicators, and they 
also at any time permitted of an easy calibration of 
the thermocouples. 

In principle, the temperature of I. has to be adjusted 
by means of the resistance Ri so as to coincide with 
that of a, or 8,, and also the temperature difference of 
I. and II., by means of the shunt resistance R,, so as to 
coincide with the temperature difference a,a,, or 
8,8. In practice, however, it was not necessary to 
have the first adjustment made very carefully, as it 
had a very slight influence on the difference values. 
The moving-coil galvanometer used in preliminary 
experiments was replaced by a more sensitive, and 
much more rapidly moving magnetic-needle micro- 
galvanometer (C. Benedicks), the zero of which was still 
more constant (G). A moving-coil galvanometer H 
was used for the compensation of the thermocouples. 

Procedure of a Determination.—A steady temperature 
having been established in the sphere (after two or 
three hours), the determination of the temperature 
differences was done in the following way. Having 
adjusted the temperature T, in I. so as to differ only 
slightly from the temperature 6 (in a,), readings were 
taken of the effect produced in the specimen and of the 
following items; electromotive force E, of the differen- 
tial elements 8; at a moment when exact compensa- 
tion was obtained at H,.another observer read the 
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deflections a,a,, and 61b,, of the differential galvano- | currents, which probably may assume very considerable 
meter G. These deflections corresponded to the momen- | intensities inside a solid metal, necessarily occasion an 
tary difference between Ti—T, on the one side, and | electrical transportation of heat, as is well known 
9a; —a2, OF 43,—O22, on the other. The temperatures | from the Thomson effect. In a later work it was shown 
a2 ae = read a rar a telescope, | that such an electrical heat transfer does appear even 
ne og Rely Fen sang y ory pe alec 
als | . 
zero of G. By plotting these observations, with E as | 
abscisse and with aja, and 61b, as well as T;—T, as|to be specially considered. On the one hand, the 
ordinates, a diagram is obtained which is used for the | mechanism of heat conduction in a massive piece of 
evaluation of the temperature differences @;—0, in the | steel which we must postulate, will cause temperature 
specimen. [ , | irregularities of a possibly unfavourable character, 

It was found that, in spite of the very great care | especially as regards corrosion. On the other hand, 
taken, the two temperature differences in the same the total heat transfer increases considerably with 
specimens (6; — 9a) and (8g, —032)—which are supposed | increasing dimensions of the metallic object, on account 
to be ous ae Be wey a get pop a | - this electrical heat convection. Strangely enough, 
amounting for stee to so high a ratio as 1:8-5.| there seems to be a“rather close analogy with the heat 
ra these a — ap ae _— to be | transfer in liquids. Their heat ps. Shah proper 
inherent to the metal, might supposed to quite | is known to be ve oor, and may only be observed 
exceptional, spheres were also made from a sample of | if convection plein K 4 are pea poses Pep on the 
- bese apen es ante pa ae Ang a hay | other oe hi - va hog gs very rs 

: ion. |} convection currents transferring much more heat, 
plane of the hemisphere was here perpendicular to the though necessarily in a rather ate manner. Inan 
axis. Rony ye no — to 7 = special | analogous way the electrical convection currents will 
irregularity in this steel in view of its simple manner | 
of production. 

The irregularity in this case (C) was actually somewhat | 
ess, but the ratio still amounted to a maximum of | 
2-2:1. The capricious character of the phenomenon, 
however, in this case is very conspicuous from the fact | 
that a lower difference was found at the higher | 
temperature. On account of these irregularities, it 
would evidently be entirely illusory to attempt any 
calculation of \ from these figures. 

Thermoscopic Observations.—The paradoxical results 
obtained rendered it desirable to study the thermal 
conductivity variations in other ways also. In the 
first place, a thermoscopic method was used. The | 
end of a brass rod was turned to a spherical shape, with | 
the same diameter as the inner cavity (11:5 mm.). 
The surface of one hemisphere was coated with mercury 
copper iodide (HgCu,I,), which is known to possess | 
a sharp transformation at 71 deg. C., when the red 
colour changes into black. It was then warmed from 
the centre by means of the brass rod, which was evenly | 
heated by a flame; in order to secure a uniform transfer 
of heat, the specimen was continuously rotated. A con- 
siderable lack of symmetry of the heat conduction was 
evidenced in this way, the boundary between red and 
black differing very much from a regular circle. 
Slightly conical cylinders (upper diameter, 48 mm. ; 
height, 24 mm.) were then turned from the steels A 
and B; the upper plane surface was finely ground, 
and provided with a small conical hole. A copper 
rod, which could be heated electrically, was fitted into 
this very accurately. This plane surface was coated 
with a thin layer of bees-wax, and allowed to cool. 
On heating the copper rod, the resulting melting curve 
was observed (de Senarmont’s method); it was like- 
wise found, with this better method of heating, to be 
rather irregular. No actual measurements were, how- 
ever, made. 

It has been shown that the very large variations in 
the temperature gradient on the same diameter of a | 
eee: euien Susans a ~ = sen oa increase in importance with the dimensions of the 
vel on hes acon aa . ratio as irregular oa | _. ee iideaneaaaiaianaiiat 
1; 8-5 was found. The occurrence of these variations | From this the following final conclusion is reached : 
— see: wapenet he peg yoga erg | The very considerable, though unexpected, variations in 
parr It was further established that similar | a yn ee pi oie eae ge 
irregularities occurred in electrical resistivity, though | point taken in the previous work—namely, that a very 
= 5 So —_ ‘vinslly ———* conefenen paiias of the yaa conductivity of a 

: 1-05. > | consists i ecasi y - 
also showed some irregularities, though not very pro- raven ee ESOT A TR 
minently. Consequently the (apparent) variations | 
in the thermal conductivity are of quite another order | Parr II.—TuermaL anD ELEctricaL ConDuctTIvITY 
of magnitude than those of the electrical conductivity, | OF IRON AND CARBON STEELS, 
in spite of the general belief at least in their approxi- | = : : ‘ : 
mate proportionality. Hence there is an ci 5 | Te oe oS eee: nee, emeiieaes 
cng pond “ Pein generally accepted. | received much less attention than that of their electrical 

Since Pag 3 Pe gai‘ TosU se li : g | Conductivity, the reason obviously being that its 
consid sii tical ee a ss my pa Ih °F | determination presents difficulties not met with in 
dads of pr Cosy tet le ws ik © scientille €1UCl- | the determination of the electrical conductivity, viz., 
ation of this discrepancy must likewise be considered | the overcoming of the transfer of heat by radiation 
to possess a practical interest, and will be briefly | and convection, or the ‘ external conduction.” 
—- here. As a matter of fact, the unexpected After carrying out many preliminary experiments 

gularities in heat conduction now established seem | the guard-tube method was adopted. The principle 
to stand in close relation to the results of a previous | of the method is as follows. A metal cylinder is 
paper by Benedicks, in which it was demonstrated that, | heated at one end by a resistance coil (giving Q calories 
Paengag 3 to the prevalent opinion of modern physicists | per second), while the other end is cooled. The 

ut in harmony with views of an earlier date, thermo- | specimen (of section S) is surrounded by a guard tube 


electri i ircuit | : 
tric currents do occur in every homogeneous circuit | supposed to possess sensibly the same temperature 


Fig.12. APPARATUS FOR THE DETERMINATION 


OF THERMAL CONDUCTIVITY. 
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when unsymmetrically heated.* These electrical |as the cylinder. The stationary temperature gradient 
| 0; — 4 2 ; 
; ; | ; of the specimen having been measured, the 
* This effect has been designated as the thermo-electric | (2 — 4) e ~~ . 
Benedicks effect. See E. Rumpf, ‘“ Physikalische | 


Zeitschrift, 1923, vol. xxiv, page 437; 1924, vol. xxv, * This was described as the ‘‘ homogeneous electro- 
page 400. C. Benedicks and G. Phragmen, Arkiv fir| thermic effect,” comprising the Thomson effect as a 
Matematik, Astronomi och Fysik, 1925, vol. 19s, No. 4. special case, 


the study of the thermal conductivity of metals has | 


From a practical point of view, there are two items | 


heat conductivity A, from the basic formula 





a, — 0 
=i.8.-1 4, 
" ly 5 4 
is directly obtained as 
1, — 1 Q 
A= 2, . 
8 A _ 02 


The advantage of this method—provided the 
guard tube fulfils the desired object of thoroughly 
avoiding any external heat loss—is that the tem- 
perature fall, for the essential part of the cylinder, 
will be a linear one. This being easy to check, it is 
possible to control the correct functioning of the 
guard tube much more easily than by the Kohlrausch 
method, as used by Simidu, where the temperature 
distribution follows a parabola. 

Apparatus Used.—The upper end of the cylindrical 
specimen A (Fig. 12) of a length, 20-0mm., and diameter, 
8-0 mm., fits into a copper heater B, of outer diameter, 
13 mm. and height, 16 mm. This is surrounded by 
an external heater C; D is an insulating layer of fibre. 
Into C fits a copper tube E, of outer diameter, 19 mm., 
and thickness, 1-5 mm., which is divided longitudinally. 
Through a narrow vertical slit the thermocouples 
| F;, F, may be introduced. Their junctions are soldered 
‘into narrow copper rings, which are in metallic 
|contact with A, the temperature being measured 
with a differential galvanometer. The lower parts 
jof A and E fit into a cylindrical copper block G 
(25 mm. x 44 mm.), soldered into a radiating disc H 
(diameter, 150 mm.). Finally, two narrow holes 
|are provided in B and C for the introduction of the 
| thermocouples K; and K,, permitting, by means of 
|@ sensitive galvanometer, the control of the tem- 
perature difference, or equality, in B and C. The 
current i passing through the heating coil B was 
read on a precision ammeter. As the resistance of B 
(constantan) was constant at 127-5 ohms, no current 
determination of the voltage was made. Thus, ¢ being 
|expressed in amperes, the heating effect Q was 
obtained by the use of the formula 


0-2388 x 127-5 x @ grammes cal,/sec, 


The current y passing through the outer constantan 
coil in C, with a resistance of 71-5 ohms, was read on 
an ordinary ammeter. The current was supplied from 
a 40-volt storage battery. The galvanometer was 
a differential micro-galvanometer of C. Eenedicks’ 
construction, with objective readings; 1 mm. at a 
distance of 2 m. corresponded to about 5 x 10-§ volts, 
one winding being used (resistance 9 ohms). It was 
used, however, with a resistance of 100 ohms in each 
circuit, The thermocouples used were made of 
0-2 copper-constantan wire, and carefully calibrated. 

The procedure was as follows: The sheathings of 
the thermocouples F;, F, (Fig. 12), being fixed on 
to the cylinder, at a distance /, — 1,, the free mean 
distance ], from the heating coil B was also measured. 
The lower end of the cylinder was then introduced 
into the block G as well as the guard tube E, and the 
cylinder was adjusted so that its upper edge was 
brought level with that of the cap, and screws 
in G tightened. The external heater C was next 
pushed over the inner one B, so as also to embrace 
the upper part of the guard tube; the screw put 
at this point having been tightened, the apparatus 
was ready for use. An experiment was conducted 
as follows: A constant current being sent through 
the inner heater B, the current in the outer heating 
coil C was successively adjusted till the temperature 
in B and C were equal. A stationary state being 
reached, the temperature difference 6; — 0, was 
determined and \ obtained from the formula given. 

Experimental Results —The material used belonged 
to that previously examined in detail by C. Benedicks.* 











TaBLE VII.—-Composition of Carbon Steels Used. 








Gysinge, 1-8; Unknown Process, A. B. 














Man- Phos- 
Carbon. | Silicon. | ganese. Sulphur.| phor. 
Mark. Per Per Per Per Per 
Cent Cent. Cent. Cent. Cent. 
1 0-08 0-03 0-13 0-005 0-009 
2 0-45 0-65 0-35 0-02 0-015 
3 0-55 0-86 0-44 0-02 0-014 
4 0-90 0-28 0-41 0-015 0-014 
5 1-20 0-30 0-44 0-01 0-014 
6 1-35 0-26 0-54 0-015 0-014 
7 1-50 0-12 0-29 0-02 0-013 
8 1-70 0-08 0-29 0-03 0-013 
A 0-50 0-24 0-32 — — 
B ‘71 0-24 0-18 om ata 




















The composition of these carbon steels 1 to 8 is 
given in Table VII., where two other steels of 
unknown process (A, B) are also given. Generally, 





* Doctorial Thesis, “‘ Recherches 


physiques et physico- 
chimiques sur l’acier au carbone.’ 1904. 


Upsala, 1904 
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each carbon content was represented by three cylinders 
say, 5-1, 5-2, 5-3. Of these the added number | indi- 
cated annealed specimens ; number 2, specimens as 
forged ; and 3, annealed specimens which subsequently 
had been hardened at 800 deg. C. (then designated, say, 
as 5-3h). The electrical resistivity of these steels had 
been carefully determined in 1900, using a method which 
is described in Benedicks’ thesis. By means of a Thom- 
son bridge from Hartmann and Braun, determinations 
were made by H. Backstrém in 1919. Finally, with 








| 


= 0-1877 
0-1872 
or, rounded off, say, 0-187 cal./em. sec. per deg., 
are considerably higher than the average figure recently 
derived by M. Jacob*, from a careful inspection of 
existing data, especially those of T. Simiduf, viz. : 
\ = 0-135 cal./em. sec. per deg. 


This value, in our opinion, is about 50 per cent 


the same instrument, new determinations were made | °° low. Much higher values have actually been 


by P. Sederholm in 1926. For the hardened specimens, | obtained for iron by careful workers. Quite recently | 


as was to be expected, a decrease of the resistivity was | E. Sedstrom,{ working on very pure electrolytic iron 


found to have taken place successively, as shown by 


Table VIII. 


TaBLe VIII.—Secular Variations in Electrical Resistivity 
in Microhm-Centimetres at about +- 18 deg. C. 








from Heraeus, obtained 
A = 0-18. 
Although the experimental method of Simidu seems 
to be a careful one, no results are given or mentioned 


| justifiable, regarding their influence on 4, to range 
| the added dissolved elements in the following order 
| (mainly due to E. Sedstrém) :—Nickel, manganese, 
| hardening carbon, aluminium, silicon, thus indicating 
| that the thermal conductivity of iron is lowered least 
| by 1 atomic per cent. of nickel, more by manganese, and 
|soon, Cementite carbon exerts only a slight influence 
}on A. 





'THE EFFECT OF NITROGEN ON 
| CHROMIUM AND SOME _#IRON- 
| CHROMIUM ALLOYS.* 

By Frank Apcook, M.B.E., B.Sc. 

| THE investigation described in the present paper 
|forms Part IV of a systematic research on the alloys 
of iron which is in progress at the National Physical 


| which permit its groper working to de chteked, On | Laboratory under the auspices of the Alloys of Iron 


Ne. Benedicks, | Backstrém. Sederholm. | 2count of the low valu es obtained, M. Jacob in ae Research Committee, and under the immediate direc- 
1900. 1919. 1926. | cases we ae of + i per cent. ; a Niner | tion of Walter Rosenhain, D.Sc., F.R.S.¢ In the course 
|}amount might necessary. As seen in Fig. 20, | ens Pata ie 

|Simidu’s values deviate considerably from those | of attempts to prepare pure iron-chromium alloys, 
V1 10-51 10-6 10-55 | obtained here$ (short dotted line). On the contrary | mixtures = iron and chromium ——— —— 
4 “72 — 10-69 ibe Me A : y | i ; i i ; 
13h 10-90 10-6 10-79 | the a published by = >. — | rarnmred prey val rset sans ore : 

2: 24-02 onia 23-94 7 6s yd|| some ‘ vi i | E : . 
2-2 23-76 23-2 {33-52 | and: W. C. Dowdl on some steels of widely <itevent | and alloying of the constituent metals, the only suitable 
2°3h 28-99 27-9 28-33 . 'furnace then available was of the carbon-ring type, 
3-2 27-68 27-7 28-26 | F v.20. FRGRIEEL RECIENTES Reee nee | and, in spite of the refractory muffles ‘nistnaitiie “ihe 

3-3h 34-36 32-9 32-90 TIONS IN CARBON STEELS. essere i : Ty : 8 
4-1 20-44 20-3 20-44 crucible and charge, it was impossible completely to 
4°2h 36-94 32-2 32-16 }exclude oxygen, nitrogen, and carbon. Before it 
oa = 99 = ont | was realised how readily nitrogen is absorbed by the 

5 2 9 { 20-90 | P . 
5-2 20-80 20-9 121-10 | alloys it was customary to sweep out the muffle with a 
53h 42-18 36-8 36-38 | continuous stream of nitrogen in order to lessen the 
- pp 21-7 {31:86 | risk of contamination of the metals with oxygen and 

6-3h 44-35 39-6 39-25 | carbon. 

al 17-85) (18-21 | This procedure materially reduced the quantity 
7.3 i7-zet sald i768 |of oxygen, and possibly carbon, in the alloys, but 
8-1 17-72 - 17-78 | inereased the nitrogen content. At a later date, when 
Bre 17-68} ti 18-26 | access was obtained to a high-frequency furnace in 
| which complete control of the atmosphere in the melt- 

















|ing chamber is possible, some further experiments 
| were made in which the metals and alloys in the liquid 
| state were deliberately treated with nitrogen. It has 


The thermal resistivity figures are graphically repre- 
sented as ordinates in Fig. 20; as abscissa used are the 





corresponding electrical resistivities as given in Table 
VII. 


Discussion of the Experimental Results.—As shown in | 


Fig. 20, the observed points group themselves along 


a slightly bent curve (drawn as a straight line). Whether | 


the deviations from this are due to experimental errors— 
which, it is belicved, are principally due to the devia- 
tions from a strictly geometrical shape of the specimens 


—or to inherent causes, it is not possible to ascertain by | 


means of the present observations. Anyhow, as a first 
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approximation, we are justified in saying that there is a | 


linear relation between the thermal resistivity and the 
electrical one, This is expressed by the formula 
1 —_ 
i= 
valid at least from ¢ = 10 to ¢ 
metres, 
Now according to the formula of C. Benedicks, 


¢=7:6+ 26-8206, 


1-9 + 0-325 oc, 


40 microhm-centi- 


it is known that the electrical resistivity ¢, at least as | 
a first approximation, is a linear function of the sum 3C | 
of the carbon values of the elements in solid solution, | 


£.0., 

12-0 12-0 
>C=C — pcnsble> 
hediaiadl 28-4 55-0 

C, Si, Mn, designating the weight percentage of these 
elements. By substituting this, we obtain from the 
previous formula 


Si+ MN + 


1 


r 
where \ is expressed in cal./om. sec. per deg. and C in 
weight percent. Hence, this formula, as a first approxi- 
mation, expresses the thermal resistivity of carbon 
steels as a function of the elements dissolved. The 


=4-4+48-7C, 


formula obtained gives us for [C = 0, i.e., for pure iron 
1 
¢ =A-6, 


or 
\ = 0-227 cal./cm. sec. per deg. 


Now, this presupposes the admissibility of extrapo- 
lating the formula forlower SC values than those actually 
observed. Objections have been made against the 
extrapolation (to =C = 0) of C. Benedicks’ formula 
for o, giving o = 7:6 microhm-centimetres. However, 


it has been established by F. C. Thompson* that a figures are obtained in thicker specimens. Hence, the | 
by different observers 


may not solely be due to experimental errors: they 


very pure rolled iron gave 
o = 7-56. 


In view of this, the above extrapolation seems to be | 


equally justified. The remarkable point, however, 
is that the values actually determined for the purest 
iron, containing 0-08 per cent. carbon, viz. : 





* F. C. Thompson, Philosophical Magazine, 1916, vol. | 
xxxi, page 357. 


composition, show excellent agreement with the 
| present results, as seen from Fig. 20, where Campbell 
| and Dowd’s thermal resistances are plotted. As they 
| are only relative ones, the value (given as 1/A = 1) 
|for the purest iron specimen (o = 10-64) has been 
| made to coincide with the value (1/ == 5-3) found here 
|for the purest specimen (so = 10-55). In Fig. 20 the 
straight line I is the expression of a Wiedemann- 
| Franz product, Ao = 2-0, while the straight line IT 
| corresponds with Ac = 3:0. As seen from Fig. 20, 
all observed values, except those of Simidu, fall within 
these limits, but there is no possibility of deducing 
any constant value; obviously, Wiedemann-Franz’ 
|law is merely a rough approximation. 


So far, the thermal resistivity 1/2 has mainly been 


| regarded as essentially a linear function of the electrical 
| resistance. However, the formula for o of C. Benedicks 
| cannot claim to be more than a first approximation— 
| though in many cases fairly satisfactory. On detailed 
| analysis of existing data, it was shown by C.Benedicks,{ 
| in 1916, and later by A. L. Norbury,** that individual 
| values may be ascribed to the different elements 
| added—as had already been done by H. Le Chatelier.tf 
| In spite of the scarcity of available data, it seems 





1924, vol. xvi, 


* M. Jacob, Zeitschrift fiir Metallkunde, 
Tab.,”’ 


|page 353; Landolt-Bornstein, “* Physik.-chem. 
| 5. Auflage, Berlin, 1923. 
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| not yet been possible to make a thorough investigation 
|of the iron-chromium-nitrogen system, but the ease 
| of absorption of nitrogen, and the profound alteration 
| in the alloys caused by the presence of a small percentage 
|of this element, make it desirable to publish these 
| observations. 

The alloys and metals on which the results are based 
|may be conveniently dealt with in three sections : 
I. Four melts specially treated with nitrogen in the 
| high-frequency induction furnace. 

II. Series of chromium-iron alloys made in the carbon- 
|ring furnace, in which a nitrogenous atmosphere was 
| present. 

III. Some alloys originally free from nitrogen, but 
| which absorbed that element during heat treatment 
| in the solid state. 
| I. High-Frequency Induction Furnace Melts.—(a) Pure 
| Iron.—Electrolytic iron of high purity was melted 
| in a crucible of pure alumina, and a stream of nitrogen 
| passed over the surface of the molten metal for thirty 
| minutes. The pressure in the furnace was then reduced 
| to 1 to 2 mm.of mercury and the melt allowed tosolidify. 
| Analysis revealed the presence of 0-02 percent. nitrogen, 

a small but definite amount, since it was considered 
| that 0-01 per cent. of nitrogen could be detected under 
| the conditions of analysis. The metal presented a 
|normal appearance under the usual microscopic 
| suantinetion. In view of previous observations ({ §) it 
| was not expected that pure iron, in the liquid state, 
| would absorb a large quantity of nitrogen, but some- 
| thing in the nature of a check was thought desirable 
| before studying the effect of nitrogen on chromium and 
| the iron-chromium alloys. : 
| (b) Chromium.—A sample of commercial chromium, 
| when in the liquid state, was treated in a similar manner 
| with nitrogen for 50 minutes. On attempting to 
| produce a vacuum in the melting chamber of the 
|furnace at the conclusion of the treatment, gas was 


+ T. Simidu, “Science Reports, Tokio Imperial | evolved rapidly from the metal as soon as the pressure 


University,” 1917, vol. vi, page 11. 

t E. Sedstrém, ‘‘ Kinige physikalische Figenschaften 
metallischer Mischkristalle,” Inaug. Diss. (Lund). 
| Stockholm, 1924, 
| § It should not be left out of consideration, however, 


| t 
|due to his using fairly thin cylinders (5 millimetres). 


hat the very low \ values obtained by Simidu may be | 


| had been reduced below half an atmosphere. Accor- 
|dingly, the metal was allowed to solidify under about 
|half an atmosphere pressure of gas. The nitrogen 
| content of the product was 3-9 per cent.; the Brinell 
hardness (2-mm. ball, 40 kilos) was 315, while the 


|figure for commercial chromium was 160 to 170. 


| As emphasised in Part I of this paper, on account of the | Under the microscope, the polished and etched section 
| complex nature of the heat conduction, higher apparent | of the metal showed the presence of a pale yellow 


great variations in \ found 


may be inherent in the conduction itself. 
| 1917, vol. civ, page 422. 


4| C. Benedicks, 
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1921, vol. xxvi, page 570. 


| (1901), page 416. 


|| E. D. Campbell and W. C. Dowd, ENGINEERING, 
** Jernkontorets Annaler,” 1916, page | vol. 
| ee A, LN orbury, T'ransactions of the Faraday Society, | 


+t H. Le Chatelier, “‘ Contribution a l’étude des alliages ”” | 





* Paper presented to the Iron and Steel Institute, 
Stockholm meeting; August 27 and 28, 1926. Abridged. 

+ For Parts I, I, III, see Journal of the Iron and Steel 
Institute, 1924, No. II, page 85, and ENGINEERING, 1924, 
exviii, page 366. ‘ aad : 
) J. H. Andrew “ Iron and Nitrogen,” ENGINEERING, 
| 1912, vol. xciv, page 860. : 
| (8) Tschischewski “ The Occurrence and Influence ol 
| Nitrogen in Iron and Steel,” ENGINEERING, 1916, vol. ci., 








| page 171. 
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constituent often arranged in dendritic formation. 
As the commercial chromium was not as pure as was 
desirable, a further experiment was made with electro- 
deposited chromium, in which the only impurities 
appeared to be hydrogen and possibly oxygen. On 
this occasion, the metal was melted, by means of the 
high-frequency induction furnace, in a crucible of pure 
alumina, the whole melting chamber being open to 
the air. Although the metal was only maintained in 
the liquid state for a short time (one or two minutes), 
the percentage of nitrogen absorbed was found to be 
2-38 per cent. 

Microscopic examination revealed primary dendrites 
of metal, together with a eutectic of the metal plus 
yellow constituent (possibly nitride). 
of chromium oxide, which were plentiful in the metal, 
made polishing of the specimen difficult. Electro- 
deposited chromium, after melting under vacuum 
conditions, presents the usual single-phase structure of 
a pure metal under the microscope, and no yellow 
constituent is visible. An attempt to determine the 
melting-point of chromium yielded some interesting 
results. Commercial chromium was melted in a carbon- 
ring furnace and then allowed to cool slowly. When 
the thermocouple sheath was introduced into the melt 
at a temperature of 1,630 deg. C., it was found impos- 
sible to push the sheath to the bottom of the crucible, 
as solidification had already commenced. A con- 
siderable arrest in the rate of cooling was also observed 
in the neighbourhood of 1,580 deg. C., this probably 
indicating the freezing of the coarse eutectic of metal 
and yellow constituent. On analysis, 2-1 per cent. of 
nitrogen was found in the material. From these 
observations it will be seen that chromium in the liquid 
state readily absorbs nitrogen, and that the melting- 





point of the pure metal cannot be ascertained when the 
melt is exposed to the atmosphere. Presumably, 
commercial chromium absorbs a certain amount of 
nitrogen during manufacture, since, in many samples 
examined microscopically, a thin layer of faintly yellow 
constituent could be seen between the crystal grains. 
On analysis, one sample gave 0-07 per cent. nitrogen. 
(c) Alloy of Iron and Chromium containing Nitrogen.— 
This alloy, containing 11-82 per cent. of chromium and 
0-12 per cent. of nitrogen, was made up under vacuum 
conditions with electro-deposited iron and chromium, 
and then nitrogen was passed for 35 minutes over the 
surface of the liquid metal. The polished and etched 
section of the furnace-cooled ingot showed a martensitic 
structure under moderate powers, but a few relatively 
large non-martensitic areas were also observed. Samples 
of this material, held for 15 minutes at 1,394 deg. C. and 
1,250 deg. C. respectively, and then quenched, were 
entirely martensitic in character. As previous expe- 
rience suggested that a transition-point or narrow range 
was likely to be present in this material near 802 deg. C., 
a specimen was held at 790 deg. C. for two hours and 


then quenched. The martensitic structure had dis- | 


appeared, and under low magnification a microsection 
of the material rather resembled a pure metal or solid- 
solution alloy. The speckled appearance of some 
grains under high power suggested, however, that some 
fine particles of a second constituent were present. 
Heat treatment of the alloy was responsible for great 
changes in hardness, as will be seen below :— 
Brinell hardness tests (2-mm. ball; 40 kg.)— 
Alloy rapidly furnace-cooled ... eve 


ve =OE5 
Alloy annealed for two hours at 900 deg. C. 


and quenched Ae <a aad ee 
Alloy annealed for two hours at 790 deg. C. 
and quenched “e aaa re 2 Eee 


(d) Alloy of Iron and Chromium containing Nitrogen. 
—This material, containing 24-6 per cent. of chromium 
and 0-27 per cent. of nitrogen, was also made up under 


Hard particles | 


vacuum conditions, from electro-deposited iron and 
chromium, and a stream of nitrogen passed over the 
surface of the molten metal for thirty minutes. The 
microsection of the-furnace-cooled alloy indicates the 
presence of large crystal grains in which elongated 
bodies of a second constituent have separated. 
When the alloy was quenched from 1358 deg. C., the 
appearance of the microsection suggested that the 
separation of the second constituent in large masses 
was practically suppressed. On the other hand, the 
material held for fifteen minutes at 1220 deg. C., and 
then quenched, showed masses of the second constituent 
which had evidently undergone a “balling up” 
process. It was noted that the martensitic type of 
structure was absent from this alloy, and that no 


Fig.l. BRINELL HARDNESS VALUES OF FURNAGE- 
400 Co aeeO (RON-CHROMIUM ALLOYS. 
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considerable changes of hardness took place as the 
result of heat treatment. 


Brinell hardness tests (2-mm, ball; 40 kg.)— 


Alloy rapidly furnace-cooled ... -+2 oe ©6665 
Alloy annealed for two hours at 900 deg. C. 

and quenched oss aa ae sxe see 
Alloy annealed for two hours at 790 deg. C. 

and quenched ee aa cae -- «192 


II.—Series of Chromium-Iron Alloys made up in 
Carbon-Ring Type Furnace in which a Nitrogenous 
Atmosphere was Present.—In all cases, electrolytically - 
deposited iron and commercial chromium were used 
in the preparation of the alloys. Since the chromium 
contained 0-03 per cent. carbon, and the iron 0-005 
to 0-01 per cent., it would appear that a certain 
amount of carbon was absorbed by the alloys during 
melting. In alloys containing under (say) 20 per cent. 
|chromium, the nitrogen and carbon were usually 
present in comparable quantities, but with higher 
percentages of chromium, the amount of nitrogen 
increased rapidly. Thus, a 54 per cent. chromium alloy 
contained 1-83 per cent. of nitrogen, while the carbon 
was recorded as 0-042 per cent. Although the amount 
| of nitrogen did not increase uniformly with the amount 
| of chromium in the alloys, yet it was possible to trace 
|a regular change in the microstructure and hardness 
| of the alloys from 0 to 60 per cent. chromium. Struc- 
| tures were obtained in every way similar to those 
| presented by the two pure alloys which had been 
| specially treated with nitrogen. Perhaps the 39-6 
| per cent. alloy yielded the most typical microstruc- 
| tures. When quenched from 1400 deg. C., the alloy 
| consisted of large polygonal grains, but a partially 
| A . . 
| arrested transformation had apparently given rise to 
| the fine markings which will be seen in Fig. 12. A 
| microsection of the material quenched from 1200 deg. C., 
| however, shows that “‘ islands ” of a second constituent 
have separated, and that some of these islands have 
developed a lamellar structure (Fig. 13). This lamellar 








Fig. 14. 
MAGNIFICATION OF Figs. 12 To 15 x 300. 





or pearlitic structure is visible in all the islands when 
the alloy has been quenched from 1170 deg. C. This 
is well shown in Fig. 14, 

In the 54 per cent. chromium alloy, (nitrogen, 1-83 
per cent.) the transformations took place in a modified 
way and at higher temperatures. Thus, in material 
quenched at 1400 deg. C., the “islands ” of the second 
constituent had already separated, and many of them 
presented a sorbitic rather than a pearlitic appearance. 
The matrix had also developed a criss-cross structure, 
but on a much larger scale than in the 39-6 per cent, 
chromium alloy mentioned above (see Fig. 15). 

Hardness.—As will be seen from Fig. 1, the hardness 
of the furnace-cooled alloys varies in a consistent 
manner with the chromium content. The hump in 
the hardness curve reaches its maximum altitude in 
the vicinity of 12 per cent. chromium and is associated 
entirely with a martenistic type of structure in the 
material. These alloys were, to a large extent, “ self- 
hardening,” and could only be obtained in the soft 
state by deliberate slow cooling or annealing. 

III.— Absorption of Nitrogen by Alloys in the Solid 
State.—Chromium-iron alloys, ranging in composition 
from 0 to 30 per cent. chromium, were found to absorb 
nitrogen if annealed at moderate or high temperatures 
under conditions which permitted access of nitrogen. 
Some chromium-iron alloys were annealed for 6} hours 
at 1350 deg. C. in argon, but small amounts of nitrogen 
evidently entered the annealing chamber either through 
small leaks or as an impurity in the argon. The nitro- 
gen absorbed under these conditions was readily 
detected by chemical and microscopic analysis. 
Heating the samples to 1000 deg. C. for thirty minutes 
under an air pressure of a .few millimetres, not 
only leads to the usual oxide coating on the surface, 





Fig. 15. 


but also to an appreciable absorption of nitrogen. 
It would appear from this investigation that the 
presence of nitrogen in iron-chromium alloys can give 
rise to structures closely resembling those generally 
attributed to carbon in ordinary steel, and, further, 
that at high temperatures the pure alloys of iron and 
chromium, whether solid or liquid, readily absorb 
nitrogen from the atmosphere. 





TESTING OF HARDENED STEEL.* 
By Axe. LunpGReEN, Met.Eng. 


THE manufacture of high-grade tool steel, partly in 
the form of bars or other semi-products, partly in the 
form of finished tools for metal and woodworking and 
other purposes, is an important branch of the Swedish 
steel industry. The Government Testing Institute in 
Stockholm, which, on behalf of the industry, is fre- 
quently called upon to determine the proper composition 
and treatment of tool steel, has endeavoured to devise 
a method of testing by which, in particular, the 
mechanical qualities of hardened tool steel may be 
determined more rapidly than is possible by means of 
practical cutting tests. The Swedish Jernkontoret 
has encouraged this endeavour by granting subsidies 
to the Government Testing Institute for carrying out 
such work. The present paper gives the first results 
of these investigations. 

1. Methods of Testing the Mechanical Properties of 
Hardened Steel.—The chief requirements for tools, such 
as cutters, drills and the like, intended for working on 
metals, wood, &c., are the following : 

1, Great hardness, in order to be able to cut material 

without deformation or too rapid wear of the 
edge. 





* Paper read before the Iron and Steel Institute, 
Stockholm, on August 28, 1926. Abridged. 
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the bending stress applied to the edge of the 
tool in the case of heavy cuts. 

3. Great toughness, so as to obviate fracture in the 
case of sudden temporary overload, such as on 
meeting hard inclusions or segregations in the 


period of heating lasted 14 minutes. The period for 
reaching the intended quenching temperature was 
4 minutes + 4 minute. Quenching was performed in 
oil at 80 deg. C. After quenching, the test-pieces 
were allowed to remain in the oil for 5 minutes, after 
which tempering took place. The tempering was done 
in oil at temperatures up to 300 deg. C., and in lead 


material. 

For various kinds of tools, combinations of these 
qualities are frequently requisite. In many cases, one 
particular quality is of greater importance than the 
others, and it may be necessary for this quality to be 
maintained or improved, even at the expense of the 
others. For example, a cutter for working steel must 
have great hardness in order to keep a good edge, and it 
cannot therefore be tempered as much as might be 
desirable for increasing the toughness. On the other 
hand, a saw, though it needs to be as hard as possible 
in order to preserve its cutting capacity and not wear 
too quickly, must combine hardness with pliability and 
toughness to withstand the stress of violent blows to 
which it may be exposed when, working at great speed, 
it comes in contact with hard knots. For this reason 
it must be tempered rather highly at the expense of 
hardness, so that it may have sufficient ductility and 


at temperatures commencing with 350 deg. C. The 
period for tempering was ten minutes, during which 
the temperature could be maintained within + 3 deg. C. 
During this operation, the test-pieces were kept in 
constant motion, and were afterwards cooled in air 














Steel. Carbon. | Silicon. a. Pil Sulphur. 
Per Cent. } Per Cent. | Per Cent. | Per Cent. | Per Cent. 
1 1-30 0-22 0-37 0-018 0-010 
2 1-03 0-23 0-33 0-019 0-012 


The steel pieces were rolled into sheets of a thickness 
of 2-2 mm. Some of the test-pieces, prior to the 
preparation and hardening, were subjected to various 
methods of annealing, the sheets being first pickled and 





Fig.1. DIAGRAM OF THE BENDING - TEST MACHINE. 


AL 





impact resistance. 
The following properties, important in tool steel, 
have been determined in the present series of tests : 
(a) The bending tests were carried out in a machine 





designed by Mr. O. Aqvist, Director of Messrs. Strids- 











berg and Bjérck, Trollhattan, for the purpose of finding 
suitable kinds of steel and methods of treatment for the 
manufacture of saws and knives at the works of that 
firm. The machine was manufactured by the A.B. 





Alpha, Stockholm, and its construction and method of 








working will be seen from the diagram, Fig. 1. The 
test-piece had a cross-section of 1-5 by 5 mm. The 
small dimensions were chosen partly in order that, in 
hardening, uniform cooling conditions should, as far as 
possible, prevail right through, so as to obtain the same 
structure in all parts of the sample, and partly for ease 
in taking test-pieces from hardened objects. 

The test-piece A was placed upon two fixed supports 
B and C, 20 mm. apart, and was deflected in the 
middle by means of a knife-edge D, which, through the | 
two bars E and the two knife-edges F connected there- 
with, was loaded by pushing forward the movable 
weight G on the lever H, the latter being provided with 
a scale so that the load on the test-piece could be read off | 
on it. The movable weight was moved by a screw- 
bar actuated by a motor, whereby the test-piece was | 
automatically loaded with a gradually increasing load | 
and unloaded through the device K. Unloading took | 
place after every increase of load of 4 kg. When 
fracture occurred, the current was automatically cut 
off and the advance of the weight ceased. On the 
cylinder L, the deformation due to loading and un.- | 
loading was graphically recorded on a ten-times en- | 
larged scale, the amount of the load being proportional | 
to the movement of the diagram cylinder (1 kg. = | 
1 mm.). The test occupied 5 to 15 min., after which | 
the limits of proportionality and elasticity, the ultimate | 
stress, and the deflection could be read off on the diagram. | 
In this investigation, the load causing a permanent | 
deflection of 0-01 mm. has been taken as the elastic | 
limit. The proportional limit is the load at which the | 
deflections cease to be proportional to the loads. The | 
ultimate strength is understood to be the load at | 
fracture, or, in the case of tough specimens, the 


maximum load reached. The ultimate stress is calcu- | 


stress in | 
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lated by the formula o = 7" where o 
kg. per square millimetre, M = bending moment, and | 
W = section modulus. The same formula is also used | 
in the case of permanent deflection. | 

(6) The impact tests were carried out with a Charpy | 
pendulum hammer, the height of drop being 0-5 mm., | 
and the striking energy, 0-5 kg. The cross-section of the | 
test pieces was the same as in the bending test, 1-5 by | 


5mm. The distance between the supports was 20 mm. 


Bending Strength Kg. per Sq. Mm. 


z 


765 790 815 765 


(9727.8,) 


Hardening Temperature, Degrees Centigrade 





(c) The tests for hardness were carried out according | 


to the Rockwell method by means of a diamond cone. 
Preparation of Specimens.—The dimensions of the 
test-pieces were 1-5 by 5 by 80 mm; they were 
olished with emery paper, finally with Hubert 1F. 
he edges were rounded off to a radius of about 
0-05 mm., and the finished test pieces subjected to the 
desired heat treatment, hardening and tempering. 


| while in motion. To ascertain the influence of different 
| cooling methods on the test results, a special investiga- 
| tion was carried out. After tempering, some of the 
| test-pieces were polished with emery paper, Hubert 1F, 
|and other were subjected to tests without any 
|further polishing. Unless otherwise stated hereafter, 


| The values obtained for the various properties by means 


| during annealing. 


| the test-pieces were not polished after tempering. | 


_ Hardening.—The heating for hardening took place | of the above testing methods may be regarded as 
in an electric furnace. The test-pieces were placed in| mutually comparable, and refer to a usual form of 
a stand made of Monel metal, in which six test-pieces | testing and method of preparation. With some other | 
could be carried at the same time. This arrangement | methods of testing and other shapes of specimen, other 
ensured that all the pieces were subjected simultan-| values, also mutually comparable, might possibly 
eously to the same treatment. During the heating | be obtained. ’ 

operation, the stand was placed in the furnace in such | 
& position that the centre of the specimens was about} II. The Influence of Various Methods of Annealing | 
3 cm. beyond the centre of the furnace (reckoned from | on the Mechanical Properties of the Steel after | 
the mouth of the tube), which was done for the purpose | Hardening.—Two kinds of simple carbon steel 
of counteracting the cooling effect of that end of the 
tube. The furnace was so regulated that the entire 


were used for the test, numbered 1 and 2, with the | 
| analyses given in the table in the next column. | 
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Fig.11. BENDING TEST. STEELS N¥1,2,3 AND 4. RELATION BETWEEN BENDING 

STRENGTH, HARDENING TEMPERATURE, AND TEMPERING TEMPERATURE. 
TEMPERING 
TEMP. 200°C. 


TEMPERING 
Cc. 
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790 815 765 790 


packed in pig-iron filings to avoid decarbonisation 
Annealing was carried out in an 
electric furnace, and the following methods of annealing 
were used :— 
A.—No annealing, the specimen being left in the 
rolled, untreated condition. 
B.—Annealing at 745 deg. C., with subsequent cooling 
at the rate of 10 deg. C. per hour. 
C.—Annealing at 720 deg. C. (below Ac1) for 12 hours, 
with subsequent cooling at the rate of about 
30 deg. C. per hour. ; 
D.—Annealing at 760 deg. C., with subsequent cooling 
at the rate of 10 deg. C. per hour. 
E.—Annealing at 820 deg. C., with subsequent 
cooling at the rate of 60 deg. C. per hour. 
F.—Annealing at 850 deg. C., with subsequent 
cooling at the rate of 60 deg. C. per hour. 


Results of Test: Steel No. 1.—Of the annealing 
methods, B, C and D, in an average of several tests, 
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C appears to have produced the highest ultimate 
strength and D the lowest. No marked difference in 
the ultimate stress as between these annealing methods 
is, however, apparent. The specimens with the cemen- 
tite in a more fine-grained condition (annealing method 
B) have a higher ultimate stress than those with a 
more coarse-grained cementite (annealing method E). 
Unannealed specimens, A, have, after tempering at 
200 deg. C. and 300 deg. C., a lower ultimate stress 
than specimens annealed according to B. Tempered 


at 150 deg. C., the unannealed specimens A possess | and F in the order named. 


a higher ultimate stress than the annealed B. At 
350 deg. C. tempering, A and B have about the same 


Fig.12. BENDING DIAGRAMS. STEELS N*% 1, 2,3 AND 4. 


HARDENING TEMPERATURE 8/5°C. 
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judgment as to the relation between the various 
methods of treatment at this tempering temperature 
was obtained. In an untempered condition (80 deg. C.) 
the specimens A, B and C have the same and highest 
resistance to impact, after which there come D, E, 
and F in the order named. At 150 deg. C. tempering, 
specimens A, B, and C have the highest and approxi- 
mately the same impact resistance. From the average 
figures obtained, A is very slightly above C, and C 
somewhat above B. Thereafter come specimens D, E, 
At 200 deg. C. tempering, 
C, B, D, and A have the highest and fairly equal 
impact resistance. The average figures for C, B, D, 








Specimen F has, on tempering at 300 deg. C., about the 
same impact resistance as the specimens A, B, and C 
in an untempered condition. 

Steel No. 2.—The steel was annealed according to the 
methods B, E, and F. The specimens were quenched 
from 755 deg. C. to 760 deg. C. and tempered to 150 deg., 
200 deg., 300 deg., 350 deg., 400 deg., and 450 deg. C. 

Bending Tests.—Specimens annealed according to 
method B possess, at all tempering temperatures, a 
considerably higher ultimate stress than specimens 
E and F, Annealing method E produces a somewhat 
higher ultimate stress than F, especially when tempering 
at 200 deg. C. and upwards. Specimen B attains the 


Fig. 16. IMPACT TEST. STEELS N°% 1,2,3,AND 4. RELATION BETWEEN IMPACT 


RESISTANCE, HARDENING TEMPERATURE , AND TEMPERING TEMPERATURE. 
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ultimate stress. Specimens with the surplus cementite | 
in coarse grains in network formation (annealing method | 
F) have, at all tempering temperatures, a considerably | 
lower ultimate stress than specimens with the cementite 
in a granular, spheroidised condition (B and E), and 
specimens with finer network of cementite (unannealed 
specimen A). By raising the tempering temperature | 
from 150 deg. C. to 200 deg. C. the unannealed specimens | 
A show a less increase of the ultimate stress than the 
annealed ones. Specimens B obtain their highest 
ultimate stress by tempering to 300 deg. C. to 350 deg. | 
C., and no increase of the ultimate stress occurs by 
raising the tempering temperature beyond that point. 
In the other specimens, A, E, and F, the ultimate 
stress is considerably increased by raising the tempering 
temperature from 300 deg. C. to 350 deg. C. 

Impact Tests.—For the untempered specimens, and 
those tempered at 150 deg. C. and 200 deg. C., fairly | 
even values have been obtained for the various specimens | 
treated in the same manner. At a tempering tempera- 
ture of 300 deg. C and above, on the other hand, great | 
variations have resulted, for which reason no safe | 


and A show that C attained the highest and A the 
lowest. E and F have lower values than the others, 
F being lower than E. At 300 deg. C tempering, the 


| specimens A, E, and F have considerably lower impact 


resistance than the specimens B, C, and D. At all 


|the tempering temperatures, specimens with fine- 


grained cementite have therefore a higher impact 
resistance than specimens with a coarser grained 
cementite, or with a coarse network of surplus cementite. 
Unannealed specimens with a fine network of surplus 
cementite have, in an untempered condition and 


| a condition as tempered at 150 deg. C., about the same 
|impact resistance as specimens with fine-grained 


cementite. By tempering at 150 deg. C. from an 


| untempered condition, (80 deg. C.) the impact resistance 
| in all specimens is increased about equally. By raising 


the tempering temperature from 150 deg. C. to 200 deg. 
C., the specimens B, C, and D increased most in strength, 
and after them E, A, and F in the order named. 
The specimens F, with a coarse network of surplus 
cementite, possess, at all tempering temperatures, con- 





siderably less impact resistance than the other specimens. 


highest ultimate stress by tempering at 300 deg. to 
350 deg. C., at which temperatures approximately the 
same ultimate stress is obtained. Specimens E and F 
do not reach the highest ultimate stress until tempered 
at 400 deg. C. In specimen B, no fracture occurs when 
tempered to a temperature of 350 deg. C. and beyond ; 
in specimens E and F fractures occur at all tempering 
temperatures. By tempering to 140 deg. C. (from 
untempered, 80 deg. C.) the ultimate stress in all 
specimens is increased about equally. By raising the 
tempering temperature from 150 deg. C. to 200 deg. C., 
the ultimate stress in specimen B is increased con- 
siderably more than in specimens E and F. 

Impact Tests.—Specimen B gives, at all tempering 
temperatures, a very much higher impact resistance 
than E and F, and specimen E a somewhat higher 
value than specimen F. When tempering at tempera- 
tures of from 300 deg. C. to 450 deg. C., the difference 
in impact resistance between E and F is greater than 
when tempering at a temperature below 300 deg. C. 
Specimens E and F have their impact resistance very 
slightly increased by tempering at a temperature below 











300 deg. C.; by tempering at 300 deg. C., they have 
about the same impact resistance as specimen B in an 
untempered condition. 


11Il.—The Influence of Hardening and Annealing 
Temperature upon the Mechanical Properties of the Steel. 
—For this investigation, four kinds of steel were used, 
marked Nos. 1, 2, 3 and 4, the two latter having the 
following analyses :— 




















—_ ae 
Steel. | Carbon. | Silicon, | Man | Pho 7 | Sulphur. 
| | ganese, phorus. | 
| Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. 
3 0-91 0-09 | 0-26 0-029 | 0-012 
| | | 
| 
4 0-59 | 0-05 | 0-31 | 0-028 0-022 





Steels Nos. 1 and 2 are the same steels as those used 
in the previously described tests of Series IJ. They 
were tested partly in a rolled unannealed condition A, | 
and partly annealed according to method B, as specified 
above. Steels Nos. 3 and 4 were subjected to anneal- 
ing at 800 deg. C. with subsequent free cooling in the | 
air before preparation of the specimens. All the | 
different kinds of steel were rolled into sheets of a 
thickness of 2-2 millimetres as in Series II. The! 
hardening temperatures used were 765 deg., 790 deg., | 
and 815 deg. C., and the tempering temperatures 
were 150 deg., 200 deg., 280 deg., 350 deg., and 400 
deg. C. The curves in Fig. 11, on page 310, show the 
relation which exists between ultimate stress in bending, 
hardening temperature, and tempering temperature. 

Tempering Temperature, 150 deg. C.—In all the steels | 
the ultimate stress drops as the quenching temperature | 
is raised. When the quenching temperature is raised 
from 765 deg. to 790 deg. C., the unannealed speci- | 
mens A of steels 1 and 2 display a greater diminution | 
in ultimate stress than the others. By raising the | 
quenching temperature from 765 deg. to 815 deg. C., | 
specimen A of steel 1 shows the greatest decrease in | 
ultimate stress. Of all the steels, No. 4 shows the | 
smallest decrease in ultimate stress. 

Tempering Temperature, 200 deg. C.—All the steels | 
tempered at 200 deg. C. show a smaller reduction in | 
ultimate stress due to raising the quenching temperature | 
than did those tempered at 150 deg. C. The annealed | 
specimens B of steels Nos. 1 and 2 show a less reduction | 
in ultimate stress than the unannealed A. 
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on the impact resistance, at higher tempering tem- 
peratures, is considerably less than in the case o 


the lower tempering temperatures. Some of the results | 
appear to indicate that, in some steels, the same and | 


even a greater impact resistance is obtained at a 
quenching temperature of 815 deg. C. than at one 
of 765 deg. C. 


After tempering, some of the specimens were polished | 


with emery paper, Hubert 1F, before testing, and 


compared with specimens not polished after tempering. | 


In this connection, in the bending tests, no difference 
in ultimate stress could be observed, while, on the 


other hand, in the impact tests with specimens tem- | 


pered at 150 deg. C. and 200 deg. C. throughout, 
a slightly greater impact resistance was obtained 
for the specimens that had been polished after tem- 
pering. 

Hardness Tests.—The results of hardness tests 
carried out with steel hardened at 765 deg. C. are 
summarised in the curves of Fig. 17. The average 
figures of several tests show that, with one and the 
same tempering temperature, (at 200 deg. C. and over), 
steel 1 (A) shows the greatest hardness of all those 
tested, after which, in descending degree, come 


1 (B), 2 (A), these two being almost alike, 2 (B), | 
3 and 4, in the order named. The unannealed specimens | 


of steels 1 and 2 thus appear, after hardening, to 
have a somewhat greater hardness than the annealed 
ones. There is comparatively little difference between 
steels 1 2, and 3, whereas, between these, on the 
one hand, and steel 4 on the other, there is a considerable 


| drop in hardness. 


The curves in Fig. 18 show the relation which 
exists between ultimate stress in bending, impact 
resistance and hardness in steels 1 (B), 2 (B), 3 and 4. 
In the case of hardness numbers (Rockwell) above 
55 to 56, steel 1 (B) has the highest ultimate stress 
of all on bending ; next to steel 1 (B) comes steel 2 (B). 
The difference in ultimate stress between the two steels 
is greatest when the hardness is greatest and decreases 
when the hardness decreases. With a hardness of 
about 57 to 55, the two steels show the same ultimate 
stress. Steels 3 and 4 have, with a hardness above 56, 
a considerably lower ultimate stress for bending 
than steels 1 (B) and 2 (B). With a hardness number 
of about 55, all the steels show about the same ultimate 
stress. With hardness numbers below about 55, the 


Steel 1 (A) | difference in ultimate stress between the various | 





shows the greatest reduction and steel 4 the smallest. | steels is very slight. Steel 1 (B) possesses, with the | 
Tempering Temperature, 400 deg. C.—Steel 1, in both | highest hardnesses, a higher impact resistance than | 
A and B conditions, shows a somewhat increased | the other steels. With the hardness number of about 62, 
ultimate stress, due to raising the quenching tempera- | steels ] (B) and 2 (B) show the same impact resistance, 
ture from 765 deg. to 815 deg. C. The other steels | and with a hardness figure between 62 and 60, 2 (B) 
show about the same ultimate stress with quenching | possesses a higher impact resistance than the other 
temperatures of 765 deg. and 815 deg. C. | steels. With a hardness number of about 63, steels 
In Fig. 12, page 311, are plotted the curves of the) 3 and 4 possess the same impact resistance; with 
deflection which occurred on loading and after unloading ! reduced hardness, steel 4 shows a greater impact 
in all the kinds of steel quenched from 815 deg. C. and | yesistance than steel 3. 
tempered at 400 deg. C. | Effect on the Bending Strength of the Rate of Cooling 


Impact Tests.—The curves in Fig. 16 show the rela- | after Tempering.—In carrying out some of the series | 


tion which exists between impact resistance, hardening | of tests it was found that, with tempering temperatures 
temperatures, and tempering temperatures. | of 250 deg. C. and 300 deg. C., very irregular values 
Tempering Temperature, 150 deg. C.—On increasing | were obtained for various specimens which had, to all 
the quenching temperature, the impact resistance of appearances, been treated in the same manner. On a 
all the steels is reduced. Steel 1, in unannealed | ¢joser observation, it was found that the rate of cooling 
condition A, has its impact resistance reduced more | after tempering greatly influenced the results of the 
than the others. The impact resistance of steel 4 bending tests. For this reason, an investigation was 
is reduced least of all by raising the quenching tem-| made of the influence exercised by two different 
perature, — methods of cooling upon the ultimate stress in the 
Tempering Temperature, 200 deg. C.—In all the, bending tests. The cooling methods used were :— 
steels there occurs a greater drop in the impact | (a) Cooling in the air immediately above the tem- 
resistance by raising the quenching temperature than pering furnace, where the temperature was about 
with tempering at 150 deg. C. Steel 3 has its impact | 39 deg. C. to 40 deg. C. 
resistance reduced least of all by raising the quencning (b) Immediately after tempering the specimens were 
temperature from 765 deg. C. to 815 deg C. The same | plunged into benzene and allowed to cool completely 
steel has, however, at each of the quenching tem- ‘sf 
peratures used, a considerably lower impact resistance | T 
than all the others. Steel 3 has, at a quenching 
temperature of 765 deg. C., a lower impact resistance | 


ABLE X,—Influence on the Bending Strength of Velocity 
of Cooling after Tempering. Quenching Temperature, 
765 deg. C, Tempering Temperature, 300 deg. C, 

















than that which steel 2 (B), for example, possesses on | ry Cooled i 
quenching from 815 deg. C. | set tes poy iol 
Tempering Temperature, 280 deg. C.—In all the Tempering Tempering 
steels tempered at 280 deg., a greater drop in the | 2 ‘ Temperature. | Temperature. 

impact resistance is produced by raising the quenching | steel No. | Poesia Pero | Ferme 
temperature from 765 deg. C. to 815 deg. C. than in those | ; Total ° Total 
tempered at 150 deg. C. and 200 deg. C. and quenched | Kilogrammes. | Kilogrammes. 
under the same conditions. Steel 3 is again the one | — Pieeeg ta 
which shows, with this tempering, (at 280 deg.), the | i ANAS: 
least drop in impact resistance due to raising the | 

quenching temperature. By raising the quenching | 1 A 103 151 
temperature from 765 deg. C. to 815 deg. C., there | i : = a 
occurs, at all tempering temperatures, the greatest 2 B 102 154 
drop per cent. in steel 1 (A), and the least drop per | 3 _ 80 140 
cent. in steel 4 (150 deg. C. and 200 deg. C. tempering). | ‘ me - 187 

As previously mentioned, very irregular values were | 

obtained at the higher tempering temperatures for | whilst being stirred. By the dissolution of the oil in 


the different specimens subjected to similar treatment, the benzene very rapid cooling tool place. 

for which reason it is impossible to draw a definite | In the tests of both Series II and III, the specimens, 
conclusion from these results. Nevertheless, it is | after tempering, were cooled in air at about 18 deg. C., 
apparent that the effect of the quenching temperature | under motion, producing a rate of cooling lying between 
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(a) and (6). The results obtained by the cooling 


f | methods (a) and (b) are given in Table X, from which 


it is apparent that the more rapid cooling in benzene 
produces considerably lower ultimate stresses through- 
| out than the slower air-cooling process. The greatest 
difference, on an average, occurred with steel 3, and the 
smallest with steel 4. This remarkable state of things 
will be more thoroughly investigated at different 
tempering temperatures. 





THE ANIDO SLIDE RULE. 


Ovr attention has recently been drawn to a new form 
of slide rule which has been patented by Mr. A. J. 
Anido, 60, Chancery lane, W.C.2, for facilitating 
calculations involving the use of fractional or integral 
|indices, or the trigonometrical functions, without 
interfering in any way with its use for ordinary arith- 
metical work. The rule is of the usual 10 in. form 
| with the ordinary logarithmic scales, commonly referred 
to as the A, B, C, and D scales, on the front face, 
| but, in addition, two uniformly-divided scales are 
| provided, also in the front face, on the upper and lower 
|edges, respectively. These scales give the mantissa of 


‘the logarithms of the numbers on the D scale, t'12 
| upper scale, which reads from left to right, being used 
|for numbers greater than unity and the lower scale, 
| reading from right to left, being used for numbers less 
jthan unity. The logarithms of the latter are, of 
| course, negative quantities and are usually obtained by 
| subtracting the positive mantissa, obtained from a 
| table, from a negative characteristic, but the use of the 
| scale reading from right to left avoids the necessity for 
the subtraction process, and gives the negative logarithm 
| directly for a number immediately preceded by a deci- 
|mal point. For smaller numbers it is only necessary to 
|include a negative characteristic equal to the number 
| of ciphers between the number and the decimal point. 
| Having determined the logarithm in this way, the 
| necessary operations on it can be carried out on the 
| ordinary scales of the rule, and by setting the mantissa 
| of the logarithm so obtained on the appropriate uniform 
'scale, the antilogarithm can be read on the D scale, 
| the position of the decimal point being fixed from a 
| knowledge of the characteristic. The degree of accuracy 
|obtainable would appear to be sufficient for most 
|ordinary engineering calculations and the method is 
certainly rapid and simple. 

The uniformly-divided scales are also employed to 

| give the cosines and sines of angles which can be read to 
|a higher degree of accuracy than is possible on an 
|ordinary slide rule, owing to the fact that since the 
| angles are set on a uniform scale, instead of on a loga- 
| rithmic scale, the trigonometric scales are much less 
| crowded at their ends. A scale of tangents, similarly 
| arranged to that on an ordinary slide rule, is provided, 
|and there is also a scale on the back of the slider 
which gives the Napierian logarithms of the numbers 
|on the D scale. A considerable number of conversion 
| factors are also marked on the back of the slider, and 
| these are used in conjunction with the C and D scales 
/on the front of the rule. In each case it is clearly indi- 
|cated whether or not the conversion necessitates an 
| alteration in the number of digits or a movement of 
| the decimal point. The user can, of course, add any 
lother conversion factor he may require for special 
| purposes, 
Finally we may mention the provision of a paper 
| scale of logarithms which fits into grooves at the back 
lof the rule, and is intended to facilitate logarithmic 
| plotting without the use of logarithmically-ruled paper 
or a table of logarithms. The rules, we are informed, 
}are manufactured in London and are obtainable from 
| the address given above. 





| ‘TRIALS OF THE S.S. 


} “Ex Amir Farovg.’’—The twin- 
| screw steamer El Amir Farouq, which has been built 
| by Messrs. R. and W. Hawthorn Leslie and Co., Limited, 
| Hebburn-on-Tyne, to the order of the Coastguard and 
| Fisheries Service of the Egyptian Government, recently 
ran successful trials at sea, attaining a speed of 17} knots. 
The vessel was described in our issue of June 25 last, 


on page 752. 





SectionaL CHart or a Locomorive.—We received 
recently from the Locomotive Publishing Company, 
Limited, 3, Amen Corner, London, E.C.4, a coloured 
sectional chart of a L.M. and S. Railway 0-6-0, Class 4, 
goods tender locomotive. Four large-scale sections of 
the locomotive are given and each component part of 
the mechanism bears a reference number; @& list of 
these numbers, and the name of the part to which they 
refer, is printed on the chart. The four drawings are 
very clearly and neatly printed, and the various metals 
and alloys used in the construction of the locomotive 
are given in contrasting colours. The work has been 
executed in such a manner that the functions of the 
|component parts will be more easily understood by 





| non-technical persons, to whom an. ordinary engineerin 
| drawing would prove confusing. The chart, unfolded, 
| measures 33 in. by 22 in., and the price is ls. 6d 
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THE IRON AND STEEL INSTITUTE. 
(Concluded from page 303.) 
SprinG STEELS. 


Tue third paper, taken on August 28, was en- 
titled ‘*The Mechanical Properties of Four Heat- 
Treated Spring Steels.” It was by Mr. G. A. 
Hankins, Professor D. Hanson, and Miss G. W. Ford, 
and was read in abstract by Dr. W. H. Hatfield, 
who stated that the present investigation had been 
undertaken at the National Physical Laboratory as 
part of a systematic study of the mechanical pro- 
perties of steels commonly used in spring manuv- | 
facture. The materials used consisted of two 
straight carbon steels containing 0-6 and 0-8 per 
cent. of carbon, respectively, a silico-manganese, | 
and a chrome-vanadium spring steel; all were 





appeared to be discrepancies between the hardening 
results obtained from the 0-60 per cent. carbon steel 
and those obtained from the 0-80 per cent. carbon 
steel. He could not understand why the 0-80 per 
cent. carbon steel would not harden properly On the 


other hand, these discrepancies might be the result 


| they were made. 


typical high-grade steels supplied by leading firms | 


of steel makers. The critical range of each steel 
was examined by thermal curves and by the micro- 
scopic examination of quenched specimens. A series 
of specimens of plate, 3 in. long, was hardened by 
suitable quenching, and tempered, one at each of 
a series of temperatures extending over the normal 
tempering range. The Brinell hardness of these 


|it to the results obtained in the paper. 


|of the somewhat unusual hardening treatments 
|employed for these steels. 


An ultimate stress of 
112 tons per square inch, obtained from a 0-60 
per cent. carbon steel, oil-quenched from 950 deg. C. 
and tempered at 400 deg. C., was, he thought, 
extraordinarily high. : 

Mr. C. E. Stromeyer drew attention to the fatigue 
limits obtained by the authors. It was quite 


|evident that springs must not be stressed to the 


limit of proportionality of the material from which 
He had worked out a method of 
estimating the endurance limit and had applied 
His figure 


| was considerably lower than that of the authors. 
|Their figure for a 0-6 per cent. carbon steel, oil- 
| quenched from 950 deg. C. and tempered at 400 deg., 


was 47 tons per square inch ; his figure was only 


43. He usually found that his results worked out 


tempered specimens was measured, and, from these | 
results, suitable tempering temperatures for each | 


steel were determined. For hardening, 
considered desirable to fix such conditions of 


it was | 


temperature, quenching medium, &c., as would | 
‘less than two-thirds of the limit of proportionality. 


give a completely martensitic structure possessing 
as high a Brinell number as possible, but without 
causing cracks to form during or after quenching. 


Tensile, rotating cantilever, Izod impact, and | 
‘highly interesting, and valuable indications would 


complete torsion tests were carried out on the 
hardened and tempered materials. 
cent. carbon steel, oil-quenched from 950 deg. C., 
and tempered at 400 deg. C., gave an ultimate 
strength of over 100 tons per square inch, and an 


and elongation values were inferior to those of the 
alloy steels. The 0-8 per cent. carbon steel, oil- 
quenched from 900 deg. C., and tempered at 500 
deg. C., gave an ultimate stress of over 80 tons per 
square inch, and an estimated fatigue limit of + 40 
tons per square inch, at a Brinell number of 377. 
This steel, however, could not be properly hardened 
in oil, even by quenching from 950 deg. C., and hence 


small. The limits of proportionality, both in 
tension and in torsion, were distinctly low, but 


The 0-6 per | 


at about two-thirds of the figure for the limit of 
proportionality. In the case of the chrome- 
vanadium steel, his estimated endurance limit was 
again below that of the authors. They gave 45 tons 
per square inch, whereas his figure was only 39. 
In the case of this steel, his endurance limit was 


Mr. A. Hultgren said that the authors had promised 
to carry out tests on the materials in the form of 
complete springs. These would, he thought, be 


be obtained from tests carried out under service 


| conditions. 


At the conclusion of the discussion, Dr. W. H. 


‘ . | Hatfield stated that the authors would reply in 
estimated fatigue limit of + 47 tons per square inch | 
at a Brinell number of 450. The corresponding Izod | 


writing. He would like, however, to make a few 
observations. In answer to Mr. Saniter, he wished 
to point out that the authors had stated that all the 
steels they had used were typical high-grade steels 
supplied by leading firms of steel makers. There 
was no doubt that material containing low per- 
centages of impurities could be made by electro- 
metallurgical methods. He thought that the 
authors would have no difficulty in explaining 


| the differences in the behaviour of the 0-60 per cent. 
the effect of tempering, up to 500 deg. C., was very | 


and 0-80 per cent. carbon steels. For one thing, 


| the manganese content, in the one case, was about 


0-3 per cent. and in the other 0:8 per cent. He 


the fatigue limits were not inferior to the other | thought the authors would be pleased to have 
steels of the same hardness. The silico-manganese | Mr, Stromeyer’s observations relative to the 
steel, oil-quenched from 950 deg. C., and tempered | 


at 450 deg. C., gave an ultimate stress in the neigh- 
bourhood of 110 tons per square inch, and an 
estimated fatigue limit of + 47-8 tons per square 
inch, at a Brinell hardness of 470. Tests were also 
carried out on the water-quenched material, and, in 
general, this appeared to be slightly superior to 
the oil-quenched steel. The chrome-vanadium 
steel, oil-quenched from 850 deg. C., and tempered 
at 400 deg. C., gave ultimate stress figures of over 
110 tons per square inch, and an estimated fatigue 
limit of + 47 tons per square inch, at a Brinell 
hardness number of 516. The Izod values of this 
material were distinctly superior to those of the 
other steels. 

In opening the discussion, Mr. E. H. Saniter 
referred to the analyses of the steels given in the 
paper. The materials were of such extreme purity 
that he did not consider them representative of spring 
steels in general. The steels were, in fact, so pure that 
he doubted some of the analyses given. He had 
rarely come across a British steel containing less 
than 0-010 per cent. of sulphur, yet the 0-60 per 
cent. carbon steel used in the investigation appeared 
to contain only 0-007 per cent. Again, the chrome- 
vanadium steel was stated to contain a trace 
of sulphur. The 0-60 per cent. carbon steel had 
been heated to 950 deg. C. and quenched in oil. 
A spring-maker, he thought, would not attempt | 
to quench a steel of that kind in oil, and would not | 
like to heat such a steel to a temperature of 950 deg. | 
in order to harden it. Furthermore, he would like | 
to know the kind of oil which had been employed, 
as the viscosity of the quenching medium had an | 


important bearing on the result obtained. There | steel between 650 deg. C. 


endurance limits of the materials employed. The 
hardening temperatures were indeed high, but the 
authors were conducting a research; they were, 
therefore, fully entitled to explore the whole 


| ground. 


Professor Benedicks here stated that he was 
sorry that, owing to lack of time, Mr. F. Adccck’s 
paper on the “ Effect of Nitrogen on Chromium 
and Iron-Chromium Alloys’ had not been read 
on the previous day. It was a very thorough 
investigation which reflected great credit on its 
author and on the National Physical Laboratory, 
where the investigation had taken place. As this 
contribution is of considerable interest, we repro- 
duced it, abridged, on page 308 of our last issue. 


CARBURISATION AND DECARBURISATION. 


The fourth and last contribution considered at 
the Stockholm meeting was by Professor A. 
Johansson and Mr. R. von Seth. It was 
entitled ‘‘ The Carburisation and Decarburisation 
of Iron and Some Investigations on the Surface 
Decarburisation of Steel,’ and was read in abstract 
by Professor Johansson. The authors determined 


\the equilibria of the reaction 3Fe -+- 2CO ~~ 


Fe,C + CO,, between 700 deg. and 1,100 deg. C., 
and the paper contained theoretical considerations 
on the subject. The equilibria of the reaction 
Fe,C + 2H,~_, 3Fe + CH, were diagrammatically 
presented, and the results of a series of experiments 
on the decarburising action of pure dry hydrogen 
were given. The results of another series of 
experiments on the surface decarburisation of 
and 1,100 deg. C., on 





heating in different gas mixtures, were also briefly 
discussed. We intend to reproduce this paper in 
a forthcoming issue. 

Professor Benedicks stated that Schenk had carried 
out a lot of work in this direction, but much of it 
was difficult, and some almost impossible to 
understand. It was not easy to give a clear ex- 
planation of the results obtained. The paper 
now presented was clearer than any of the previous 
works which had dealt with this class of subject. 

Dr. A. McCance agreed that the experimental 
difficulties were very great, and that the inter- 
pretation of the results obtained was no less difficult. 
He would, however, like to offer an alternative 
explanation for some of the results which had 
been obtained. In connection with the upward 
tendency of the curve relative to the decarburisa- 
tion of steel at 710 deg. C., theoretically that 
curve should be a_ horizontal line, but as the 
carbon contents of the steels were lowered, the 
curve tended upwards. An alternative reaction 
might be at work. It might be that the decar- 
burisation was not due to the solid oxide on the 
surface of the steel, but might be due to the 
oxide dissolved in the steel itself. This would 
explain the upward tendency of the curve, 
and was a point which the authors had not taken 
into account. He hoped they would examine this 
in detail at a later date. 

The other papers on the list were taken as 
read, and the Chairman thanked all the authors 
for their contributions. Votes of thanks to Jern- 
kontoret, to the Swedish Society of Engineers and 
Architects, to the Stockholm City Council, and 
to the Board of the Palace of the Nobility, for the 
accommodation which they had kindly afforded 
for the meeting, and to the Chairman, concluded 
the proceedings. 


Visits, Excursions, &c. 


On Saturday afternoon, visits were paid to 
the Government Testing Institute, the Metal- 
lographic Institute, and the Royal Technical 
University. At the first institution, the guests 
were received and shown over the building by 
Professor J. Roos af Hjelmsiter. Professor C. 
Benedicks acted as host at the Metallographic 
Institute, and Professor W. Petersson, Dean of. the 
Faculty of Mining and Metallurgy, received the 
guests at the Royal Technical University. On 
Saturday evening, members were the guests of 
the Municipality of Stockholm, and assembled 
in the beautiful Stadshuset (City Hall), where a 
banquet was given. Mr. A. Cederborg, Chairman of 
the City Council, presided, and proposed the toast 
to the Iron and Steel Institute. In the course of 
his address, he paid a tribute to the work done by 
the Institute during the past six decades. That 
work, he said, had benefited the whole of mankind. 
Sir Peter Rylands responded, and Sir Hugh Bell 
also replied on behalf of the Institute. After the 
dinner, which took place in the Gyllene Salen 
(Golden Hall), a dance was held in the Bla Hallen 
(Blue Hall). On Sunday, August 29, at the invita- 
tion of Mr. A. S. W. Odelberg, managing director 
of the Gustafsberg Porcelain Works, an excursion 
by steamer was made among the islands, and a short 
visit paid to the collections of porcelain at Gustafs- 
berg. Lunch was served on board, and a return was 
made to Stockholm, by train, in the early afternoon. 

Late on Sunday evening, members left Stockholm 
in two parties for the purpose of visiting works 
and mines in Central Sweden. Sleeping cars 
were provided, and these were at the disposal 
of the members throughout the trip. The first 
party proceeded to Gringesberg. Breakfast was 
served the next morning at the Gringesberg- 
Oxelésund Company, and the mines were visited. 
At 11 a.m. the visitors proceeded to Domnarfvet 
to inspect the works of the Stora Kopparbergs 
Bergslags Company, who kindly provided luncheon. 
In the afternoon, the guests left for Falun to visit 
the mining museum and mines. The dinner, at 
7 p.m., was by kind invitation of the Stora Koppar- 
bergs Bergslags Company. The next day, Tuesday, 
August 31, was spent at Hofors, Sandviken and 
Givle. The Hofors and the Sandviken steel 
works were visited, and lunch was provided 
by the Sandviken Company. On Wednesday 
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THE TANSA COMPLETION WORKS; 








Fig. 1. 


Dam at TANSA LAKE. 


BOMBAY. 











OvTLET WELL; Tansa LAKE 








September 1, the members proceeded to Alvkarled 


Fig. 3. CoMMENCEMENT OF Pipe LINE. 


conspicuous on every occasion, and rendered the 


to visit the power station and see the waterfalls.| stay of the English visitors in Stockholm most 
The guests left later for Dannemora, where the | enjoyable. 
mines of the Gimo-Osterby Bruks A.B. were visited. | 


The return to Stockholm was made the same | THE TANSA COMPLETION WORKS. 


evening. 


August 30. They afterwards 
Degerfors, and visited the works there. 


| 


on they left for Bofors and inspected the Bofors | 


was 
afternoon 


Lunch 
In the 


Steel and Gun Works. 


by the Bofors Company. the 


provided | 


guests proceeded to Hiillefors and visited the | 


works there; they were afterwards entertained to 


dinner by the Hiillefors Company, and subsequently | 
proceeded to Karlstad. On Tuesday, August 31, | 
a visit was paid to Skogshall, and lunch was pro- | 


vided at Uddeholm by invitation of the Uddeholm 
Company. MHagfors and Filipstad were visited, 


and, at dinner, members were again the guests | 


of the Uddeholm Company. 
to Fagersta on Wednesday, September 1. 
lunch, which was provided by the Fagersta 
Company, the steel works were visited. The 
party then returned to Stockholm during the 
afternoon. 

The Stockholm 
largely owing to 


The party proceeded 


meeting was very successful, 
the indefatigable efforts of 
The hearty and cour- 
Swedish people was 


the Reception Committee. 
hospitality 


teous of the 


After | 





' In our issues of March 7 and October 17, 1924, | 

The second party left Stockholm on Sunday | we dealt with the pipe line 
and arrived at Laxa the next morning, Monday,| Bombay for the water supply of that city, describ- | 
proceeded t0| jing somewhat fully in the latter article the methods 
Later|by which the lengths for the 116 miles of pipe | 
involved were made in the special works erected | 


from Lake Tansa to 


for that purpose at Mulund by the contractors, 


Messrs. William Braithwaite and Co. (Engineers), | 
Limited, London, and also the manner in which | 


they were assembled on the site. The whole under- 
taking, known as the Tansa Completion Works, is 
now virtually finished, and we believe that a brief 
account of it will be of interest, involving, as the 
scheme does, what is probably the longest pipe line 
of its kind and the longest masonry dam in the 
world. Fig. ] is a view of the source of supply, Lake 
Tansa. Fig. 2 shows the outlet well, while Fig. 3, 
with the outlet well in the extreme left-hand corner, 
shows the double pipes as they start their long 
course of 55 miles to Bombay. Fig. 4 shows the 
Kasheli South Bridge, carrying the pipe line. 

It will be understood that the dam appearing in 
Fig. 1 is not a completely new structure. As a matter 
of fact, the Lake Tansa scheme was planned as far 
back as the year 1872, with a view to the future 
needs of Bombay, and, as first carried out, the works 





were opened in 1892. The available supply was 
then 18,600 million gallons, with a daily supply of 


| 21 million gallons, and the water was conveyed to 


the city partly through a single cast-iron pipe 4 ft. 


'in diameter, and partly through an aqueduct of 


fod 


rubble masonry, 7 ft. by 6 ft. in cross-section, 
according to the suitability of either method to the 
particular locality traversed. At that time the 
dam was 9,800 ft. long by 135 ft. high at its highest 
point, with a waste weir of 2,000 ft. long at the 
south end. By about 1912, the demand for water 
had outgrown the supply and extensions were started 
in that year, and completed in 1915, by which the 
dam was raised by nearly 10 ft., increasing the avail- 
able capacity to 29,041 million gallons. The pipe 
line was duplicated at the same time, the daily supply 
being 49 million gallons. 

It was not long, however, before even this big 


‘increase proved insufficient, and consideration of 
'the works now described was begun in 1920. 


By 
the middle of 1922, the dam had been raised by 
about another 6 ft., which enabled the fullest pos- 
sible use to be made of the catchment area and 
increased the available capacity of the lake to 
35,000 million gallons. The contractors for this 
part of the work were Messrs. Teju Kaya and Co. 
With the exception of a short portion at the south 


‘end, the dam is straight, and, as will be seen from 


Fig. 2, is built of rubble masonry. The outlet well, 
the interior of which is seen in Fig. 2, was con- 
structed by Messrs. The Deccan Land and Building 
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Fie. 4. KasHeti South Bripar Over BASssEIN CREEK. 


| and laid. The assembly included the fitting of over 
struction of the dam. The increased capacity of the | 500 expansion joints, air valves at all summits, 
lake thus deepened makes possible a daily supply | sluice valves at all troughs, and Blakeborough sluice 
of 90 million gallons. With this increase in the | valves at intervals of about 4 miles, the whole form- 
daily supply, even the duplicated pipe line, pre-| ing an achievement on which Messrs. Braithwaite, 
wae soleaced to, was unable to ya and the| and Messrs. The Tata Construction Company, the 
Tansa Completion Works, providing an entirely new | firm responsible for the earthworks and cuttings, 
pipe line, were put in hand. | may be deservedly congratulated. Fig. 3 shows the 
This consists of two pipes 6 ft. in diameter, from | start of the pipe line. Much of it passes through 
Tansa Lake to Powai, a distance of 41 miles. From jungle, and rock, sand, and clay were met with. The 
thence to the city three pipes are provided, one 5 ft. | total excavation amounted to 72,000,000 cub. ft. 
in diameter, connecting with the old 4-ft. mains in} The pipe line, however, interesting as it is, is not 
Bombay, and the other two 4 ft. 9 in. in diameter, | the only part of the works deserving notice. A 
the change of section being necessary for reasons | number of bridges had to be constructed to carry it, 
connected with pressure regulation. This new pipe | of which the two more important are those crossing 
— will — of : — to sg of yo million | on mere creek a the ben - ne 
gallons without further addition or alteration, | these bridges were also constructe y Messrs. 
though, when the growth of the city demands this, | Braithwaite, and we have selected the Kasheli South 
the dam will have to be further raised and the lake | Bridge for description as being the largest. A 
feeders augmented by the monsoon water from a | general view of it is reproduced in Fig. 4. It has a 
river in a higher adjoining valley, which water | total length of 1,800 ft. 6 in., with 13 spans each 
would be conveyed to the lake by a tunnel through | 138 ft. 6 in. from centre to centre of piers. As will 
the intervening hill. It is estimated that the| be seen, the spans are formed of two main girders 
population of Bombay will be about 1-75 millions | with cantilever brackets on each side. The girders 
in 1935, and, taking the rate of consumption at its | are 36 ft. apart, _— to centre. — npr a 
present figure of 78 gallons per,head per day, it will | them is designe to carry a roadway t. wide, 
be seen that the pipe line will handle an adequate | which, by making a diversion of the Bombay-Agra 


Company, and was completed shortly after the recon- 











supply for at least a generation. 
As described in the articles referred to in our | 
opening sentence, the pipes were rolled, riveted, &c., | 
in lengths at a works in India set up for that purpose, | 
and the lengths riveted up on the site. This novel | 
method of handling effected enormous savings both | 
in cost and time. As regards the latter, the first | 
six lengths of pipe were despatched from the works 
in April, 1923, and in August, 1925, the President 
of the Bombay Corporation, Mr. Joseph Baptista, | 
turned on the water to the city. During this period | 
of thirty-one months, 104 miles of pipes were made | 


| road, shortens that route by 14 miles. 


Besides the 
roadway, there is a 2-ft. 6-in. gauge light railway, 
which will carry a locomotive weighing 16 tons, and 
provision is made for a pipe line of 6 ft. in diameter 
should this be required in the future. The two 
existing pipes are carried on the cantilever exten- 
sions, one each side of the bridge, and are visible in 
the figure. A timber footpath, 4 ft. wide, is carried 
alongside the pipe. The total width of the bridge 
is 62 ft. 

The piers, of reinforced concrete, with bracing 


between each pair, are 8 ft. in diameter, and are | 





carried on steel caissons 14 ft. in diameter by } in. 
thick, lined with concrete 3 ft. 6 in. thick. The 
caissons are bedded on the solid rock below the 
river bottom, the maximum depth sunk through 
the ground being 60 ft. The maximum depth of 
water at high tide is 29 ft., and the rise and fall 
is 14 ft. at spring tides. The caissons were sunk 
from a framework carried on two barges, and 
provided with lowering winches. Each caisson 
was slung from the framework in a deep part of 
the river and built up in sections as it was sunk 
until the appropriate approximate length to touch 
the bottom was reached. The barges were then 
moored in the correct position for the pier concerned, 
and, after the caisson had been lowered until the 
cutting edge rested on the ground, further sinking 
was obtained by grab excavation by the cranes on 
the barges, sections being added as it sank. The 
sections were 7 ft. 7 in. deep. On completion of 
a sinking the dredging cavity of the caisson was 
filled with sand having a plug of solid concrete 
top and bottom. The spans were erected from a 
service span, which, when in use, rested on the 
tops of the caissons. It was floated into position 
on barges and automatically lowered on to the 
caissons as the tide ebbed. Its weight was 75 tons. 
A 5-ton crane was provided for handling the cross 
girders, &c. The weight of each main span is 
about 250 tons. The points of contact with the 
pier bearings are clearly visible in Fig. 4. 

The bridge was completed in about eighteen 
months from the sinking of the first caisson, the 
last rivet being driven by the Municipal Com- 
missioner, Mr. H. B. Clayton, C.I.E., on June 3, 
1925. The approach roads are being constructed 
by the Government. 

The remaining part of the scheme, to which 
brief reference may be made, concerns treatment of 
the water. The temperature of Lake Tansa varies 
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and a definite formula can be established suitable 
for all pitches. In the third system, the necessity 
for taking the nearest standard number for both 
numerator and denominator of the composite 
pitch number means that the ratio of circular pitch to 
the other main dimensions is not always the same ; 
hence, a separate set of figures must be arrived at 
for each pitch. The Fellows Gear Company, who 
use this system, have issued a table for their smaller 
pitch sizes. This table gives the ratio of the strength 
of each composite pitch to the strength of the 
standard pitch having the same measurements along 
the pitch circle. This ratio is based on the relative 
strengths to resist bending moments, but overlooks 
the alteration in radial thrust and in the area to 
resist this thrust. 

The first two systems only are considered in the 
following calculations. The assumptions are the 


from 73 deg. F. to 92 deg. F., and the maximum 
rainfall is 133 in. These conditions are favourable 
to growths in the pipes not harmful in themselves, 
but objectionable in several ways. Chlorination of 
the water is consequently arranged for, the apparatus 
having been supplied by Messrs. The Paterson 
Engineering Company, Limited, of London. The 
pipes are coated internally, throughout their full 
length, with Bowranite. 

The total cost sanctioned for the execution of 
the Tansa Completion Works is approximately 3? 
million pounds sterling, 7.¢e., Rs. 5,48,02,514, of 
which the Government contributed Rs. 13,00,000 
as its share in the cost of the roadway over the 
Kasheli_ bridges. The Bombay Municipality 
appointed Mr. H. J. Trivess Smith, M.Inst.C.E., 
M.I.Mech.E., as Special Engineer for the scheme. 
Mr. A. MacDonald Clark was Consulting Engineer 
to the Municipality for the Kasheli bridges, the 
contractors’ consulting engineers being Messrs. 
Rendel, Palmer and Tritton, of Westminster. 








THE STRENGTH OF STUB TEETH. 
By W. E. Wricut, B.Sc. 

THE form of spur gear tooth almost universally 
adopted by engineers is the Brown and Sharpe 
involute shape. The angle of contact was first 
fixed at 15 deg.. but it was noticed that an 
angle of 14} deg. could be easily set down, since its 
sine is almost exactly one-quarter, and 14} deg. is 
now the accepted standard. Calculations of the 
strength of gear teeth of this form have been 
standardised by the admirable formule established 
by Mr. Wilfred Lewis, generally known as_ the 
Lewis formule. 

Within recent years, however, a new form of tooth 
has been gaining favour. The use of this—the 
stub tooth—was at first mainly confined to motor- 
car engineers, but its obvious advantages have been 
realised by others. Year by year the Brown and | 
Sharpe standard tooth is being displaced and one 
or other of the varieties of stub tooth forms adopted 
in its stead. The main features of the stub tooth | 
are that the addendum and dedendum are smaller 
than those of the B. and S. standard, while the 
angle of contact is greater (20 deg. instead of 14} 
deg.). 

The effect of these changes is shown in Fig. 1, the | 
example chosen being a wheel of 38 teeth. It will 
be seen that the bending moment due to the load 
on the Brown and Sharpe standard tooth (shown 
dotted) about the section X? Y! is greater than the 
B.M. due to the same load on the stub tooth about 
the section XY. Moreover, the depth XY is 
greater than the depth X'Y!; hence, the stub | 
tooth form provides a stronger cantilever to resist | 
a smaller bending moment. It follows that, in| 
designing a spur wheel to carry a given load, we may | 
either adopt a smaller pitch of teeth or a smaller 
width of face, or perhaps a combination of the two | 
economies. A further advantage is that the period | 
of contact is greater for the angle of 20 deg., thereby | 
providing smoother running and better wearing | same as those adopted by Mr. Lewis. The pitch 
conditions. Up till the present time, there appears | circles of two spur wheels in gear, touching at the 
to have been no official research to give a/| pitch point P, are shown in Fig. 2. The action is 
numerical value to the saving effected by the use| analogous to the unwinding of a cord from the base 
of the 20-deg. stub tooth. Having gone carefully | circle of the larger wheel along the common tangent 
into this matter, the writer proposes to furnish| BA, and winding on to the base circle of the smaller 
some data on this point. | wheel. The point of contact between two teeth is 

There are three principal systems of measurements always at some point on AB, and the profile of each 
of stub teeth in vogue. In all cases, measurements | toyth is normal to AB at the point of contact. The 
along the pitch circle are unaltered. 


| 
| 
| 
| 
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For system | Joad is transmitted along the line of contact, and is 
No. 1, the addendum is reduced to 0-25 times the cir- | supposed to be all applied on one tooth. The greatest 
cular pitch and the dedendum to 0-30 times the cir- | 
cular pitch. System No. 2 has :ts addendum equal to | 
0°875 divided by the diametric pitch (or 0°2785 times | 
the circular pitch) while the dedendum is 0-3285 | 
times the circular pitch. Both these systems have | yy.) 
a clearance of 0-05 times the circular pitch, the same | 
as for the Brown and Sharpe standard. The third | 
system involves the use of a composite pitch number. | since 
For instance, No. } pitch indicates a pitch having | 
measurements along the pitch circle, equivalent to | 
No. 3 diametric pitch, while the addendum and 
dedendum are the same as for No. 4 diametric pitch. | 
All three systems have a contact angle of 20 deg. | 
In the first two systems, the circular pitch bears | L‘M, drawn through the corner A of the tooth and 


point of a tooth. Let 

L_ = load on teeth at radius of pitch circle, and 
L! = corresponding load at radius of base circle. 
, 


radius of base cire 
"2 circle cos 20° 








radius of pitch circle 


ts: 
cos 20°" 
L 


*, load along AB = ——_., 
cos 20° 


a constant ratio to the other principal dimensions, | tangential to the base circle, cuts GN at B. The 


stress will occur when the load is on the extreme 


In Fig. 3, GN is the centre line of the tooth profile ; | 


| dotted parabola of uniform strength CBD touches 
the profileatC and D. Thesection CD is the weakest 
section of the tooth to resist bending. The line of 

| contact L1'M makes an angle of 90 deg. — 6 with 

| the centre line GN. Join BC and draw CG at right 

|} angles to BC. Now let 

| F = width of face, 

| The bending moment at section CED due to 


|load L? at L! B 
| = Llcos@ x BE. 














a i 1 . 
The modulus of section = é x F x CD? 
4 
= 2 xFxCE 
| = 2F x C E2 
| 3 
: ‘ 
, Stress Sl = oa - L - 6x BE 
== x CE 
| 
| 
| it li 3 .co03 0 se BE 1) 
| F 2 CE 
| But 
| . BE 1 
| BE x EG =CE2 = 
| C Ee EG 
steneee aL ‘. P a of (23 





Li /3 cos :) 
F ( 2EG) ° 
The component of L! in direction of radius N G 
= L' sin 0. 
The stress 8, due to direct thrust 











— L'sin dé 
FxCD 
Li sin @ 
we ee 3) 
F 2CE ( 
The total stress 8S, + 8, 
~ 1/3 cos 6 sin 6 ) (4) 
F ( 2EG ' 2CK/" : 


Find the point H in L‘M such that HK, drawn at 
right angles to GN, is equal to EG, 











then 
HK 

cos@  cos@ HB _ 1 
EG . HK HK :HB 

Next draw CN perpendicular to LM. 
Then CNG=6 
and CE 

sin @ CN 1 


CE CE ON 


| Hence the equation (4) may be written 
| 


ye : Li 3 : 1 _ 
S = total stress = — (_—__ + —__ }.. (5 
F \2HB 2CN 


Now, for a wheel having a given number of teeth, 
|the angle @ is constant for all pitches and the 
dimensions HB and CN are then directly proportional 
to the pitch. 
3 1 Bea 
2HB a on) may be written a: 
where X is a constant depending on the number 


The expression ( 
|X 
P 
of teeth in the wheel, and P is the circular pitch. 
To find X, consider a wheel of 1 in. circular pitch- 








| 
| then \ ne ee ee 
l , 2HB " ON 
.. formula (5) becomes 
S = Li x x 
F RP? 
but the tangential load on teeth of wheel 
L x 
= Li 20° itm sea 
7 F * P cos 20° 
.. Load on teeth 
LeSxPxF x ce (6) 
. . s 20° 
Substituting another constant Y = ae we 


| arrive at the well-known formula 
L=S x P x F x Y for circular pitch . 
S x FxZ 


pi 


(7) 


Or L= for diametric pitch. 
= safe load on teeth in lb. 


= safe stress in Ib. per sq. in. 


Where L 
8S 
P 


1 


= circular pitch in inches. 
P! = diametric pitch number in inch units. 
F = face width in inches. 
Y =aconstant depending on the number of 


teeth. 
Z=Y x 3-1416. 
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In order to find values of Y for different numbers 
of teeth in a wheel, each separate tooth profile was 
drawn for 1 in. circular pitch to a scale of eight 
times full size. The portion of the profile above 
the base circle was obtained by gencrating the invo- 
lute corresponding to the 20 deg. line of contact. 
The shape of the flank was obtained by assuming 
the teeth were cut by the generating process. 
The generating cutter had 13 teeth (4-14 in. dia.) 
shaped to the 20 deg. involute curve, but the 
addendum of the cutter was increased to the same 
size as the dedendum of the wheel to be cut. After 
careful measurements, twice checked by redrawing 
from the beginning, the following empirical formule 
were deduced :— 


For stub wheels, 20° involute, addendum =0 -2785  Z 


Y = 0-151 — 0760 
N+1 
For stub wheels, 20° involute, addendum = 0-25 P, 
Y = 0-153 — 9688 
N+1 


The Lewis formula for spur wheels, 15° involute’ 
addendum = 0-3183 P, 
¥ = 0-1 — 9684 
N 
In each case, 
P = circular pitch in inches. 
N = number of teeth in wheel. 
and Z = mw Y. 

The allowable safe stress for cast-iron wheels, under 
steady conditions of loading, is obtained by the for- 
mula 

600 _ 

600 +-V 
For crane gears, or other gears subject to shocks, 

600 
900 + V’ 

where S = safe stress in lb. per sq. in. and 

V = velocity at pitch line in feet per minute. 

For various materials, the allowable stress is 

obtained by using the following multipliers : 


S = 8,000 x 


S = 8,000 x 





Raw hide ... 0:8 Cast steel ... 2-5 
Cast iron ... 1-0 Mild steel ... «mies 
Bronze 1-4 High-tensile steel 4-0 


The following table gives the strength factors Y 
and Z for the two systems of stub gears :— 


Table. of Strength Factors. 














Stub Teeth, B. & 8. Standard, 
20 deg. Involute. 15 deg. Involute. 
Num- 
ber of 
Teeth Addendum = Addendum = Addendum = 
in 25 P. 0-2785 P. 0-3183 P. 
Wheel 
i 4 Z Bs Z ¥. Z 
12 0-105 | 0-331 0-093 | 0-290; 0-037 | 0-211 
13 0-109 0-343 0-097 0-304 0-072 0-225 
14 0-112 0-353 | 0-100} 0-315 0-075 0-237 
15 0-115 0-362 0-103 0-325 0-078 0-247 
16 0-118 | 0-871 0-106 | 0-334] 0-081 0-256 
17 0-120 0-377 0-109 0-341 0-084 0-264 
18 0-122 0-383 0-111 0-348 0-086 0-271 
19 0-124 | 0-389} 0-113 | 0-355 | 0-088; 0-277 
20 0-125 0-394 | 0-115 0-360 | 0-090 | 0-283 
21 0-127 | 0-399] 0-117] 0-365 0-091 0-288 
22 0-128 0-403 0-118 0-370 0-093 0-292 
23 0-129 | 0-407} 0-119] 0-375 | 0-094 0-297 
24 0-131 0-411 0-121 0-379 0-096 0-300 
25 0-132 0-414 0-122 0-382 0-097 0-304 
26 0-133 0-417 0-123 | 0-386} 0-099 0-307 
28 0-134 0-422 0-125 0-392 0-100 0-313 
30 0-136 | 0-427 0-127 0-397 0-101 0-318 
32 0-138 | 0-432 0-128 | 0-402 0-103 0-323 
34 0-139 0-435 0-129 0-406 0-104 0-327 
36 0-140 0-438 0-130 0-409 0-105 0-330 
40 0-142 0-446 | 0-132 0-416 0-107 0-336 
45 0-143 0-450 0-134 0-422 0-109 0-342 
50 0-145 0-455 0-136 0-427 0-110 0-347 
60 0-147 0-461 0-138 0-435 0-113 0-354 
70 0-149 0-466 0-140 0-440 0-114 0-259 
80 0-150 0-470 0-142 0-445 0-115 0-803 
90 0-151 0-473 0-143 0-448 0-116 0-366 
100 0-151 0-476 | 0-144 0-450 | 0-117} 0-369 
150 0-154 0-483 0-146 0-457 0-119 0-376 
= 0-155 0-486 0-147 0-462 0-121 0-379 
Be 0-156 0-490 0-148 0-466 0-122 0-387 
ck 0-158 0-497 0-151 0-474 0-124 0-390 


























Asa means of comparison, the values worked out 
by Mr. Lewis for the Brown & Sharpe standard gears 
are given in the last two columns. It will be noted 





that the greatest gain in strength occurs where it is 
most needed, viz. in pinions having a small number 
of teeth. While the gain in strength of the largest 
wheels is about 25 per cent. for a pinion of 12 teeth, 
the gain is almost 50 per cent. of the strength of the 
B. and 8. standard. 





THE INSTITUTE OF METALS. 


Tue eighteenth annual autumn meeting of the 
Institute of Metals was held in Liége, Belgium, from 
September 1 to 4, inclusive. The proceedings com- 
menced on the first day at 5.30 p.m., when a recep- 
tion was held at the Hétel de Ville. The Burgo- 
master of Liége, Mr. Digneffe, had, unfortunately, 
been called to Brussels on urgent Government 
business. In his absence the guests were received 
by Mr. Fraigneux, premier échevin (principal 
sheriff), and Mr. Gilbart, deuxiéme échevin. The 
former delivered a short address of welcome, to 
which Sir John Dewrance, president of the Institute, 
responded. 

Later in the evening members reassembled in 
the Salle Académique de l'Université de Liége, and 
M. le Professeur E. Prost, Recteur de l’ Université, 
delivered an address of welcome. He referred to 
the Swansea meeting of the Institute, held in 1922, 
at which he had been present, and spoke of the 
growth of the membership, and the extension of the 
activities of the Institute since its foundation in 
1908. He also mentioned the important work done 
by the Corrosion Research Committee, and thought 
that the results of the investigations undertaken by 
the Committee were of vital import to a maritime 
nation such as Great Britain. In a brief speech, 
Sir John Dewrance thanked Professor Prost for his 
cordial welcome, on behalf of the Liége University, 
and then called upon Dr. Rosenhain to deliver the 
fifth annual autumn lecture. 


MoperRN METALLURGY AND ANCIENT INDUSTRIES. 


Dr. W. Rosenhain chose as his subject “‘ Modern 
Metallurgy and Ancient Industries,” and delivered 
his lecture in French. He stated that the antiquity 
of metallurgy as an art and industry was very great ; 
on the other hand, the science of metallurgy was 
modern, and, in regard to some of its aspects, 
extremely modern. The effects of this new growth 
of scientific knowledge upon some branches of the 
ancient metallurgical art would form one of the 
main points of what he had to say. It was only at 
a comparatively late stage in the development of 
an industry or art that a scientific basis was sought 
for operations previously carried out in a rule-of- 
thumb manner. The immense advance in steel 
metallurgy, marked by the introduction of the 
Bessemer, and, later, of the Siemens processes, 
might be regarded as the direct result of the applica- 
tion of comparatively elementary principles of 
chemistry and physics to the oxidation and reduction 
of iron. In non-ferrous metaJlurgy, the correspond- 
ing steps, although not so sensational, had been 
equally important. In spite of the many difficulties 
which lay in its path, metallurgical science had 
already affected the art and industry of metallurgy 
in a very profound degree. We were still far 
removed, however, from the stage at which we had 
a complete scientific basis for all the operations and 
processes of metallurgical industry. Such a com- 
plete basis, indeed, existed only in one or two special 
industries, such as electrical engineering, and the 
production of synthetic dyestuffs, which industries 
had been built up, not by the tentative process of 
trial and error, but definitely upon the basis of 
previously determined scientific knowledge. In this 
respect, there was a wide distinction between the 
industries of modern origin, which had grown up as 
the result of one or more scientific discoveries, and 
the ancient industries, which had been built up by 
gradual ‘development. 

The artificial production of nearly pure copper 
from its ores certainly represented a later stage in 
metallurgical history than did the production of 
some of the alloys of copper with tin and zinc. 
This point was interesting because it was typical 
of the history of the development of most branches 
of metallurgy. Not only pre-historic metallurgists, 
but much later workers in that field found it easier 
to produce alloys than pure metal. The main 





point was that the advance of metallurgical science 
had led to the production of metals in increasing 
purity, and that such degrees of purity as were 
now obtained commercially could never have been 
reached but for scientific development. In pre- 
historic times there were no means of closely con- 
trolling the quality of the material smelted, and the 
uniformity of the results obtained must, therefore, 
have been dependent upon the uniformity of the 
ores worked upon. It was in this way, to a large 
extent, that the high reputation which certain 
localities enjoyed in antiquity for the production of 
various metal articles must have arisen. After a 
time there would also be a local concentration of 
knowledge and skill, often passed on from father to 
son. A curious example of the extent to which 
factors of this kind influenced the location of 
industry was to be found in America at the present 
time. In the Naugatuck Valley of the State of 
Connecticut a large brass industry had grown up. 
There did not appear to be any particular reason 
why this industry should flourish in that valley of 
New England rather than in many other, perhaps 
more favourably situated places. It was due to 
the fact that a number of English brass workers 
emigrated to America and settled in that particular 
valley, and their descendants had carried on the 
industry on the basis of a kind of hereditary skill. 

It had sometimes been suggested, and was still 
at times maintained, that there was a particular 
advantage in the production of a natural alloy, 
and that such alloys were in many ways superior 
to those which would be produced by melting 
together the pure materials. He did not think 
that it was going too far to say that such a con- 
tention was entirely wrong. Particularly in the 
case of copper; alloys with zinc, tin, nickel, and 
other metals were most readily prepared synthetic- 
ally and extreme uniformity of composition could 
be obtained in a short time by suitable stirring, &c. 
The older methods of copper refining by means of 
furnace treatment leading to the production of 
those varieties of metal which were known in 
England as “best selected” and “tough pitch,” 
resulted in a grade of copper which, in favourable 
circumstances; was capable of giving excellent 
mechanical results, combining great toughness and 
ductility. The advent of the electrical industry, 
with its enormous demand for copper and its 
exacting conditions as to electrical conductivity, 
however, had led to a further development. It 
was soon discovered that the electrical conductivity 
of copper was very adversely affected by the pre- 
sence of minute amounts of particular impurities, 
such as arsenic and iron, which were never entirely 
absent in copper produced by furnace refining. 
Fortunately, the electrical industry, at the same 
time as it caused a demand for high-conductivity 
copper of extreme purity, had also provided the 
means for its preparation by electrolysis. There 
was, moreover, at the present time a strong tend- 
ency, based upon the results of scientific experiments 
and confirmed by practical experience, to insist 
upon very high purity even when the copper or 
other metal was used in the production of alloys 
valued for their mechanical properties. In the 
manufacture of cartridge brass, for example, a 
high standard of purity was demanded, since it 
was known that the presence of small amounts of 
such substances as antimony might materially 
influence the properties of the resulting brass. 

Quite recently, the New Jersey Zinc Company of 
Pennsylvania, U.S.A., had devoted attention to the 
production of very pure zinc. They had prepared 
two varieties, “‘ chemically pure,” and “ spectro- 
scopically pure” zinc; the former was stated to 
contain 99-987 per cent. of the metal, together with 
traces of lead, cadmium and iron. The spectro- 
scopically pure metal was believed to contain only 
0-0001 per cent. of impurities. These metals were 
stated to have remarkable properties ; the chemi- 
cally pure variety dissolved very slowly indeed in 
dilute hydrochloric acid, while the spectroscopically 
pure variety dissolved at a rate approximately one 
thousand times slower. It would appear that the 
corrosion-resisting power of a zinc coating might 
thus be immensely improved by a marked increase 
in purity. Tin, which contained total impurities 
amounting only to 0-0082 per cent., had recently 
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been produced industrially. Both the lustre and 
the softness and ductility of this new metal were 
found to be much superior to those of less pure 
metal ; there was also a decided increase in resistance 
to chemical action. Perhaps the main advantage 
to be derived from this high-purity material lay in 
the constancy of results which could be obtained 
when it was used in the production of alloys. 


for the smelting of zinc, namely, coal, ore, and 
refractory material, were found close together in 
Belgium. The deposits of zinc ore were now 
exhausted, but the production of the metal con- 
tinued to grow with increasing rapidity. In 1913, 
| Belgium produced 204,000 tons of zine from 
| 600,000 tons of ore, which came from all parts of the 
world. This figure of 204,000 tons represented one- 
Highly-refined aluminium containing over 99-95) fifth of the world’s production of zine and placed 
per cent. of the metal had also been prepared ;| Belgium in the third place among the producers of 
this material possessed exceptional ductility. | the metal ; the first two places were occupied by the 
Although the production of aluminium was not yet | United States and Germany, respectively. It was 
an ancient industry, it too was being affected | gratifying to be able to record that the Belgian zinc 
by the general tendency imposed upon metallurgi- | industry was, at the present time, on the point of 
cal practice by the advancement of metallurgical | regaining its pre-war position. 
science. A vote of thanks to Mr. Boscheron for his paper 
The whole situation might be summed up by | was proposed by the Chairman and was carried with 
saying that as the scientific knowledge of metals | acclamation. 
and alloys increased, it was found necessary to | 
pay more attention to an exact control of their | 
composition and treatment. The advance of| The Chairman then announced that, as there 
metallurgical science, and, parallel with it, of were three papers dealing with aluminium-silicon 
other branches of science and technology, was | alloys on the agenda, these would be introduced by 
likely to provide not merely higher or more | their respective authors and would then be discussed | 
correct standards of quality in regard to materials, | together. 
but also better means for their production and| The first paper, entitled ‘“‘ The Constitution and | 
treatment ; so that, on the whole, the ancient | Structure of the Commercial Aluminium-Silicon | 
industries were likely to benefit rather than to lose | Alloys,’’ was by Dr. A. G. C. Gwyer and Mr. H. W. L. 
by future progress. Advance lay essentially in the} Phillips. It also contained an appendix upon ‘‘ The 
co-operation of all those concerned with metals, Properties of the Modified Aluminium-Silicon 
whether as users of the finished product, as manu- | Alloys,” by Dr. D. Stockdale and Mr. I. Wilkinson. 
facturers of the metal or as producers of the metal | This contribution was read in abstract by Dr. 
from its ore, or as scientific workers. This close Gwyer; it dealt with the constitution, structure, 
collaboration, the recognition of the unity of aim | and mechanical properties of modified aluminium- 
between all these branches of science and technology | silicon alloys, and a theory based upon colloidal 
was likely to be the keynote of future progress. | lines was put forward to explain the nature of the 
On Thursday morning, the 2nd _ inst., the | modified structures. Examples were given of the 
members reassembled at 10 a.m. in the Hall of the | application of this theory to other alloy systems. 
Association des Ingénieurs, 16, Quai des Etats-Unis, | The alloys possessed good founding qualities, were 
Liége, and the chair was taken by Sir John/| appreciably lighter than pure aluminium, and in 
Dewrance. Professor Fourmarier, professor of} both chill- and sand-cast states possessed a high 
geology in the University of Liége, and vice-president | resistance to shock, together with excellent ductility 
of the Association des Ingénieurs Sortis de l'Ecole | and a high degree of incorrodibility. We intend to 
de Liége, welcomed the visitors on behalf of the | reproduce this paper, in abridged form, in a subse- 
Association. Speaking in French, he stated that | quent issue. 
the President of their Association, Mr. Hock, was| The second paper, which was introduced by its 
travelling in the Balkans, and was therefore unable | author, Mr. J. D. Grogan, was upon the subject of 
to be present. In the course of his speech, he paid|the mechanical properties of  silicon-aluminium 
a tribute to the eminent services rendered to industry | alloys. It described the “‘ sodium ”’ and the “ salts ” 
by the Institute of Metals, since its formation less | methods of modification, and is reproduced in 
than twenty years ago. Sir John Dewrance thanked | abridged form on page 341 of this issue. The | 
Professor Fourmarier, on behalf of the Institute of | third paper of the series, entitled “‘Silumin and 
Metals, for the cordial welcome which had been | its Structure,” by Mr. Buntaro Otani, was not read, 
extended to the members. The Secretary of the |as the author was not present. It was, however, 
Institute then stated that Sir John Dewrance had | discussed along with the other two. In this paper 
been nominated president for 1927, and that Dr. | the author concluded, as a result of thermal analysis 
W. Rosenhain, Sir William Smith and Mr. Thomas | and microscopic examination, that aluminium- 
Bolton had been nominated vice-presidents for | silicon alloys, modified by means of metallic sodium, 
1927, and were available for election or re-election, | were ternary alloys; this contribution to the 
as the case might be. 





ALUMINIUM-SILICON ALLOYS. 








| meeting will be found on page 336 of this issue. 

Dr. Marie Gayler stated that she had studied the | 
|constitution of aluminium-silicon alloys and had 

Lhe first paper taken gave an historical account | used materials of extreme purity. Dr. Gwyer had 
of the development of the zinc industry of the Liége | stated that the modified alloys formed a eutectiferous 
district of Belgium. The author was Mr. L. | series, but the eutectic composition was altered by | 
Boscheron, who read his contribution in French. | modification. Furthermore, the freezing-point of | 
The first deposits of zinc ore in Belgium were dis-| the eutectic might be lowered by as much as 
covered, said Mr, Boscheron, in the region situated | 18 deg. C. The extent of the eutectic displacement 
between Liége and Aix-la-Chapelle. The first con-| and of the lowering of the eutectic temperature 
cessions of zinc ore to be granted comprised, on the | was not, however, constant, but depended upon the | 
one hand, those of Nouvelle Montagne, situated in conditions of modification and upon the rate of | 
the districts of Verviers and Engis, and, on the other, | cooling employed. She had obtained similar results | 
that of Vieille Montagne, situated at Moresnet. | with an alloy containing 14 per cent. of silicon, and | 
The early inhabitants roasted the extracted ore in| had found that the freezing-point of the eutectic | 
the presence of copper by means of wood charcoal, | could be lowered by as much as 32 deg. C. by con- | 
and recovered a kind of brass, vhich was used by | trolling the rate of cooling. Of the two theories | 
beaters of copper for making “ dinanderie.” De- | put before the meeting in explanation of the process 
cisive experiments in the direct distillation of zinc | of modification, the colloidal theory, in her opinion, 
were made by a Liége chemist, the Abbé Jean | carried the greater weight. If a ternary system 
Jacques Dony, who was born in 1759. After was present, as put forward by Mr. Otani, an increase 
several attempts, he succeeded, in 1805, in extracting | in the sodium content would have a marked effect. 
metallic zinc from calamine and was able to melt and | Referring to Fig. 14, contained in the paper by 
cast the metal in quantity. In the year 1818, the | Dr. Gwyer and Mr. Phillips, Dr. Gayler stated that 
production of zinc in Belgium amounted to 1,600 kg.; | she had had great difficulty in getting a liquidus. | 
during the decade 1851 to 1860 it amounted to} In the case of an alloy containing 15 per cent. of | 
23,000 tons annually. During the ten years 1887 | silicon, she had tried stirring and inoculation with | 
to 1896, the annual output increased to 90,000 tons. | silicon, and had not obtained satisfactory results. | 


This extraordinary development of the industry was | She was working with material containing 0-1 per | 


LigGe Zinc Inpustry. 


due to the fact that the three raw materials required | cent. of iron, and desired to know if this small | 


|an important theory on his results. 
| relied to a large extent on microscopic and thermal 


| other two alloys. 
| however, obtained in the case of the dynamic 


| experiment 
| proof stress and elastic limit were not at all influenced 


content of iron had any influence. The authors of 
the first paper had submitted two micrographs, 
which showed the structure of a chill-cast aluminium- 
copper alloy containing 20 per cent. of copper, as 
ordinarily prepared, and as modified by the addition 
of 5 per cent. of sodium at 950 deg. C. The dis- 
persion of the eutectic was hardly, if at all, affected, 
but the grain size of the primary aluminium-rich 
solid solution was reduced. She desired to know if 
the casting conditions, i.e., the temperatures of 
casting employed, were normal. 

Returning to Mr. Otani’s paper, Dr. Gayler said 
she could not agree with his findings. For one thing 
he had given no sodium analyses. He had, indeed, 
remarked that they were difficult to obtain, but as 
his whole theory depended upon the fact that a 
ternary system was present, it was a great pity that 
he had given no such analyses.. He had taken a few 
alloys with low sodium contents and had based 
He had 


work, and some of his conclusions were based on 
assumptions of the truth of which he had no proof 
at all. He had stated in his paper that the solubility 
of sodium in molten aluminium was very small ; 
he might therefore have estimated the sodium 
content in his alloys and included the figures in his 
results. He might also have taken an alloy con- 
taining a fair proportion of sodium and shown that 
there were two immiscible liquids present. The 
paper, however, contained no evidence that he had 
done so. 

The next speaker, Dr. Ing. G. Welter, gave what 
was in effect a fourth paper on the subject of 
silumin. He dealt chiefly with the improvement 
brought about in the dynamic elastic properties 
and in the endurance limit of the material, by the 
addition of copper. He showed a large number of 
lantern slides. A series of graphs depicting the 
relation which existed between the quantity of the 
modifier used and the mechanical properties of the 
resultant silumin was first considered. From these 
graphs it was evident that the highest tensile- 
strength and elongation were reached by the 
modification of the material with from 0-10 to 
0-50 per cent. of metallic sodium or with from 2 to 
3 per cent. of sodium chloride and sodium fluoride. 
The influence of the silicon and of the iron contents 
were next considered. It was shown that the 
highest mechanical properties were reached with an 
alloy containing from 12 to 14 per cent. of silicon 
and from 0-6 to 0-9 per cent. of iron. Dr. Welter 
stated further that Dr. Stockdale and Mr. Wilkinson 
had shown that the mechanical properties of the 
modified aluminium-silicon alloys were impaired 
by the addition of other metals, with the exception 
of copper and zinc which, up to about 1 per cent., 
had no effect at all on the tensile strength. These 


| metals, however, rendered the material less ductile 


and appreciably lowered the elongation. 
Comparing the static elastic properties, the proof 


_ stress, the tensile strength, and the dynamic elastic 


results obtained by means of the pendulum testing 
machine, of silumin and the aluminium-copper and 
aluminium-copper-zinc alloys, it was evident that 
the static properties of silumin were superior to the 
A surprising difference was, 


impact tests. It was found that the other two 
alloys could withstand a much greater blow than 
could silumin. Investigations were therefore under- 
taken to endeavour to overcome this disadvantage 
possessed by silumin, and the outcome was the 
production of a ternary alloy containing copper. 
It had already been shown that, up to a certain 
limit, copper exerted no harmful influence on the 
tensile strength of silumin. Copper, up to 1 per 


/cent., hardened the metal and formed, with the 


aluminium portion of the eutectic, a ternary eutectic 


consisting of aluminium, silicon and copper, which 


Actual 


was present at the crystal boundaries. 
strength, 


showed that the tensile 


by the addition of up to 1 per cent. of copper. The 
hardness, however, increased and the elongation 
decreased. Test pieces containing 0-5 per cent. of 
copper poured under factory conditions showed no 
disadvantageous change in tensile strength. On 
the contrary, a constant result of 12 tons per square 
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l 
inch appeared to be more easily reached with the copper reduced the elongation of the 13 per cent. 
alloy containing copper than with the normal | silicon alloy to 3 per cent. Tin and lead reduced 
modified silumin containing no copper. the elongation more rapidly still, but had little 
Whereas the static elastic mechanical properties | effect on the mechanical strength. Antimony 
of the material were not influenced by the addition of reduced both strength and elongation rapidly. 
copper, a remarkable improvement in the dynamic | Manganese was considered helpful, up to 0-5 
elastic properties was obtained by the addition of | per cent., in minimising the harmful effect of iron 
from 0°6 to 0-8 per cent. of copper. The pendulum | and did not reduce the ductility ; with 1 per cent. 
impact elasticity was raised by more than 50 per of manganese, there was still an elongation of 5 per 
cent., and the new ternary alloy was therefore equal, | cent. Molybdenum, tungsten and manganese had 
in this respect, to the aluminium-copper and alu-| been used for pressure die-cast aluminium-silicon 
minium-copper-zine alloys. The fatigue range or | alloys containing high iron contents (up to 2 per 
endurance limit of the “silumin-copper” alloy | cent.); they reduced the grain size but had little 
was also much higher than that of plain silumin. | effect on the mechanical properties. 
Under the normal endurance impact test, using| Mr. Grogan’s paper dealt with the investigation 
very heavy blows, silumin was much superior to the | of the aluminium-silicon alloys from the point of 
alloys of aluminium with copper and zinc. On| view of modification and the mechanical properties 
the other hand, if the specimens were subjected to | derived from that modification. He was inclined 
light blows the reverse occurred. When silumin- | to favour the salt method of refining to the detri- 
copper was tested under heavy blows in the endur- |ment of the metallic sodium addition. In his 
ance impact testing machine it was found to yield | (the speaker’s) opinion, equally good results could 
a result intermediate between that of the ductile | be obtained from either process, and it was left 
silumin and that of the rigid aluminium-copper-zinc | to other factors to determine the choice of methods. 
alloy. Working under light blows, however, the | These were mainly economic reasons. The sodium 
silumin-copper was found to give results which were | cost only 0-043d. per Ib. of metal modified com- 
approximately equal to those obtained from the | pared with a charge of 0-194d. per lb. of metal 


aluminium-copper-zine alloy. Tests carried out | 
on the Wohler machine fully bore out the results | 


modified with salts. Also, since a lower temperature 
of refining was possible with the sodium, there was a 


obtained by other means. It was quite evident, | saving in melting charges, together with reduced risk 
therefore, that the only shortcoming possessed by | of gas entering into the metal—the solubility in- 
silumin could be overcome by adding from 0-6 to | creased rapidly with rise of temperature. He would 
0-8 per cent. of copper to the binary aluminium- | like to add some data regarding the physical proper- 
silicon alloy. The workability of the copper-|tiesof alpax. At 350 deg. C., the tensile strength of 
silumin alloy was also far better than that of the|the material was 4 tons per square inch. The 


same material containing no copper. 


alloys could be rolled and extruded with ease, and, 


Mr. F. H. Edwards, who spoke next, stated that | while not comparing with the heat-treated duralu- 
Dr. Gwyer and Mr. Phillips and also Mr. Otani had| min series, they were much stronger than pure 


found that modified structures could not be obtained | 
He would be interested to | well—a great advantage over duralumin and other 


by chill-casting alone. 


aluminium, and resisted sea-water corrosion equally 


learn if they believed this to be due to the complete | classes of alloys. Alpax had a tensile strength 


absence of sodium, calcium, or any other agents of 
that type, as he could assure them that modification 
was obtained in metal chills. He ,could confirm 
the statements made by Mr. Otani on the effects of 
annealing and remelting on the structure of silumin. 
He was surprised, however, that between 100 and 
250 deg. C. of mould temperatures, the chilled 
unmodified alloy exhibited finer structures than those 


obtained from alloys produced in moulds having | 


temperatures below 100 deg. C. He had been unable 
to verify these results. Dr. Stockdale and Mr. 
Wilkinson had indicated their preference for the 


of 16 tons per square inch, and an elongation of 
5 per cent. in the hard-drawn state; in the soft, 
annealed condition the corresponding figures were 
10 tons per square inch and 30 per cent. Alpax 
in the cast form could be anodically treated to 
resist corrosion, an advantage which he believed 
the copper and zinc alloys did not possess. 

Mr. R. de Fleury, who spoke in French, stated 
that he wished to supplement what had been said 
with regard to the mechanical properties of alpax. 
Laboratory tests had shown the metal to have 
excellent qualities, and from the industrial point 


11 per cent. alloy for foundry work for three main | of view it possessed remarkable possibilities. In 
reasons, namely: (1) higher shock resistance ; | the first place, alpax or silumin was different from 
(2) higher elongation; and (3) modification per-| all other foundry alloys of aluminium in that it 
sisted for a longer time. As a higher silicon content | was an eutectic. Moreover, it was very fluid in the 
than this was also in general use, he considered it | liquid state, even when just above its freezing 
advisable to present the general advantages claimed. | point, and possessed great tenacity as soon as it 
These were (1) higher static strength; (2) the | solidified, even whén just below its freezing point. 
elongation of the 12°5 per cent. silicon alloy was} All other aluminium alloys without exception 
over 8 per cent., which was sufficient for the majority | solidified over a range of temperature during which 
of castings ; (3) better machinability was obtained, | the metal was viscous or pasty, and fragile. The 
and (4) the modification time was ample for foundry | slightest tension produced a foundry crack or a 
work, | potential foundry crack. In the case of alpax, 

If the paper by Messrs. R. S. Archer and L. W. | foundry cracks never occurred, and this fact rendered 
Kempf had been read by members present, they|it a much safer material to use than any other 
would remember that those authors stated that there | foundry alloy, even though small test pieces of 
was a continuous increase in the tensile properties | these alloys might give better mechanical strength 
over an interval of from 15 to 20 minutes after the | figures than did alpax specimens. Alpax gave, 
addition of 0-1 per cent. of sodium as the modifier. | therefore, a very definite factor of safety. Large 
He suggested that this period of waiting in order to | intricate castings, which it would have been 
obtain maximum results would be a heavy financial | impossible to make from any other metal, had been 
burden on the sand foundry. Moreover, the period | successfully turned out from alpax, and repetition 
could be reduced by one-half if the amount of modifier | work without foundry waste had been made 
added were cut down to from 0-045 to 0-060 per | possible. Mr. de Fleury here showed a drawing of 
cent. He would even like to suggest that the 15/an alpax, banjo-type, motor-omnibus, back- 
to 20 minutes required by Archer and Kempf was axle casing, in which two massive steel sleeves 
due to the time needed to expel the excess sodium | for carrying the bearings had been cast. 
introduced. Messrs. Wilkinson and Stockdale|This work, in his opinion, would have been 
favoured caustic soda as their modifier. He would | impossible if any material other than alpax had 
be interested to hear their arguments for its choice | been used. The use of this metal had produced 
as he had found that the slag produced was difficult | excellent castings, and the casting operations 
to remove. It might be that the caustic soda|had not given rise to any special difficulty. The 








refining worked most successfully in the case of the 
11 per cent. silicon alloys and so caused the some- | 
what low figures given in the paper for the higher 
silicon alloys. The authors were perfectly correct | 
with regard to the injurious effects of other elements 
present in the alloys. As little as 0-5 per cent. of | 


security factor obtained by the use of alpax, 
the ease with which it could be cast, and its general 


| adaptability rendered the material, in the majority 


of cases, superior to other alloys of aluminium, 
even though these might give better mechanical 
results in laboratory tests. 





Dr. W. Rosenhain said that, although he did 
not wish to appear to detract from the value of 
the aluminium-silicon alloys, there were certain 
points which required emphasis. These alloys 
were not the strongest of the aluminium alloys. 
Dr. Welter had admitted that, and had introduced 
copper into his alloys. He had not, however, been 
able to remedy all the disadvantages of the material, 
and had reduced the ductility of the casting. The 
properties of these alloys were far below those which 
could be obtained by heat-treating cast aluminium 
alloys. Alpax, however, had undoubtedly a fine 
structure. Castings such as Mr. de Fleury had 
mentioned could be made in almost any alloy, 
provided the foundry people would take the trouble. 
If a designer insisted on having a casting made 
of the best available alloy he could get it; the 
foundryman would be equal to the task. With 
regard to strength at high temperatures, Mr. Edwards 
had mentioned 4 tons per square inch at 350 deg. C. 
This was not remarkable ; one could obtain better 
results than that. None of the theories put forward 
to explain modification was entirely satisfactory. 
The colloidal theory presented difficulties, and the 
ternary-alloy theory was very difficult to sub- 
stantiate, and Mr. Otani had not substantiated it. 
Very possibly undercooling entered into the matter ; 
in any case, it was a matter which was well wortky 
of further investigation. The great merit of the 
work of Dr. Gwyer and of his collaborators was 
that they had shown that modification could be 
made to take place in other metals. 

Mr. A. H. Mundey said that he would like to 
answer some of the last speaker’s criticisms from the 
manufacturer's point of view. The master craftsman 
in the foundry made a boast that he could make 
anything which the designer put on paper. On the 
other hand, this kind of work was not always a 
paying proposition. Financial success in the 
foundry depended upon the close co-operation of 
the metallurgist and of the designer. The papers 
had given the manufacturer much information 
which he desired to obtain. Dr. Gwyer had re- 
ferred to the fact that in 1891 some work had 
been done in the direction of the modification of 
aluminium-silicon alloys. At Woolwich Arsenal 
in the years 1902-3-4, they were treating various 
aluminium alloys with sodium and potassium 
hydrates, carbonates, chlorides and bromides and 
had even tried silico-boro-fluorides. They did avt 
quite understand the process, but they found that 
they could obtain a finer grain and closer texture of 
the material by the addition of these ingredients. 
He had been interested in Dr. Gwyer’s reference to 
the modification of lead-antimony alloys by means 
of aluminium. He was afraid that the introduction 
of aluminium into such alloys would be treated with 
something like horror by practical metallurgists 
engaged in the preparation of lead-antimony alloys. 
The loss of metal as dross would be enormous, as 
masses of spongy metal appeared at the top of the 
crucible whenever aluminium or zinc were intro- 
duced. A special process had been in vogue for 
some time for the refinement of lead ; it had been 
patented by Mr. Harris. One of the products of 
this process was sodium antimonate; this could 
be easily reduced, but gave an antimony which had 
a modified structure and which, moreover, contained 
a certain quantity of sodium. In order to convert 
this into a marketable product, they had had to go 
to the trouble of “ unmodifying” or normalising 
the alloys into which this antimony entered as a 
component metal. 

Dr. Gwyer stated that he would reply to the 
majority of the points raised in the discussion in 
writing. He disagreed, however, from Dr. Rosenhain 
with regard to the properties of the modified 
aluminium-silicon alloys. These alloys extruded 
well and they could not be expected to possess a 
steength equivalent to that of the “Y” alloy. 
Moreover, they had good founding properties and 
these constituted a great advantage. Mr. Grogan, 
who also briefly replied, stated that Mr. Edwards 
had said that the sodium method of modification 
could be employed with satisfactory results. Some 
metallurgists appeared to agree with this view, 
while others disagreed. He had said that if the 
quantity of sodium added were cut down, the 
time necessary for complete modification would 
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et 
also be reduced. He himself had found that if the | distinguished at high magnification under the micro- 


quantity of sodium were reduced from 0-1 to 0-05 
per cent. (as Mr. Edwards had suggested) difficulties 
at once arose. On the other hand, Mr. Edwards had 
worked with quantities of metal weighing 80 lb. ; 
be himself had worked with 28-lb. masses. The 
weight of the test sample might have a bearing on 
the matter. He would like to raise one or two 
points with reference to Dr. Gwyer’s paper; he 
had omitted all reference to sodium. He (Mr. 
Grogan) would like to know the actual amount of 
sodium entering into his alloys. He would also 
like to know what metallic systems Dr. Gwyer had 
tried which had proved unsuccessful from the 
point of view of modification. He was under the 
impression that modification occurred when one of 
the metals present crystallised under the cubic 
system, while the other metal had a more compli- 
cated crystalline structure, and it was the latter 
which was upset during the modification process. 
The point was a complex one and he would en- 
deavour to explain his meaning further in writing. 


SrncLte CrysTALs OF ALUMINIUM. 


The last contribution considered was entitled 
“ Some Further Experiments on the Behaviour of 
Single Crystals of Aluminium under Reversed 
Torsional Stresses.”” It was by Messrs. H. J. Gough 
and S. J. Wright and Professor D. Hanson, and was 
read in abstract by the latter. The paper was an 
experimental study of the phenomena exhibited 


by single crystals of aluminium when subjected to | 


alternating torsional stressing. The resulting dis- 
tortion under this complex type of straining action 
was observed, using slip-band measurements, and 
was related to the atomic orientation of the crystals 
by means of X-ray analysis. The authors then 
showed that the complicated system of slip-bands 
was in agreement with the simple law that slip was 
confined, at any point of the surface of the crystal, 
to one of the octahedral planes and was in the 
direction of the most highly-stressed (shear stress) 
principal lines of atoms. An interesting conclusion 
arrived at by the authors was that. from the point 
of view of fatigue failure, slip did not occur in the 


stages immediately preceding fracture. The later | that there was any actual turning of the crystals. | 


stages of the fatigue test consisted merely of the 
propagation of discontinuities initially caused by 
the internal stresses set up by the process of early 
strain-hardening. The authors felt that the results 


scope. The X-ray evidence showed that after a 
reduction in area of about 50 per cent., the orienta- 
tion of these fragments was at random and bore little 
relation to that of the original crystal. The series 
the elongation of the original grains, which were. 
X-ray patterns indicated the rapid development 
of a preferred orientation. A third series of speci- 


was similar to that in the fine-grained metal, but 


rise to fragments of random orientation before the 





preferred orientation was developed. 


| Professor F. C. Thompson, who opened the dis- | 
| cussion, said that the paper was a plain straight- | 
| forward statement of fact and there was little which | 
| could be discussed. The author had stated, how- 
ever, that Dr. Goucher had shown that tungsten | 
slipped on the 112 plane, but he (Professor Thomp- | 
son) did not think that that was quite an accurate | 


statement of fact. Goucher’s work was of the 
of a certain definite orientation and this should be 


investigations. Professor D. Hanson said that 
the most interesting thing in the paper was the 
| development of orientation obtained by rolling or 
swaging a single crystal of tungsten. He would 
like to know if Dr. Smithells could give him any 
information regarding the tensile value, density, 
and other physical properties of tungsten when 
the crystals assumed a state of random orientation. 
Dr. C. 8. Smith explained by the aid of figures on 
the blackboard that slip occurred along certain 
planes within the crystal, until a series of steps was 
obtained. The whole of the crystal swung round 
and slip would continue until the orientation was 
altogether changed. 

Mr. Adcock asked Dr. Smithells if he thought 





|The matter could be explained by stating that a 
process of crystal break-up was at work. Some 
fragments would have the preferred orientation 
|and these would persist on slipping. The other 





of specimens from the fine-grained rods showed the | 
development of a fibrous structure, resulting from | 


however, too small for any break-up to be seen. The | 
mens had a grain-size intermediate between those | 
of the other two materials. The change in structure | 
the break-up of the original crystals could be) 


observed, as in the first case cited. The X-ray | 
patterns showed that the original crystals gave | 


highest interest, but he was working with a crystal | 


borne in mind when drawing conclusions from his | 


that while severely hollow-sunk tubes made from 
_arsenic-free, deoxidised copper were not liable to 
season cracking, tubes made from arsenical copper, 
according to the British Engineering Standards 
Specification, were liable to season cracking when 
made under certain conditions. The temperature 
at which annealing rendered such tubes immune 
from season cracking was determined. The sub- 
ject is of considerable interest to engineers, and we 
|intend to reproduce this contribution to the pro- 
ceedings in a forthcoming issue. 
This paper did not provoke any discussion. 


Action oF HypROGEN on Hot Soxiip CoprrEr. 


The third paper taken was by Dr. C. 8. Smith and 
Professor C. R. Hayward ; it was upon the subject 
of “‘ The Action of Hydrogen on Hot Solid Copper.” 
| The paper was read by Dr. Smith, who stated that 
when copper wire containing oxygen was heated in 
hydrogen, maximum brittleness was obtained at 
intermediate temperatures, and a marked recovery 
occurred when the action was carried out at tem- 
peratures approaching the melting point. The rate 
of penetration of hydrogen into cast copper was 
determined and certain peculiarities observed. 
When the oxygen in the copper exceeded 0-07 per 
cent., the depth of penetration, in a given time, was 
greater at about 800 deg. C. than at higher tem- 
peratures. When brittle “gassed” copper was 
annealed and forged in a non-oxidising atmosphere, 
the cracks responsible for brittleness closed, and 
metal of remarkable properties was obtained. We 
hope to reproduce the paper in a future issue. 

Dr. W. Rosenhain said that, although the authors 
had found that it was possible to close up the cracks 
responsible for brittleness in their “‘ gassed ’’ copper 
samples, by means of annealing and forging, practical 
men would consider that the prevention of the evil 
in the first place would be better than the cure of it 
by subsequent treatment. The authors had not 
given any figures relating to the electrical con- 
ductivity of their material and he thought these 
would be of interest. Dr. Smith intimated that 
Professor Hayward and he would reply to these 
| points in writing. 





| CENTRIFUGAL CasTING OF Bronze WorM-GEAR 
BLANKs. 
The fourth paper considered was entitled “‘ Bronze 
Worm-Gear Blanks Produced by Centrifugal Cast- 


they had obtained indicated that the study of | fragments would be again broken up until a greater | ing.” It was by Mr. F. W. Rowe, who read his 


slip markings was likely to prove a powerful weapon 
in the analysis of stress and strain phenomena. 
There was no discussion on the above paper. 
Sir John Dewrance thereupon declared the meeting 
adjourned until 10 a.m. on the following day. 


| proportion of the preferred orientation would be 
produced. Whether they were to consider the 
| whole crystal turning in a general way or whether 
the preferred orientation was produced by a process 


of attrition was a subject which he thought should 





| contribution in abstract. Mr. Rowe’s paper will be 
|found reprinted in abridged form on page 338 of 
| our present issue. 


| Mr. W. M. Corse agreed that the centrifugal 
| method of casting possessed great possibilities. He 


In the afternoon, members paid visits to the | be further considered. Dr. W. Rosenhain said that | also agreed that the demands made by the manu- 
Nouvelle Montagne Works at Engis, and to the|the question of the rotation of crystal fragments |facturers of heavy petrol-driven vehicles were 
works of Messrs. John Cockerill at Seraing. In the|was a matter of considerable importance. The | becoming more and more insistent. At the present 
evening, a reception was held at the Quai des | picture which had been placed before them by the | time many of them were intensely interested in the 
Etats-Unis by the Association des Ingénieurs Sortis authors was not really accurate. What he would | improvement of casting methods for producing 
de I'Ecole de Liége; the guests were welcomed by | like to know was what proportion of metal having | worm wheels because they had had trouble with the 
Professor Fourmarier. During the evening Mr. | the preferred orientation really existed in the crystal. | wheels cast by older methods. The demand for 
Stouls, managing director of the S.A. Métallurgique | There was, moreover, definite evidence that there | wheels which would withstand very heavy service 
d’Espévance-Longdoz, delivered an address in which was relative movement along the crystal boundaries | would, he thought, continue to increase. At the 
he gave an historical account of the Belgian non- | themselves and that crystals as a whole moved. If | present time, there was at least one foundry in 
ferrous metal industry. He also spoke at some | it was imagined that crystals were rigidly held | America producing the type of casting they were 
length on the mineral wealth of the Belgian Congo. | together, it was impossible to follow what happened. | discussing by means of the three-sided chill process, 
Sir John Dewrance, in a brief speech, thanked Mr. | If, on the other hand, one considered the crystal | namely, top, bottom and side. This gave a form 
Stouls for his interesting communication. The | fragments to be embedded in a material capable | of structure which appealed strongly to American 
remainder of the evening was devoted to a musical | of a slight but very definite flow, which allowed | manufacturers. Whether they would demand the 
programme. | the crystals to rearrange themselves, one could more | better physical properties obtainable by the centri- 
‘easily visualise the movements which took place. fugal process would remain to be seen; there was 

DrForMaTION OF TUNGSTEN CRYSTALS. |To sum up, if the crystals were considered to be no doubt that they were better. With regard to 
When the meeting was resumed on Friday | held together without intervening properties the | the properties of aluminium bronze, he would like 


morning, Dr. W. Rosenhain cecupied the chair. | problem was insoluble. 
The first paper taken was by Dr. .C. J. Smithells; In a very brief reply, Dr. Smithells stated that 
and Messrs. H. P. Rooksby and W. R. Pitkin ; it was | the tensile properties and densities of the tungsten 


entitled “The Deformation of Tungsten Crystals,” | crystals, which had been the subject of Professor | 
and was read in abstract by Dr. Smithells, who | Hanson’s inquiry, would shortly be published in a | 
stated that the authors had prepared tungsten rods | paper to be read before the Physical Society. The | 


5-6 by 5-6 by 17-5 mm., with both fine- and large- | other points raised in the discussion would be dealt 
grained structures, and had followed the changes, ; with by him in writing. 


|to suggest that there was a possibility of improve- 
|ment in these alloys. Their wearing properties 
| might be improved by casting in such a way that 
hard particles were retained in a soft matrix. In 
conclusion, he would like to ask Mr. Rowe if he had 
done anything in the matter of determining the 
relative difference in the wear-resisting properties of 
sand-cast and of chill-cast wheels. 


both in microstructure and X-ray diffraction pattern, ‘ ; Mr. Rowe said that American metallurgists fully 
which took place during swaging and drawing. The | SEASON CRACKING. recognised the possibilities of centrifugal casting. 
observations on the individual crystals in the case; The second paper taken was entitled ‘Season | It appeared, however, that commercial considera- 
of one of the specimens indicated that the first | Cracking in Arsenical Copper Tubes,” and was by | tions had prevented its adoption. There was no 
effect of swaging was to break up the crystal into | Messrs. A. Pinkerton and W. H. Tait. It was read | doubt that the three-sided chill process was a distinct 


fragments of comparatively large size, which could be | in abstract by the former. The authors showed | improvement over the older methods, and the 
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difference between this and the centrifugal casting 
method was by no means as great as that between 
the three-sided chill and the old single-chill sand- 
casting method. When determining wear-resisting 
properties they had had to fall back on long-time 
service tests, and it would be many months before 
they could give actual results. They had found that 
overloading a test piece or accelerating the wear 
tests gave misleading results. 
(To he continued.) 





THE CLYDE PASSENGER TURBINE 
STEAMER ‘KING GEORGE V.”’ 


THE steam turbine was introduced to the service 
of propelling mercantile vessels in the year 1901, when 
the 8.8. King Edward was built to the order of Turbine 
Steamers, Limited, a company in the joint ownership 
of Captain John Williamson, of Glasgow, Messrs. 
William Denny and Brothers, Limited, of Dumbarton, 
and the Parsons Marine Steam Turbine Company, 
Limited, of Wallsend-on-Tyne. Successful work was 
immediately given recognition, by the construction of 
many types of vessels using steam turbines, and the 
King Edward thus played a great part in the mainten- 
ance of the British position in the world of shipbuilding 
and marine engineering. In the intervening quarter 
of a century many changes have been made in the 
practice of power production, amongst which the 
installation of large internal-combustion engines is cer- 
tainly one of the most important. At sea, gearing 
was introduced to obtain economical speeds of running 
for both the turbine and the propeller, but little or no 
endeavour was shown until recently, to copy the lines 
of development which have proved so successful in 
land power stations. Now, the enterprise of Sir 
Charles Parsons is again to be recorded, for a twin- 
screw steamer, King George V, has been constructed 
and is fitted with high-pressure steam turbines to 
obtain an economy of operation comparable with that 
of vessels provided with Diesel oil engines. This ship 
was put into service on the Clyde on Wednesday, 
September 8, when she sailed in place of the King 
Edward from Gourock to Campbeltown after com- 
pleting successful trials the previous day. Like the 
King Edward, this vessel was built by Messrs. William 
Denny and Brothers, Limited, of Dumbarton, to the 
order of Turbine Steamers, Limited, of Glasgow, of 
which company Messrs. John Williamson and Co., of 
Glasgow, are the managers. In the trials the King 
George V attained a speed of 20-78 knots, when the 
propeller speed was 582 r.p.m., the steam pressure at 
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the stop valve being 465 lb. per sq. in. gauge, and the 
mean shaft horse-power was 3,730. These results 
show a margin over the guarantees. Illustrations of 
the vessel and the machinery are given on this page, 
Plate XVIII, page 322, Plate XIX and pages 323 and 
328 of this issue of ENGINEERING. 

The King George V is 320 ft. long, and has a beam 
of 32 ft. Fig. 1 affords evidence of the pleasing 
appearance of the ship. Unlike the earlier turbine- 
driven vessels belonging to the same company, the 
new ship has closed-in sides between the promenade 
deck and the shade deck, making a fully covered-in 
promenade, which is certain to prove a great attrac- 
tion to travellers on the Clyde. As a large number of 
the windows at the sides are of the opening type, the 
advantageous conditions of good weather may 
profited by whenever possible, and protection is 
also afforded in rough weather. A somewhat similar 
scheme has already been tried by the same shipbuilders 
for a few cross-channel steamers, and has been found 
an attractive feature of the greatest benefit to the pas- 
sengers under all kinds of weather conditions. 

The general profile of the ship is shown in Fig. 2, 
Plate XVIII. There, also, are given the various deck 
plans in Figs. 3 to 7. These may be studied in the 
discussion of the lay-out of the vessel. The shade 
deck, Fig. 3, forms a useful open space, and is provided 
with many convenient and comfortable seats. The 
lifeboats on this deck are two in number, of 23 ft. 
length and 7 ft. 6 in. beam, and there is an ample 
provision of rafts and life jackets. At the forward 
end of the shade deck accommodation is provided 
for the captain, over which is the navigating bridge, 
Fig.4. The after part of the promenade deck, Fig. 5, is 
also open, and two other lifeboats, similar to those 
previously referred to, are here carried in davits. 
The mid-ship section of this deck is the closed-in 
or shelter promenade previously referred to. One 
in every set of three panes of glass in the sides, may 
be lowered, at will, to give ample ventilation, when the 
weather permits. Two large sliding doors at both 
port and starboard sides provide for the entrance 
and exit of the passengers, from and to the gangways. 
Stalls for the sale of magazines and fruit are provided 
beside the ticket office, and there is a double com- 
panion way giving access to the main and lower 
decks. Right forward and cnn open is the 
peak, where sparred seats, which also serve as buoyant 
apparatus, are available. 

At the after end of the main deck there is a handsome 
dining saloon, panelled in mahogany, which can 
accommodate a party of 120 passengers. Here the 
windows have large rectangular frames, affording a 
clear view of all the surrounding scenery. This 








position for the dining saloon is an innovation which 
will be greatly appreciated. A complete mechanical 
ventilation system adds to the attractiveness of 
what is, perhaps, the finest saloon on any pleasure 
passenger steamer of its type. Beside it, there is a 
well-fitted pantry at the one side of the entrance and 
a bar at the other. Extensive and well-fitted lavatory 
accommodation is also provided. In the midship 
section is the starting platform, at which all the controls 
are centralised, and from which access is obtained to the 
turbine room below. The tops of the boilers are 
here covered in with plates, which also surround the 
bases of the two funnels. Entrance to the stoke-hold 
is afforded through an air lock. Forward of this is the 
galley and a space, with sparred seats, while the accom- 


be | modation for some of the officers is in the peak. 


The lower deck has a first-class tea room and lounge, 
where the dining saloon of a Clyde steamer is usually 
situated. Here, again, the decorations are pleasing, 
and the light from the portholes is taken through 
delicately-tinted glass panes in the panelling, an 
arrangement which aids considerably in the creation 
of a pleasing effect. Beside the tea room there is accom- 
modation for some of ;the officers and also the first- 
class smoking room, At the fore part of this deck 
there is a lounge, second-class dining saloon and 
accommodation for the stewards, seamen and firemen. 
From the various plans on Plate XVIII, it will be 
appreciated that the designers of this vessel have made 
full use of the space available in the ship to provide 
the maximum of comfort for the many passengers 
the vessel can carry, and the exceptional features, 
which have already been referred to, place the King 
George V in an entirely. new class among pleasure 
cruising steamers. 

The new boat is fitted with boilers generating steam 
at a pressure of 575 lb. per square inch (gauge) and 
superheating it to a total temperature of 750 deg. 
It has twin screws driven through single-reduction 
gearing by turbines of which the low-pressure element 
runs at some 3,000 r.p.m., and the others at double 
this speed. According to a statement issued by the 
builders the designed shaft horse-power was 3,500, of 
which 550 h.p. was to be developed by the single 
H.P. turbine. From the trial data recorded above, it 
will be seen that this was a very conservative estimate 
and that with the full steam pressure, some 4,000 
8.H.P. will be developed. In the H.P. turbine the 
steam is expanded down to about 200 Ib. per square 
inch, and exhausted in part to the turbines on the 
starboard side, and in part to a series of intermediate 
and L.P. turbines on the port side. By this arrange- 
ment a reasonable blade height and consequent low 
“tip” leakage losses are secured for the H.P. element, 
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MACHINERY OF THE HIGH-PRESSURE TURBINE STEAMER “ KING GEORGE V.” 


CONSTRUCTED BY THE PARSONS MARINE STEAM TURBINE COMPANY, LTD., AND MESSRS. YARROW AND CO. (1922), LTD. 


Fig.8. 


SHADE DO 


& AST. TURBINE 


in spite of the small specific volume o/ the steam, which 
on admission to the first row of bledes is only 1-349 
cub. ft. per lb., its pressure being 500 lb. (gauge) per 
square inch. To compensate for the fact that there 
is an H.P. turbine on one side of the ship only, the 
blading of the turbines on the starboard side has been 
proportioned, so that of the total steam discharged from 
the H.P. turbine somewhat more than half is delivered 
to the starboard side. In this way the power developed 
on the two shafts has been equalised. 

The general layout of the boiler and turbine rooms 
is shown in Figs. 8 and 9 on this page. As will be seen, 
the arrangement of the turbines is unusual. The 
L. P. turbines lie on the forward side of the gear-case, 
whilst the H.P. turbine occupies the aftermost position. 
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COAL BUNKER 


The advantage of this arrangement is that the L.P. 
turbine can be used to drive the uppermost pinion of 
the gearing, and thus stands at the maximum possible 
height above the floor level, thus ensuring good drain- 
age into the. condensers. The only countervailing 
drawback is that a longer pipe is needed between the 
control valves and the H.P. turbine. Owing to the 
high density of the steam, however, this pipe is only 
4 in. in diameter, and thus there is no difficulty in 
securing the flexibility necessary to provide for the 
thermal expansion. 

As shown, there are two boilers, weighing about 40 
tons each, and each is designed to evaporate about 
20,000 Ib. of water per hour. These were supplied 
by Messrs. Yarrow and Co., and were described in a 





COAL BUNKER 





paper read last March before the Institute of Naval 
Architects by Mr. Harold E. Yarrow, C.B.E.* They 
are arranged for coal firing, although oil would have 
some special advantages for passenger service on 
the Clyde, since with oil fuel it is a very simple matter 
to reduce fires on approaching the piers. All that 
is necessary is to turn off burners, and the safety valves 
need never lift. To secure similar desiderata with 
coal fuel, special provisions are necessary. Thus 
dampers are fitted by which the supply of air to the 
fires is stopped, whilst to prevent the safety valves 
lifting, with the consequent noise nuisance and loss 
of feed, provision is made by which steam can be 





* ENGINEERING, Vol. cxxi., pp. 443 and 454. 
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off the clearances in starting up and stopping the 
turbine. This is effected by the handle shown on 
the left (Fig. 10), by moving which the thrust block can 
be shifted axially by the screw provided. A similar 
arrangement is fitted to the first and second 
intermediate turbines, A section through the first 
intermediate turbine is shown in Fig. 11. The maximum 
drum diameter is 7% in., and the bearings measure 
34 in. diameter by 4 in. long. The high-pressure 
reverse turbine is installed at the forward end of the 
casing of this machine, and consists, as shown, of a 
two-row velocity compounded wheel with a mean dia- 
meter of 194 in., and when running ahead at full power 
the tip speed is about 550 ft. per second, The exhaust 
from this turbine is led off to the L.P. astern, which is 
housed in the after end of the casing for the L.P. ahead 
turbine. This first I.P. turbine has a k of about 43,000. 
The second I.P, turbine is illustrated in Fig. 12. It 
has a maximum drum diameter of 13} in. and a k of 
about 154,000. 

A section through the L.P. turbine is reproduced in 
Fig. 13. The maximum drum diameter is 29} in. and 
the maximum blade tip speed about 510 ft. per second. 
The bearings are 7 in, diameter by 8 in. long. The 
blades range in height from 2 in. to 4} in., and at 
284-in. vacuum the axial steam at the last row of 
blades is of the order of 400 ft. per second, so that the 
“ throwaway ” losses are very moderate. The astern 
turbine consists of a two-row velocity compound wheel, 
followed by three groups of reaction blading. 

The starting platform is forward of the turbines, and 
the machinery is controlled by three valves, one of 
which, “the full-power valve,” admits steam to the 
H.P. turbine when the boat is running ahead at full 
power. The other valves are used for manceuvring 
purposes, and supply steam directly to the first inter- 
mediate turbines for ahead and astern running respec- 
tively. A non-return valve on the branch connecting 
the H.P. turbine and the first I.P. turbine in the 
starboard side makes it possible to run the starboard 
turbines ahead whilst the port turbines are reversed. 
The manceuvring steam, whether for ahead or astern 
running, is throttled down to a pressure of 200 lb. per 
square inch by means of nozzles, before being forwarded 
to the turbines. Steel has been used for the casings of 
the H.P. and all the I.P. turbines, as also for the nozzle 
boxes of the astern turbines. 

The glands for the H.P. and first I.P. turbines have 
additional pockets, from which the leakage is diverted 
into later stages of the turbine. The outer pockets 
of all the glands are coupled up'to a common reservoir, 
the pressure in which is controlled from the starting 
platform, and is adjusted so as to give just a slight 
outward leakage from the glands into the engine 
room ; the glands are thus effectively sealed against an 
inleakage e air, which would reduce the efficiency of 
the condensers, 

A section through a pair of these condensers is 
reproduced in Fig. 17, Plate XIX. As already indicated, 
the condensers have been subdivided so that a section 
can be out of operation for examination or repair 
without the necessity of stopping the turbines. The 
doors by which this is effected are shown in the figure, 
and an additional view of them is reproduced in Fig. 18. 
They are opened and closed by the worm gearing 
shown on the right of this view. Each unit of the 
condenser is 3 ft. in diameter by 7} ft. long between 
tube plates. The circulating water is provided by 
turbine-driven centrifugals, which, with the other 
auxiliary machinery, are supplied with steam from the 
main boilers through a reducing valve which lowers its 
pressure to 200 Ib. per square inch gauge. Provision is 
also made for reducing the temperature of this steam 
before sending it on to the auxiliary plant. 

A detecter is fitted which gives a continuous record 
of the salinity of the condensate, and thus affords early 
warning of any leakage into the steam space of the 
condensers. An additional detecter is also fitted to the 
feed-pump discharge. 

Sections through the double-reduction gearing are 
reproduced in Figs, 14 to 16, Plate XIX. The main wheel 
has a pitch circle diameter of 54 in. The L.P. pinion, 
which, as has previously been mentioned, is at the top 
of the main wheel, has a pitch circle diameter of 10-26 
in. The diameter of the other pinions is 5-13 in. 

The auxiliaries all exhaust at s pressure of about 
15 Ib. per square inch (gauge), and this exhaust is used 
to raise the condensate temperature to 200 deg. F. 
Further feed heating to a temperature of 300 deg. F. 
is effected by steam drawn off from an appropriate 
stage of the turbines. Views of the turbines as erected 
in the builders’ shops are reproduced in Figs. 22 and 23, 
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TIeNTSIN WIRELESS SraTIon.—It is stated in arecent 
issue of the Chinese Economic Bulletin that the wireless 
station in Tientsin is able to communicate with the 
stations at Harbin, Manchuria, and at Yunnanfu, 
Yunnan Province, 8.W. China. Private messages are 


being accepted fcr transmission to these two cities. 





THE SALVAGE WORK OF THE LATE 
MR. H. T. ENSOR. 


In last week’s issue of ENGINEERING we made 
brief reference, in an obituary notice, to the work of 
Mr. Harry T. Ensor, of Queenstown, Irish Free State, 
who died in Glasgow on Wednesday, August 25. It 
was unfortunately not possible then to deal in any 
detail with much of the/interesting work for which he 
was responsible, and we therefore propose now to refer 
to some further examples of the exceptional service he 
rendered in the salvage of ships, especially during the 
last few years. 

In the year 1912, Mr. Ensor undertook the contract 
to salve the cargo of copper ore in the Port Tarrock, a 
vessel which had been lost with all hands off the wild 
coast of Kerry about 20 years previously. Many 
earlier attempts had been made to recover the ore, but 
all had resulted in financial loss. When Mr. Ensor took 
the contract, the vessel was covered with about 14 ft. 
of sand. This he removed with a sand pump and 
then attempted to raise the ore in buckets filled by 
divers. This proved far too slow a process and the 
following year a Gwynne pump was installed for the 
work. This dealt with the ore by pumping it up, with 
sand and water, to screens on the decks of the salvage 
steamers. During the limited period in which work 
was possible that summer, over 500 tons of ore were 
recovered. In the following year, 1914, the work was 
abandoned on the outbreak of the European war. 

One of his earliest pieces of work in the war period was 
the salving of the Harrison liner Wayfarer, which was 
torpedoed off the coast of Cork. The ship was towed 
into Queenstown Harbour in a sinking condition, with 
the engine room and stokeholds full of water. In this 
case a shield was built up on shore, out of pitch pine 
logs, 40 ft. in length, braced together and stiffened 
with H-section girders, built in between the logs. 
This reinforcement caused the shield to remain in a 
vertical position when put into the water, so that it 
was convenient for floating into place to cover the hole 
in the ship’s side. Prior to placing the shield into the 
water, padding was fixed to it on the sides and bottom. 
The shield was suspended by steel wires from the deck 
and a few temporary rigging screws were used, which 
were placed by the divers inside the ship’s hold to draw 
the shield home. When the pumps were started and the 
water was removed from inside, the shield tightened up 
against the ship’s side, and it was then possible to pump 
the vessel dry quite quickly. Permanent fastenings, by 
bolts through the ship’s side, were then made from the 
inside of the hull, the nuts being put into position and 
tightened up by the divers. It is claimed that this 
was the first occasion on which a standard patch, 
constructed ashore, was put to service in salving a 
damaged vessel. The same shield was used after- 
wards to keep other torpedoed vessels afloat, includ- 
ing the Leyland liner Alexandrian, the Admiralty 
vessel Q.5, the S.S. Berwinvale and the 8.8. Kelvinbrae. 
When the lightship Teraght sank in Kingston Harbour, 
Mr. Ensor built a cofferdam around it and refloated 
the ship. Other work he did on the Irish coast included 
the raising of 8.8. Gorilla and a hopper barge, which 
had been scuttled and sunk in an attempt to block the 
entrance of the channel to Cork during the recent Irish 
troubles. Just after the conclusion of the European 
war, a cargo vessel ran high and dry on the beach 
at Carnarvon Bay. In this case launchways were 
built under the vessel and she was launched into deep 
water. The salvage of the Silurus, a bucket dredger 
for the Bombay Harbour Trust, was fully dealt with 
in ENGINEERING in 1921 (vol. cxi, pages 5 and 32). 

One of the most remarkable achievements of 
Mr. Ensor was the raising of the S.S. Baron Vernon, 
which sank across the channel in the River Clyde 
below Dumbarton, after being struck by the C.P.R. 
liner Metagama. At low tide about 26 ft. 
of water covered the forward deck. Owing to the 
scouring action of the tide the ship was unsupported 
in way of the forward bulkhead, near which 1,800 tons 
of iron ore was carried. Straining and damage to the 
bulkhead and bottom resulted, and the first operation, 
therefore, was the removal of the ore by means of a 
gravel pump. After most of the ore had been removed, 
a cofferdam was built around the ship. This was per- 
haps the largest cofferdam ever used for salvage pur- 
poses, being about 260 ft. in length and 36 ft. in depth. 
As the fore part of the vessel could not be pumped out, 
two 150-ton pontoons, one at each side, were used for 
its support. While the boat was being raised, 
the attempt was made to pull her round into shallow 
water, as there was a great tendency for the vessel to 
turn over. The tackle for pulling the vessel inshore 
was led from a large hulk scuttled near the beach, 
abreast of the wreck. As the cofferdam was of great 
size, there was a considerable leakage, and one 24-in. 
and ten 12-in. pumps had to be kept at work. The 
second bulkhead had to be stiffened by girders made 
up of pitch pine logs braced together. In all this work 
the divers encountered great difficulties owing to the 





fact that the mud in the water prevented them from 
seeing clearly. When the water in the cofferdam was 
lowered about 13 ft., the vessel commenced to lift, but 
showed an increased list. The wreck was then hauled 
further inshore. When, after continued pumpiug, the 
vessel had been raised high enough for the deck to show 
at low water, the cofferdam was removed and the 
vessel, still supported at the damaged forward end by 
pontoons, was towed to drydock for repair. 





DRAGLINE EXCAVATOR WITH DIESEL 
ENGINE. 


THE advantages of employing Diesel engines on 
excavating machinery are sufficiently obvious, but 
hitherto the difficulties associated with the construc- 
tion of small engines of this type have militated against 
this development. The power required lies between 
50 and 100 brake horse-power, and to keep vibra- 
tion within practicable limits, at least four cylinders 
are desirable. Manufacturers are thus faced with the 
construction of a Diesel engine developing from 12 to 
25 h.p. per cylinder, and it is evident that some 
departure is necessary from the normal practice em- 
ployed in large engines, if the design is to be successful. 
The chief difficulty lies in the fuel injection, as the 
quantity required for each charge is so small that it 
is difficult to regulate it accurately. For the class of 
work to which we have referred, it is important that 
the engine should be robust and as simple in construc- 
tion as possible; from this point of view it would 
appear that solid injection possesses distinct advant- 
ages over air injection. 

The Northwest Engineering Company, of Chicago, 
have carried out experimental work extending over 
several years, with a view to developing a suitable 
Diesel engine for shovels, cranes, or dragline excavators, 
and, in Fig. 1, on the opposite page, we illustrate an 
excavator manufactured by this firm which has proved 
very satisfactory in practice. The engine is based on 
the results of the experimental work referred to. It is 
of the solid-injection type and has four cylinders, the 
whole engine being very little larger than a petrol engine 
of the same horse-power. It is built in two sizes, the 
smaller having a bore and stroke of 5} in. by 7} in., 
and developing 63 brake horse-power at 685 r.p.m. ; 
while the larger has a bore and stroke of 5} in. by 8} in., 
and develops 70 brake horse-power at the same speed. 
The consumption of the larger engine is approximately 
14 gallons of fuel per hour, and that of the smaller 
engine 1 gallon. 

Sectional views of the actual four-cylinder engine 
shown in the photograph are not available, but in 
Figs. 2 and 3, sections are given of a single-cylinder 
engine of exactly similar design, which will serve 
equally well to bring out the special features of the 
engine. Details of the fuel-pump and atomiser 
assemblies are given in Figs. 4 and 5 on the same page, 
and a typical indicator diagram is shown in Fig. 6, 
with the corresponding faired diagram in Fig. 7. The 
particular interest of the engine lies in the method of 
fuel injection, but the description of this will be facili- 
tated if we first deal briefly with its general construc- 
tion. As will be seen from Fig. 2, the inlet and exhaust 
valves are of the inclined overhead type, and are placed 
centrally on the main longitudinal axis of the engine. 
They are operated by overhead cross shafts, not shown 
in the figures. A totally enclosed vertical spindle, 
at the end of the engine remote from the flywheel, is 
driven by spiral gearing from the crankshaft, and at 
the top of the vertical spindle a second pair of gears 
serves to transmit the drive to the camshaft. The 
vertical spindle casing, and the spiral wheel on the 
crankshaft, are visible in Fig. 2. The camshaft is 
carried in a casing across the four cylinders, and is 
fitted with three cams for each cylinder. The cams 
operate continuously in an oil bath. The centre 
cam operates an atomiser plunger, which will be referred 
to again later, through the medium of a push rod and 
rocking arm, as shown in Fig. 3. The two outer cams 
are for the purpose of operating the inlet and exhaust 
valves. The overhead cross shafts to which reference 
has been made, are fitted with the usual rocker arm 
on the inner end, as illustrated in Fig. 2, and at the 
outer end carry corresponding levers, which are actuated 
from the valve cams by vertical push rods, arranged. on 
each side of the atomiser push rod. In other details 
the general construction of the engine closely follows 
the best modern practice. The cylinders are cast 
separately, permitting of the easy removal of any 
one, and also giving easy access for removal of 
either the top or bottom halves of the five main bear- 
ings. The crankshaft is made from a heat-treated 
hammered forging, and is machined all over. It is 
fitted with balance weights, as shown in Figs. 2 and 3. 
The crankcase is of heavy section, and the pistons 
are long, each being fitted with seven rings. All crank- 
shaft and connecting-rod bearings are white-metal 
lined, with bronze backings. The connecting-rod is a 
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steel forging, the big end being a bronze casting bolted 
to the rod. All the main bearings can be adjusted 
from outside the engine, the shims being removable 
without taking off the cylinders or dropping the crank- 
case. 

Turning now to the fuel-injection arrangements, the 
method of operating the fuel pump, through link gear 
actuated by an eccentric on the camshaft, will be clear 
from Fig. 2. The pump is shown in section in Fig. 4, 
and it will be at once evident that it differs from those 
usually employed on solid-injection engines in being 
of the low-pressure t: The actual pressure at which 
the fuel is delivered to the atomisers by the pump is only 
40 Ib. per square inch, the higher pressure required to 
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deliver the fuel into the cylinders being attained in the 
atomiser itself. The fuel pump supplies all four cylin- 
ders through a common pipe line, a uniform pressure 
being obtained by the employment of a spring-loaded 
piston. The latter can be seen, fitted with a cup 
leather, on the left-hand side in Fig. 4. The pump 
plunger is lapped to an accurate fit, and side thrust is 
guarded against by the employment of a ball-ended 
actuating rod, which can be seen in the centre of the 
hollow plunger in Fig. 4. The stroke of the plunger is 
arranged to give an excess of oil to the atomisers, the 
surplus being returned to the pump through the con- 
nection shown on the left-hand. side above the supply 
pipe. If the pressure in the supply side becomes exces- 
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sive for any reason, the fuel is by-passed to the suction 
side through the regulating valve, below the fuel- 
discharge valve. 

Details of the atomiser are given in Fig. 5. It will 
be seen that it is fitted with a needle valve and a 
central plunger, the latter being positively depressed by 
the centre one of the three cams on the camshaft. The 
method of operating the needle valve is not shown in 
this figure, but on reference to Fig. 2 it will be seen that 
there is a small rocker arm mounted below the main 
inlet valve rocker, and actuated from the latter by a 
short rod. The needle valve, which regulates the fuel 
delivered to the cylinder, is operated by this rocker, 
and is therefore lifted in synchronism with the inlet 
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valve. The fuel is delivered into a small annular space 
between the two cones at the lower end of the atomiser. 
This space is in communication’ with the cylinder 
through six small radial holes, and also with the space 
below the plunger by a central hole through the inner 
cup. The plunger and needle valve are timed so that 
while the latter is open, the plunger is being withdrawn, 
and. as a result air is drawn from the cylinder through the 
orifices into the annular space and the space below the 
plunger, the charge in the meantime being distributed 
over the same two spaces, where it is partly vaporised. 
On the compression stroke, additional hot air at high 
pressure passes through the orifices, completing the 
vaporisation. At the end of the compression stroke, 
the plunger is depressed sharply by the rotation of the 
cam, and the mixture in the two spaces, which was 
previously too rich to ignite, is injected into the main 
body of air in the cylinder and ignition takes place. 

In concluding our description of the engine, we may 
mention that pressure feed is employed for the main 
bearings, and for both ends of the connecting rod. The 
oil pump is of the gear-type, and can be seen below the 
skew-gear wheel in Fig. 2. The engine is water cooled, 
the pump for this purpose being of the plunger type, 
driven from an eccentric on the camshaft. All air drawn 
into the engine passes through strainers, and a large 100- 
screen mesh filter is fitted for the fuel. The engine is 
started by compressed air, a small air compressor, 
driven by a single-cylinder petrol engine, being provided 
to charge the reservoir. The latter is of ample size, 
twenty minutes operation of the compressor providing 
sufficient air for from fifteen to twenty starts. The fuel 
tank has a capacity of 100 gallons, giving a sufficient 
reserve of fuel for three or four days normal running. 

As will be clear from Fig. 1, the general design of 
the excavator is similar to that of the firm’s well- 
known petrol-driven type. The machine is made in 
two sizes, and the larger will operate a 1 cubic yard 
Page dragline bucket on a 45-ft. boom, or a } cubic 
yard bucket on a 50-ft. boom. The corresponding 
figures for the smaller machine are } cubic yard and 
4 cubic yard respectively. In both sizes, the hoisting 
speed is 150 ft. per minute, the dragline speed 100 ft. 
per minute, and the travel speed 1 mile per hour. The 
working weight, when the machines are fitted with a 
Diesel engine, is greater than when fitted with a petrol 
engine, but the difference is slight, due to the fact 
that the use of the Diesel engine renders it possible to 
reduce the counterweight. We understand that the 
crawler type of machine illustrated, fitted with either 
a petrol or Diesel engine, has become practically 
standard in the United States for drainage work, and 
for work on sewers in cases where the long boom does 
not interfere with trees and other obstructions. 








ENGINEERING TRAINING AND 
EDUCATION. 


City and Guilds of London Institute-—The object of 
the Department of Technology of the City and Guilds 
of London Institute, 29, Roland-gardens, South 
Kensington, London, 8.W.7, is the holding of annual 
examinations in over 80 technical subjects, which 
include all branches of engineering and metallurgy, 
at centres throughout Great Britain, Lreland, the 
Overseas Dominions, India, and the Crown Colonies. 
The programme of the Department has just been 
issued, and contains full syllabuses and regulations 
for the examinations, and also for the registration 
of classes preparing for them in Great Britain and 
Ireland; it is obtainable, through any bookseller, 
from Messrs. Lamley and Co., 1-5, Exhibition-road, 
London, 8.W.7, price 3s. 6d. net. The programme 
is not sold from the head office of the Institute, or 
from the office of the Department of Technology. 
All inquiries relating to the work of the Department 
of Technology should, however, be addressed to the 
Superintendent, at 29, Roland-gardens. 

Chelsea Polytechnic.—A pamphlet giving particulars 
of day and evening classes in metallurgy and assaying, 
to be held at Chelsea Polytechnic, Manresa-road, 
London, 8.W.3, has just been published. The general 
courses are suitable for (a) students desiring to become 
industrial and analytical metallurgists, or mining and 
metallurgical engineers ; (6) candidates for the London 
University degree in metallurgy, or for the Institute 
of Chemistry diploma in metallurgical chemistry, and 
technical students; (c) assayers, analytical and con- 
sulting chemists, and engineers. The special courses 
are suitable for those engaged in the various branches 
of the metallurgical and engineering industry, and 
for candidates for the Institution of Mechanical 
Engineers’ Associate membership examination. Classes 
will commence on September 20, and students will be 
enrolled on September 16 and 17, from 7 to 9 p.m. 

Technical College, Bradford.—The prospectus for 
the session 1926-1927, of the Technical College, Brad- 
ford, has just been issued by the Bradford Education 
Committee. It contains full particulars concerning 





the College diploma courses in the textile industries, 
chemistry, dyeing, civil, mechanical and electrical 
engineering, physics and biology. The courses of 
study in the College include: Diploma courses, which 
involve full-time attendance during a period of three 
or four years; special courses in advanced study 
and in training in the methods of research; special 
courses which involve full-time attendance during a 
period of one or two years; and part-time (day) 
courses. Evening classes will commence on September 
20, and students will be enrolled on September 13 
and 14. The registration of day students will take 
place from September 22 to 24, and day classes will 
begin on September 27. 

Brighton Technical College.—The prospectuses of 
the day and evening classes of the Municipal “schnical 
College, Richmond-terrace, Brighton, give tull infor- 
mation regarding the day, evening, and part-time 
courses for the session 1926-1927. The college has 
mechanical, electrical, building and constructional 
engineering departments, and diploma courses in 
civil, mechanical, electrical and structural engineering 
are provided. Candidates are also prepared for the 
associate membership examinations of the Institutions 
of Civil, Mechanical, and Electrical Engineers. Courses 
for the London University B.A., B.Sc., and B.Sc. (Eng.) 
degrees, also form part of the college curriculum. 
The session opens on September 14 next; evening 
students will be enrolled on and after September 13, 
and evening classes will commence on September 20. 
In the case of day students, lectures will begin on 
September 16. 





BOOKS RECEIVED. 


United States Bureau of Mines ; Mineral Resources of the 
United States. I: 16. Zincin 1924 (Smelter Report). 
By C. E. SteBentuaL and A. Sroxt. 1:17. Gold, 
Silver, Copper, Lead and Zinc in Idaho and Washington 
in 1924, Mine Report. By C. N. Gerry. I: 18. 
Iron Ore, Pig Iron and Steel in 1924. By E. F. Bur- 
cHARD and H. W. Davis. II: 18. Lime in 1924. 
By G. F. LouGHurn and A. T. Coons. [Price 5 cents 
each.] Washington: Government Printing Office. 

Smithsonian Institution. United States National Museum. 
Report on the Progress and Condition of the United States 
National Museum for the year ended June 30, 1920. 
Washington: Government Printing Office. 

United States Bureau of Standards. Miscellaneous 
Publications. No. 70. Weightsand Measures. LHight- 
eenth Annual Conference, Washington, May 25-28, 1925. 
[Price 50 cents.] Circular No. 304. Properties and 
Manufacture of Concrete Building Units? [Price 20 
cents.] Washington: Government Printing Office. 

Aeronautical Research Committee. Reports and Memor- 


anda No. 951. An Investigation of the Air-Flow 
Pattern in the Wake of an Aerofoil of Finite Span. By 
A. Face and L. F. G. Stumons. Price ls. net.] No. 


997. The Distribution of Pressure 
with Wings of Unequal Chord and Span. By H. B. 
IrvinG, B.Se., and A. 8. Batson, B.Se. [Price ls. 
net.] No. 1024. Some Further Experiments on 
Single Crystals of Aluminium, Employing Reversed 
Direct Stress. By H. J. Goves, B.Se., D. Hanson, 
D.Se., and S. J. Wricut, B.A. [Price 9d. net.] 
London: His Majesty’s Stationery Office. 


over a Biplane 


Track Maintenance. Technical Paper No. 248. Cal- 
cutta: Government of India, Central Publication 
Branch. [Price Re. 1. As. 4 or 28.] 

Handbuch fiir Eisenbetonbau. Vol. IV. Wasserbau 


und Verwandte Anwendungen. Edited by Dr Techn. 
h.c. F. EMperGer. Third Edition, revised. Berlin : 
Wilhelm Ernst and Sohn. [Price 36 marks. ] 

Marvels of Modern Mechanics: The Mastery of Land, 
Sea, and Air. By Haroxup 'T. Witkins. London : 
T. Fisher Unwin, Limited. [Price 10s. 6d. net.] 

General Strikes and Road Transport. Being an Account 
of the Road Transport Organisation Prepared by the 
British Government to Meet National Emergencies, 
with a Detailed Description of its Use in the Emergency 
of May, 1926. By Grorce GLascow. London: 
Geoffrey Bles. [Price 5s. net. ] 


Industrial Furnaces, Vol. I. By W. Trinks. Second 


edition. New York: John Wiley and Sons, Ine. 
London: Chapman and Hall, Limited. [Price 
22s. 6d. net.]} 

To-Day and To-Morrow. By Henry Forp. London: 


{Price 12s. 6d. net.] 

Ein Lehrbuch fiir Studicrende 
Anordnung und Verwendung 

ANMUND. 

[Price 42 


William Heineman. 

Hebe und Foérderanlagen. 
und Ingenieure. Vol. Il. 
fiir Sonderzwecke. By Dr. Ing. e.h. H 
Second edition. Berlin: Julius Springer. 
marks. } 

The Elements of Aerofoil and Airscrew Theory. By H. 
}LAUERT, M.A. Cambridge: University Press. [Price 
14s. net.] 





TRIAL TRIP OF THE M.S. ‘‘ BELJEANNE.'’—On August 27, 
Messrs. Sir W. G. Armstrong, Whitworth and Co., Limi- 
ted. successfully carried out the sea trials of the M.S. 
Beljeanne, built at their Armstrong yard, High Walker, 
to the order of Rederiet Belpareil A/S., Oslo. The 


vessel is 427 ft. 10 in. long, with a moulded breadth of 
68 ft. amidships, and carries a deadweight of over 
10,000 tons on a draft of 26 ft. 4 in. The propelling 
machinery consists of two sets of inverted four-cylinder, 
direct-acting, reversible, single-acting, two-cycle type 
Armstrong-Sulzer Diesel engines. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Despite the continuance of the coal 
trouble, an optimistic note is sounded in the steel and 
engineering trades of this area. Considering the mani- 
fold difficulties which exist, orders are being booked 
more freely, but the shortage of raw and semi-finished 
materials is causing a delay in their completion, and in 
many instances is resulting in potential customers being 
compelled to place contracts abroad. Several firms, in 
an effort to expedite delivery, have put small open-hearth 
furnaces into operation, but the big plants still remain 
damped down owing to the prohibitive cost and quality 
of foreign and outcrop coal. In not a few instances, 
manufacturers are buying Continental steel, and, despite 
its inferiority, are content to use it rather than close 
down works. The railway equipment and rolling-stock 
departments continue to be well occupied, though in two 
or three cases production is being impeded through the 
dearth of British steel. Development programmes in 
British East Africa and Canada are expected to prove 
beneficial, while trade with India promises to increase. 
Such a healthy state of affairs does not exist in the ship- 
building and armament trades, but the automobile 
steel section is experiencing fairly active times. The 
recent strong demand for various descriptions of harvest- 
ing machinery tends to decline, though an improve- 
ment is discerned in other classes of agricultural equip- 
ment. Mixed conditions exist in the lighter indus- 
tries. Engineers are buying tools a little more freely 
with the object of being more fully equipped to meet the 
promised revival. Russia, though not taking such large 
supplies as before, is buying saws, files, rasps, and 
augers. 

South Yorkshire Coal Trade.—Big supplies of outcrop 
and foreign fuel continue to be available at prices rang- 
ing from 40s. to 45s. per ton for the former and 55s. to 
60s. per ton for the latter. Continental fuel tends to 
ease the position in the engineering trades, but many 
furnaces are inactive owing to its prohibitive cost. 
House coal supplies are adequate for another fortnight. 
The position regarding coke supplies shows no change. 





Tran Tr or M.S. ‘ IpomENEus.”-——On Tuesday, 
August 31, the trials were successfully carried out of the 
M.S. Idomeneus, a vessel built by Messrs. Workman, 
Clark and Co., Limited, Belfast, to the order of Messrs. 
Alfred Holt and Co., of Liverpool, and the second of 
two new motorships. The registered dimensions are 
459-60 ft. by 58-48 ft. by 32-60, ft. and the gross ton- 
nage is about 8,000. ‘The propelling machinery consists 
of twin sets of eight-cylinder Burmeister and Wain four- 
stroke Diesel engines, developing 6,000 shaft horse-power 
for a speed of over 15 knots. Other Diesel engines of 
the B. and W. type are supplied to generate the current 
necessary for services throughout the ship. There are 
six large cargo holds, two of which are fitted for the 
carriage of refrigerated meat. Loading and discharging 
are carried out by means of 22 derricks, an extra large 
one being fitted for dealing with loads up to 55 tons. 

Om, SHIPMENTS THROUGH THE Panama CanaL.—The 
shipments of crude and refined petroleum products 
through the Panama Canal, from west to east, in the 
last few years, has increased to such dimensions that in 
one year the canal tolls amounted to 7,000,000 dols., or 
almost enough to pay for the upkeep of the great water- 
way. Prior to 1922, the bulk of the movement was 
westward, being reversed on the discovery of the vast 
fields at Los Angeles. The record year was 1923, when 
52,350,000 barrels passed eastwards through the canal, 
but in the last two years the total has been reduced 
very considerably—in 1924 by 25 per cent. and in 1925 
by 63 per cent. The explanation of this decrease lies in 
the growth of refineries on the Californian coast, and hence 
to the shipment of refined oils instead of the crude. It is 
also due to the rise in price of the California oil, due to 
decreased production and increased demand on the Cali- 
fornian coast and to the rise in freight rates to the Atlantic 
coast. The other main routes are by pipe line from the 
mid-Continent field, by pipe line from these fields to the 
Gulf Coast and thence by water. Much of the decline 
in California has been compensated by the increased use 
of the Gulf route, the development of which has also 
been augmented by the discovery of the Powell and 
Wortham fields. 

TRIALS OF THE S.S. “* PLuME.’’---Built to the order of 
the Vacuum Oil Company, Limited, the oil-tank vessel 
S.S. Plume is a sister ship to the 8.8. Pulpit Point. the 
launch of which we recorded in our last issue, on page 297. 
She has been built by Mesrss. Lithgows, Limited, Port 
Glasgow, and engined by Messrs. David Rowan and Co., 
Limited, Glasgow, under the supervision of Messrs. 
Flannery, Baggally and Johnson, Limited, London, On 
the measured mile, she developed a mean speed of over 
12 knots. the sea trials taking place on August 28. The 
vessel is 460 ft. long between perpendiculars, the moulded 
breadth is 62 ft. 6 in., and the moulded depth. 36 ft. 6 in. 
She is built on the Isherwood system to Lloyd’s highest 
class and to Board of Trade requirements. The cargo- 
carrying capacity is 12,300 tons. There are nine main 
cargo tanks subdivided by a continuous longitudinal 
bulkhead. Coffer-dams are provided at each end of the 
cargo tanks and between Nos. 3 and 4 tanks. Summer 
tanks are arranged on each side in way of the main 
tanks. The propelling machinery is placed aft. The 
engine is of the triple-expansion type, supplied with 
steam, at a working pressure of 220 lb. per square inch, 
by three single-ended cylindrical boilers, oil-fired and 
fitted with Howden’s forced draught. All the auxiliaries 
are steam-driven. 
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200-TON FLOATING CRANE FOR 
HAVRE. 


A HEAVY floating crane, capable of handling a load 
of 200 tons at a distance of 95 ft. from the centre line 
of the crane, and to a height of 160 ft. above the water 
level, was recently delivered by Werf Gusto, Firma 
A. F. Smulders, of Schiedam, Holland, for the harbour 
of Havre. The crane is mounted on a steel pontoon, 
which is divided up into several water-tight compart- 
ments, in one of which is accommodated the power 
plant, consisting of a triple-expansion condensing 
engine and an electric generator. Steam for the engine 
is supplied from a boiler in the adjoining compartment, 
the steam pressure being 147 lb. per square inch. 
Projecting through the deck of the pontoon, there is a 
tower, the lower end of which is rigidly connected to 
the pontoon. The crane rests on a pivot bearing on 
top of this tower, and consists of a vertical-framed 
structure, on which the long jib is carried by means 
of two pins, On the lower platform of the crane 
framework the winch-room is situated, and accommoda- 
tion is provided for the counter-weight. At the after 
side of the tower are the screw spindles for the derricking 
ee as well as the counter-weights for balancing 
the jib. 

The crane is provided with two main blocks, each 
for a load of 100 tons, which can be coupled together 
for hoisting a load of 200 tons. There are also two 
trolleys, which, independently or coupled, can travel 
along the whole length of the jib, and on which 30 tons 
each, or a total of 60 tons, can be hoisted. For the 
main blocks, the hoisting speed is 4-5 ft. per minute, 
while that of the trolleys is 30 ft. per minute. The 
various winches are all accommodated in the winch 
house on the lower platform, but all their operations 
are controlled from a cabin under the jib, from which 
there is an uninterrupted view of the work. All loads 
can be dealt with in safety, due to the use of a switching 
system, which gives a definite speed at each position 
of the controller, and has the advantage that no inter- 
ruption in the main current occurs. It may be 
stated that the crane was towed from Schiedam to 
Havre without dismounting the jib. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The conditions in the Scottish 
steel trade have varied little over the week. The trouble 
in the coal trade is still with us and a settlement seems as 
far distant as ever, except that the Government has again 
been drawn into it, and there are great hopes that some- 
thing tangible may result this time. The large steel 
works are still idle, but order books have filled up wonder- 
fully well, and steady running for a fair period is assured 
after reasonably-priced home fuel is available. Prices 
are bound to be firmer because of the higher costs of 
production, which will be inevitable for some time. An 
active state prevails in the black sheet trade, and little 
can now be secured without waiting some weeks for 
delivery. The following may be taken as the current 
market quotations: Boiler plates, 11/. per ton; ship 
plates, 7/. 17s. 6d. per ton; sections, 7/. 78. 6d. per ton ; 
and sheets, under = in, to 4 in., 11l. 5s. to 121. 5s. per 
ton, all delivered Glasgow stations, 


Malleable Iron Trade.—There has been practically no 
change in the malleable iron trade of the West of Scotland 
this week. Business is being carried on with difficulty, 
and the small output is quickly absorbed. Prices are 
naturally high and tending upwards, with ‘‘ Crown ” 
bars called 117, 10s. to 127. per ton, delivered Glasgow 
stations. 


_ Scottish Pig-Iron Trade.—With all the blast furnaces 
in Scotland out of commission and stocks getting well- 
nigh exhausted, dealings are effected with difficulty. 
Certain brands being now unobtainable, consumers have 
to make the best bargain they can for the grades avail- 
able. Prices are very firm and are called as follow: 
Hematite, 82s. 6d. per ton, delivered at the steelworks ; 
foundry iron, No. 1, 95s. per ton, and No. 3, 90s. per ton, 
both on trucks at makers’ yards. 


_ Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, September 4, was again very small, and only 
amounted to 204 tons. Of that total 198 tons went 
overseas and 6 tons coastwise. For the corresponding 
week of last year the figures were 1,004 tons overseas and 
170 tons coastwise, making a total shipment of 1,174 tons. 





‘ PERSONAL.—Messrs. Millemon (Factors), Limited, 
Glenogle Works, Edinburgh, have been appointed by the 
Westinghouse Brake and Saxby Signal Company, 
Limited, as sales service and fitting agents for that part 
of Scotland, east of, and including, Fife——Major Sir 
Aston Cooper-Key, recently H.M. Chief Inspector of 
Explosives, has been elected to the board of Allen- 
Liversidge, Limited.—Mr. J. F. Ramsbotham, M.I.C.E., 
M.Am.Soc.C.E., recently the Director of Lighthouses to 
the Commonwealth of Australia, has now joined Messrs. 
Wilton and Bell in partnership. The title of the firm 
will in future be Wilton, Bell and Ramsbotham, with 
addresses, 57 and 59, Victoria-street, Westminster, S.W. 1: 
and 18 and 19, Westminster-chambers, 1, Crosshall- 
street, Liverpool, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade——Though founders con- 
tinue to use a considerable proportion of the rela- 
tively cheaper Continental irons, with the quality of 
which they express satisfaction. sellers of Cleveland pig 
report a ready market for the few small ls of that 
commodity they were able to offer, and they have again 
advanced quotations by sixpence. The home price of 
No. 1 thus becomes 93s. 6d. ; while No. 3, g.m.b., is 91s. ; 
No. 4 foundry, 90s. : and No. 4 forge, 89s. 6d. For ship- 
ments to foreign destinations sixpence above these 
figures is named. 


Hematite.—There are still some unsold stocks of East 
Coast hematite iron, but these are being steadily reduced, 
and with the statistical situation becoming stronger, 
values are inclined to stiffen. Quotations, however, 
keep on a comparatively low level. Customers claim 
they can satisfy their requirements at 83s. for mixed 
numbers, both on home and export account. No. 
hematite is obtainable at 83s. 


Foreign Ore.—There is continued stagnation in foreign 
ore, and market rates remain nominal on the basis of 
best rubio at 21s. 6d. c.i.f. Tees. 


Coke.--Coke quotations keep on a very high level, but 
are inclined to ease. 


Manufactured Iron and Steel.—A few sales of manu- 
factured iron and steel are understood to have been made, 
but contracts are not readily arranged. Among the 
principal market quotations are : Common iron bars, 111. 
5s.; iron rivets, 121. 15s.; packing (parallel), 8. ; 
packing (tapered), 11/.; steel billets (soft), 71. 5s. ; 
steel billets (medium), 7/. 10s. ; steel billets (hard), 8/. 2s. 
6d. ; steel ship, bridge and tank plates, 8. ; steel angles, 
7l. 10s.; steel rivets, 121. 10s.; steel joists, 72. 10s. ; 
heavy steel rails, 8/. 10s.; fish plates, 128. 10s.; black 
sheets, 111. 5s.; and galvanised corrugated strips, 171. 


Shipments of Iron and Steel_—August shipments of 
iron and steel from the Tees totalled only 22,043 tons, as 
compared with 79,879 tons for the same month a year ago. 
Clearances last month comprised 5,331 tons of pig iron, 
of which 4,243 tons went to foreign destinations and 
1,088 tons went coastwise ; 1,810 tons of manufactured 
iron, of which 1,073 tons went overseas and 737 tons 
coastwise ; and 14,902 tons of steel, of which 12,702 
tons went abroad_and 2,200 tons coastwise. 


Imports to the Tees.—Interesting statistics are issued 
this week by the Tees Conservancy Commission. They 
show the imports of coal and coke to the Tees for the 
period of June 1 to September 6 to have been 176,988 tons 
and 15,701 tons respectively. Of these amounts, Belgium 
supplied 10,760 tons of coal and 1,562 tons of coke ; 
Holland 36,848 tons and 5,757 tons; and Germany, 
80,770 tons and 8,302 tons, respectively ; while America 
contributed 45,181 tons of coal only. During the ten 
months ending August 31 last, 174,258 tons of iron and 
steel were imported to the Tees as compared with 53,399 
tons in the corresponding pre-war period of 1913-1914, 








TrenpDERS.—The opening of the tenders for the supply 
of 29,500 metres of rails and 13,500 steel sleepers to 
Ferrocarriles y Tranvias del Estardo, Calle Buenos Aires 
588, Montevideo, has been postponed until Novem- 
ber 12.—The Johannesburg Municipal Council is inviting 
tenders for gas works plant. Local representation 
is essential. Tenders must reach Johannesburg before 
noon on December 13, 1926. Further details may be 
obtained from the Department of Overseas Trade, 35, 
Old Queen-street, London, S.W.1, when reference No. 
A.X. 3567 should be quoted. 





Tue Late Mr. G. V. Cox.—The death is announced 
of Mr. Griffith Vaughan Cox, who was until 1920 an 
assistant engineer under Mr. G. W. Eves, of the Barsi 
Light Railway, India. He was in charge of a section of 
the line, the engineering workshops, and of the construc- 
tion of a new pumping station. He later undertook 
similar work while on the staff of the Nizam’s Guaranteed 
State Railways, India, under Mr. C. W. Lloyd Jones. 
Mr. Cox was a student of engineering at McGill Univer- 
sity, Montreal, and served with distinction in the Shrop- 
shire Light Infantry and the Machine Gun Corps in 
France during the European War. He attained the 
rank of major and was awarded the Military Cross. He 
was elected an A.M.Inst.C.E. in 1925. 





YounG ENGINEERS AND THE Royat Arr Force.—It is 
the intention of the Air Ministry to make a number of 
appointments to short service commissions in the Royal 
Air Force in September. 'The opportunity is a good one 
for young engineers, who have the temperament which 
ensures success in outdoor games. Short-service officers 
on entry are taught to fly, and at the same time receive 
instruction in aeronautical engineering, armament, and 
navigation. Only a small number of entrants can be 
retained on permanent commissions in the service, but 
every year examinations are held in mathematical and 
scientific subjects, which are open to officers of two years’ 
service who are under 25 years of age. Successful 
candidates in these proceed to a two years’ specialist 
course and are granted permanent commissions. The 
officer who, after five years’ satisfactory service in the 
Air Force, returns to civil life, receives a gratuity of 
3751. and will be well qualified to obtain employment in 
engineering work. Forms of application and copies of 
regulations may be obtained on written application to 
the Secretary, Air Ministry, Adastral House, Kingsway, 





Tue Instirute oF MARINE ENGINEERS.—Tuesday, 
September 14, at 6.30 p.m., at 85-88, The Minories, 
Tower-hill, E.1. “Steam Pipes for Super High Pres- 
sure,” by Mr. J. A. Aiton. 


THE West BromwicH ENGINEERING SocieTy.— 
Friday, September 17, at 7.30 p.m., at the Technical 
School, West Bromwich. ‘‘ Spun Pipes—Cast Iron and 
Concrete,”” by Mr. Perey H. Wilson. 


THE INSTITUTION oF MUNICIPAL AND CouNTY 
EneimveEers: Soura Eastern Duistrict.—Saturday, 
September 18, at 2.30 p.m., at the Rural Council Offices, 
Epsom. Discussion on ‘‘ Epsom Rural District,” by 
Mr. T. F. Ware. 





Launch or THE §.S. “ MerNnoo,’’—The single-screw 
cargo steamer Mernoo, built to the order of the Melbourne 
Steamship Company, Limited, Melbourne, Australia, was 
recently launched from the Neptune shipyard of Messrs. 
Swan, Hunter, and Wigham Richardson, Limited. The 
vessel, which is being constructed to Lloyd’s highest 
class, is 296 ft. in length, 42} ft. in breadth, and is 
designed to carry over 3,600 tons deadweight on a draught 
of 20 ft. She has a long bridge, short poop and fore- 
castle, and two masts. e steamer will be propelled 
by triple-expansion engines, which, with the boilers, 
are being built by Messrs. George Clark, Limited, of 
Sunderland. The appliances for handling cargo and 
working the ship include a steam windlass, steam steerin 
gear, 9 steam winches, 1 derrick to lift 10 tons, an 
8 derricks, each of 5 tons lifting capacity. 


Lioyp’s WRECK STATISTICS FOR 1925.—The statistical 
summary of ships totally lost, broken up or condemned 
during the year 1925, which has now been published by 
Lloyd’s Register of Shipping, shows that the total was 
739 ships of 1,142,035 tons, if all vessels of less than 100 
tons were excluded. Of the total, 553 were power 
propelled, and the remainder were sailing vessels. A 
considerable diminution, as compared with 1924, amount- 
ing to 633,868 tons for steamers and motors, was 
accounted for as to 136,070 tons by decrease in actual 
casualties, while the remainder of the drop was due to 
the fact that fewer vessels were broken up in 1925 
than in the previous year. Great Britain lost a total of 
54 ships of 61,778 total tonnage, amounting to 0-32 per 
cent. ofthe tonnage owned. The United States of America 
had her mercantile fleet reduced by 11 lost vessels of 
27,416 tons. Greece has the unenviable distinction of 
losing the greatest percentage of ships and tonnage, 
amounting to 2-45 and 2-40 per cent., respectively. 





“Sarety First” in Enotneertna Works.—-The 
National Employers’ Mutual General Insurance Asso- 
ciation, Limited, of 1, George-street, Mansion House, 
London, E.C.4, has done much to study by analysis 
the causes of accidents in workshops and have pre- 
pared many informative pamphlets and enamelled 
signs to call the attention of the work.ien to the 
risks they might run. The necessity for enlighten- 
ment is obvious when it is appreciated that 80 per cent. 
of all industrial casualties are due to the human factor, 
and that of those involving ‘machinery, 30 per cent. of 
the total. only a limited reduction may be anticipated 
through the introduction of guards. It is claimed that 
no less than seven-eighths of the accidents in works may 
be prevented by the use of Safety First methods. All 
who are interested in the reduction of accidents wil] 
find much of interest in the Association’s publications, 


New Tuse Srpine at Kennineton.—A remarkable 
engineering feat was recently carried out in the vicinity 
of Kennington station on the City and South London 
Railway. This consisted in constructing a siding 
between the running tunnels of the railway without 
interfering with traffic operation on the line. Several 
difficulties had to be faced; in the first place, there is 
a difference of 10 ft, in the respective levels of the running 
tunnels; again, the space between them is narrow and 
the ground contains pockets of water-bearing sand. 
Moreover, junction tunnels had to be made to connect 
the siding with the running tunnels, while trains were 
passing through the site of the works every two or three 
minutes. Save for the leading-in section connecting with 
the down running tunnel, which is about 320 ft. long, and 
has a rise of 1 in 40, the siding tunnel was bored, by hand, 
at practically the same level as the up running tunnel 
(the higher of the two running tunnels), beside which it 
runs for a distance of 720 ft. To hold back the water 
in the pockets of sand, air locks had to be formed and 
compressed air resorted to. To connect the leading-in 
tunnel with the down running tunnel, a junction tunnel 
of step-plate type was formed around a section of the 
latter, which, naturally, had to be completely exposed. 
This step-plate junction leads off with 47 rings, 21 ft. 
2} in. in diameter, followed by 16 rings, 25 ft., and 23 
rings, 27 ft. 6 in. in diameter, The three enlarging 
sections are eccentric to one another and have concrete 
end walls where they connect. The 27 ft. 6 in. section 
embraced also the mouth of the leading-in tunnel. The 
junction tunnel could thus take both the ordinary running 
track and the track which would diverge from it into the 
siding. Meanwhile, trains were passing through the 
running tunnels, which were encircled by the junction 
tunnel, They were ——— at the base and sides by 
heavy timber struts. The final phase of operations was 
the dismantling of enclosed sections of the running tunnels 
and laying the floors of the junction tunnels. This work 
was conducted during the brief intervals between traffic. 
The new siding will come into use when the Morden 








London, W.C, 2. 


extension and the Kennington loop line are inaugurated. 
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SERVICE. 


THE motto Ich Dien is reputed to have been 
adopted by our Royal House amid the picturesque 
circumstances of a fourteenth-century battlefield. 
However well it may have fitted famous scions in the 
past, it can scarcely have been borne more appro- 
priately than by those of our own times. Both our 
present Prince of Wales, his August Father, and his 
Grandfather, the late King Edward, can be said to 
have acted fully up to the spirit of the legend. Ways 
and means may have differed from those of yore, 
but none can doubt the value of their efforts in the 
interest of the Empire at large. Though possibly 
less dramatic, the methods of to-day are more 
permeating in their effect, and in the long run 
probably of greater constructive value. 

The idea of service, likewise, lies at the back of the 
great profession to which we belong. Words in the 
charter of our premier institution run to the effect 
that a civil engineer is one who directs the great 
forces of nature for the use and convenience of man. 
Who, indeed, will dispute the value of this service 
when we contemplate the great development of 
railways, and of water power and supplies, to men- 
tion only three lines in which such contributions have 
been made. The engineer has certainly well served 
his fellowmen. We know it is in certain quarters 
the custom to jibe at the manner in which advanced 
sections of the Empire have comported themselves 
towards those of the more backward peoples, 
but the most superficial examination will show that, 
through the engineer, service of immense value has 
been rendered to such countries. We may not have 
educated more than a small fraction of the millions 
of India, but we have greatly enhanced there the 
security of tenure of life. With the spread of 
facilities for transport and of irrigation, etc., the 
horrors of plague and famine have been greatly 
diminished. Without concurrent developments in 
engineering, the advance of medical science would 





k- | have proved little better than useless to cope with 


these troubles, and it would have been possible to 
touch only the merest fringe of the distress. Other 
instances might be cited, the world over. In Egypt, 
the lot of the fellahin, from being precarious to a 


degree, has been raised to one of relative stability, 
and the country has been rescued from industrial 
chaos. This, of course, has been due to straight- 
forward and honest administration, but in his recon- 
struction policy Major Sir Evelyn Baring, when he 
went to Cairo, placed his main reliance upon the 
little band of irrigation engineers, which he got 
together with the object of improving the resources 
of the country. 

Honourable service of this kind is not restricted 
to such matters, nor to military life and the political 
career, which may bring with them brilliant dis- 
tinctions. It has been a constant source of pride 
in this country that much of our public life takes 
the form of service of an honorary character, which, 
though onerous enough, brings with it little in the 
way of tangible reward in any shape or form. We 
may carry the matter further and put service to 
others as the very foundation of our continued 
existence under the complicated conditions of 
life to-day. Unless a man can perform some service 
to his fellows he has no part in our modern economic 
life, and, speaking generally, can earn no livelihood. 
In recent years, following upon our experiences in 
munition supplies, a great deal has been said on the 
subject of mass production. Many firms, con- 
vinced that they were on the road to prosperity, 
laid out suitable plant at great expense, only to 
find later that they were producing goods for which 
there was not more than a limited demand. The 
circumstances of the time were, of course, peculiar, 
but these years of restricted buying have impressed 
upon us, if they have done nothing else, the need, 
if success is to be won, of bringing the cost of a 
product within the range of the possible purchaser. 
At no time is it any good to produce something 
which nobody wants, but if a service of some kind 
is rendered at a cost which the would-be buyer 
can meet, business will follow. Sir Ernest Benn, 
in his recent book, “‘ If I were a Labour Leader,” 
elaborates the point. “We must,” he says, 
“start with the fact that we work to serve others 
ware we must recognise that if others had no 
wants there would be no work for us to do, and, 
further, that we are only entitled to ask for the 
satisfaction of our wants to the same extent that 
we satisfy the wants of others.’ Elsewhere in the 
same work he says, “the belief that the producer 
can fix the price of an article is one of the commonest 
of modern errors. The producer may write a 
label and put it upon the article, but it is the con- 
sumer who really fixes the price.” The truth of 
this has been abundantly proved in late years, 
when labels have shown such figures that, except 
when driven to do so by necessity, people have 
simply refrained from buying. 

It is service, too, which has led to the great 
Ford expansion. Parallel opportunities do not 
come to many men. Mr. Ford was quick to seize 
his when it came, and he has stated that behind 
his early efforts was the conviction that if he could 
serve people by producing a cheap car he was in 
for a big thing, as the saying goes. In the special 
case which he has made so peculiarly his own 
he has proved his conviction true. We quote the 
following from his latest book, ‘To-day and 
To-morrow,” bearing on the same point. He 
writes, ‘‘ If you set out to make something which 
will help people then and not till then 
have you anything worth while making,’ and 
again, ““When we have real service, the profits 
have a way of looking after themselves.” Both 
these writers draw attention to the same funda- 
mental truth, though the reasoning they base upon 
it is divergent. In the war theré was for the most 
part no lack of offers of service. It would be 
well for us if something of the same spirit animated 
the nation to-day, and prevailed in place of the 
strife which cripples us. 

In his presidential address to the Trades Union 
Congress at Bournemouth, delivered on Monday 
last, Mr. A. Pugh touched upon co-operation in 
industry. Co-operation and service are allied in 
modern production, yet how little have we seen 
of either in the last few months on the side of the 
labour movement. The general strike can certainly 
not be regarded as having been intended to benefit 





the country as a whole, by either one or the other, 
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| 
and however much “the great and spontaneous | 
demonstration of working-class solidarity” may | 
be belauded by T.U.C. leaders, this “« unprecedented | 
adventure,” as Mr. Clynes styled it on Wednesday, 
must be adjudged to have been a futile sacrifice 
which did no good service to anyone. Mr. Pugh 
still clings to the cry of “The Mines for the 
Nation” as the solution of many difficulties. We 
should have thought that the attitude of the 
country in May last was sufficient proof that the 
nation does not want the mines. If it did, it 
would have insisted then and there on a settle- | 
ment on such lines. It did nothing of the kind, 
and in no uncertain terms asserted its opposition | 
to the dictation of those responsible for the trouble. 
The President of the Trades Union Congress envis- 
ages with public ownership of the mines a spirit of 
new endeavour and of co-operation. What grounds 
Mr. Pugh has for such a dream we cannot think ; 
we know full well that public ownership has never 
fostered a spirit of new endeavour and emulation. 
If any system stands condemned as tending to 
slackness and failure to advance with the times, 
it is operation under State management. 

There is little hope, therefore, for our industries 
if this is all that we have to fall back upon. If, on 
the other hand, the idea of service could be revived, 
instead of the purely self-centred policy now in 
fashion, we might still have a chance of making up 
some of our leeway. Nominally at least, we still | 
cling as a nation to the great philosophy which | 
places honourable service to others and a regard 
for our neighbours in the forefront of our duties. 
The modern labour movement substitutes self for | 
others and neighbours, and in addition appears to | 
be quite indifferent as to whom it wounds by “a 
folly. 














THE NATIONAL RADIO EXHIBITION. | 


PrRHAPS the most striking feature of the exhibi- | 
tion, which now occupies the New Hall at Olympia, | 
and will remain open until the 18th instant, is the | 
remarkable development of the wireless industry | 


direct current for the anodes was supplied entirely 
by dry batteries, but with the more general adoption 
of multi-valve sets, especially those of the super- 
sonic-heterodyne type, using low-impedance valves 
for the last stages of low-frequency amplification, 
the high-tension current requirements became 
higher than could conveniently be supplied by this 
means. Banks of small accumulators, shown by 
many manufacturers at Olympia, were, therefore, 
substituted for dry batteries, with greatly improved 
results, a constant source of high-tension direct- 
current being an important desideratum in the 
operation of sets of the class referred to. 

Such accumulators, of course, require to be re- 


charged at intervals, and to avoid this, the so-called | 


high-tension battery eliminators, which are much in 
evidence at Olympia, have been introduced. These 
enable the current to be taken from the lighting 
mains, and, when the latter supply continuous 


current, consist merely of some form of potentio- | 


meter with suitable tappings connected to the anodes 
through a smoothing circuit consisting of choking 
coils and condensers. The object of the smoothing 
circuit. is, of course, to eliminate the commutator 
ripples, which would otherwise produce noises in the 
receiving apparatus. In the case of alternating- 
current mains, a transformer with two secondary 
windings is generally employed, in conjunction with 
a rectifying valve or valves. One of the secondary 
windings supplies the rectifying-valve filaments 
with alternating current and the other is connected 
to the anodes of the rectifying valves so as to allow 
a pulsating, but unidirectional, current to flow. 
This current is smoothed by means of a high- 
impedance choke connected in series with the 
positive lead, with large-capacity condensers con- 
nected between the positive and negative leads 
at each end of the choke. The smoothing, we are 
informed, is so effective that no trace of alternating- 
current hum can be heard in a loud speaker con- 
nected to a receiving set supplied with high-tension 


| current in this way. 


Most manufacturers now supply valves specially 


that has followed the introduction of broadcasting | designed for use as rectifiers in the battery elimina- 
some four years ago. Whereas, at that | 
wireless apparatus was made in this country by | Wo separate anodes and filaments enclosed in the 
perhaps a dozen firms, about 180 British firms, |same bulb, so that a single valve can rectify both 
most of them manufacturers, are exhibiting their | halves of the alternating-current wave. A_parti- 


time, | tors above referred to, some of the valves having | 


products at Olympia. 
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formerly the case, are now usually cut to special 
shapes, so that, when used with an inductance of 
a fixed value, a straight-line characteristic with 
respect to wave-length or frequency, is obtained. 
With straight-line condensers, a given angular 
movement of the dial produces the same alteration 
in wave-length, or frequency, as the case may be, 
whether themovementtakes plece near the minimum 
or the maximum ends of the scale, whereas, with 
condensers having semi-circular plates, the altera- 
tion is much greater near the maximum end. 
Loud speakers are exhibited in a great variety of 
types and forms, and while many still retain the 
small, flat sheet-iron diaphragm, most makers are 
| now producing models with large conical diaphragms 
| or radially-pleated diaphragms of paper. Many are 
| made in pleasing designs, but in some cases the 
|instruments are made in the form of pictures, rose 
| bowls, and other objects in order to disguise their 
|real purpose. It would be interesting to com- 
| pare the acoustic properties of the various types, 
|but this, perhaps fortunately, is impossible at 
Olympia, as none may be shown there in operation. 
Many improvements have undoubtedly been made 
in these instruments, even within the last few months, 
and the best may now be said to give quite pleasing 
results. Perfection, however, has hardly yet been 
reached, and the loud speaker is still regarded by 
many as the weakest link in the chain connecting the 
broadcast studio and the listener. No effort should, 
therefore, be spared to do the little more which is 
still required to satisfy the most discriminating sec- 
tion of the public ; the latter, on the other hand, may 
lose much that is even now good by waiting for the 
perfection which is so difficult of attainment. 





| 
| 
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| 





THE PALM OIL INDUSTRY. 


Pat oil, as most of our readers are doubtless 
aware, forms an important raw material of the 
soap and candle industries, and is also used in the 
manufacture of margarine and in the tinplate indus- 
try. Its use in the last-mentioned industry is con- 
nected with the protection of the heated iron sheets 
from oxidation, before they are dipped into a bath 
of molten tin. West Africa has hitherto been 
practically the only source of palm oil, which is 
obtained from the fibrous pericarp surrounding the 
shell of the nuts that grow in clusters on a palm 





In general, the standard of | Cularly interesting rectifying valve, known as the | tree bearing the generic botanical name of El@is 


excellence reached in the exhibits, both as regards | Kthotron, is used in the battery eliminator made by | guineensis, although there are many sub-species. 
| > Nira : } ite 20 as | 4 ; ; ; } i $ 
design and manufacture, suggests that those | Messrs. Burndept Wireless, Limited, of Blackheath. | Qi], which is also used in soap-making as well as 


engaged in the industry fully realise its possibilities, | 
which are, of course, largely dependent upon the 
quality of the apparatus supplied to the public. 
In the space at our disposal, it will not be possible 
to deal with the very numerous exhibits individu- 
ally, but a few general impressions, gained from a 
cursory examination of them, may be worth record- 
ing. One point of interest with regard to the general 
design of receiving sets is the commendable effort 
made by most manufacturers to produce highly 
sensitive and selective sets, which can be operated 
with ease by persons taking no interest in the 
technical side of wireless. Many multi-valve sets, 
capable of receiving broadcast programmes from 
numerous British and Centinental stations by the 
movement of one or two dials, are now available, 
in striking contrast with earlier models, in which 
long rows of dials and knobs had each to be adjusted 
with some skill and considerable patience to obtain a 
much less satisfactory result. Simple sets, capable 
of receiving the local and high-powered stations 
on a loud speaker, are also available, from which 
tuning adjustments have been entirely eliminated, | 
either station being brought in at will by merely 
pressing one of two push buttons. Such a set, 
designed by Mr. R. Borlase Matthews, is being | 
shown by Messrs. Felcourt Products, Limited, of | 
East Grinstead. 
The supply of low-tension current for filament | 
lighting, and of high-tension current for the anodes | 
of thermionic valves, is another source of trouble to | 
users that manufacturers have recently been able | 
to reduce materially. Several sets which can be 





operated directly from the house-lighting mains 
are exhibited at Olympia, as well as simple electro- 
lytic and other forms of rectifiers for charging 
accumulators at home. Formerly, the high-tension 


In this valve, which is of the gas-discharge type, no 
heated filament is used, but two anodes, consisting 
of small nickel cylinders, are mounted vertically 
side by side in a glass bulb containing a monatomic 
gas such as helium, and above them is a cathode in 
the form of aninverted cup of thin sheet-steel, coated 
internally with composition. When the leads from 
the transformer secondary are connected to the two 
anodes, a stream of negative electrons flows from 
the cathode to that anode of which the potential is 
momentarily positive. As the potential of both 
anodes is constantly changing sign, a continuous 
current will flow in an external circuit connecting the 
cathode with a central tapping on the transformer 
secondary, and from this circuit, in which suitable 
smoothing apparatus is incorporated, the anodes of 
the receiving valves are fed. Up to 60 milliamperes 
can be supplied continuously in this way. The 
Ethotron valve can also be used for charging high- 
tension accumulators, the smoothing apparatus 


then, of course, being unnecessary, although a/| 


resistance, in the form of an incandescent lamp, is 
required to limit the rectified current. 

If space permitted, much could be written with 
regard to the improvements effected in the design 
of the various components of receiving apparatus. 
The principal components are, of course, inductance 
coils and variable condensers, and, with regard to 
the former, the efforts of designers to reduce losses 
due to self-capacity and high-frequency resistance 
by air spacing, and the interaction between adjacent 
coils by special forms of winding and by enclosing 
the coils in metallic casings, are the most noticeable 
features. Variable condensers are now usually 
provided with dials incorporating some form of 
reducing gear to facilitate fine adjustment. The 
plates, instead of being semi-circular, as was 


for the manufacture of margarine and chocolate 
|fat, is also expressed from the kernels, which are 
|imported in bags. The oil from the pericarp, which 
constitutes the palm oil of commerce, is, however, 
| the more important product, and this is extracted 
|locally, mainly owing to the fact that the palm 
‘fruit is liable to rapid decomposition and also, of 
| course, to reduce the cost of transport by eliminating 
‘that portion of the fruit which is practically waste 
| material. That the industry is of some importance 
/may be gathered from the fact that, in 1924, about 
| 74,000 tons of unrefined palm oil, valued roughly a 
| 2,850,000/., were imported into this country. Of 
| this quantity, 58,000 tons, valued at 2,240,000/. in 
round figures, came from Nigeria, and as the total 
|exports of that country for the same year were 
| valued at 15,000,0001., it will be understood that the 
| palm oil industry is a by no means negligible factor 
'in the prosperity of Nigeria as well as of other West 
| African countries. 

Hitherto, the oil has been largely produced by 
|native labour, using crude methods, and the nuts 
|have been cracked by hand to obtain the kernels ; 
|/but within recent years efforts have been made to 
secure a higher degree of efficiency in the industry 
by the introduction and development of European 
plant and methods of extraction. The main 
incentive to improvement has been the cultivation 
of the oil palm on an extensive scale in the Dutch 
East Indies and the general use there of machinery 
for the preparation of the products. The opening 
up of an alternative source of palm-oil products has 
thus led those interested in the West African industry 
to consider, amongst other possible improvements, 
the establishment, in suitable localities, of central 
factories equipped with modern plant. . The present 
position is reviewed, in an informative manner, bya 
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writer in the current issue of the Bulletin of the 
Imperial Institute, where it is pointed out that the 
most important improvements made in the last de- 
cade have been the sterilisation of the fruits as soon 
as possible after collection, and the extraction of the 
oil from the pericarp by centrifugal machinery. 

A modern and highly efficient plant for the 
extraction of the oil and for cracking the nuts and 
separating the kernels, designed and constructed by 
Messrs. Manlove, Alliott and Co., Limited, of 
Nottingham, was exhibited at the British Empire 
Exhibition, and was illustrated and described, in 
some detail, on page 513 of our 118th volume. We 
must refer our readers to the article in question for 
a full account of the various operations involved, 
but we may mention here that after extracting the 
oil from the pericarp and cracking the nuts by 
machinery, the shells are separated from the kernels 
by immersing them in a bath of brine, the specific 
gravity of which is adjusted so that the kernels float 
and the shells sink. Perfectly satisfactory separa- 
tion is effected in this way, and the loss of salt, in 
the particular plant referred to, is reduced to a 
minimum by passing the kernels and shells through 
centrifugal machines, whence the recovered brine 
is drained back to the bath. In general, however, a 
certain amount of salt is wasted when the separation 
is effected in a-brine bath, and, as salt is a com- 
paratively costly item in West Africa, many factories 
effect the separation in a suspension of clay in 
water. Some method of drying the kernels before 
they are bagged for export, and the shells before 
they are used as fuel, is necessary in any wet process 
of separating them, and attention is therefore now 
being directed to the production of a satisfactory 
dry-separating process. 

One or two British firms have already produced 
dry-separating machines, and one of these, by the 
Vegetable Oil Machinery Syndicate, Limited, of 
Manchester, consists essentially of four screens, 
which are given a, combined vertical and recipro- 
cating motion and are also supplied with air blast. 
The mixture of broken shells and kernels, usually 
containing a few unbroken nuts, is fed on to the 
uppermost screen, which serves to remove the whole 
nuts and the larger pieces of shell. The second 
screen also removes large pieces of shell, but allows 
the bulk of the material to fall through on to the 
third screen, which is sufficiently fine to retain the 
kernels but allows the smaller pieces of shell to fall 
through. From the fourth screen, on which the 
kernels are received from the third, they are delivered 
in a thin even stream into a strong vertical blast, 
the object of which is to blow away any pieces of 
shell still remaining with the kernels. The problem 
of the dry-separation of materials which differ so 
little in weight and size is, however, by no means a 
simple one, and does not appear yet to have been 
completely solved. | 

This and other matters affecting the palm oil 
and palm kernel industry, however, are likely to 
receive increasing attention in the near future. 
The installation of central factories appears to 
be one of the most effective methods of meeting 
the competition referred to above, and if this 
policy is adopted in West Africa, the provision 
of the necessary equipment for the factories will 
doubtless offer additional incentive to manufac- 
turers to improve their designs in any direction 
likely to reduce the operating costs or to increase the 
yield and quality of the product. 





THE SMOKE-ABATEMENT EXHI- 

_ BITION AT BIRMINGHAM. 

Ar the present time, industry in this country is 
so burdened by overhead charges that manu- 
facturers are hardly likely to tolerate any further 
proposals at their expense for the amelioration of the 
community at large. When the ayitation for smoke 


abatement first arose, it was looked upon by many | 


as coming within this category, but we now imagine 
that very few factory managers would suggest that 
the measures proposed in the Public Health (Smoke 
Abatement) Bill constitute any further burden upon 
industry. Engineers have never argued that smoke 
from factory chimneys was unavoidable, but. they 
maintained that it was to a great extent a necessary 
evil until such times as effective appliances were 
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evolved for ensuring more perfect combustion. 
These appliances are now available in the form of 
mechanical stokers, pulverised fuel plant, and so 
on; and concurrently with these developments 
there has been a marked decrease in the extent to 
which the air is being polluted by smoke from 
domestic hearths. It is not always realised that 
the open domestic fire has been responsible for about 
one-half of the total weight of carbon discharged 
into the atmosphere, and certainly in the case of 
London the “ particular” has been reduced to the 
point of toleration mainly by the growth of the 
popularity of the gas fire and slow-combustion stove. 
We are still probably far from the day when, as 
visualised by one of the speakers at the opening of 
the Universal Smoke-Abatement Exhibition in 
Birmingham, the towns in the North would be as 
free from smoke as a remote village on the Yorkshire 
| moors, but the present rate of progress suggests that 
in a short time smoke in the atmosphere will no 
longer be a serious menace to public health in any 
part of the country. In the case of factories, 
much of the improvement has resulted from the 
adoption of more efficient furnaces for economic 
reasons, but the advances made in the methods of 
heating private houses are in no small measure 
due to the exertions of the Smoke Abatement 
League of Great Britain, assisted no doubt by the 
acumen of the gas and electric supply companies. 
The Smoke-Abatement Exhibition, which was 
opened at the Bingley Hall in Birmingham on 
Monday last, has been organised under the auspieces 
of the League, and is being held under the patronage 
of a large number of societies who have interests in 
common with that body. A conference is being held 
concurrently with the exhibition, during which a 
number of papers on smoke abatement are being 
read, and visits arranged to various large works 
and housing estates in the neighbourhood. The 
conference is divided into sessions, each of which is 
being devoted to a special aspect of the subject. 
Thus, during the first session, boiler smoke abate- 
ment was discussed ; during the second, post-war 
housing schemes, and in subsequent sessions atten- 
tion will be given to such aspects of the question 
as individual house construction, town planning, 
and zoning. The means by which some reduction 
in the total volume of smoke injected into the atmo- 
sphere may be achieved are very numerous and 
diverse. It is therefore hardly to be expected that, 
even in an exhibition which purports to be devoted 
exclusively to appliances for achieving this object, 
all the possible methods of smoke abatement would 
be represented. The exhibition, however, is fairly 
comprehensive, and such omissions as exist are 
being to some extent covered in the series of the 
papers being read. 
| The exhibits may be broadly divided into two 
| classes, domestic and industrial, and, although the 
| latter are of greater primary interest to the engineer, 
| the former cannot be passed over as being unworthy 
| of attention. Gas and electric domestic appliances 
|are much in evidence, but there do not appear to 
'be any striking novelties in these directions. We 
| have never been able to understand why gas fires 
should be so designed that the great majority of the 
heat is projected directly forward, so that persons 
| sitting at the side are in frigid zones, but this is still 
a feature of practically all the fires exhibited. It is 
difficult to see any adequate reason why the radiants 
should not be arranged so as to form a semicircle in 
plan, with a view to overcoming this defect. We 
| hesitate to enter the field of domestic cookery, but 
will venture to suggest that every cooker might with 
advantage be fitted with a simple thermometer. 
Very few cookers are fitted with automatic tempera- 
ture controllers, and in their absence, a thermometer 
should help to eliminate one of the failings for which 
we are reproached by other nations. The provision 
| appears to be particularly necessary in the case 
of gas cookers, where pressure variations in the 
supply are continually taking place in accordance 
with the demands of the neighbourhood. As regards 
domestic heating appliances, many of the slow- 
combustion stoves now available appear to be 
almost perfect, but in far too many cases the size 
of the opening for fuelling in kitchen stoves is such 
as to entail the use of a specially narrow shovel—-an 
article, however, which does not appear to be on 
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the market. A novel application of the anthracite 
or coke stove is being exhibited by Messrs. William 
Grice and Sons, Limited, of 4, Arundel-street, 
Strand, W.C.2. This takes the form of an air- 
heating unit suitable for private dwellings, offices, 
or workshops. It is entirely self-contained, the 
only connection necessary being a flue pipe to carry 
off the fumes. The furnace plates are cast with 
vertical radiating fins on the outside, and the whole 
furnace is totally enclosed in a larger external 
casing. Air is drawn into this casing either through 
holes in the outer ring of the upper grating or 
through the base, as may be more convenient. 
After being heated by contact with the fins. the 
air leaves the stove through a central grating at the 
top. The air necessary for combustion can be 
accurately regulated by means of dampers, and it is 
stated by the makers that the draught can be 
safely reduced to a point at which the stove will 
burn over a week-end without attention. Humidi- 
fying troughs, overewhich the air to be heated passes. 
are fitted in the base of the casing, and by charging 
these with disinfectant the whole of the space to 
which the warm air is supplied can be fumigated at 
any time. 

In the industrial section, examples are to be seen 
of pulverising fuel appliances, mechanical stokers, 
and other plant, which may justly be regarded as 
coming within the scope of the Exhibition. It must 
be confessed, however, that great ingenuity is 
required to class other exhibits as coming under 
even such a wide term as smoke abatement. Some 
of these, none the less, are among the most interest- 
ing, typical among them being a small shearing 
machine shown by Messrs. Holman and Co. 
(Engineers), Limited, of Fordneuk-street, Bridgeton, 
Glasgow. This machine is made in several sizes and 
types, the example exhibited being for shearing 
light sheet up to No. 14 gauge. In this machine the 
anvil is fixed, and is above the shear. The latter is 
reciprocated by an eccentric, driven through gearing 
from an electric motor spindle, the shear spindle 
running at 900 r.p.m., and the motor spindle at 
1,200 r.p.m. The cut can be controlled with great 
ease and accuracy, the rate of cutting being about 
20 ft. per minute. An important feature of the 
machine is that it is perfectly safe, as the finger can 
be inserted into the gap while the spindle is running 
without the slightest danger of its being cut. The 
gap can be adjusted, and when correctly set a very 
clean edge is left on the work. 

The most striking exhibit is a reproduction of a 
large industrial boiler-house, which occupies the 
whole of the smaller of the two halls into which the 
Exhibition isdivided. The various components, which 
together make up the complete installation, have 
been supplied by a number of different firms, but 
as no less than twenty are so represented, it would be 
tedious to mention them all by name. The two 
boilers, which are both incomplete to enable the 
construction to be studied, are supplied by Messrs. 
John Thompson (Wolverhampton), Limited. One 
of them is of the Lancashire type, with a shell 9 ft. 
3 in. in diameter. Corrugated flues are fitted, 
3 ft. 8 in. diameter, and the exhibit serves to illus- 
trate the well-known dished-end construction 
standardised by the makers. The second boiler is 
of the water-tube type, with straight tubes, and has 
a heating surface of 500 sq. ft., the working pressure 
being 300 lb. per square inch. One of the flues of 
the Lancashire boiler is fitted with a Koker type 
stoker manufactured by Messrs. Meldrums, Limited, 
of Timperley, Cheshire ; and in the other flue is a 
hand-fired furnace designed to work with a closed 
ashpit under positive pressure. This unit is also of 
Messrs. Meldrums’ manufacture. At the back of the 
boiler is a sectional superheater made by Messrs. J. 
Gordon and Co., Limited, of Windsor House, Kings- 
way, W.C.2. Other exhibits in the boiler-house are 
a Green economiser, Atritor pulverising units made 
by Messrs. Alfred Herbert, Limited, a Bennis chain- 
grate stoker, Weir pumps, water-softening plant by 
The Paterson Engineering Company, Limited, and 
a variety of instruments supplied by such well- 
known firms as Messrs. G. Kent, Limited, and The 
Lea Recorder Company, Limited. The automatic 
coal scales for measuring the fuel fed to the 
powdered fuel plant and to the chain grate stoker 
are supplied by Messrs. W. and T. Avery, Limited. 
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THE LATE MR. W. H. ALLEN. 


TuroucH the lamented death of Mr. William 
Henry Allen, J.P., D.L., at Bromham House, 
Bedford, on Friday, September 3, both engineers 
and a large section of the general public will greatly 
miss the influence of a keen and enterprising spirit 
which contributed so much to building up the 
thriving industry connected, the world over, with 
his name. 

Mr. W. H. Allen, the Chairman of Messrs. W. H. 
Allen, Sons and Co., Limited, of Bedford, was born at 
Cardiff in 1844, and was educated first at Weston- 
super-Mare, and later at Christ College, Brecon. 
He served his apprenticeship to engineering with 





the firm of Messrs. Neville, who specialised in large 
steam engines for colliery pur- 
poses, and it was his experience 
there of a five o’clock start, 
and the difficulties which a lad 
then encountered in acquiring 
knowledge, that gave him the 
sympathetic outlook towards 
beginners which led to his 
educational schemes of after 
years at the Bedford works. 
When, at the age of 20, his 
indentures ran out, he procured 
engineering works in Cardiff, 
known as the Mill Lane Foun- 
dry, but by the year 1869 he 
had made up his mind that 
this did not offer a wide enough 
field for the development of the 
precise type of work which 
attracted him. With consider- 
able courage, a quality he never 
lacked, he went to London in 
that year and approached such 
firms as Maudslay, Penn and 
Merryweather, but without suc- 
cess. His alertness, however, 
attracted the attention of the 
head of the firm of Messrs. 
James Gwynne and Co., then 
located in Essex Street, Strand, 
and he was offered the post 
of general manager. 

Eleven years in this capacity 
followed, with ripening experi- 
ence and growing popularity 
among the workmen. So great 
was the latter that when, in 
1880, Mr. Allen set up for 
himself and founded the firm of 
W. H. Allen and Co., a number 
of the men accompanied him. 
The new firm was housed in a 
works previously occupied by 
Messrs. Merryweather and 
situated in York Street, Lam- 
beth, quite close to Waterloo 
station. It was not long before 
a distinctive engine and centri- 
fugal pump made the works 
well known, not only in this 
country, but in many parts of 
the world. 
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the use of the term “‘ auxiliary machinery ”’ brought 
to mind automatically the name W. H. Allen and 
Co. The centrifugal pump was developed by the 
firm for other lines in addition to marine work, and 
it was supplied for graving and floating docks, 
waterworks of all kinds, and so forth. 

In 1889, Mr. Allen took his eldest son, Mr. Richard 
W. Allen, into partnership, and the firm became 
Messrs. W. H. Allen, Son and Co. In a little while 
the growth of the business indicated that more 
room and better transport facilities were needed. 
At the same time the London and South Western 
Railway Company, on the adjoining premises, was 
making very advantageous offers for the works 
freehold. In looking for a suitable site, Mr. Allen 
was largely influenced by the desirability of settling 
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cially with drainage pumping plants in Holland | facilities for his employees and their children. 


and irrigation pumping plants in Egypt. 
pumping machinery was developed and also marine | 
pumps for various purposes, Mr. Allen enjoy- | 
ing the confidence of both the naval authorities | 


and those of the mercantile marine to a remarkable | decision that the site of the future works was | 


extent with regard to these latter auxiliaries. | 

It was at the York Street werks, in collaboration | 
with Gisbert Kapp, that the well-known Allen-Kapp | 
dynamo, driven direct by a high-speed engine, was 
developed and tried experimentally before being | 


Dock | This pointed to Bedford, where at first some hostility 


was shown to the proposal, but Mr. Allen was not 
easily deterred, and it was characteristic of the 
rapidity with which he almost invariably made a 


selected and purchased in the course of a single 
afternoon. 

In 1894, the move was made and the firm, with 
400 of its men, migrated to the town. From that 
migration the whole district of the town lying to 
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1920. An illustrated description of the works, as 
they existed before the war, was given in ENGINEER- 
ING, vol. xcvi, page 107 ef seg., on the occasion 
of the visit paid to them by the Institution of 
Mechanical Engineers in 1913. It is scarcely neces- 
sary to refer to the status enjoyed to-day by the 
Queen’s Engineering Works, or to review the range 
of work turned out, beyond stating that there are 
now six distinct departments with the most modern 
equipment, and that great developments, both in 
buildings and products, occurred during the war. 
In this connection it may be noted that on June 27, 
1918, Messrs. Allen were honoured by a visit from 
His Majesty King George V. and Queen Mary. 

As already stated, Mr. Allen was keenly interested 
in the education of his pupils and apprentices, and 
the organisation he brought 
into being, with its whole-time 
demonstrators, has produced a 
class of men with a solid pro- 
fessional grounding. The con- 
tinued attendance of these men 
at the annual reunion of past 
and present pupils, demon- 
strates both appreciation of 
Mr. Allen’s work and _ their 
attachment to their old firm. 
This educationgl work was an 
achievement in itself, but his 
contribution towards more 
purely scientifically training 
merits at least as much notice. 
In 1923, Mr. Allen presented to 
the Institution of Mechanical 
Engineers the sum of 1,000/., 
to be expended on the main- 
tenance of a student, or gra- 
duate, of that institution for 
three years at Trinity College, 
Cambridge. Mr. C. Hinton, a 
graduate, was selected from 
amongst over a hundred ap- 
plicants, and, it is pleasing to 
record, has since taken first 
class honours in the Mechanical 
Science Tripos (1925), and 
gained the Senior Scholarship 
of Trinity College and _ the 
second Yeats prize of 1926. 

What is now known as wel- 
fare work had an enthusiastic 
supporter in Mr. Allen long 
before its general adoption. 
Amongst other benefactions, he 
presented his employees with a 
large institute, completely fur- 
nished. This has been, for 
many years, a feature of the 
social life of the community. 
His sympathies anticipated the 
Workmen’s Compensation Act 
by four years in setting up a 
business likeand humane organ- 
isation for cases of disablement 
and sickness, while, similarly, 
an old-age pension scheme was 
in operation at the Bedford 





Notable success was attained, espe- | ina district in which there were adequate educational | works before legislation on the subject was thought 


of as practicable. Mr. Allen had many interests 
outside his profession. He had travelled much on 
business in his early days, both in Europe and further 
afield, while music, gardening, farming, and hunting 
all claimed some of his attention. 

His work for the county is indicated by the fact 
| that he had been a Justice of the Peace since 1897, 
| was High Sheriff in 1904, and was also a Deputy- 
Lieutenant and a member of the Territorial Associa- 
tion. Mr. Allen became a member of the Institution 
of Civil Engineers in 1891, and in that year con- 





tested by the Admiralty in H.M.S. Devastation. | the west of the old Midland Railway has resulted. | tributed a paper entitled “ Auxiliary Engines in 
This was in 1884, and the experiment initiated the |The present-day works cover an area of 30 acres, | Connection with the Modern Marine Engine.” He 
long series of electric lighting and power sets which | and nothing gave Mr. Allen greater pleasure than became a member of the Institution of Mechanical 
have been and are so widely used in both naval | planning their expansion. The conversion of the | Engineers in 1885, being elected to the Council in 
L : firm into a limited company took place in 1900, | 1906, and becoming a Vice-President in 1915. He 
period was illustrated in an article in ENGINEERING | when Mr. Harold Gwynne Allen and Colonel P. B.| was created a past vice-president in 1921, his 
of August 28, 1885. The combination of the high- | Crowe, Mr. W. H. Allen’s son-in-law, were appointed elevation to the presidential chair not being possible 
speed engine with centrifugal circulating pumps and | directors, to be joined on the board later by Mr. | for reasons of health. Mr. Allen was also a member 
forced-draught fans followed later, and it is hardly | Rupert 8. Allen. The present style of the company, | of Council of the Institute of Metals and a member of 
too much to say that, for some years at all events, W. H. Allen, Sons and Co., Limited, dates from the Royal Institution. 


and merchant ships. An example of this early | 
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Known for many years in his works by the simple 
title of “‘ The Chairman,” his capacity for leadership 
was recognised by all, and anyone with a new idea 
was sure of a sympathetic hearing from one whose 
delight it was, up to the close of his 82 years of life, 
to keep pace with the most modern developments 
in science and industry. 





RIVER POLLUTION. 


In the eighth report of the Royal Commission on 
Sewage Disposal, published in 1912, an interesting 
correlation was established between the condition 
of a waterway as determined by analysis and by 
biclogical observations. Five degrees of merit, or 
perhaps demerit would be the better term, were 
established, viz., very clean, clean, fairly clean, 
doubtful, and bad. One hundred litres of water 
from a ‘“‘ very clean ”’ stream were found to absorb 
0-1 gramme of oxygen in five days. With a 
‘doubtful’ stream the amount was five times as 
much, whilst in the case of a badly polluted stream, 
the absorption amounted to 1 gramme, showing that 
there was in this case practically no free oxygen 
present in the sample as collected. Correspondingly, 
in very clean streams the water has no smell, and 
delicate fish may be plentiful, whilst water weeds 
are scarce. In the case of clean stream, whilst the 
water is clear and bright, it has a faint earthy smell, 
delicate fish are scarce though the coarser kinds may 
be plentiful. The stones in the shallows are apt to be 
covered with a light brown deposit, and water weeds 
grow freely, whilst a moderate amount of green 
alge are to be found in the shallows. In “ fairly 
clean ” streams, the water has a pronounced earthy 
smell, and delicate fish are probably absent, whilst 
the water weeds, though plentiful, commonly 
have their fronds coloured brown in places. Fish 
life ends with moderately clean streams, where it 
is scarce at best ; and no fish are found in ‘‘ doubt- 
ful” and “bad” waterways. In the latter a 
characteristic grey fungus is found in abundance. 
Insect life seems to increase as the pollution becomes 
worse. 

Further biological investigations are described in 
a report* just issued by the Standing Committee on 
River Pollution, which was appointed by the Ministry 
of Agriculture and Fisheries. An experimental 
station has been established at Alresford in order to 
study the biology of a clean natural stream, and 
thus provide a standard of comparison to which the 
conditions in other rivers might be referred, and 
it is hoped that the methods evolved at this station 
will be of service in the subsequent examination of 
polluted streams. The proportion of these is very 
large, and a table in the report classifies in the order 
of cleanliness nearly all the streams round our 
coastline. So far as mere numbers go, the Class I 
streams appear to be still in a majority, but most 
of the important streams fall into Class II or 
Class III. One of the worst is the Tyne, which 
between Blaydon and the sea contains no dissolved 
oxygen. The Tees, though better, is nevertheless, 
overdosed with sewage, and the lower reaches of the 
River Hull are also reported to be in a very un- 
healthy condition. The Wharfe, whilst clean down 
to Ilkley, becomes so bad lower down, below 
Tadcaster that the Yorkshire Fishery Board have 
pressed for a thorough investigation of the matter. 
One of the troubles encountered in providing a 
remedy lies in the fact that the smaller local 
authorities, whilst they usually employ a competent 
engineer to design their: sewage works, are reluctant 
to pay for adequate supervision of the subsequent 
operation of the plant. As a consequence, these 
expensive schemes are handed over to the control 
of some inexperienced workman, who is intellectu- 
ally unfitted for the duty, and is, moreover, fre- 
quently aged or more or less physically incapacitated 
in other ways. 

The satisfactory disposal of trade refuse has 
always been a difficult matter, and new problems 
are constantly arising. Thus the plan of con- 
centrating dairy work into large central establish- 
ments is threatening serious pollution to streams 
hitherto of a satisfactory cleanliness. Again, the 





* River Pollution and Fisheries: H.M. Stationery 
Office, 1926, Price 6d, net, 





sugar beet factories have enormous wastes to 
dispose of, and the result threatens to be highly 
objectionable. So far no method of disposal of 
this refusez;has been devised, which is at once 
efficacious and economically practicable. 

The standing committee are also investigating 
the effects of tarry pollutions on fish life. This 
matter was examined in 1906 by Hein in Germany, 
who found that tar acted as a nerve poison. Con- 
centrations of 1 pt. of tar in 80,000 of water, killed 
fingerling trout in 18 to 20 hours. The coarser fish 
appeared somewhat more resistent, whilst crusta- 
cea, dragon fly larve, snails, &c., were still less 
affected. 


WORLD-POWER CONFERENCE. 
SECTIONAL MEETING, BALE. 


THE Sectional Meeting of the World-Power Con- 
ference, which held meetings for a week to discuss 
problems of international interest, opened its 
proceedings at Bale on Tuesday, August 31, in 
a somewhat novel manner by an overture played 
by the Bale Orchestra Company. This took place 
in the larger of the two halls situated in the main 
building of the International Exhibition for Inland 
Navigation and Utilisation of Hydraulic Power 
now running in Bale, where the business meetings 
are also being held. Ihe musical item was of the 
highest standard. Altogether, 39 countries were 
represented, and the opening meeting was well 
attended by visitors of many nationalities. 

The speakers were Dr. Edward Tissot, Chairman 
of the Swiss Committee, World Power Conference ; 
M. Chuard, Minister for the Interior, Swiss Govern- 
ment; D. N. Dunlop, Chairman, International 
Executive Council, World-Power Conference ; and 
Councillor Dr. F. Aemmer, representing the 
Municipality of Bale. 

Dr. Tissot, after offering a warm welcome to all 
the visitors, proceeded to justify the decision, 
come to when the World-Power Conference first 
met in 1924, to hold sectional meetings to deal with 
the subjects now under discussion, on the grounds 
of the rapid developments which are taking place 
in the electrical industry, and in the growth of interest 
in the application of electricity on all sides. He 
further justified Bale as the place for such a meet- 
ing, in view of the experience Switzerland has had 
due to its water-power resources (of which the 
figure of 1,000 kw.-hours per head of population 
consumption in 1925 was some indication), coupled 
with the existence of the Exhibition now open at 
that city. Moreover, he remarked on the facilities 
within easy reach, for visitors to inspect actual 
installations of the most up-to-date character. 
He did not omit to recall that the World-Power 
Conference had its origin in the minds of a group 
of English firms who have the interest of the industry 
at heart, and paid a tribute of thanks to them. 

Mr. Dunlop offered, in his capacity of Chairman 
of the International Executive Council, the thanks 
of all the visitors for the energy and thought 
displayed by the Swiss Committee and the City of 
Bale in making provision for the visitors’ needs in 
such a thorough manner. He also touched upon the 
active state of the electrical industry, which fully 
excused a meeting being held again so soon after 
the London meeting, as shown by the papers coming 
forward for discussion. Looking forward he saw 
in the future of the problems both of electrical 
power development and of the use of navigable 
waters, matters of such interest as would bring the 
nations together in a spirit of friendly co-operation, 
which might, he hoped, in time reflect upon the 
political relationships. At the same time, he called 
attention to the necessity for education and the de- 
velopment of the sense of art, &c., to proceed side by 
side with the concentrated technical improvements 
which made for the improvement of material 
conditions. A splendid example of this spirit 
of development on broad lines was to be found in 
the support which the Burghers of Bale had always 
given to their educational establishments and 
art schools. 

The business meetings, as stated above, com- 
menced with the session on Tuesday, August 31, 
and early in the week the number of participants 
amounted to about 700, including 140 official dele- 











gates from 39 countries. The number of papers 
received for discussion was about 85, and 14 morning 
and afternoon sessions were scheduled, some of which 
took place simultaneously for different subjects. 
In view of the enormous amount of material to be 
considered and the fact that remarks of interest 
either from the Chair or from speakers were trans- 
lated into the remaining two of the three languages 
recognised—English, French, German—it is only 
natural that the discussions were apt at times to 
prove inconclusive. This does not mean that such 
conferences are necessarily abortive, for, quite apart 
from the large fund of up-to-date knowledge they 
bring together in the actual papers, there is every 
evidence that much real benefit results from the 
individual exchange of views rendered possible on 
such an occasion. 

The business of the Conference was divided into 
five main headings: Section A.—Utilisation of 
Water Power and Inland Navigation ; Section B.— 
Exchange of Electrical Energy between Countries ; 
Section C.—The Economic Relation between Elec- 
trical Energy produced Hydraulically and Electrical 
Energy produced Thermally; Section D.—Elec- 
tricity in Agriculture ; Section E.—Railway Electri- 
fication. 

For the moment it is only proposed to give a 
brief survey of the interesting points in Section A, 
and to give abstracts of the more valuable papers at 
a later date. Section A had by far the most con- 
tributions in the form of papers, and the first part 
of the week was devoted to this section, which was 
subdivided into ‘‘ Utilisation of Water Power” and 
“Tnland Navigation ” for convenience of grouping 
the papers for discussion. 

In opening the discussion on “‘ Utilisation of Water 
Power,’ under the chairmanship of M. Chuard, 
director of the Ziirich Bank for Electrical Under- 
takings (Elektrobank, Ziirich), the General Reporter, 
M. Payot, director of the Electrical Services of the 
City of Baile, emphasised the advantages accruing 
from a common fund of technical knowledge, so that 
costly and unnecessary experimenting might be 
avoided where a solution of a problem had already 
been determined elsewhere, or was being simul- 
taneously worked upon. His remarks were parti- 
cularly applicable where schemes involving such 
large capital costs are concerned. 

Of the papers submitted in this section one group 
dealt in a descriptive manner with actual and pro- 
posed water-power plant installed in Switzerland, 
Germany, Norway, Sweden, Japan and Mexico, and 
at the same time drew attention to special local 
characteristics which have governed the policies 
followed in those countries. 

Two Swiss papers were submitted, one dealing 
with low heads and the cognate question of locks 
to permit navigation, a matter in which the co- 
operation of the dock engineer is indispensable, and 
the other dealing with high heads, of which there 
are so many notable examples in Switzerland. The 
sharing of water rights between two different border- 
ing States was illustrated in a German paper giving 
particulars of a stretch of the Iller which has been 
divided lengthwise, one reach being assigned for 
power-generating purposes to Bavaria and the other 
reach to Wiirtemburg. On the other hand, the 
Rhine above Bale is divided equally between 
Germany and Switzerland by the erection of similar 
power stations on each bank and common control 
of the sluices. 

Among the points of technical interest about 
which views were exchanged during discussion 
were the methods of rendering dams water-tight, 
the value to be assigned to the weight of a dam in 
designing (which plays an important part in the 
ultimate cost), and the question of erosion below 
the dam. Naturally nothing very conclusive arose 
out of the discussion in the time permissible, but 
it was clear that no general solution had yet been 
propounded, even were such possible, although the 
exchange of essential data on these matters could 
not be too highly valued. The removal of solid 
matter in one form or another was touched upon 
by several authors in this general section and in 
the “Inland Navigation” group of papers, both 
from the point of view of erosion of spillways and 
tunnels, and also the disturbance of the balance of 
solid contents in the water, which may affect lower 
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reaches of the stream. Attention was also given in 
the Swedish contribution to difficulties arising from 
ice formation and remedies adopted, some of which 
have been dealt with at one time and another in 
our columns, such as heating the sluices, and also of 
introducing compressed air into the water. Atten- 
tion was called to the need for accessibility for repair 
purposes, in designing movable dams and sluices. 
Another group of papers dealt with turbines and 
electrical plant for power stations, and these were 
discussed under the chairmanship of M. J. Lebacqz, 
Director of the Belgian Mines Administration. 
Current practice and trend of design were illus- 
trated in papers contributed by Swiss, German, and 
Swedish engineers. Mr. Caflisch (Switzerland) drew 
attention in his paper to the fact that, to be success- 
ful, the completed unit, when erected, must represent 
the concerted efforts of the structural, mechanical, 
and electrical engineers working in close co-opera- 
tion, and, in subsequent discussion, the meeting 
found that no general rules regarding the disposition 
and lay-out of a station could be formulated, but 
that each proposition required the individual 
consideration of the three parties in the light of local 
conditions. The general reporter, M. Payot, drew 
attention to variations between American and 
European methods of arriving at the efficiency of 
turbines, resulting in the value for the former always 
coming out several per cent. higher than for the latter. 
The meeting unanimously expressed the view that 
an international standard should be aimed at, and 
that a solution should be sought with the aid of the 
International Electrotechnical Committee, New | 
York. In the papers, experiences were given, and 
the relative merits discussed, of horizontal and 
vertical turbines, and of Francis, propeller, and 
Kaplan type turbines. The superior efficiency of 
the latter over a wide range of loads was brought 


In Switzerland, on the other hand, power generation 





out in the discussion, but, on the other hand, the 
higher run-away speed (2-35 times the normal) ren- 
dered absolute governing an important matter with 
large turbines of this class. 

Mr. Elov Englesson, of Verkstaden, Sweden, 
subsequently showed a film illustrating the 62-ton 
propeller recently completed for the Lilla Edet 
turbines, of which some particulars will be found 
on page 150 of our last volume, and gave some 
general data regarding the performance of this 
class of blade. Different views were expressed in 
the papers on the question of how far a test at run- 
away speed was possible on modern large turbines, 
and, if not, which type of governing device best 
fulfilled the station engineer’s need for a simple and 
thoroughly reliable apparatus. The general reporter 
drew attention to the position of vertical thrust 
bearings and considered that, in the interests of 
economical maintenance, these should be mounted | 
between the generator and the turbine, on the | 
latter, as was done in the Partenstein station. The | 
segmental type of bearing was said to meet all | 
requirements satisfactorily. On the electrical side, | 
progress was reported in large transformer construc- | 
tion, by such means as forced oil cooling in conjunc- | 
tion with oil treatment, and the limit to size was | 
stated to be that imposed by railway transport | 
considerations only. 

Opinions on switchgear design were apparently | 
not so definite, but, genera'ly speaking, the use of | 
several storeys was considered objectionable, the | 
flat outdoor station, or semi-covered construction, | 
where the former was not practicable, being | 
preferred. The tendency was to concentrate control | 
at one point, and to make use of the automatic 
station wherever it could be used under the inspec- 
tion of a larger station. It was mentioned that | 
American practice had come well to the fore in this | 
respect, as compared with Swedish. 





Turning now to Inland Navigation, two sessions | 
were held, one under Professor G. de Thierry, Poly- | 
technic School, Berlin, and one under Mr. J. J. 
The general reporter was | 
Dr. Strickler, of Berne. Papers were submitted | 


Stieltjes, of Holland. 


dealing with recent and projected work for ten 
European countries. It was pointed out that, in 


. - . . | 
the flatter countries, navigation was the prime 
in 
In such cases, | intermediate and tail bearings being open for 


consideration for which money was_ spent 


providing canals, dams and locks. 


if hydro-electric plant were installed, it was usually | inspection in chambers which are reached from 
only debited with the cost of the station and plant, tunnels below. After the party had inspected the 


|secured to a runner on a horizontal wire rope | 


was the main consideration, and navigation was 
then only charged with the cost of locks, &c. 
Among technical details in the papers, the question 
of the carriage and deposit of alluvium was discussed 
by several, and the meeting considered that this 
subject’ was sufficiently important to warrant 
action on the part of the National Committees of the 
World Power Conference to collect data for com- 
pilation by the central body, in order to furnish 
material for a special session at some future date. 
Two other matters in which the need for more re- 
liable data was felt and the meeting proposed similar 
co-ordinated action, were the values to be taken in 
calculating friction in waterways, and the permissible 
speed of flow in navigable channels used for power 
production. It was felt that information obtained 
either from waterways or laboratories should be 
exchanged. The question of the allowable resistance 
for conditions of economical water transport, arising 
from speed of flow, and taking the cross-sections of 
the canal and of the barge or ship into account, was 
fully treated for the Juliana Canal, in Holland, by Mr. 
Klink, and for Belgium by M. Fontaine, in their 
papers. A paper by Mr. E. Parry, Great Britain, 
appealed for the abolition of empirical formule in 
the calculation of fluid friction in conduits in favour 
of a fundamental equation, used in conjunction with 
curves determined by experiment, giving the 
appropriate constants for varying degrees of specific 
roughness, i.e., degree of roughness referred to 
hydraulic radius. He gave particulars of work 
already done in establishing such curves. 

At the conclusion of the discussion, a Czecho- 
Slovakian delegate proposed that the International 
Executive Committee of the World Power Confer- 
ence should be asked to arrange, at a future meeting, 
for the judicial and financial aspects of water-power 
concessions to be discussed, and this proposal was 
adopted by the meeting. 

The close of the first day was fitly devoted to a 
successful official banquet, attended by about 450 
members, and during the week various social 
functions were held, including a reception by the 
Civic Officials of Bale in the fine old Town Hall. 
Two visits were paid, one to the Rhine Harbour 
and the other to the Augst power station, some ten 
miles up the river. The harbour, which is a new 
one opened last year, is in the suburb of Klein- 
hiiningen, at’which point a branch canal connects the 
Rhine with the Rhine-Rhone Canal, connection 
being made with the Rhine-Marne Canal by means 
of a canal running parallel with the Rhine to 
Mulhouse, thus making possible communication 
with France at those seasons of the year when 
the river at Bale has insufficient water. 

The trade is carried in 800—1,000-ton barges, goods 
coming up the river from Holland and Belgium in 
300-ton canal barges, and only bulk commodities, 
such as oil, coal, grain and phosphates, being handled. 
There are three large grain silos, the largest: having 
a capacity of 24,000 tons, and very extensive siding 
accommodation is provided. An interesting pon- | 
toon road bridge crosses just below the harbour. | 
The separate sections are held in place by wire ropes | 





stretched across the river high above the water. | 
They can thus be manceuvred into position without 
any power other than that provided by the river | 
current. | 

The Augst power station is operated on a low head 
of about 25 ft., obtained by a dam, which also | 


/impounds water for the German power station of 


Wyhlen, of similar capacity, situated at the opposite 
end of the dam. A lock is provided on the Swiss 
side for the river traffic. The station has been | 
running since 1912, and supplies Bale and the sur- | 
rounding district with current to an average amount | 
of 120 million kw.-hours per annum. It is provided | 
with 10 sets of horizontal Francis turbines, direct | 
connected to three-phase generators of capacities | 
ranging from 2,300 k.v.a. to 3,000 k.v.a., and 
generating at 7,000 volts. There are also two 
exciting-current generators driven from their own 
turbines. The main turbines each consist of two 
twin turbines mounted on a common shaft, the 
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| 
plant they were conveyed by a special train to 


Rheinfelden, farther up the river, where they were 
entertained to dinner, 
(To be continued.) 





THE DIESEL-ENGINED HERRING 
DRIFTER <‘‘ VERACITY.’’ 


TrIALs took place at Lowestoft on Tuesday, Sept- 
ember 7, of the first Diesel-engined drifter, the Vera- 
city. This boat has been built by Messrs. Richards 
and Co., of Lowestoft. The vessel left the Crane 
Wharf and proceeded to sea, where manceuvring trials 
were gone through successfully, the vessel answering 
with the ease and speed of control of the usual steam 
drifter. She then did a steady run in a northerly 
direction, at 10 m.p.h., and afterwards returned to 
the wharf. The vessel’s dimensions are: Length, 81 
ft.; heam, 18 ft. 6 in.; depth of hold, 9 ft. 6in. She 
is 6 ft. shorter than the usual steam drifter, but, owing 
to the compactness of the Diesel installation, &c., she 
has about the usual, if not greater, fishing capacity. 
Her outside appearance, and fishing equipment, 
are normal, except that the funnel is smaller and 
slightly farther aft than usual. The ordinary type of 
capstan is fitted, worked by steam from a smal] donkey 
boiler. The crew’s quarters are aft, where there is a 
cabin with 10 bunks. The engine room has plenty of 
space, giving free access to all parts of the engine 
and auxiliaries. At the forward end, the donkey boiler, 
above referred to,; is mounted for supplying the capstan 
on the forward deck, the general service pump and 
whistle. The fuel tanks are capable of holding enough oil 
for a 2,000-mile radius, and are stowed on each side of 
the engine room. ‘The bilge pump and cooling-water 
pump are situated on either side of the main 
engine, at the aft end; they are both driven by 
eccentrics off the crank-shaft of the engine, and, as 
a precaution in case of failure, the two pumps are made 
interchangeable. The air compressor is situated at 
the aft end of the engine, between the bilge and circu- 
lating-water pumps, and is driven by the crank. The 
compressor is automatically controlled, so that, imme- 
diately the required pressure is reached in the two air 
bottles, it is put out of action. 

The main engine consists of a 4-cylinder, four-cycle, 
single-acting, airless-injection Richards-Deutz engine, 
developing 200 h.p. at 300 r.p.m. The transmission 
is direct to the propeller, with a special reverse gear. 
The valves are actuated by vertical push rods and 
rockers from a camshaft on a level with the top of 
the crank case on the starboard side of the engine, the 
camshaft being driven by a spur wheel off the crank. 
The engine is capable of running at any speed between 
300 r.p.m. and 60 r.p.m., and is controlled by varying 
the fuel supply. The fuel pump delivers the oil at a 
pressure of 4,000 lb. per square inch to the fuel valves ; 
the Bosch forced lubricating system is fitted. The 
cylinders are water-cooled. The total weight of a 
whole Diesel plant is only 130 to 220 lb. per brake 
horse-power, as compared with a steam plant of the 
same power, the weight of which would be from 350 to 
400 lb. per brake horse-power. The engine on the test 
bed gave a consumption of 0-37 Ib. per brake horse- 
power hour. 





THE ASSOCIATION OF SPECIAL LIBRARIES AND INFORM- 


| ATION BurEAux.—A report of the proceedings of the 
| second Conference of the Association of Special Libraries 


and Information Bureaux, held at Balliol College, 
Oxford, from September 25 to 28, 1925, has reached us. 
The 31 papers presented at the conference are reprinted 
therein, together with the discussions which took place. 
In the course of a speech made at the first session of the 
conference, Dr. R. 8. Hutton, a member of the com- 
mittee, stated that the work of the standing committee 
of the Association had been greatly assisted by a grant 
and stimulating advice from the Carnegie United Kingdom 
Trust. The extraordinary diversity of interests attracted 
to the conference was even more apparent on this occasion 
than on the previous one. The numbers had risen from 
85 to over 200, and the representation of national and 
international institutions was much stronger than before. 
The common links of interest which drew those present 
together seemed to be the collection and distribution of 
fact information. The pursuit of these objects presented 
many problems of a general nature, and two of these 
seemed to be of outstanding importance, namely, 
securing reasonable completeness of information from 


| world-wide resources, and presenting information so 


leaned in an assimilable form. The report of pro- 
ceedings of the conference is a book comprising some 
200 pages; it may be obtained from the organising 
secretary of the Association, 38, Bloomsbury-square, 
London, W.C. 1, price 5s. post free. The third con- 
ference of the Association will be held at Balliol College, 
Oxford, from September 24 to 27 next. Full particulars 
regarding this, or any of the other activities of the 
Association, may be obtained from the organising secre- 
tary at the address given above. Persons intending to 
participate in the third conference should make applica- 
tion as early as possible. 
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LABOUR NOTES. 

Dorie this week-end the district colliery associations 
are to consider the question of empowering the Mining 
Association to accept or reject the Government’s 
invitation to a three-party conference on the subject 
of the trouble in the coalfields. At a meeting with 
Government representatives earlier in the week the 
Mining Association intimated that they could not 
enter into national negotiations. Under pressure by 
Mr. Churchill, however, they eventually agreed to refer 
the matter to the district associations of colliery owners 
for immediate consideration. The members of the 
local associations are stated to be as strongly opposed 
to national negotiations as their representatives on the 
central body are; but political Labour circles are, at 
the time of writing, singularly and significantly opti- 
mistic. In a letter which he addressed to Mr. Evan 
Williams on Wednesday, the Chancellor of the Ex- 
chequer explained the kind of thres-party conference 
— Government had in view and the scope of its 
work, 





‘“* Hitherto,” he said, * national settlements have 
prescribed the way in which the percentages payable 
from time to time in the districts shall be determined, 
viz., the ratio of division, the intervals of ascertain- 
ment, the principles of recoupment, the definition of 
other costs, and the minimum percentage payable. 
They have set up a National Board for the industry. 
They have laid down the principle of subsistence wages 
to be determined in the districts. They have defined 
the various districts and made provision for their 
alteration by local agreement. It is obviously quite 
impossible in the present circumstances for any confer- 
ence sitting in London to do more in the first instance 
than lay down certain broad principles and recommend 
the practical steps necessary to secure an early and 
universal resumption of work. We believe that with 
such national guidance the task of negotiating agree- 
ments on wages, hours and other conditions could be 
undertaken in each district with the assent of both 
parties under favourable conditions and without any 
further delay.” 





Mr. Churchill went on to point out that the State 
could not afford any further delay or ceremonial pro 
cedure. The procedure must be planned to bring 
about an end of the stoppage as quickly as possible 
on fair and sound terms. ‘“ District settlements con- 
cluded in conformity with the agreed general principles 
should form,” he says, “‘ a basis on which work would be 
immediately resumed. In so far as they dealt with 
matters which by custom are settled nationally, they 
would require to be referred to the central body for 
confirmation, or, where necessary, for reference back to 
the district. It ought not then to be difficult to conclude 
a national agreement governing many, if not all, of the 
points that have hitherto been dealt with on a national 
basis. One point of difficulty, no doubt, will be how 
the national character of the minimum can be 
reconciled with the inevitable allowance for district 
conditions. We ought not to assume that this is 
insoluble with good will, once the parties are together.” 





Mr. Pugh’s presidential address to the Bournemouth 
Trades Union Congress was thoughtful from beginning 
to end, although a little aloof from the questions, which, 
in the opinion of the rank and file of organised labour, 
really matter. The theory of the general strike, for 
example, does not interest the workers half as much 
as the application of it. Yet it was with the theory 
that Mr. Pugh most concerned himself. The British 
working people, he said, had set themselves to achieve 
their aims by the method of democracy, which meant 
in politics the Parliamentary system, and in economic 
life a system of collective trade union effort that had 
been pursued as a manifestation of the commonsense 
and practical spirit of our people. It was not a 
question of altering their fundamental aim or the 
direction of their efforts and their thoughts, but rather 
one of a continued strengthening and broadening of 
their ranks to embrace all who accepted their principles 





and had a conviction of the justice of their cause and 
sympathy with their ideals. When the unions com- | 
bined their forces last May they were not invoking | 
any new principle of industrial action, but simply | 
asserting more effectively on a larger scale the tra- | 
ditional trade union refusal to accept dictated terms | 
of employment, whether from the employers or the | 
Government. As a means of resisting such settlements | 
in industrial disputes, the weapon used by the unions 
last May would not be left unused, when it was sought | 
to enforce upon any section of the workers terms which | 
had not been made the subject of negotiation and | 
collective agreement. 








In their consideration of the question, however, 
Mr, Pugh went on to say, a matter of vital importance 
arose. If, on the principle stated, it was right that 


the whole movement might be required to rally to the 
defence of any part, if a common effort, a common 
sacrifice, was required, it must also be accepted as 
equally fundamental that the interest of no part of the 
movement was superior to the interest of the whole. 
If they meant to give the General Council the extended 
powers contemplated by the resolutions on the agenda, 
they must be prepared both to overhaul their methods 
of organisation and to get a new conception of the 
rights and obligations of the unions themselves in 
relation to the whole movement. Nor must they too 
hastily decide on the question as to whether the powers 
conferred on the Council should be executive or 
mediatory alone. These were issues, however, which 
must be faced in defining their future policy. 





Equally vague and unsatisfying to the practical 
man was Mr. Pugh’s reference to wages. In earlier 
days, he said, Congress gave much more attention 
than it did to-day to the consideration of fundamental 
principles of economic organisation and industrial 
development. Without necessarily copying former 
methods, they needed, in his opinion, to adopt their 
conception, and the agenda should reflect the working 
of the trade-union mind upon the large problems of 
economic reconstruction and industrial adjustment 
with which it was the duty of the trade unions to 
concern themselves. It was a question for the trade 
unions to answer whether the time had not come to 
examine, in the light of the new theories, the whole 
basis and application of the traditional wage policy 
and methods of determining wages which the trade 
unions had followed. In his view, a scientific wage 
policy for the unions required to be thought out in 
relation to some generally acceptable set of principles 
for determining the division of the product of industry 
among those who had a claim upon it. That was 
especially necessary in regard to nationalised industries. 
Had not the time arrived to consider how they could 
apply the principle of a living wage, or basic wage, 
related to the index of national production and aiming 
at the equitable distribution of spending power in 
relation to family needs and the cost of living ? Inquiry 
along those lines seemed to him to be an indispensable 
preliminary to any claim they made for the establish- 
— of a legal minimum wage adjusted to human 
needs, 





On the motion of Mr. Shaw, of the National Union 
of Textile Workers, the Congress adopted a resolution 
urging the Government to amend the Workmen’s 
Compensation Acts in order to provide that every 
disease arising from an occupation or in the course 
of employment should be scheduled, that compen- 
sation for total disablement should be at least 
75 per cent. of average earnings, and that the receipt 
of compensation should not disqualify from the receipt 
of National Health Insurance benefits. 





Mr. C. Dukes, of the National Union of General and 
Municipal Workers, submitted a resolution deprecating 
the division of wage-earners into trade unions upon 
narrow industrial lines, and advocating the amalgama- 
tion of kindred unions with the object of forming one 
big union “as the ultimate goal of working-class 
organisation.” Mr. A. G. Tomkins, of the Furnishing 
Trades Association, moved, and Mr. P. J. Johnston, 
of the same organisation, seconded, an amendment 
expressing regret at the little advance which had been 
made in the direction of industrial unionism, and 
instructing the General Council to call conferences of 
the trade groups to arrange for merging these into 
industrial unions. On a card vote, the amendment 
was carried as a substantive motion by 2,164,000 votes 
to 1,658,000. 





The various proposals to give the General Council 
power to control the activities and financial resources 
of the affiliated unions in the event of another general 
strike were watered down by the Standing Orders 
Committee to a suggestion that an investigation of the 
matter should be carried out between now and the 
date of next Congress. An amendment was, however, 
proposed to give the General Council the direction and 
control of any struggle, and the power to levy all or 
part of the affiliated organisations, and to call for 
gradual, partial, or complete stoppage of work by all 
or any part of the affiliated organisations. Two of the 
strongest opponents of the amendment were Mr. C. T. 
Cramp, of the National Union of Railwaymen, and 
Mr. Ernest Bevin, of the Transport and General 
Workers’ Union. Mr. Cramp said that his union was 
totally opposed to giving the General Council any more 
power. “The mouldy tradition,” he added, “ that 


we could solve all our troubles by a general strike has 


on it whiskers which not all the razors in Bournemouth 
could remove. We shall never solve our difficulties 
by the good old beefy British method of hacking our 
way through.” 





Mr. Bevin said that it was all very well for the 
General Council to call out the unions ; but were they 
to be expected to get ‘the men back to work again ? 
They had better sit down and think quietly what these 
motions meant before they passed them. The amend- 
ment was defeated by 3,202,000 votes to 848,000, its 
only supporters being Miners’ Federation representa- 
tives. The motion was also defeated, 2,573,000 votes 
being cast against it and 1,404,000 for it. In the light 
of these decisions, the President’s references to national 
action read somewhat oddly, for the Council has, in effect, 
been denied authority even to investigate the question 
of the general strike. 





Tue Ministry of Labour states that on August 30, 
1926, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,549,800, of whom 1,168,500 were men, 47,100 boys, 
288,600 women, and 45,600 girls. Of the total number, 
77,300 were ‘‘ persons normally in casual employment.” 
On August 23, 1926, the number of unemployed persons 
was 1,558,938, of whom 1,170,479 were men, 47,894 
boys, 294,294 women, and 46,271 girls; and on 
August 31, 1925, it was 1,354,302, of whom 1,058,384 
were men, 44,370 boys, 217,105 women, and 34,443 
girls, The total of 1,549,800 on August 30 does not 
include ‘‘ persons who ceased work in the coal-mining 
industry on account of the dispute.” 





At a meeting in Edinburgh on Saturday, Mr. A. J. 
Ostler, the president of the Electrical Power Engineers’ 
Association, alluded to the decision of the National 
Executive Council to maintain supplies during the 
general strike, As technical staff engineers, he said, 
they had, while creating an organisation to establish 
proper standards of remuneration and conditions, never 
lost sight of the fact that their first obligations to their 
undertakings and to the public was to maintain con- 
tinuity of supply. The electricity supply . industry 
should not become a cock-pit for disputes arising outside 
the industry. As a key industry and the nerve centre 
of many other industries, as well as an essential public 
service, the supply industry called for an especial sense 
of responsibility from its technicians ; as, indeed, it did 
from everyone concerned with it, A general stoppage of 
electricity supplies would have had disastrous con- 
sequences of a quick and far-reaching nature. This 
would have reacted on the industry, probably in a 
greater proportion than in other.industries, and would 
have retarded its progress for a long time. 

Proceeding, Mr. Ostler said that the recommenda- 
tions of the Association had been universally accepted 
by the members, and the staff men had remained in to 
keep the power stations going during the crisis. The 
domestic troubles in the industry had compelled them 
sometimes to use the big stick. That was an action 
they would always recommend reluctantly, and it was 
only possible where the machinery of the joint boards 
had broken down. Gradually, but surely, the influence 
and authority of the boards were increasing, and a 
better spirit of understanding between the two sides 
had developed. Recent additions to the boards had 
been made, sometimes in the shadow of threatened 
pressure from the Association, but sometimes because of 
influence exerted by the employers themselves. He 
believed that it was now only a matter of time when 
all supply authorities would be represented on the 
national board. 





At a general meeting of the Hungarian Metal Workers’ 
Union, it was stated recently that as the outcome of the 
congress of 1924, a memorandum had been submitted to 
the Government, putting forward complaints against the 
measures taken to hinder the work of the union. 
During 1924 and 1925, 43 general meetings of members 
had been forbidden. With a view to relieving un- 
employment, the union had, it was added, approached 
the International Metal Workers’ Federation with the 
object of securing jobs abroad for unemployed Hun- 
garian metal workers. During the past two years 
6,000 skilled metal workers had left the country. 





LauncH oF THE M.S. ‘‘ Kootinpa.’’—On August 26, 
Messrs. Harland and Wolff, Limited, launched from their 
Govan shipyard the twin-screw passenger and cargo 
motor ship Koolinda, built for the Government of 
Western Australia. The vessel is 344 ft. long by 50 ft. 
broad by 28 ft. 6 in. deep, with a gross tonnage of about 
4,100, and is constructed to meet the requirements of the 
Australian Navigation Act, as well as those of the Board 
of Trade and Lloyd’s highest class. There are five 
decks, four cargo holds with two derricks each, two masts, 
and one derrick for heavy lifts, at No. 2 hatch. Accom- 
modation is provided for about 180 passengers. No. 3 
hold is fitted for carrying refrigerated cargo, and there is a 
large cold-storage room. The carriage of live cattle is 
also provided for. The whole of the auxiliaries, including 
the winches, are electrically driven. Two Harland-Bur- 
meister and Wain type, eight-cylinder, four-cycle Diesel 
engines, each of a normal rating of 2,550 h.p., are fitted, 
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SILUMIN AND ITS STRUCTURE.* | 


By Buntaro Orant. 


THE binary system aluminium-silicon has been 
determined by many investigators, of whom may be 
mentioned the following: Fraenkel, Roberts, Rosen- 
hain, Archbutt and Hanson, and Edwards. The 
diagram has, however, been redetermined by means of 
thermal analysis and electrical conductivity measure- | 
ments, the results of which are embodied in Fig. 1. 
The eutectic composition is found to be 12-2 per cent. 
silicon, which is higher than that previously obtained, 
while the eutectic temperature, 578 deg. C., is in agree- 
ment with the results of Fraenkel and Roberts. The 
solidus of the a solid solution has been determined by 
measuring the electrical resistance of a series of alloys. 
The alloys were tested in the form of rods 5 mm. thick 
and 90 mm. long, made by casting the alloys in an iron 
mould. These were annealed just below their solidus 
temperature for a sufficient length of time, so that | 
equilibrium conditions could be attained. 





In order to | 
determine the solubility of silicon in aluminium, the | 
author used the electrical resistance method solely, | 
since microscopic examination was not practicable on | 
account of the impurities existing in the alloys. Alloys | 
containing 0-35, 0-75, 1-15, 1-70, and 2-10 per cent. 
silicon were made and cast in iron moulds. Theso 
were then machined into rod form and annealed at | 
550 deg., 460 deg., and 360 deg. C. respectively for | 
fourteen hours in order to obtain equilibrium condi: | 
tions at those temperatures, They were then quenched 
in water, and the electrical resistance measured at 
room temperature. The results obtained are embodied | 
in Fig. 2. In this figure silicon per cent. is plotted | 
horizontally, and electrical resistance (ohms) on the | 
vertical scale. | 

Silicon in the aluminium solid solution is chemically | 
different from that existing out of solid solution; the 
limits of solubility of silicon in aluminium can, there- | 
fore, be determined by chemical analysis. If two | 
samples of an aluminium alloy containing silicon are | 
dissolved by acid and caustic alkali respectively and | 
the residues treated with hydrofluoric acid, siliceous | 
matter is obtained from each sample. When treated 
with acid, silicon existing in solid solution is changed | 
into SiO,, while the undissolved crystalline silicon is 
unattacked; both, however, are changed into SiO, | 
when treated with alkali. Knowing the weights of 
the above samples, the amount of silicon in solid solu- 
tion or free state can be calculated. By this method 
the amount of silicon is solid solution is found to be | 
1-47 per cent. at 550 deg. and 0-43 per cent. at 360 | 
deg. C.; these results are in good agreement with those | 
obtained by electrical conductivity measurements. | 

The Production of Silumin.—At the beginning of | 
this research, the alloys were modified by the addition | 
of sodium to the molten alloy, a method due to| 
Edwards. The efiects on microstructure of varying | 
amounts of the alkali metal and the casting tempera- 
ture were studied. 

1. Relation between the Quantity of Sodium and | 
Microstructure.—About 30 grm. of the aluminium alloy | 
containing 10 per cent. silicon were melted, and the | 
temperature kept at 800 deg. C. Varying amounts of 
sodium were added, and the alloy poured at a tempera- | 
ture of about 680 deg. C., into an “ asbestos”? mould. 
The microstructure was then examined. The “as- 
bestos ’’ mould was chosen since by simply changing 
the asbestos lining after one casting it is ready for the 
next; it is also a very good substitute for a sand 
mould. Fig. 4 shows the structure obtained with 0-1 
per cent. sodium, while the effect of an insufficient 
quantity of sodium, 0-04 per cent., is shown in Fig. 5. 
Excess sodium is apt to cause evolution of gas during 
solidification, and also unsatisfactory microstructures. 
The most suitable quantity of sodium was found to be | 
0-1 per cent., depending on the amount of the melt. 

2. Relation between the Structure of the Alloy and the 
Temperature at which Sodium is Added.—About 0-1 | 
per cent. sodium was added to the 10 per cent. silicon | 
alloy at temperatures ranging from 660 deg. C. to! 
880 deg. C., which was then cast in the ‘ asbestos ”’ | 
mould from a temperature between 660 deg. C. and | 
700 deg. C. The temperature at which the sodium is 
added does not appreciably affect the size of the silicon 
crystals, but the structure is seriously affected if the | 
temperature is too low, because the diffusion of the | 
sodium is slow. If the temperature is too high, the | 
sodium is liable to evaporate and the process of modi- 
fication becomes unsatisfactory ; therefore, in circum- | 
stances similar to the present, it is recommended that 
the temperature be raised to the boiling point of sodium, | 
i.e., 720-750 deg. C. 

3. The Effects of Annealing and Remelting on the | 
Structure of Silumin.—Experiments were carried out, | 
as before, on an alloy containing 10 per cent. silicon. | 
(a) An alloy, treated with 0-1 per cent. sodium and | 














* Paper read before the Institute of Metals, Liége, 
on September 2, 1926. Abridged. 


showing a fine structure similar to that given in Fig. 4, 
was annealed at a temperature of 550-560 deg. C. 
for four hours and quenched in water. On examina- 
tion, it was found that the silicon particles had coalesced, 
giving a structure similar to that shown in Fig. 5. 
(6) 30 grm. of the modified alloy were remelted and 
stirred once only at the melting point and then cast 
into the asbestos mould. The structure was similar 
to that given in Fig. 5. The structure, however, 
became normal with continued melting. (c) The modi- 
fied alloy was remelted, agitated by hydrogen gas 
bubbling through the melt for five minutes at a tem- 
perature of 750 deg. C., and cast as before. The struc- 
ture had reverted to the normal to a great extent, but 
in certain parts the modified structure still remained. 
(d) Next, the modified alloy was divided into two parts. 
One part was put into a crucible preheated to 820 deg. 
C. and the air replaced by hydrogen gas. The alloy 
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melted in eight minutes, and was kept molten four 
minutes longer and then cast at about 745 deg. C. The 
structure was the same modified structure as before 








remelting. ‘The second part was melted in ordinary 
TABLE V. 
Temperature 
— at’ which 
Modifier. ae : Modifier Microstructure. 
cont was Added. 
: Deg. C. 
Nak os Pes 1-0 830 Modified, but not 
quite fine. 
2-0 830 More modified than 
the above. 
as 1-0 730 Mixture of modified 
and unmodified. 
KF 4 is 1-0 750 Less modified than 
the above. 
35 per cent. NAF 
t 1-0 720 Mixture of modified 
65 per cent. NaCl and unmodified. 
+ : 1°5 800 Modified, but not 
quite fine. 
40 percent. NaF ) 
b 1-0 750 Modified structure 
60 per cent. KF 














atmosphere, and then cast from a temperature of 
720 deg. C. 
coarse. It is, therefore, seen that melting a modified 


alloy in a reducing atmosphere tends to preserve the 





In this case the structure had become | 
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modified state, while melting in air soon changes it 
back to the normal. 

Different Fluxes and their Modifying Action.—In 
1921, Pacz* discovered that the mechanical properties 
of aluminium-silicon alloys could be materially improved 
by the addition to the molten metal of a powder con- 
sisting almost entirely of alkaline fluorides. The present 
author has studied the effect of the amount of the 
“modifier ’’ and the most effective temperature for 
its use. ; 

The effect of various alkali fluorides is given in Table 
V., and it is seen that a high temperature is necessary 
for the best results. By lowering the melting point 
of the fluoride by mixing with other salts, both the 
amount of modifier and temperature of melt can be 
reduced. In the reaction between an alkali fluoride 
and aluminium-silicon alloys, the fluoride reacts with 
the silicon, producing silicon fluoride, so that the 
modifying action must be attributed to the sodium 
produced from the fluoride. When 3 to 5 per cent. 
of calcium or chromium fluoride is added to the alloys, 
no modification takes place as in the case of the alkali 
fluoride, thus confirming the fact that fluorine is not 
the modifier. With regard to sodium, this acts as— 
(1) A reducing agent; (2) a flux for the oxide of alu- 





Na=0-04 Per 
x 200. 


Fie. 5. Si1=10 Per Cent. 
Cent. INTERMEDIATE STRUCTURE. 


minium ; (3) and at the same time it is scarcely soluble 
in molten aluminium. The present author found that 
caustic soda could be used as a modifier. It is also 
probable that the hydroxide of another alkali will 
produce the same effect.t Mixtures of sodium and 
potassium carbonates were added at different tempera- 
tures, but it was found difficult to obtain modification 
with them. Borax, potassium bisulphate, and, a 
mixture of sodium and potassium chloride, failed,to 
bring about modification of alloys containing 10 and 
14 per cent. silicon. 

The Velocity of Cooling and the Structure of Alumi- 
nium-Silicon Alloys.—Aluminium alloys containing 
10 per cent. and 14 per cent. silicon respectively, were 
cast in a metal and an asbestos mould, and a remaining 
portion was cooled in an electric furnace. Generally 
speaking, quick cooling produces finer structures than 
slow cooling, but it is impossible to obtain modified 
structures merely by controlling the cooling rate as 





* Pacz. U.S. Patent 1387900 of August 16, 1921. 
British Patent 158827. 

+ Since starting this research, it has been brought to 
the author’s notice that, according to a patent filed by 
the British Aluminium Company and Gwyer in 1922 
(British Aluminium Company and Gwyer, British Patent 
210517. Filed, October 31, 1922), the oxides and hydr- 
oxides of alkali metals can be used as ‘‘ modifiers,” and 
that another patent filed in 1923 (British Aluminium 
Company, Gwyer and Phillips, British Patent 219,346. 
Filed January 27, 1923) described the use of alkaline 
earth metals and certain compounds of the alkali metals, 
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adopted above. An attempt was made to find out the 
conditions necessary for the production of the fine 
structure by keeping the mould at different tempera- 
tures. The metal mould was first preheated in an 
electric furnace and the molten alloy poured into it. 
Immediately following solidification, the alloys, together 
with the mould, were removed from the furnace and 
allowed to cool. It was seen that when the tempera- 
ture of the mould was slightly raised the eutectic 
constituents in the interior portion of the ingot appeared 
finer than usual. On the contrary, when the tempera- 
ture was raised still further the eutectic became 
coarser. 

About 25 grm. of the same alloys were further 
melted in an alumina crucible and cooled slowly 
in the furnace, during which thermal analyses were 
carefully carried out. When the specimens reached 
the conditions: (a) just on the beginning of the 
eutectic crystallisation, (b) prior to the completion 
of this reaction, (c) about 15 deg. below the eutectic 
temperature, they were quenched in water, together 
with the crucible, and the structures examined. Special 
emphasis is laid on the fact that there was an entire 
absence of modifying agents in these specimens. 

From the results obtained it was seen that the 
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structure of that portion, which had already solidified 
before being rapidly cooled, resembled a slowly cooled 
specimen. It follows, therefore, that the rapid cooling 
from a point 15 deg. below the eutectic temperature 
does not cause any change of structure. The part 
which was just in the liquid state gave a very fine 
structure when quenched, similar to silumin, both in 
degree of fineness and the character of the crystals. 
Samples quenched when the specimens had reached 
conditions (a) and (b) contain liquid which is on the 
point of crystallising, and will therefore possess 
numerous nuclei. It is evident, therefore, that rapid 
cooling results in the production of innumerable small 
crystals which have no time to grow, and thus a finely 
divided structure is obtained. Hence, if a suitable 
method be devised for producing unlimited nuclei and 
preventing crystal growth, the modified structure 
might be obtained without resorting to any modifier 
whatever. Moreover, the fact that a fine structure is 
obtained by casting an alloy on the point of solidifica- 
tion is of practical importance in connection with the 
casting of a eutectic alloy. 

Mechanism of the Formation of the Modified Structure. 
—The modification of the structure of silicon-aluminium 
alloys by the addition of sodium has been attributed 
by Curran* to the formation of a ternary alloy ; while 
it has also been suggested that the sodium merely acts 
as a reducing agent. The following possible solutions 
of this problem may be considered :— 

(1) The explanation based on the removal of oxides 

by means of the added sodium or alkali fluoride 
(Guilletf) ; 


* Curran, Chem. and Mét. Eng., 1922, vol. 27, page 360. 
+ Guillet, Rev. Meét., 1922, vol. 19, page 303. 
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(2) That attributed to 
Edwards*) ; 

(3) An explanation based on the assumption that 
silicon takes a different form in the normal and 
‘* modified ” state ; 

(4) The formation of ternary alloys with sodium 
(Curran). 

(1) With regard to the first possible explanation, the 
modification depends on the reducing action of sodium 
assisting in the removal of oxides. The cause which 
gives rise to a modified structure is not explained, 
however. Alkali metals produce metallic aluminium 
when reducing its oxide, and yet the fluoride of an 
alkali metal which removes the same oxide from the 
melt by fluxation is used in practice as a ‘“ modifier.” 
In addition, caustic alkali, which was found to be a 
modifying agent, acts on aluminium oxide in a manner 
similar to the fluoride. The removal of the oxide 
cannot be entertained as the real cause of modification, 
since reagents, such as borax or potassium bisulphate, 
are incapable of acting as “ modifiers,” in spite of the 
fact that they form a flux which removes oxides; and 
also since binary alloys free from ‘‘ modifying ” reagents 
on being quenched in water from the eutectic tempera- 
ture present modified structures. 





Fie. 19. Srt=10 Per Cent. Na=LITTtie. 
S1+E,+E,. 
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(2) According to the under-cooling theory, the modi- 
fied structure is brought about by the rapid production 
of numerous crystal nuclei due to under-cooling. If 
this be so, the modified alloy must show the character- 
istics of such under-cooling during thermal analysis. 
Experimental results oppose this theory—under-cooling, 
in the ordinary sense of the word, decreasing or dis- 
appearing altogether in the modified alloy. The 
modified structure is produced by the invariant reaction 
which takes place 5 deg. below the binary eutectic 
point. This depression of the freezing point to such 
a small degree seems too small to have been the cause 
of such a change of structure in cases where no change 
of phase is anticipated. 

(3) If we assume the so-called double diagram—.e., 
two diagrams for the different structures, as in the case 
of the iron-carbon alloys—the normal and modified 
structures could be explained independently. X-ray 
analysist has proved, however, that only one form of 
silicon exists in both normal and modified alloys. 

(4) It is true, as Curran§ has suggested, that a 
ternary alloy is formed when sodium is added to the 
aluminium-silicon alloys, and also when an alkali 
fluoride is added, since sodium is left in the melt after 
the reaction between the fluoride and silicon of the 
alloy. It is not clear, however, why the modified 
structure appears in the ternary alloy, and the present 
author will show in what way sodium plays an important 
part in the production of the modified structure. 





* Archer and Edwards. U.S. Patent 1410461. Filed, 
November 27, 1920. British Patent 171997. 
+ Curran, loc. cit. 
t Jeffries, Chem. and Met. Eng., 1922, vol. 27, page 360. 
§ Curran, Chem.and Met. Eng., 1922, vol. 26, page 750. 
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(5) The following explanation is offered by the 


According to the binary aluminium-sodium diagram 
of Mathewson,* the two components are immiscible 
even in the liquid state and exist as two phases; a 
small amount of each component must, however, 
dissolve in the liquid consisting mainly of the other 
component. Hence, the diagram should have the form 
drawn on the side AC in Fig. 24. 

The silicon-sodinm diagram is unknown, but it seems 
obvious that the two elements are practically immis- 
cible ; therefore, a diagram similar to the aluminium- 
silicon is drawn on the side BC in Fig. 24. Fig. 24 
shows the ternary diagram for the system aluminium- 
silicon-sodium. The ternary liquid will separate into 
two similar phases corresponding to the a and £6 
liquids of the two binary systems. The regions of 
existence of the a liquid—i.e., aluminium and silicon 
respectively, in which a little sodium is dissolved— 
and the 8 liquid, which consists mainly of sodium, are 
represented by the areas AEBbda and CfJg respectively. 
Therefore, alloys whose concentrations are represented 
by points within adbgJf must separate into two conju- 
gate liquids—i.e., the a and 8 liquids, whose compo- 
sitions are represented by adb and fJg. AEda and 
BEdb are the surfaces of the primary crystallisation 
of aluminium and silicon respectively; Ed is the 
aluminium-silicon binary eutectic valley; ad and bd 
the monotectic line on which the a liquid separates 
into aluminium and the £ liquid, and silicon and 8 
liquid respectively. It follows, therefore, that the 
a liquid, at the invariant point d, separates simul- 
taneously aluminium, silicon, and the 8 liquid, whose 
concentration is expressed by J. This crystallisation 
causes the appearance of the modified structure, and 
has been previously termed the “ ternary monotectic ” 
by the author. 

Normally the aluminium-silicon eutectic concentra- 
tion and temperature are respectively 12 per cent. 
silicon and 578 deg. C. When a sufficient amount of 
sodium is added to cause modification, the invariant 
point occurs at a concentration of 14 per cent. silicon 
and at a temperature 5 deg. below the normal eutectic 
temperature. According to Fig. 24, the binary eutectic 
begins to be formed at different points along Ed, 
corresponding to the amount of sodium added, and the 
eutectic liquid will change along Ed both in composition 
and temperature until d is reached. When sufficient 
sodium is present, the invariant or monotectic crystal- 
lisation at d appears. Considering the aluminium- 
sodium diagram on the side AC in Fig. 24, the a liquid 
separates aluminium or the conjugate § liquid during 
cooling until the monotectic point m is reached, where 
both separate simultaneously according to the following 
equation : 

Liquid = Al crystals + 8 liquid. 


Assuming that a very small amount of aluminium has 
separated when the monotectic point m is reached, it is 
seen that the same liquid must necessarily separate 
another liquid, 8, in order to maintain equilibrium. 
Moreover, the 8 liquid will appear very near the alu- 
minium, provided that the rate of cooling is not too 
slow nor the diffusion in the melt too rapid. As the 
reaction proceeds, the § gradually accumulates con- 
tiguous to the crystal, and will finally cover the latter 
to a certain extent. The 8 liquid, consisting mainly of 
molten sodium, isolates the crystal from the mother 
liquid, so that it can no longer continue its free growth. 
This will promote the occurrence of crystal nuclei, 
and hence many small crystals should occur, producing 
a fine structure. Owing to its surface tension and the 
difference in specific gravity from the mother liquid, 
or on account of its being forced out by adjacent 
crystals, the 8 liquid, or molten sodium, will appear in 
different places, leaving the crystals free to come into 
contact with the molten liquid, and hence to resume 
free growth with a simultaneous recurrence of the 
interception by the 8 liquid, which will separate as 
long as crystallisation continues. Thus, the 8 liquid 
always hinders the growth of the crystals. 

The crystallisation of modified alloys will now be 
considered—#.e., alloys belonging to the aluminium- 
silicon-sodium system. Melt A’ in Fig. 25, on cooling, 
separates primary crystals cf aluminium, the concen- 
tration of the melt changing from A’ toh; on reaching 
h aluminium and silicon separate simultaneously along 
Ed until d is reached. At d the ternary monotectic 
reaction, which causes the modification of the alloys, 
takes place at constant temperature. As has already 
been shown, aluminium, silicon, and the 8 liquid, whose 
concentration is determined by J, are simultaneously 
derived from the a liquid at d. This 6 liquid behaves 
in the way described above, and innumerable small 
crystals will be produced. Moreover, aluminium and 
silicon, crystallising simultaneously, will help to restrain 
growth brought about hy cohesion, and will thus assist 
in the production of a fine structure. The fine structure 
formed under these conditions and by this mechanism, 





* Mathewson, Z. anorg. Chem., 1906, vol. 48, page 192. 
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is really what appears in the modified aluminium-silicon 
alloy called “ Silumin.”” It consists of a very fine mix- 
ture of aluminium and silicon, since some of the very 
small amount of molten sodium will be squeezed out 
of the alloy and will go to the grain boundaries or 
elsewhere. The sodium remaining in the alloy, owing 
to its reactive properties, goes into solution during the 
process of polishing and etching, and it is therefore 
incapable of being detected under the microscope. 

In the case of the binary monotectic reaction of the 
aluminium and sodium system, the fine structure does 
not actually occur. The solubility of sodium in molten 
aluminium is very small, and therefore the monotectic 
point practically coincides with the melting point of 
aluminium. This means that the a liquid at the point 
of solidification consists of pure aluminium only. If 
the monotectic point lies very near to the melting 
point of aluminium, as has been theoretically deducéd, 
the amount of sodium to be separated is very small and 
the intercepting action therefore very slight; hence 
the nearer the concentration of the monotectic liquid 
is to the aluminium end, the less will be the effect. In 
addition, since only one kind of crystal separates from 
the liquid in a binary monotectic reaction, crystal 
growth may take place easily—first, owing to the 
combination of similarly oriented crystals; and, 
secondly, by further deposition. Hence the modifying 
effect is very inconspicuous. 

On the contrary, the ternary alloys showed, in their 
thermal analysis, a very marked effect of monovariant 
crystallisation, and hence the solubility of sodium 
must be appreciable ; also, since both the aluminium 
and silicon crystallise simultaneously, the effect of inter- 
ception must be large. 

According to the ternary diagram and to the above 
explanation, alloy A’, in Fig. 25, should possess a struc- 
ture consisting of three portions, namely, primary 
aluminium, a coarse binary eutectic of aluminium and 
silicon, and the modified structure. The corresponding 
structure is illustrated in Fig. 18. Similarly, alloy 8 
should show primary silicon, the binary eutectic, and 
the modified structure. Examples of this are shown in 
Fig. 19. The alloy the composition of which is denoted 
by a point on Ed does not separate any primary crystal, 
and should therefore show a structure consisting of the 
binary eutectic and the modified structure. This 
structure has not been encountered, but is very easy to 
imagine. 

According to the results of the present investigation, 
the formation of the modified structure of the aluminium- 
silicon alloys is not explained by any existing theories, 
i.e., those based on the reducing action of the sodium, 
the removal of the oxides by fluxation, and under- 
cooling. On the contrary, it is found to be dependent 
on the fact that a second liquid consisting mainly of 
sodium is produced with the aluminium and silicon 
crystals, and that the liquid interferes with the growth 
of crystals, which results in the production of many 
small crystals by accelerating the germination of the 
crystal nuclei. It has been seen, however, that bismuth, 
cadmium, &c., which are also practically insoluble in the 
alloys, when added as modifiers, did not produce the 
same effect. This may be explained by the fact that, 
owing to their limited solubility and to their high 
density, as compared with aluminium and silicon, the 
interceptive action was very slight. Since the actual 
cause of modification is no more than a simple 
mechanical interception of the growth of the crystals, 
the existence of sodium is not always necessary for fine 
structures, but any other means which will cause the 


heavy loads involving high compressive and bending 
stresses. It will be seen, therefore, that the duties 
are very arduous, and the selection and production of 
satisfactory units calls for careful consideration from 
a metallurgical standpoint. 

It has been found that the best combination in service 
is a case-hardened steel worm mating with a cast 
bronze or phosphor-bronze wheel. Such a unit gives 
a low coefficient of friction and possesses the necessary 
mechanical strength. As the duties of the worm wheel 
are in some ways analogous to that of an ordinary 
bearing, the choice of a suitable bronze is limited. 
Whilst considerably higher strength in the worm wheel 
could be obtained by using a material having greater 
compressive, tensile and bending strength than cast 
bronze, no such material has yet been found which 
possesses the same good anti-friction properties and 
consequent resistance to wear. Various forged and cast 
high-tensile brasses, forged and cast “ aluminium 
bronzes,” and forged aluminium alloys have been 
tried, but none has equalled bronze and phosphor- 
bronze, and only die-cast “aluminium bronze” has 
approached them. As it is essential to ensure long 
wear to have good anti-friction properties, it is necessary 
for the bronze to have a correct microstructure in 
addition to a suitable chemical analysis. As is generally 
recognised, alloys the structures of which consist of 
crystals of homogeneous solid solutions do not give 
good service as bearings, owing to their high coefficient 
of friction, and it is essential that the alloy be built up 
of crystals of dissimilar hardness. Bronze and phosphor- 
bronze answer this requirement, and their long- 
recognised value for bearings and similar parts is 
generally attributed to this feature. 

Composition of Bronzes for Worm Gear.—The author 
believes that the only alloy other than bronze and 
phosphor-bronze, which has met with any success as 
a material for worm gearing, is the copper-aluminium 
alloy containing approximately 10 per cent. aluminium. 
This has been extensively used in the United States 
for one of the popular 1-ton lorries, and in that 
particular unit appears to have given good service. 
The same manufacturer, however, uses phosphor-bronze 
for the heavier-duty and more important vehicles. 
It is also used for similar service by one of the largest 
manufacturers in France. Die-cast ‘aluminium 
bronze’? has undoubted attractions in that the cost 
of the alloy is much less than that of a true bronze, 
and the strength properties are considerably better. 
This allows of a lighter wheel. The general consensus 
of opinion is, however, that considered in toto as 
a material for worm gear “ aluminium bronze ”’ is by no 
means so good as the bronzes and phosphor-bronzes. 
The author has had the benefit of the experience of 
the largest manufacturers of die-cast “ aluminium- 
bronze” in the United States (who are also large manu- 
facturers of worm-wheel blanks in true bronzes), 
and this opinion is generally confirmed by them. 

There is, of course, the possibility of further research 
on “ aluminium-bronzes,” which may result in modifi- 
cations of composition and structure to give as good 
anti-friction properties as the bronzes; but, whilst 
experiments are being actively pursued both in this 
country and abroad, no results have yet been obtained 
which would justify substitution of an alloy of the 
‘*‘aluminium-bronze” type for the ordinary bronzes 
for this particular work. Experience in service has 
tended to confine the composition of ordinary bronzes 
for worm-gear within fairly narrow limits. Practically 
all the worm gearing now being commercially produced 





same obstruction may be used. The fact that the 
process of quenching the unmodified alloy during its | 
eutectic crystallisation brings about this fine structure | 
confirms this point of view. | 

| 








BRONZE WORM-GEAR BLANKS PRO- 
DUCED BY CENTRIFUGAL CASTING.* 
By Francis W. Rowe, B.Sc. 


THE growth of the automobile industry has been 
largely responsible for the tremendous improvements 
which have taken place in the design and methods 
of manufacture of worm gearing. The worm gear is 
the type of final drive almost universally employed 
in heavy petrol-driven vehicles—lorries, chars-d-bancs 
and omnibuses. The experience gained and satis- 
faction given in service are causing the extension of 
its use to lighter cars for pleasure purposes, and 
many of the well-known makes of automobiles, both 
in this country and abroad, are fitted with worm gearing 
for the final drive. The essential features of the auto- 
mobile worm gear are a bronze worm wheel mating 
with a steel worm. The chemical composition and 
physical characteristics of the worm and wheel 
must be such that the lowest coefficient of friction 
obtains and the minimum amount of wear takes place. 
Furthermore, the gearing must be capable of carrying 








* Paper read before the Institute of Metals at Liége, 
on September 3, 1926. 
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is found to fall within the limits given below :— 


Per cent. 
Tin 10—13 
Lead 0—2 
Zine as 0—2 
Phosphorus 0—1 
Nickel 0—4 
Copper ..- Remainder. 


Effect of Tin.—It has been shown by Stockdale that 
copper is capable of holding up to 15 per cent. of tin in 


|in a matrix of « solid solution. The « solid solution is 
considerably softer than the eutectoid, having a Brinell 


of the «-8 eutectoid are somewhat difficult to make, 
but it would appear that the hardness is between 
200 and 230 taken on a similar scale. Thus such an 
alloy gives what is considered a desirable structure— 
hard particles embedded in a softer matrix. It is 
generally assumed that the effect of such a structure is 
| that, in service, the hard particles stand out in relief, 
|and thus only a portion of the full area is in actual 
| contact with the steel and the coefficient of friction is 





| thus low. The quantity of tin used is governed chiefly | phosphorus. Worm-wheel blanks are made in (¢ 


by strength considerations. The higher the tin content 
the greater the general hardness of the alloy, the greater 
the brittleness and the less the resistance to shock. 
Generally the tin content is kept as high as possible con- 
sistent with the necessary toughness being obtained. 
For most designs of worm-wheels 13 per cent. tin (in a 
plain bronze) is the maximum that can be allowed. 
Above this quantity the brittleness of the alloy is such 
that the weight of wheel would have to be exceptionally 
heavy to secure immunity from fracture by shock in 
service. The toughness or otherwise of the alloy is 
also very appreciably affected by the proportion of 
elements other than tin and by the casting conditions. 
These points are dealt with in later portions of the paper. 

Effect of Phosphorus.—The primary function of 
phosphorus in a bronze is commonly supposed to be that 
of securing a deoxidised alloy. Whilst this effect may 
be obtained by careful practice, great care should be 
exercised in interpreting the action of phosphorus in a 
bronze. The mere presence of even a large quantity 
of phosphorus in a bronze is no guarantee that oxides 
are absent. The author has known numerous cases 
where the bronze contained so much oxide as to render 
the mechanical properties extremely poor, although 
amounts of phosphorus varying from 0-2 to 0-7 per cent. 
were present. Phosphorus, whilst efficacious in remo- 
ving cuprous oxide from molten copper, appears quite 





solid solution. In normal foundry practice, however, | toughness the phosphorus must be low. 
equilibrium is never established, due to the compara- | general trend of the best manufacturers is to have just 
tively rapid rate of cooling. In ordinary circumstances | sufficient phosphorus present to ensure deoxidation 
separation of the «-8 eutectoid occurs at a tin content | and the necessary fluidity. This is secured by amounts 
of 6-7 percent. Thus a plain bronze containing 10-13 per | of the order of 0-08 to 0-25 per cent. ; with a phos- 
cent. tin, consists of crystals of «-3 eutectoid embedded | phorus content of 0-08 per cent. it is possible to have a 


unable to reduce tin oxide. Consequently, if the metal 
is melted and handled in such a manner that tin oxide 
is permitted to form, the addition or presence of phos- 
phorus exercises little or no deoxidizing action. The 
presence of phosphorus, however, quite apart from ques- 
tions of deoxidation, improves the casting properties 
of a bronze. Quite small quantities noticeably improve 
the fluidity and decrease the liability to porous places 
in uneven sections. In ordinary sand-casting practice 
much smaller runners, gates, and risers are necessary, 
if an appreciable quantity of phosphorus is present. 

Pure copper is capable of holding approximately 
0-17 per cent. of phosphorus in solid solution. The 
solubility of phosphorus, however, in the « solid solution 
of copper-tin alloys, containing above 8 or 9 per cent. 
tin, is very low, certainly less than 0-03 per cent. 
In such alloys containing 0-03 per cent. phosphorus the 
light blue particles of copper phosphide (Cu,P) are easily 
discernible under the higher powers of the microscope. 
These crystals of copper phosphide, whilst considerably 
harder than the « solid solution matrix, are not so hard 
as those of the «-d eutectoid. Measurements and 
calculations made by the author in different ways have 
shown the Brinell hardness of the copper phosphide 
crystals to be about 130 (500 kg.) as compared with 
200-320 for the «-8 eutectoid. 

The effect of phosphorus on the physical properties 
is very marked, quite small amounts increasing the 
brittleness of the alloy and reducing the elongation in 
the tensile test. This characteristic has an important 
bearing on the class of product under discussion. As 
was previously mentioned, the toughness of the alloy 
is the limiting feature of the tin content. If an appre- 
ciable quantity of phosphorus is present a corres- 
pondingly less amount of tin is permissible—if immunity 
from failure by shock in service is to be secured. Thus, 
for the normal designs of worm-wheels, the author’s 
findings have been that to obtain toughness from an 
alloy containing 0-4 per cent. phosphorus similar to 
that of a plain bronze containing 12 per cent. tin, 
the tin content must be reduced to 9-0-9-5 per cent. 

It has been generally held that the good anti-friction 
properties of phosphor-bronze were largely due to the 
| copper phosphide content, but close observation of 
service conditions, coupled with other work, has not 
shown this to be so, at any rate with bronze for worm- 
wheels. A high phosphorus content is permissible 
only when the tin is proportionally low ; that is, if it 
is desired to have a fair amount of phosphide present 
\the «-8 eutectoid must be reduced in amount. Of 
| the two constituents the «-8 would appear to be the 
| more desirable, due to its greater hardness, and to have 
‘the maximum amount of this present together with 
Thus the 





‘tin content of 12-5 per cent. for sand-castings and 
| 11-75 to 12-0 of chilled castings. With the higher 


hardness (500 kg.) of from 50-70, according to the casting | phosphorus (0-25 per cent.) the tin can be 11-5 per cent. 
and cooling conditions. Actual hardness determinations | for sand castings and 11-0 for chilled castings. 


Effect of Zinc.—Zinc, in the quantities used in this 
type of bronze, is generally admitted to exert a dele- 
terious influence on the anti-friction and wearing pro- 
perties. It does, however, improve the casting proper- 
ties of the alloy, and is used by some manufacturers 
for this reason. There is less likelihood of drawn and 
porous places when zinc is added, and the runners and 
risers may be somewhat less in area. It should not be 
used in conjunction with an appreciable amount of 
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Britain from an alloy containing 13 per cent. tin and 
1 to 1-5 per cent. zinc. The blanks from this alloy 
are made by ordinary sand-casting methods. Zine 
dissolves in the « solid solution, and appears to lower 
somewhat its solubility for tin. The generally accepted 
theory is that the zinc causes an increase in hardness 
of the « solid solution, and thus the essential differ- 
ence in hardness between the « and the «-d eutectoid 
is lessened. Whether this be true or not, several 
authenticated cases have come to the author’s know- 
ledge where bronzes containing between 1-5 and 3:5 
per cent. zinc have given decidedly inferior service to 
bronzes of similar composition but free from this ele- 
ment. 

Effect of Lead.—The addition of lead to a bronze 
for anti-friction purposes undoubtedly improves these 
qualities, but, due to the softening of the bronze 





Fig. 1. Sxzotion or Sanp-Cast Bronze WorRM 
WHEEL Buank. 2°75-In.x2°5-IN. x 1°8. 





SecTIon oF Die-Cast Bronze Worm 
WHEEL Buank. XI1°8. 


Fia. 7. 


the load-carrying capacity is reduced. The insoluble 
lead particles have a somewhat similar function to the 
soft « solid solution matrix; that is, in service they 
form depressions and act as pockets for lubricant 
and so help the essential oil film. Leaded bronzes are, 
of course, very extensively used in engineering for bear- 
ings. Unfortunately, the presence of an appreciable 
quantity of lead lowers the yield point in compression, 
and also the actual permanent deformation under 
given load. As it is essential to have a high load- 
carrying capacity for worm-gear, it is usual to have the 
lead content not above 0-3 per cent. 

Effect of Nickel.—The addition of nickel to worm- 
wheel bronzes is a comparatively recent development, 
which emanates from the United States. Whilst 
nickel undoubtedly improves the physical properties, 
as shown by the usual tests, tensile strength, elongation, 
&c., it has not yet been definitely proved that improved 








wearing and anti-friction properties result from its 
use. 

Effect of Different Methods of Casting.—As it would 
be impossible in a short paper of this description to 
discuss the effect of variation of composition and size 
of section on the structure and properties of gear-wheel 
bronze cast by different methods, the author will 
confine his observations to worm-wheel blanks cast 
from metal of the composition given below, which is 
the standard for normal work in the foundries with 
which the author is associated :-— 


Per cent. 
Tin ads .- 11-75—12-0 
Lead ... ese «. 0-25 max. 
Zine... ed 0-20 «4, 
Phosphorus ... «- 0-07—0-14 
Copper... Remainder. 





Fie. 3. Same as Fic. 1. SHowine Size AND 
DistTRIBUTION OF a-6 Eutectom. %X200. 





SaME AS Fic. 7, SHowina Lone 
x 100. 


Fie. 8. 
PRONOUNCED DENDRITES. 


Unless otherwise specified the test-bars, microsec- 
tions, hardness, and density determinations have been 
obtained from a standard blank, which is an annular 


ring of 14 in. outside diameter and 8-5 in. inside diameter, | 


the depth being 2-5 in. The size of this standard ring 
should be taken into consideration when studying the 
photomicrographs. 

Sand-Cast Blanks.—Although for all normal sizes of 
worm-wheels, the ordinary sand-casting methods are 
not now employed in the foundries with which the 
author is connected, standard blanks of the dimensions 
outlined above are cast from time to time for experi- 
mental and comparative purposes. The physical 
properties which may be reasonably expected from 
test-bars cut from such a blank are given in Table III. 
Naturally, due to the large cross-section, such results 
are inferior to those obtained from smaller sized 
test-bars where the comparatively rapid rate of solidi- 


fication makes the metal stronger, particularly if this 
rapid solidification is followed by slow cooling. The * 
disadvantages of the sand-casting methods for this 
work may be summarised as follows :— 

(a) Low Hardness and Density.—It will be seen that 
the comparatively slow rate of solidification which 
obtains by ordinary sand-casting methods results in 
low general hardness and density. Variation in 
casting temperature may cause wide differences in 
these figures, as the author has previously shown. 
The highest density and hardness, other things being 


TABLE IIT.—Comparison of Physical Properties Obtained 
by Various Methods of Casting. 




















Ring | Ring Centri- 
| sand- | Chill. | Chill. | Die- | fugally 
| Cast. | Inside. — Cast. Cast. 
Yield point, tons /in.2 8-9 8-7 13-1 | 13-5 15-9 
Maximum stress, tons } 
in.2 + ..-| 15-8 14-3 17-0 19-8 24-2 
Elongation, per cent. | 
on2in.  .. ..| 11-0 7-0 2-5 | 3-0 | 10-0 
Brinell hardness (500 | | 
kg.) «é ..| 86-0 84-0 |110-0 {118-0 {124-0 
Density es -+| 8-41 8-32 8-78 | &-77 8-89 
Izod impact (20 mm. 
< 20 mm. notched) : 
ft.-lb. . ‘ 33-0 17-0 15-0 | 16-5 27-0 
| | 








equal, is obtained with a low casting temperature, 
which shortens the period of solidification. Unfor- 
tunately, very low casting temperatures enhance the 
difficulties of founding, particularly if somewhat 
complicated designs of uneven section are being deali 
with. Porosity troubles and drawn places in such 
castings may often occur through the employment 
of a low casting temperature. 

(6) Danger of Lower Density and Hardness at the Roots 
of the Teeth.—In general, worm-wheel blanks are cast 
as plain rings and the teeth subsequently cut. Com- 
mercial considerations necessitate that the wheels be 
kept as light as possible consistent with having the 
necessary strength, with the result that the pitch line 
of the teeth (which carries the heaviest load) generally 
corresponds very nearly to what was the centre of the 
casting. The centre portion is the most likely to be 
unsound, particularly if the blank is of appreciable 
section, and thus that portion of the gear which should 
possess the highest hardness and density is more likely 
to possess the lowest. It should be mentioned at 
this stage that after the teeth are cut they are polished, 
and each one is subjected to scrutiny with a hand-glass ; 
the slightest trace of porosity is sufficient to cause 
rejection. The macrostructure and microstructure 
associated with such physical properties are shown in 
Figs. 1 and 3. The grain-size is fairly large, and the 
a-8 eutectoid particles are large and comparatively 
coarsely dispersed. Consequent on these features, 
the sand-casting process is adopted only in such cases 
where, due to size or peculiarity of shape, the following 
processes are not applicable. 

Chill-casting.—Up to the development of the centri- 
fugal process, which will be described later, the author’s 
firm had for many years cast worm-wheel blanks with 
a cast-iron chill embodied in the mould to chill the 
periphery of the wheel. This resulted in a blank with 
| varying properties from outside to interior. The 
thickness of the cast iron segmental chill was varied 
| for different types of wheels to secure a chilling effect 
| which would extend to just below the roots of the 
| teeth in the finished article. By this means rapid 
| solidification was assured in the vital part of the wheel, 
and this resulted in increased density and hardness 
in these portions. Unfortunately, the use of a single 
ring chill, such as described above, often resulted in a 
type of structure which was not the best of which the 
alloy was capable. The differential rate of solidification 
and peculiar rate of cooling resulted in the «solid solution 
containing more tin in the chilled than in the unchilled 
portions, and consequently less «-3 eutectoid was 
present in the chilled portion. This effect is also visible 
in the fracture, the chilled portion having a reddish- 
brown fracture and the unchilled a grey fracture con- 
sistent with a normally cooled sand-casting of that 
tin content. 

It was found that this undesirable feature could be 
eliminated by using a heavier chill, when the structure 
in the chilled portion became that of a completely 
chilled phosphor-bronze. This deep chilling, from the 
outside only, gave wheels which were generally too 
brittle except for very strong designs. Macrographs 
showed that the grains in the chilled portion was radial, 
starting from the outside edge. In the portion which 
was unchilled they are of heterogeneous orientation. 
When the chill is sufficiently heavy to penetrate the 
entire wheel the radial crystals persist right through the 
blank, resulting in potential radial cleavage planes. 
Thus the depth of chill used was regulated by com- 
| promise. Heavy wheels of strong design permitted 
| of a deeper chill, and thus a more desirable structure. 
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With lighter and more delicate wheels, the lower «-5 
eutectoid content in the chilled portion has to be 
accepted. The results obtained in service showed that 
the advantages accruing from increased hardness and 
density over those of a sand-cast wheel outbalanced 
the disadvantage of decreased «-3 eutectoid in the 
working portions. Ring chill casting by such methods 
as those described above is not without difficulties from 
a foundry point of view. It is, of course, essential that 
the moulds be dried to prevent moisture accumulating 
on the segmental chills, and the greatest care has to be 
exercised in fixing the casting temperature and size 
of runner for different types of wheels. 

The advantage is in the fact that one can always be 
certain of the tooth portion of the wheel being really 
dense and sound except at the point where the runner 
enters, at which spot porous places may be found unless 
the section of the runner is correct. Unfortunately, 


the soundness of the teeth may be achieved at the | 
expense of the soundness of the interior portion, par- | 


ticularly if uneven sections exist here. Microscopic 
porosity is not serious in this portion of the wheel, but 
knowledge of the likelihood of small defects in this 
portion often renders lightening of the design unsafe. 
Die-Casting.—Bronzes and 
not generally considered as being easy to die-cast. 
The most usually employed high melting-point alloy 
for die-casting is ‘“‘aluminium bronze.” Experi- 
mental work has shown, however, that die-casting in 
such alloys is quite possible for worm-wheel blanks 
if a sand core is used to form the interior. The chief 
difficulties lie in obtaining castings free from drawn 
places. 
unless the dies are preheated to a high temperature 
results in shrinkage cavities and porosity. For worm- 
wheel blanks, the best results have been obtained by 
having a central core of sand and forming the runners in 
this core, the metal being poured down a vertical hole 
in the centre of the core. A high pressure head of 
metal is necessary to ensure good feeding of the interior 


portions of the casting. Unfortunately, the high mould | 
temperature and casting temperature which it is 


necessary to employ to ensure a high proportion of 
good castings, results in a large grain-size and a very 
pronounced dendritic structure. These features are 
illustrated in Figs. 7,8 and 9. The separation and dis- 
tribution of the «-3 eutectoid are very good. The 
physical properties of material cast in this manner are 
shown in Table III. It will be seen that these are 
generally slightly superior to those obtained by methods 
previously described. 

Centrifugal Casting.—As the worm-wheel blanks are 
circular in form, it was a logical step that attention 
should be turned to the possibilities of producing blanks 
by centrifugal casting. The first steps were directed 
towards ascertaining what improvement, if any, in 
physical properties could be obtained by centrifugal 
casting, before proceeding to the more important 
work of putting the process on a commercial basis. 
It would, however, take up too much space even to 
outline the numerous progressive steps by which the 


process was developed ; the author will therefore con- | 


fine himseif to the present mode of procedure. 

The mould used is of steel, and consists of a flat 
bottom plate on which the top half rests and is held by 
cams. The top half has a central orifice down which the 
metal is poured. The centrifugal casting machine is 
arranged to spin the mould about its vertical axis. In 
practice, the driving mechanism is below floor level, 
and the bottom plate of the steel mould is bolted to a 
coupling on the vertical shaft. The shaft is driven 
through a cone clutch and gearing by a variable speed 
motor. The hollow core which forms the interior of 
the blank is set in a “ print” in the bottom half of the 


phosphor-bronzes are | 


The rapid solidification which takes place | 


|it is necessary to use a high casting temperature, 
varying from 1230 deg. to 1320 deg. C., according to 
the size of the wheel. This is done in order to secure 
a sufficiently long period of solidification to ensure full 
automatic feeding of the metal by the centrifugal 
force. It is this automatic feeding which constitutes 
one of the big advantages of the process over stationary 
die-casting. Actually the moulds are spun for 30 
| seconds to 4 minutes after pouring, depending on the 
size of the wheel. The clutch is then thrown out, end 
the top half of the mould lifted off. The taper and 





temperature of the moulds. Naturally some increase 
in grain-size obtains when the mould temperature 
reaches 400 deg. C. and the casting temperature is on 
the high side, but the variations due to these causes 
are much less than occur with any other method of 
casting. In fact, one of the attractions of the process 
is the small variation which is shown in structure and 
strength between wheel blanks of widely-varying 
sections. In practice, a multiplicity of moulds is 
used, so that the maximum mould temperature 
reached is approximately 200 deg. C. This facilitates 


design of the moulds are so arranged that no difficulty | assembly of the moulds, and at the same time prevents 


is experienced in ejecting the spun castings by the|an unnecessarily long period of solidification. 


No 


special tackle employed. The moulds are coated with | life figures have yet been obtained for the special 


Same As Fic. 8. SHowrne DistRIBUTION 
x 200. 


Fia. 9. 
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steel mould, the top placed on, and the cams rotated | 


to lock it in position. The metal is poured into the 
central orifice in the mould and flows into the centre 
of the core, from which it is flung out to the walls of 
the mould through suitable runners cut in the core. 
A special refractory material is used for the cores, as 
with the ordinary sand cores there is a great danger of 
these bursting under the high pressures and mould 
speeds. The moulds at present being used are made 
from alloy steel forgings suitably forged and heat- 
treated before final machining to give minimum dis- 
tortion in service. 

The speed of rotation is governed by the size and 
section of the gears being cast, and is varied to give 
the minimum grain size in the casting. The speed of 
rotation is designed to give a minimum pressure on 
the walls of the mould, of 45 lb. per square inch, and 
varies from 450 to 950 r.p.m. The moulds are brought 
up to full speed before commencement of pouring, 
which is done in the ordinary manner from plumbago 
crucibles suspended from a central runway. A sheet 
metal guard with the necessary orifice for pouring 
the metal shields the whole mould during casting 
operations. This is essential, as at the high speed of 
rotation any metal splashings are flung out with great 
force. As the period of solidification is very short, 


Fig. 11. Same As Fic. 10. SHowine SHort 
HETEROGENEOUSLY ORIENTATED DENDRITES. 
x 100. 


a thin layer of refractory material mixed with car- 
bonaceous matter to prevent.sticking. 

The physical characteristics of the wheels cast in 
this manner have been summarised in Table III. The 
figures represent the average of five recent tests. It will 
be noticed that an all-round improvement in physical 
properties results from this mode of casting, although 

| the density and hardness are not a great deal higher 
than those which obtain in a die-casting. Microscopic 
examination, however, reveals the essential difference 
between the structure of the centrifugal casting and 
that of a die-casting. Fig. 10 shows the typical 
microscopic appearance of wheels cast in this manner ; 
| the grain-size is extremely small. This small grain-size 
|results in short compact dendrites heterogeneously 
orientated, as shown in Fig. ll. Fig. 12 shows the 
a-§ eutectoid in small particles evenly distributed. 
| Provided that a sufticiently high speed of rotation is 
| maintained, this small grain-size appears to be very 
little affected by the casting temperature and the 





Fig. 10. Section or CENTRIFUGALLY-CAsT 
BronzE Worm WHEEL Biank. x 1°8. 
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Fic. 12. Same As Fia. 10. Saowrne Dis- 
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steel moulds at present used, but there is every indica- 
tion that these will last upwards of 4,000 castings each. 

At the present time the smallest wheels being cast 
have a diameter of 6 in., and weigh 26 lb., whilst the 
largest have a diameter of 22 in. and weigh 195 lb. 

As to the extent to which this process has been 
exploited in practice, the author would state that up 
till the date of writing over 4,500 castings have been 
made, with an average weight of approximately 
85 lb., the total weight being over 170 tons. The value 
of the castings is nearly 30,0001. It is quite probable, 
however, that these totals will have been doubled by 
the time this paper is read. Many of the early wheels 
have been in service for over three years, so far with 
very excellent results. Actual comparative service 
results will take some time to obtain, as the life of 
a chilled-cast wheel is from 140,000 to 300,000 miles, 
depending on the design and loading conditions. As 
very few vehicles do more than 30,000 miles per annum 
it will be seen that the life is from 4 to 10 years. The 
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author hoped to have been able to give results of| 
laboratory wear tests under service conditions, but, | 
unfortunately, these are not sufficiently advanced to 
warrant publication. 





SOME MECHANICAL PROPERTIES OF 
SILICON-ALUMINIUM ALLOYS.* | 


By J. D. Groeay, B.A. 


Tus paper describes an investigation on the mechani- | 
cal properties of the silicon-aluminium alloys carried | 
out for the Engineering Research Board on behalf of | 
the Light Alloys Sub-Committee of the Aeronautical | 
Research Committee. These bodies have granted | 
permission for publication. 

The increasing interest in silicon-aluminium alloys | 
as materials for light castings rendered it desirable that | 
a careful determination of their properties, when | 
prepared under carefully controlled conditions, should | 
be made in order to arrive at an independent standard | 
of what may be expected of such materials. The work | 
described in this paper deals first with two well-known | 
methods of producing the modified structure, viz., the | 
sodium and the “salts” methods. The sodium | 
method is very efficient in effecting modification, but | 








Fie. 1. Sr. 12 Per Cent. Norma 
Structure. Cut Cast. x 150. 


castings produced by its use are not regularly sound ; 
the ‘salts’? method gives more regular results. 

In all the experiments conducted during the present 
investigations, high grade notch-bar virgin aluminium, 
containing on the average 0-23 per cent. of iron and 
0-17 per cent. of silicon, was used. The purest available 
samples of commercial silicon were selected. “It was 
considered particularly important to keep the calcium 
content as low as possible, in order to avoid the 
preparation of alloys which would develop a modified 
structure without the addition of a modifying agent. 
The metal moulds used for chill-castings were of cast 
iron, 1 in. in diameter and 7 in. long, and closed at the 
bottom with sand. The ratio of weight of mould to 
casting was about 3:1. The moulds were preheated 
and dressed with a wash consisting of whiting and water 
with a little sodium silicate. Sand moulds were made 
of greensand, surface dried. Bars were moulded six 
in a box, radiating like spread fingers from a common 
runner placed near one corner of the box. Runner and 
gates were of generous cross-section. No risers were 
used. It was found to be unnecessary to provide a 
large head of metal, 1 or 2 in. being ample. 

The aluminium was melted in a Salamander pot in 
a gas-fired furnace, and heated to about 800 deg. C. 
The calculated quantity of silicon was added a little 
at a time. The silicon floated on the surface of the 
molten aluminium, and was gently pushed under the 
surface from time to time by means of a graphite rod. 
When alloying was complete, the metal wasskimmed and 
cast into ingots, unless required for immediate use. 
Generally, on analysis, the silicon content was shown 
to be about 0-2 per cent. lower than that calculated. 





* Communication from the National}Physical Labora- 
tory read before the Institute of Metals, at Liége, on 
September 2, 1926. Abridged. 








This deviation was probably due to the trapping of a | 
certain amount of undissolved silicon in the dross. 

The metal in the modified condition, whether modified | 
by sodium or by “salts,” develops a tough inelastic | 
skin. This was found to make control of the pouring | 
rate difficult, as the skin flows into the mould with the 
metal and produces long cold shuts and inclusions, | 
mainly on the lower side of the bar. These cold shuts | 
were particularly marked when the mould temperature | 
was low (below 170 deg. C.), but occurred even when | 
higher mould temperatures were employed. With) 
mould temperatures above about 280 deg. C., another | 
trouble occasionally appeared. The lower pouring | 
side of the bar was quite spongy on the surface, as if 
some reaction had occurred between the metal and the 
dressing, causing liberation of gas. This phenomenon, | 
though particularly marked with higher mould temper- | 
atures, occasionally appeared when the temperature | 
was as low as 200 deg. C. A mould temperature of | 
200 deg. to 250 deg. C. was generally employed. It was | 
found desirable to pour rather fast both chill- and sand- | 
castings. The time taken to fill a mculd 1 in. in) 
diameter and 7 in. long was approximately 4 to 5seconds. 
Little following up was necessary as the solidification 
shrinkage in these alloys is small. 


The “* Modification”? Process ; Effect of Calcium.— 
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calcium could be obtained. A few tests were made on 
this ‘‘ self *’-modified material. The results of these 
are given in Table I. 








TaBLeE I.—Silicon-Aluminium Alloys. Self-Modified 
Chill-Cast. 
ecahel | 
Analysis. | | Uultimate | Elongation. 
———j| Density. | — Stress. Per cent. 
Silicon. | Iron. | Tons /in.* on 2 in. 
11:0 0-4 2-668 | 12-3 10-0 
13-7 0-3 2-656 11-6 4-0 
16-0 0-4 2-649 j 10-3 2-5 











Note—In the second and third samples, primary silicon 
appeared, lowering the elongation. 

Some experiments were made to determine the 
amount of silicon which could be present in modified 
material without the appearance of primary (massive) 
silicon. Alloys containing 14 per cent. of silicon, or 
less, were readily modified and contained no massive 
silicon. Alloys containing more silicon than this were 
irregular in behaviour, being sometimes well modified, 
at other times containing massive silicon and often 
aluminium dendrites as well. It was found that the 
conditions of pouring profoundly influenced the micro- 
structure of the higher silicon alloys. Occasionally such 
chill-castings contained massive silicon, while sand- 
castings made from the same melt contained none. 
Figs. 3 and 4, page 342, are micrographs of 1 in. diameter 
chill-castings of an alloy containing 14-3 per cent. of 
silicon. The structure shown in Fig. 3 is of a bar poured 
very fast; that in Fig. 4 was poured slowly. Six bars 
were poured in all, alternately fast and slow. All the 
bars poured fast were nearly free from massive silicon 
and were composed of fine eutectic. All the bars poured 
slowly contained much massive silicon embedded in 
aluminium dendrites. Sand-cast bars from the same 
melt possessed a structure very similar to that of Fig. 3. 
It appears likely that the agitation during solidification 
caused by slow pouring was responsible for the appear- 
ance of massive silicon and aluminium dendrites in 
these castings. 

The Sodium Method of Modification.—In this method, 
an alkali metal is added to the molten alloy just before 
casting. The alloy was melted in a Salamander 
crucible in a gas-fired furnace, and heated to about 
760 deg. C. The crucible was then removed from the 
furnace, the metal skimmed, and the desired quantity 
of sodium thrown on the surface of the molten metal. 
By means of a preheated inverted crucible mounted 
on a long handle, the sodium was forced beneath the 
surface of the metal and stirred in. A quantity of the 
sodium always floated to the surface and burned 
there. When stirring was finished, the metal was 





MopIFIED 
x 150. 


Fie. 2. Sr. 13 Per Cent. 
SrRucTURE. SAND Cast. 


The phenomenon of modification has been so frequently 
described of late that no detailed description will be 
given here. The effect of the process is to shift the 
eutectic composition from about 10-5 per cent. to 
somewhat over 14 per cent. of silicon, and to replace the 
coarse eutectic structure of the normal material by a 
fine. structure. These structures are illustrated in 
Figs. 1 and 2. This refinement of structure is sometimes 
referred to as grain refinement, an expression which is 
rather misleading, since the change is not one of reduc- 
tion in crystal size, but merely a refinement of structure 
inside the crystal. Indeed, in modified material, the 
crystals are often of considerable size, probably greater 
than those of normal material. 

In cases whero modification has been produced by 
the usual agents, such as sodium or “ salts,” the effect 
is lost to a greater or less extent if the modified metal is 
remelted or even if allowed to stand in the molten 
condition. It was observed that, when certain samples 
of silicon were used in the preparation of the alloys, 
the metal possessed the modified structure even when 
no modifying agent was added. This suggested the 
presence of some agent more permanent in its influence 
than sodium. All these abnormal silicon samples 
contained calcium, a material not reported in the first 
sample of silicon used, which did not produce this 
effect. Experiments showed that small quantities 
(0-05 per cent.) of calcium produced modification in 
chill-cast material, although not so thoroughly as 
sodium. The eutectic is coarser and primary silicon 
appears at lower silicon concentrations than in the case 
of material modified in a more usual manner. The 
effect of calcium on the structure of sand-cast bars is 
slight. This modifying power of calcium persists after 
remelting, and, in the present experiments, rendered 
the preparation of normal (unmodified) castings 


skimmmed and poured at 720 deg. C. for chill-castings, 
and at 650 deg. to 680 deg. C. for sand-castings. The 
sodium was weighed out under paraffin and kept so 
until required for use. The quantity used was 0-05 per 
|cent., or 0-1 per cent.; 0-05 per cent. was sufficient 
|to produce the fully modified structure in alloys 
| containing less than 12 per cent. of silicon. With alloys 
| containing more silicon than this, it was found better 
|to add 0-1 per cent. sodium, though even with this 
| amount primary silicon was always present in alloys 
| containing 14 per cent. silicon or more. 

Microscopical examination showed that the modified 
structure was produced in a thorough manner by this 
method. Material modified by the process, however, 
| proved unsatisfactory. Density was irregular and often 
|low. Longitudinal sections of bars of low density 
| sometimes showed no marked unsoundness, but often 
showed pinholing and occasionally a central cavity. 
Variation of composition, of metal and mould tem- 

peratures, and of rates of pouring, led to no regularity 
|in results. Occasionally a batch of castings would give 
satisfactory density figures and mechanical properties, 
but the conditions for the regular production of such 
castings were not discovered. A paper has recently 
been published on this subject by Archer and Kempf.* 
They find that the amount of sodium required depends 
on the silicon content of the metal, and that a definite 
period of delay between the treatment with sodium 
and pouring the metal produces satisfactory results. 

“* Salts”? Method of Modification.—In this method, the 
molten metal is treated with a flux containing fluorides 
of the alkali metals. The method described below 
is substantially that employed by Messrs. Lightalloys, 
Limited, the proprietors of “ Alpax,’” who were kind 
enough to demonstrate their method and also to sanc- 
tion its publication. The “ salts” mixture is composed 
of: sodium fluoride, 2 parts and sodium chloride, 1 part. 
The metal is melted in a crucible and the temperature 
raised to 900 deg. C. The crucible is removed from the 
furnace and sufficient “ salts ”’ is thrown on the surface 
to form a layer about 0-25 to 0-5in. thick. The crucible 


| 
| 





* Amer. Inst, Min. Met. Eng. (Advance Copy), 1926, 
Feb. 





impossible, as no further sample of silicon free from 
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is then covered with a lid and left for 7 minutes. By | to the presence of cold shuts and spongy patches on | results given in Table IV. were obtained. 


this time, the metal has cooled to the pouring tem- 
perature, 720 deg. to 750 deg. C. The crust of salts 
is removed from the surface and the metal poured. If 
the initial temperature of the metal is too high, the 
“ salts ’’ melt and flames are produced when the mixture 
is thrown on the metal. The temperature is correct 
when the mixture just begins to melt and a little flame 
appears. The mixture is somewhat hygroscopic, and 


damages the crucibles in which it is used unless they | 
/accurate to about 0-01. 


are carefully cleaned. The crucibles are best cleaned 
by heating to red heat and scraping while still hot. 
If scraped cold, considerable force is needed to remove 
the incrustation of salts. 

The sodium and ‘salts’? methods were compared 
as follows: 28 lb. of an alloy containing 13 per cent. 
of silicon was made up and cast into ingots. The metal 
was divided into four equal portions. No, 
remelted and six 1 in. diameter chill-cast bars were 
cast from it. 
sodium and bars cast in the usual way. 
modified with 0-1 per cent. of sodium, which was 
enclosed in a capsule made of thin sheet aluminium. 
Much of the sodium escaped from the melted capsule, 
floated to the surface and burned there. 
modified by the “ salts” method. 


1 was} 


the surface. Sand-cast modified bars were, as a rule, 
| satisfactory and free from these defects. 
Density.—Density was determined on unmachined 
bars, cropped to a length of 6 in., and was used as a 
measure of soundness. 


| of weight in air divided by the weight in air, minus the 


weight in water. 
in all tables of the paper. 
ture and buoyancy is — 0-005. 


The correction for tempera- 
The corrected figure is 


siderably higher. As the solid solubility of silicon 
in aluminium is small, and as no compound of the two 
is formed in the system, the density of any alloy 


| should lie on the line joining the density of aluminium 


| (2-71) to that of silicon (2-40). 


| 


No. 2 was modified with 0-1 per cent. of , 
No. 3 was | 


No. 4 was | 


| 


It was found that the 
density of satisfactory chill-castings actually fell 
close to, but below, this line, the discrepancy increas- 
ing somewhat with increasing silicon, The density of 
sand castings was slightly lower still. The close 
agreement of observed densities with calculated values 
indicated that the castings were satisfactory and 
reasonably free from cavities. 

Mechanical Tests—-The mechanical tests made 
included Brinell hardness, proof stress, ultimate stress, 





14°3 Per Cent. CuHitt Cast. 


PovureED Fast. 


Sr. 


Microscopic examination gave the foliowing results : 

No. 1.—Eutectic generally fine and well modified ; 
some coarser crystals of eutectic and a little massive 
silicon ; sound, 

No. 2.—Very well modified ; no primary silicon or 
coarse eutectic ; not quite so sound. 

No. 3.—Eutectic very well modified, but a little 
massive silicon in small pieces ; unsound patches. 

No. 4.—Very well modified; no primary silicon ; 
sound on the whole; one or two small holes. 

Physical tests gave the following mean results :— 


TABLE II. 





| Ulti- 











| Analysis. Density of | mate — 
ne err | Cropped | Stress. | por coat. 
| Iron. | Silicon. | Sodium ace et in.? on 2 in 

_ ———— ; eo ee ———EE 
1 0-39 | 12-7 | 0-002 2-660 11-3 | 4-0 
2 0-39 | —- 0-0086 2-646 12-1 | 5-3 
3 0-39 | 12-9 0-008 2-645 11-9 | 5-0 
4 0-39 | 12-8 | 0-004 2-658 13-4 | &3 


These figures showed the superiority of the “salts ” 
method over the sodium method as practised in this 
investigation. The sodium content of the metals was 
determined by the method of Fairlie and Brook.* 
The quantity of sodium needed to produce the modified 
structure was extremely small. The investigation 
was continued, the “salts” method of modification 
being employed. 

Surface Appearance.—All bars were examined for 
surface defects. Bars, both chill and sand-cast, from 
metal not deliberately modified, were almost invariably 
satisfactory, free from cold shuts and _ inclusions. 
Chill-cast modified bars were less satisfactory, owing 


* Journal Inst. Metals, 1924, 32, 283-289. 











Fie. 4. Sr. 14:3 Per Cent. Cuitt Cast. 


PoURED SLOWLY. 


elongation and Charpy impact test. The results of 


these tests are given in Table III. 


TaBLe III.—-Silicon-Aluminium Alloys, ‘“ Salts” 





























Modified. 
a ie ay RS = 
Analysis. | =| 84 £56 ioe 2 eae 
ve Zr) eRgti gon] BS 
———| Density. ] 2 | a2 (552) 223) 3% 
Silicon. | Iron. | As $e |>7s 228| S& 
| ea Ee ht. 
Chill. 
7-8 | 0-3 ) 2-682 | 50-41 5-6 | 12-1) 19-0 | 1-34 
9-8 0-3 | 2-673 | 55-3] 6-5 | 12-8 | 13-5 | 1-01 
12-0 | O-4 | 2-663 | 60-5] 7-6 | 13-4] 11-0 | 0-89 
13:5 | 0-45) 2-658 | 61:5] 7-5 | 13-5 | 11-0 | 0-56 
14-1 | 0-451 2-655 | 65-01 7-8 | 13-61 10-0) — 
Sand. Moulded Horizontally. 

7:8 0-3 2-680 | 43-9) 4-8 | 10-3) 16-5 | 0-80 
10-0 | 0-3 | 2-671 | 46-9] 5-4 | 10-6 | 15-0 | 0-66 
12-0 0-4 | 2-661 | 50°38} 6-2 | 11-6] 9-5 | 0-45 
13-0 0-5 2-651 | 55-1) 7-1 | 11-9 | 10-5 | 0-44 
14:3 0-65 | 2-651 | 56-8 6-5 | 11-7} 8-0] — 








Charpy test-piece dimensions : 
Cross section 5 x 5mm. 
Bottom of notch = 5 x 3-5 mm. 


Form of notch = “V" angle 45 deg., root radius = 
0-25 mm. 
weight in air 
Density = = 





weight in air — weight in water 
Brinell hardness, ball, 10 mm. ; load, 500 kg. 
Ultimate stiess, Eritish tcns J er square inch. 
Proof stress, e ” *» +9 
The proof stress is that stress which will produce a per- 
manent deformation of 0-5 per cent. in a length 
of 2 in. 

Fatigue Range.—The fatigue range of one chill-cast 
alloy was determined by the Engineering Department 
by the Wohler method. The alloy contained, by ana- 
lysis, silicon 8-5 per cent., and iron 0-3 per cent. The 





The value taken was the ratio | 


This uncorrected value is employed | 


The degree of accuracy, | 
relative to each other, of the figures quoted is con. | 











The tem- 
| perature of test was 15 deg. C. 
| TaBLe IV. 
! 
| 
ote: No. of Estimated 
war > ae Cycles of Broken or | Limiting Fatigue. 
Toad ‘in . Stress. Unbroken. Range. 
i | Milliors. | Tons/in.* 
| ; j | 
+ 2-98 13-4 | Unbroken 
24m | ee | : 
+ 4-26 | 10-16 | Broken + 4-2 
#469 | 8-85 i. 
+ 5-20 | 1-49 i 





Ternary Alloys; Zine.—Alloys were made up 
containing 8 and 12 per cent. of silicon, and, roughly, 
|5 and 10 per cent. of zinc. They were modified in the 
, usual way by the salts method and cast in 1 in. diameter 
|metal moulds. The eutectic structure was not so fine 
‘as that of binary alloys of the same silicon content. 
A little primary silicon appeared in alloys containing 
| 12 per cent. of that element. The addition of zinc 
| raised the tensile strength somewhat, but considerably 
‘lowered the ductility. 

Magnesium.—Alloys were made up containing 
| roughly 8 and 13 per cent, of silicon and 0-4 and 0-7 
| per cent. of magnesium. These were treated in the 
same way as the zinc alloys. It was found that the 
addition of magnesium ruined the ductility and did 
| not improve the tensile properties. 


CATALOGUES. 


Lock Nut.—A priced list of their lock nuts (Shaw’s 
Patent) is to hand from the Acme Lock Nut Company, 
Limited, Stockport, who stock all the usual sizes, includ- 
ing metric threads. 


| Drying Plant.—Messrs. Manlove, Alliott and Co., 
| Limited, Nottingham, have sent us a folder illustrating 
| some examples of their drying machines, used for salt, 
| Sugar, pigments and various chemicals, 

| Switchgear.—Messrs. Johnson and Phillips, Limited, 
| Charlton, London, 8.E.7, have sent us a copy of the first 
number of a series of pamphlets on switchgear, dealing 
with the reasons for selecting the various types of switch- 
board. 


Electric Motors.—Some illustrations of electric motors, 
with ball or roller bearings, are to hand from Messrs. 
E. Brook, Limited, Huddersfield, who make these 
motors from } h.p. to 300 h.p., for single-phase or 
polyphase currents. 


Electrical Machinery.—The Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, U.S.A., have 
sent us a further batch of their leaf catalogues dealing 
with variable-speed motors, magnetic starters, electric- 
a.ly heated solder pots, electric furnaces, baking ovens, 
induction motors, and electric-locomotives. 


Electric Motors.—A catalogue illustrating the appli- 
| cation of electric motors to a variety of industrial work, 
| such as driving saws, hydro extractors, air compressors, 
| pumps, line shafting, &c., has been issued by the English 

Electric Co., Limited, Queen’s House, Kingsway, London, 
| W.C.2, who supply all types and sizes of motors for such 
| work, 


| Air Heaters.—Messrs. James Keith and Blackman 
| Co., Ltd., 27, Farringdon-avenue, London, E.C.4, have 
| sent us a new catalogue of air heaters constructed of 
| drawn-steel tubes, bent double, and having the two ends 
| expanded into a cast-iron base. The heaters are suitable 
| for use with high-pressure steam, and are supplied in 
| units of any required capacity. 


Electric Fittings—A new catalogue, issued by Messrs. 
| Gent and Co., Limited, Leicester, contains a very exten- 
sive list of electrical accessories, parts, and materials. 
| It is in three sections, dealing with electric bells, indi- 
| cators, pushes and contacts; ironclad relays, pushes, 
|and Morse keys for mines, railways and_ industrial 
|establishments; and accessories for electric bells, 
| indicators, and other fittings. 


Lathe Chucks.—From Messrs. F. Pratt and Co., Limited, 
| Halifax, we have received a copy of their catalogue of 
| lathe chucks of the type having four independent jaws. 
| These are made, in a full range of sizes from 4} in, to 
| 36 in. diameter, with cast-iron bodies, and a similar 
| range, from 8 in. diameter upwards, in all-steel bodies. 

There are also series of three-jaw and four-jaw self- 
| centring chucks of the scroll type, from 4 in, to 24 in. 
| in diameter. 


Locomobile Engines.—Messrs. Marshall Sons and Co., 
| Limited, Gainsborough, have issued a catalogue of 
|semi-portable engines combined with boilers, known 
| as ‘‘locomobiles,” which they make in sizes from 50 to 500 
| brake horse-power, suitable for all kinds of industrial 
| work.’ The boilers are designed for burning coal with 

a high degree of economy, and can also be equipped with 
| oil-burning apparatus. When it is desirable to burn 
| wood, peat, or the refuse of sugar, textile and other 
| factories, special fire-boxes and grates can be fitted. 
| A test of one of these engines at a Devonshire quarry. 
| showed a coal consumption of 168 Ib. per hour for 4 
| constant load of 154 i.h.p. for an 8$ hours run, This 
| gives an average of 1-09 lb. per indicated horse-power- 
hour, about equal to 1-18 1b. per brake horse-power-hour. 


| 
| 
| 
| 
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BRIDGE RECONSTRUCTION WORK OF 
THE MINISTRY OF TRANSPORT— 
NO. VIII. 


In our issue of June 25 last, page 758, we gave 
a brief account of the fine ferro-concrete bridge 
across the Thames between Caversham and Reading, 
which was opened on the date cited by H.R.H. 
the Prince of Wales, when the engineers and the 
contractors had the honour of being presented to 
His Royal Highness. We now supplement this by 
further data and drawings. 

As mentioned in our former notice, earlier bridges 
had been erected at the same site, where a con- 
venient island in mid stream simplifies the problem 
of foundations. An old stone bridge appears to 
have been erected here in somewhat remote times, 
but was replaced in 1869 by a lattice girder struc- 
ture having spans of 63 ft., which were supported 


| Longitudinal sections and a plan are reproduced 
‘in Figs. 92 to 95, Plate XX, whilst Figs. 96 to 
99, page 344, show typical cross sections. 

| The possible road gradients and the headway 
| demanded by the Thames Conservancy have been 
|controlling factors in the general design. The 
'levels of the buildings along the approaches made 
easy gradients impossible. That on the Reading 
side is 1 in 30, which, as indicated in Fig. 92, is 
continued beyond the abutment of the first arch 
for a distance of 57 ft. There is then a nearly 
level stretch for a distance of 104 ft., followed by a 
falling gradient of 1 in 24 down to Bridge-street in 
|Caversham. It has, moreover, been necessary to 
provide a covered way of 10 ft. span through the 
Reading approach, as shown in Fig. 92. The 
want of symmetry in the approaches and the 
demand at first made by the Thames Conservancy 
that no springing should be less than 4 ft. above 








which are proportioned so that, with the arch fully 
loaded, the resultant of the arch thrust and of the 
weight of the abutment passes nearly centrally 
through the foundation. With a view to equalising 
the pressure on the ground whilst at the same time 
increasing the resistance to sliding, the base of each 
abutment has an upward slope in the landward 
direction (see Fig. 92). 

The south abutment which takes the heaviest 
thrust is 57 ft. 6 in. long by 25 ft. deep. Its width 
transverse to the roadway varies from 64 ft. to 54 ft. 
The northern abutment is very similar, but is only 
48 ft. long. Each of these abutments was con- 
structed inside a cofferdam of steel-sheet piling. The 
piles used ranged from 20 ft. to 30 ft. in length. 
The island abutment or pier is 44 ft. 9 in. long by 
61 ft. 6 in. wide, and is 26 ft. 9 in. deep. As shown 
in the sketch plan; Fig. 91, this abutment is extended 
at each end into promenade bays, and thus occupies 
























































a» | 
Fig. —} . 
ig 9: : = Sinaia Manhole if Coeeea COvVEREO 
aS <= 5 a; Yj VALLEY 
& g re | MOTEL 
\ as ae iy ' j ! n — | 
=// 5 2! 7 “Gully 
CAVERSHAMS<) | ss ' b | GE 
ROAD Ss) ; / 8 2 Ee eee ee eee i ET 
& + pGully _y LY pa | 
co es bvanroes _! | i 
= | o 
x <! 
~ R&R | , Le} 
& 
me HA 
N fy 
(9679. 4.) UL % ENGINEERING 


on cast-iron cylindrical piers. This bridge was only 
30 ft. wide between parapets, and its light trough 
flooring was ill-fitted to take the loads now traversing 
our highways; in fact, the weights permitted on 
it had been severely restricted for many years. 
Plans for a new bridge were got out in 1913, but 
were held up by the outbreak of the war, and when 
circumstances again made progress possible it was 
decided to consider the whole matter afresh, in 
view of the great increase in the intensity of road 
traffic both in regard to volume and to weight. The 
new plans were prepared by Messrs. L. G. Mouchel and 
Partners, of 38, Victoria-street, Westminster, in con- 
sultation with Mr. A. 8S. Parsons, M.Inst.C.E., who is 
borough engineer for Reading. It was also de- 
cided to apply for a grant from the Ministry of 
Transport, and the new structure has been designed 
accordingly to comply with their requirements. The 
rolling load provided for consists of four of the 
Ministry’s typical trains, each consisting of a 20-ton 
road locomotive followed by three 13-ton wagons. 
A general view of the structure as completed is 
reproduced in Fig. 90. As best seen in the sketch 
plan, Fig. 91, it crosses the river on the skew, 
the faces of the abutments making an angle of 
78 deg. with the centre line of the roadway. 
There are two arches of which the larger, on the 
Reading side of the river, has a clear spanof 
126 ft. 44 in., that of the other being 20 ft. less. 





normal water level increased the difficulty of securing 
good esthetic effects. In the end, therefore, the 
Conservancy agreed to allow the springing at the 
Caversham abutment to start at a level of 2 ft. 
above high water, and this concession has made it 
possible to secure a very pleasing effect, as will be 
seen on reference to Fig. 90. 

The contract was let to Messrs. Holloway Brothers 
(London), Limited, for 63,162/., of which the Ministry 
of Transport provided 50 per cent. The removal of 
the existing steel structure, provided for in the con- 
tract, was effected by cutting the lattice girders, 
which had a depth of 6 ft. 8 in., into 30-ft. lengths. 
These were transferred to a staging erected on 
barges moored beneath. Another clause in the 
contract provided for the erection of a temporary 
wooden footbridge, 6 ft. wide and about 500 ft. long. 
This served also to carry the gas, water and electric 
mains, whilst the permanent bridge was being 
erected. Work was commenced in March, 1924, 
and completed in May, 1926. A clear passage way 
of 40 ft. by 11 ft. 6 in. had to be provided in the 
centering of the larger arch to accommodate river 
traffic. 

Since the arches have a low ratio of rise to span, 
the thrust on the abutments is considerable, that 
in the case of the larger opening being nearly 3,500 





tons. To carry this without undue loading of the 
ground, very massive abutments have been provided, 








practically the whole area of the island, the contour 
of which was trued up by piling. The total exca- 
vation for the three abutments amounted to 
about 12,000 tons. The material passed through 
consisted of old road materials and alluvial deposits. 
The foundations were carried down well into the 
Thames ballast, the depth being fixed in part by 
the possibility that at some future date the Con- 
servancy may decide to dredge the river-bed down 
to the 105-ft. level. 

As shown in Fig. 93, Plate XX, each span has six 
parabolic ribs of reinforced concrete. The innermost 
pair are 5 ft. wide, and in the case of the larger span 
range in depth from 3 ft. 9 in. at the springings to 
2 ft. 5in. at the crown. The two intermediate ribs 
are 4 ft. 6 in. wide and are illustrated in Fig. 94. 
The reinforcement is of the same character in all 
four. The two outer or face ribs are narrower 
and deeper, being but 2 ft. wide, whilst the depth is 
3 ft. 9 in. at the springings and 3 ft. 2 in. at the 
crown, as in the drawing Fig. 95. 

The thrust of the ribs is taken by heavy ferro- 
concrete distributing beams which are recessed 
into the mass concrete of the abutment as shown in 
Figs. 94 and 95, and the main longitudinal rein- 
forcement of the ribs is moreover extended well into 
the same mass. 

The decking, for a length of 54 ft. at the centre of 
each span, consists of a solid reinforced-concrete floor 
12 in. thick, monolithic with the material of the ribs. 
Outside of these central sections the floor is supported 
in part by 10-in. walls springing from the ribs and 
monolithic with the beanis above, and in part by 
spandril columns as best seen 'to the right of Fig. 94. 
These columns measure 10 in. by 20 in. in section 
in the case of the main beams, but for architectural 
considerations, those for the outer béams have been 
given a section of 18 in. by 27 in. in the case of the 
longer span, and of 18in. by 24 in. on the Caversham 
side. The beams over the main columns are 10 in. 
wide by 20 in. deep below the decking. The secon- 
dary transverse beams between them are spaced at 
4 ft. centres and are 7 in. wide by 16 in. deep. The 
reinforced-concrete deck above is 6} in. thick. 

The whole of the reinforcement is of mild steel 
to the British standard specification, and was used 
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in the form of round bars bent to shape on site. In | 
the case of a few piles, where quick hardening was | 
required, use was made of Ciment fondu or Lightning 
Brand cement. Elsewhere slow setting Portland | 
cement was used. As shown in Fig. 92, pro- 
vision is made for expansion at the central pier so | 
that each span can distort under stress or tempera- | 
ture changes independently of the other. | 

Sections through the roadway along the lines | 
AA and BB, Fig. 91, are reproduced in Figs. 96 and | 
97, annexed. They show the nature of the paving | 
provided and the provision made for gas, water and | 
other mains. At present the bridge carries a 9-in. | 
and a 12-in. water main, two gas mains and a Post | 
Office cable, and there are 2 four-way ducts for | 
electric mains. The ducts are all in reinforced- | 
concrete and are lined with mastic asphalte. The | 
pavement slabs are of Victoria stone reinforced to | 
span the openings formed by the ducts. Manhole 
covers are provided at suitable intervals. 

The promenade bays are perhaps worthy of special | 
notice as they are rather an unusual feature in 
bridge works, the nearest approach to them being 
the small refuges provided on many old stone bridges, | 
and adjacent projecting buildings, often chapels or 
toll-houses, which are sometimes found. Chapels | 
were of course frequently built on projecting bays | 
either near the centre of a bridge or its end, due 
no doubt to the fact that early bridge builders | 
frequently belonged to monastic orders. As a| 
matter of fact when excavating on the island for | 
the central abutment the foundations of a fourteenth- | 
century chapel were actually found at Reading, | 
this chapel forming a projection on the East side of | 
an old masonry arched bridge, other evidences of 
which were unearthed. | 

The walls of these new promenade bays or island | 
structure, practically encircle the old island ; they | 
are founded on ferro-concrete sheet piling 7 in. by | 
18 in., and king piles of 14 in. by 14 in. section, | 
and are semicircular in plan at their outer ends, en- | 
closing bays protruding 33 ft. 6 in. from the line of the | 
parapets and 26 ft. 3 in. wide. These walls give a very | 
massive looking pier-like structure, although they are 
only from 6 in. to 8} in. thick. They are roofed over | 
at bridge deck level by reinforced-concrete decking | 
5} in. thick, carried upon reinforced-concrete beams | 
of varying scantlings. The outer, or semi-circular 
portion of each bay is stepped down 3 ft. 6 in. The 
parapet walls of these lower bays are of reinforced- 
concrete in contradistinction to the granite parapets 
of the square portions and the bridge itself. A cut- 
water is formed at the base of the upstream bay, but | 
on the downstream side this is unnecessary, and the | 
semi-circular form is carried right down to the | 
foundations. A reinforced-concrete cantilevered stair- | 
way is carried down the north face of the east pro- | 
menade bay to afford access to an adjacent island. | 

The north-east, south-east, and south-west re- | 
taining walls flanking the north and south approaches | 
have lengths of 58 ft., 63 ft., and 79 ft., respectively, | 
and are all of similar design. They are thin curtain | 
walls with counterforts, and flat foundation slabs | 
carried upon 12 in. by 12 in. reinforced-concrete piles | 
37 ft. 6 in. long on the south side and 15 ft. long on | 
the north. They are spaced at 9-ft, centres. | 

The parapets of the bridge proper (see Fig. 98, an- | 
nexed) are of Aberdeen granite rough-axed, and con- | 
sist of a plinth 9} in. high and 16 in. thick, turned 
symmetrical balusters 1 ft. 94 in. high and a massive | 
coping 7 in. deep and 10} in. wide. The whole 
parapet stands 3 ft. 8 in. above pavement level- 
Small granite piers are introduced between the series | 
of balusters at intervals of about 25 ft., and the 
parapets terminate at the two ends of the bridge in 
massive concrete pylons. The reinforcement of 
these is shown in Fig. 99. £t the junction with 
the returns on the promenade bays plain granite 
piers are introduced, which are surmounted by bronze 
lamp standards, 

Great consideration was given to the question of 
adequately lighting the bridge, and providing at 
the same time handsome lamp standards suitable 
for the position selected. The four pylons, and 
the four granite piers on the central abutment each 
carry a bronze lamp standard, with cross arms and 
two lights, the centres of the lights being 22 ft. 
above pavement level. As the maximum distance 
apart of any two standards is 146 ft. 6 in., and 











THE NEW CAVERSHAM BRIDGE, READING. 


Fig.96. SECTION THROUGH SOUTHERN SPAN ON LINE A.A .(Fig 51.) 
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Fig.97. SECTION THROUGH NORTHERN SPAN ON LINE B.B 
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holophane reflectors with 200 watt lamps (and pro- | night, or half of them switched off at 11 p.m. 
vision for 300 watts if desired) are used, the light shed | Competitive designs for the standards were consi- 
will be quite up to modern standards. Switches | dered by the committee and the engineers, and the 
are so arranged that all lights may remain on all|design and tender of the Bromsgrove Guild, of 
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Bromsgrove, Worcester, was selected, this firm 
acting as sub-contractors to the principal contractors. 


The road surfacing work did not form a part of | 


the bridge contract but was carried out by the 
borough engineer, Mr. A. S. Parsons, M.Inst.C.E., 


by direct labour. The foundation over the ferro- | 


|had reference to the subject of age-hardening 
| phenomena in castings. They had never found any 
evidence that age-hardening in an aluminium alloy 
|could be connected with any cracking which took 
| place subsequently in the casting. The mere fact 
that cracking often occurred in a casting many 


exploded fallacy, and it had not been seriously 
put forward for some time past. In some respects 
the addition of manganese did improve the mecha- 
nical properties of nickel. On the other hand, 
perfectly malleable nickel could be produced without 
the addition of any manganese at all. 


The other papers on the list were taken as read, 
and the Chairman thanked all the authors for their 
contributions. The usual votes of thanks to all 
who had contributed to the success of the 
gathering and to the Association des Ingénieurs 
Sortis de I’Ecole de Liége, for the accommodation 
which they had kindly afforded for the meeting, 
terminated the proceedings. In the afternoon the 
members visited the Sté.-Ame. Fabrique Nationale 
d’Armes de Guerre, Herstal, and the Sté.-Ame. 
Union des Usines 4 Cuivre et 4 Zinc de Liége. In 
the evening a visit was paid to Chaudfontaine. 
Saturday, September 4, was devoted to an all-day 
motor excursion to Coo, Malmédy, and Spa. 


concrete decking, however, was included in Messrs. | months, or even years, after the termination of the 
Holloways’ contract, and consists of 10 to 1 concrete, | manufacturing operation, gave support to the view 
the aggregate not exceeding ? in., laid to a camber of | that age-hardening and storage cracking were not 
4}4in. The surfacing placed by the borough engineer | connected. Age-hardening was complete in a few 
consists of tar macadam 3$ in. thick. | weeks. Some form of fissure corrosion might be the 
| cause of the after-cracking of castings after long 
| storage. 


THE INSTITUTE OF METALS. | Miss Bingham intimated that she would reply to 
(Concluded from page 321.) | the discussion in writing. 


ConTINUING our report of the Liége meeting of | 
the Institute of Metals, we have now to deal with | 


: é The last paper taken was entitled ‘‘ Development 
the fifth and sixth papers presented on the morning | of the Use of Nickel in Coinage” ; it was presented 
of Friday, September 3. 


| by Mr. W. R. Barclay in the absence of the author, 
|Captain F. R. Barton, C.M.G. The paper dealt 
| with the historical development of the application 








UsrE or NICKEL IN COINAGE. 


ComMPLEX ALUMINIUM-NICKEL ALLOYS. 








The fifth paper considered was by Miss K. E. | 
Bingham; it was entitled ‘ The Constitution and | 
Age-Hardening of some Ternary and Quaternary | 
Alloys of Aluminium Containing Nickel.’ Miss 
Bingham stated that it had been shown that 
the alloys of aluminium with magnesium and 
silicon possessed the property of age-hardening 
after quenching from a high temperature; also 
that alloys of aluminium with ccpper showed 
similar age-hardening, but toa lesser degree. On 
the other hand, the ternary alloys of aluminium 
with copper and nickel did not possess this property 
of age-hardening in any appreciable degree. This 
suggested that the addition of nickel to the alloys 
of aluminium with copper suppressed the phenome- 
non of age-hardening. This was explained by the 
censtitution of the alloys, since the property of 
hardening depended on the precipitation of one or 
more of the constituents. It had been shown, that 
with 2 per cent. of nickel and about 6 per cent. of 
copper, there was no CuAl, present, either at 
500 deg. C., or on cooling slowly to 200 deg. C. 
This implied that 2 per cent. of nickel increased the 
solubility of CuAl, in these alloys, both at high 
and at low temperatures. The addition, however, of 
1 per cent. of magnesium to the alloys of aluminium 
with copper and nickel caused the precipitation of a 
large amount of magnesium silicide on cooling from 
500 deg. to 200 deg. C., and also affected slightly 
the solubility of CuAl, and NiAl;. In a series 
containing 4 per cent. of copper, 2 per cent. of nickel 
and 1} per cent. of magnesium, marked age-harden- 
ing took place, and it was suggested that this was 
due chiefly to the precipitation of magnesium silicide, 
since the effect of the CuAl, was only very slight. 

Mr. A. H. Mundey, in opening the discussion, 
stated that it was in worked material that age-hard- 
ening had been investigated, and storage cracking 
also took place in worked material. In sand cast- 
ings, which had to be afterwards forged or worked, 
there was a tendency towards cracking even after 
very long periods of time. He was inclined to think 
that additions of nickel such as Miss Bingham had 
employed in her alloys might lessen this subsequent 
cracking of castings. Practical men would do any- 
thing to prevent the storage cracking from taking 
place, no matter how high the first cost. The 
saving in the end would warrant the initial 
outlay. It was quite certain that these storage 
cracks were not due to expansion and contraction 
during manufacture because they took place so 
long afterwards. Dr. Gayler, who was the next 
speaker, referred to curves of hardness measurements 
of the quaternary alloys containing 4 per cent. of 
copper and 1-5 per cent. of magnesium, obtained 
by Miss Bingham. She had found that the hardness 
dropped after the specimen had been annealed for 
one hour at 200 deg. C. After annealing for one 
day at 184 deg. C., however, she had found that the 
hardness went up. She had herself come across 
a similar curious softening, followed by hardening, in 
the case of copper-magnesium-silicon alloys, and 
she attributed this subsequent hardening to the 
influence of the copper present. 

Dr. W. Rosenhain, on the point raised by Mr. 
Mundey, said that much of the work on light 





alloys, at the National Physical Laboratory, 


of nickel to coinage, and the difficulties encountered 
and overcome in adapting it to this purpose. The 
author stated that since the conclusion of the war, 
the demand for nickel and nickel-alloy coins to 
replace currency notes had increased year by year. 
Pure-nickel token coins of a face value running as 
high as 2 francs, or its equivalent, were current 
to-day in Italy and Belgium, and were proving so 
satisfactory as to render it doubtful whether silver 
would ever be reinstated in its former position among 
token-coinage metals. Experiments had shown that 
the resistance to abrasion of pure nickel coins was 
high. A yet more important recommendation than 
durability was the fact that pure nickel coins were 
proof against successful counterfeiture. The tech- 
nical difficulties of melting and preparing the metal 
for coinage, added to the fact that heavy and 
expensive machinery must be employed for the 
purpose, combined to impose insuperable obstacles 
to unauthorised coiners. An additional safeguard 
lay in the fact that pure nickel was the only coinage 
metal which was highly sensitive to magnetic 
attraction. 

The discussion was opened by Mr. C. E. Barrs, 
who said that the purity of nickel for coinage 
purposes was an important matter. He had 
reason to believe that the presence of sulphur 
had a deleterious influence on the properties of the 
metal. He had once tested a coin which contained 
some 98-5 per cent. of nickel, together with 0-1 per 
cent. of copper, 0-3 per cent. of iron, and 0-9 per 
cent. of manganese. In this case the manganese 
present was, perhaps, a beneficial agent and was 
helpful in the rolling and stamping of the alloy. 
Dr. Ing. M. Haas speaking next was understood to 
say that in German practice the use of pure nickel 
was recommended for coinage purposes. The 
next speaker, Mr. W. M. Corse said that the 
75 per cent. copper, 25 per cent. nickel alloy was 
used in the United States for coinage purposes, 
whereas pure nickel was utilised for minting 
the Canadian 5-cent pieces. The Belgian tokens, 
which members had recently had an _ oppor- 
tunity of examining were good examples of 
nickel coins, and, furthermore, they could not be 
easily copied by counterfeiters. On,the other hand, 
the aluminium-bronze alloy used in some other 
countries could be copied comparatively easily. 
In the case of the Belgian coins, the face and the 
surface polish were retained for a long time and 
they resisted abrasion in a marked degree. The 
only advantage in having a silver coin was that it 
had an intrinsic value approaching its face value. 
The last speaker in the discussion, Dr. Rosen- 
hain, stated that he had found the historical 
portion of the paper highly interesting. The 
Swiss Government had, in the “ fifties” of last 
century, passed a legislative measure providing for 
the minting and issue of coins containing certain 
proportions of silver and of base metals. They had 
not sought any metallurgical opinion on the subject, 
and it was not surprising, therefore, that they 
experienced difficulties with their alloys and were 
unable to proceed with the project. 

In a short reply, Mr. W. R. Barclay said that the 
traditional idea that a coin should have an intrinsic 
value somewhat approaching its face value was an 


VENTILATION OF TURBINE ROOMS 
ON BOARD NAVAL VESSELS. 


By Ine. Junius Liévat, Budapest. 
(Concluded from page 288.) 


Room Ventilation from a General Point of 
View.—The purpose of ventilation is the cooling of 
air and the elimination of undesirable gases and 
vapors from the room concerned. 

For a better examination of the problem presented 
let us use for a starting point equation (5). 

Wz—-W,=-U+Q=A+B, 
or W=V(ut+Q)=V (a +d) 

From this equation it is observable that the 
increase of heat and temperature, to be allowed for 
the turbine room, depends on the following factors : 

(a) The quantity of air delivered per hour. 

(6) The moisture content of the air. 

(c) The heat conduction and radiation of the plant 
in the turbine rooms, which depends chiefly on the 
temperature and dimensions of the main and auxiliary 
steam pipes of the main turbines and the quality of 
the insulation. 

(dq) The amount and condition of the leakage from the 
glands and from such imperfectly packed joints as may 
exist and finally— 

(e) The arrangement and construction of the fans 
or blowers. 

As regards factors (a) and (6), the following may be 
observed : 

Supposing that to each m’ of air and vapour 
mixture a calories will be imparted by conduction 
and radiation, and that to this air is also added p’ 
kilograms of steam containing b calories, then the 
mixture per m' inflowing air will contain p + p’ = 
® kilograms of steam. Consequently, in accordance 
with equation (5) : 

Wa = We +a +b=y ota + Pi, 
Wa = 7% ta + p [\e + Cx (ta —_ tsa) 


whence, after certain transpositions, we obtain the 
temperature to be anticipated : 


(11.) Wa — PB (Na — 0°46 tea) 
0-2335 y + 0-46 


The temperature to be anticipated without the 
gland steam was in the case of this experiment 
calculated from the above equation. 

(c) The influence of heat conduction and radiation 
upon the room temperature can not be calcu- 
lated ; it depends on the mere or less successful 
arrangement of the steam piping and on the in- 
sulation of those pipes and of the turbines. Never- 
theless, where plants with superheaters are involved, 
more attention than heretofore ought to be given 
to this factor. 

(d) The influence of the gland steam, in the case 
of turbines in which both glands are connected 
up to the vacuum inside the turbine such as the 
Parsons system and like, and very little steam 
escapes through them into the room, ought to be 
insignificant. On the other hand, with G.E. 
turbines and the like, where the glands of the high 
pressure ahead side are subject to an internal pressure 
of 7 atm., and also where, especially on board tor- 
pedo-boats, they work with a greater super- 
heat, the influence of the gland steam is very 
appreciable. 


ta = 
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(e) Another circumstance not considered hereto- 
fore is the proper arrangement of the fans. Accord- 
ing to my observations, as regards the ventilation on 
board different torpedo boats and destroyers, where 
the ventilators gave only 80 per cent. at the best 
of their nominal performance, the arrangement of 
blower and suction ducts will exercise a very 
material influence upon the amount of air delivered. 
There is a rather unfavourable effect if one blower 
and one suction ventilator are arranged in the 
same room. When the boat is proceeding with fully 
closed turbine room, i.e., with all the hatches, sky- 
lights and air shafts closed, one of the ventilators 
has to deliver through the other and if their suction, 





or delivery, ducts are not large enough for the 
double performance, the efficiency of the ventilators | 
falls and as the experiment has proved, their combined | 
performance in such cases does not exceed 60 per | 
cent. of the sum of their individual performances, 
i.e., they delivered 0-80 x 0-60 = 48 per cent. of 
their nominal output. And even, if without back- 
pressure the ventilators are correctly dimensioned, 
they might fail in performance, because of faulty 
co-operation. 

In principle, correctly dimensioned and arranged 
suction ventilators with closed turbine rooms should 
be equal to their task of maintaining a certain 
predetermined average temperature, just the same 
as pressure ventilators. The only disadvantage 
then ensuing would be, that the engine crew, here- 
tofore accustomed to an inflowing current of fresh 
air, would have to put with somewhat higher local 
temperatures at their posts. 

The case is different with open skylights. Even | 
when skylights are open, one or two blower ventila- 
tors deliver a strong current of fresh air to the 
room, always presuming that their suction shafts 
are not arranged so as to draw the air infected by 
the furnace gases or that emerging from the kitchen 
or other objectionable localities above the engine 
room, as has been sometimes the case. The suction 
ventilators however, according to experience, suck 
in the air from their immediate surroundings and 
being as a rule arranged under the cover of the 
turbine room, they suck the air not out of the 
room, but the air rushing downward in their vicinity 
from the deck. A short circuit of the air current 
is thus established, and they do little, if anything, 
towards the ventilation of the room. 

When working with fully closed turbine rooms, 
we have assumed that the performance is only 60 
per cent. of the nominal for the reason that the 
50 per cent. actually measured on board torpedo- 
boats might be too unfavourable for larger boats, 
where methods of ventilation are generally better. 
In this case the maximum amount of heat, imparted 
by the gland steam to the dry air in the aft turbine 


room of “95-F” was about — = 0:95 cal. per m’. 
This fairly corresponds to the result of the experi- 





ment already described. In the closed aft turbine 
room of the same boat a value of py 
— 4:13 = 0-92 cal. per m' was obtained. 

The annexed Table II shows the temperatures 
in deg. C. of the out-flowing air :— 

(a) As observed with open turbine rooms. 

(b) As anticipated without gland steam, but | 

otherwise unaltered. 


(d) With closed turbine rooms, taking for granted | 


| 
| 


60 per cent. of nominal performance. 

(e) As under (d), but without gland steam. 

The influence of gland steam is particularly well 
shown by this arrangement of the data. We see 
that with a closed turbine room it causes a consider- 
able increase of temperature. 

The battleship Szent-Istvan is included for the 
sake of comparison, although the turbine rooms were 
never closed on board this vessei. 

Calculation of New Plants.—In accordance with 
preceding considerations, we ought to proceed in 
the following manner, when calculating new plants. 

The heat imparted to the turbine room by con- 
duction and radiation per shaft horse-power can be 
determined for a similar case—with a suitable 
weighing of the circumstances—from column 21 of 
Table I, which shows this heat per shaft horse- 
power at the maximum power. The amount of 





gland steam will be calculated, and also the heat 
imparted by it to the room. 


5-05 | 7 


temperature wherever possible should not be over 
W = aS.H.P. x Dis = Veo, whereof w =v, tg = 40 deg. C., all the more so because the local 
e temperature at the engineers’ post is somewhat 

Allowing for imperfectly packed joints of the| higher than the average outlet temperature. 
auxiliary engines and steam pipes that may exist,| The amount of heat which can be absorbed per 
D may perhaps be taken a few per cent. high. cubic metre of the entering air, without allowing the 


Thus, the total amount of heat per hour, 
(12) W 


ORIES CONTAINED IN ONE M -VA MIXTURE 
RELATED TO THE RELATIVE MOISTURE, Fin PERC 
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o 
(955!1.C.) F per Cent “ENGINEERING” 
TaBLE II. 
| “ Szent-Istvan.” “ Dovara.” | “ Triglav.” “96 F.°° 
| | 
2 | High Low High Low | 
| Pressure, | Pressure, | Pressure, | Pressure, Port. Starboard. Port. Starboard. 
‘ou Starboard. |Starboard. |Starboard. | 
| | 
Room open— | 
(a) With glandsteam : 25 21 38 80-1 42 44 |} 34-5 42 
(b) Without glandsteam. . 24-8 17°7 37°6 29-7 40-4 42-4 , 82-2 40 
(c) Difference... 0-2 3-3 0-4 0-4 1-6 1-6 | 2-3 2 
Room closed— | | 
(d) With glandsteam . | 36-8 30-2 57-6 45 56-1 59-5 | 42-4 55 
(e) Without glandsteam ; 4 36-6 24-8 57:3 44-1 53-4 57°+4 | 38-9 51-8 
(f) Difference re - | 0-2 5:4 0-3 0-9 2-7 ae | 3-5 3°2 
(9) | 11-8 9-2 19-6 14-0 14-1 ei Me er 13 
H | 
TABLE V. 
| “* Szent-Istvan.” “* Dovara.” “ Triglav:” “O57,” 
| 
eo | High Low High Low 
Pressure, | Pressure, | Pressure. | Pressure, | Portside. | Starboard. | Portside. | Starboard. 
|Starboard. |Starboard. Starboard. 
C De 
a x shaft horse power cal. per | 
hour oa ve a ..| 261,000 157,000 404,000 145,000 56,000 61,000 20,000 36,000 
D (és-t-) cal. per hour | 4,000 5,840 4,200 3,920 3,910 3,740 4,500 4,140 
Ve m5 per min. a pe - 1,230 754 1,890 954 277 300 113 186 
V- nominally (at present) . . ot 840 840 768 515 160 160 120 120 
| | 




















It is required to determine the volume of refri- ; room temperature to rise above the predetermined 
gerating air necessary to keep the temperature of the | limit, depends on the state of this air, i.e., on the 
out-flowing air and thus also the local room tem- | atmospheric circumstances of the waters the ship 


perature at the engineers’ post, at a certain average | is traversing. . 
value, which is not to be exceeded. This maximum! According to the records of the Meteorologica 
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Institute of Fiume, the absolute maximum day tem- 





In the other cases the ventilation should be sub- 


perature of the year 1916 in the summer months on | stantially improved to insure a tolerable temperature 
the North Adriatic has been in the most unfavour- | during the hot season. 


able case approximately 33 deg. C., with 44 per cent. 
of maximum dampness. The heat contained in 


| 


The diagram, Fig. 17, on page 346, represents the 
calories contained in one cubic metre of air-vapour 


each cubic metre of this air and vapour mixture has | mixture of different relative dampness. 


been W = 18-7 calories. 

From the equations given, if the gland steam is 
left out of reckoning, and if the average maximum 
temperature in the room ¢, is 55 deg. C., we find 
that the air contains at this temperature 23-65 
calories per cubic metre, and the absorbed heat, 
i.e., the difference above 18-7 calories, is 4:95 
calories per cubic metre, and, consequently, even 
if the maximum temperature of 55 deg. C. is allowed, 
1 cub. m. of air cannot carry off more than 4-95 
calories. 

As can be seen from Table I, the amount of 
heat carried off by 1 cub. m. of refrigerating air— 
marked uw in column 16—with one single exception 
exceeds this value even in the most favourable case ; 
consequently, a change of air, forced out of all 
proportion, would at best make it possible to keep 
the room temperature down to between 40 deg. C. 
to 45 deg. C. This observation, according to said 
figures, is valid for the hottest day of the year. 

If one is satisfied to accept for a basic figure the 
monthly average value of the maximum daily 
temperatures, then the records of the Meteorological 
Institute in the most unfavourable case show an 
average temperature of 28-5 deg. C. with a relative 
dampness of 51 per cent. In this case we 16-68 
calories, and for 45 deg. C. the heat content is 
20-28 calories per cubic metre, and the heat absorbed 
and carried off is 3-60 calories per cubic metre. 

With the above assumptions, 45 deg. C. could be 
fixed as the temperature limit, which with 3-60 
calories per cubic metre can be accepted without 
any over-dimensioning of the ventilation plant. 
If these figures be accepted, occasional overstepping 
of the temperature limit must be reckoned with on 
particularly hot days. These calculations, however, 
fairly correspond to actual circumstances as the 
turbine rooms are never perfectly closed, except 
during night actions and at such times the tempera- 
ture is under the daily average. 

If the outlet temperature ¢, is determined, then 
the heat content of the outflowing air and vapour 
mixture : 


Wa = Wet w= We + m2 = 7 ota + Na Pa ta 
Ve Ve 
whence 
Wy 
Vv. 
and consequently 


~ Y op la + (v- - 


+ Pa = fer 





D 
Vv. 


D\.; 
We 7) ta 
and after transpositions we get : 
3) Ve = W- Di 
Y (p ta + Peta — WU, 

On the right-hand side of this equation all the 
factors but ig areknown. As the ratio 7, : i,, accord- 
ing to Table I, even in the most unfavourable case 
a high pressure room of the battleship, does not 
exceed 610: 617, or about 2 per cent., so on the 
right hand side 7, can be substituted for i,, and thus 
the equation 


(6s ie = 





W — Diz: _ a8.H.P. + D(is — i.) 
Y Cp ta + pete — We ¥ Cp (ta — te 
will be obtained. The numerator of this expression 
approximately indicates the total amount of heat, 
imparted by the plant to the ventilating air, and 
the denominator the amount of heat per cubic 
metre of the air. In this way, we obtain a some- 
what higher value for Ve. For the presumed 
average maximum value of room temperature, of 
45 deg. C. and the temperature of 28 deg. C., and 
51 per cent. dampness of the inflowing air, the 
denominator, in accordance with the corresponding 
table, will be 3-60 calories. The other values for 
the plants of Table I, are given in Table V. 

As seen from this table, the nominal performance 
of the ventilators would be satisfactory in the low 
pressure room of the Szent-Istvan and in both turbine 
rooms of 95 F. The room temperature could be 
kept around 45 deg. C. even in the hottest month 
of July, if, especially on board 95 F, this whole 
amount were delivered into the turbine rooms 
even at such times as they were closed down. 





It consists of a group of lines indicating the con- 
stant temperatures and intersected by another 
group of lines, which represent the constant absolute 
vapour ingredients of 1 cubic metre of air. 

By means of this diagram and by making use of 
the results of the experiments on board (inflow tem- 
perature, in and out-flow dampness), the heat carried 
off by each cubic metre of inflowing air can be deter- 
mined as the difference between the inlet and outlet 
calories. To do this, mark out the calories 
corresponding to the inlet and outlet conditions, 


and after multiplying the outlet calories by oe 


the difference between the outlet and the inlet 
calories is obtained. The curves of constant vapour 
content make possible the reading off of anticipated 
temperatures for the case of simple heat absorption, 
with constant or varying dampness. 








THE BRITISH ASSOCIATION 
MEETING AT OXFORD. 


SUB-SECTION K*.—FORESTRY. 
(Concluded from page 291.) 


WE conclude below our notice of papers presented 
at the Oxford meeting of the British Association 
to the sub-section on Forestry. 


FROM Scots AND CORSICAN 
PINEs. 


Mr. W. E. Hiley, of the Imperial Forestry Insti- 
tute, Savoy Hill, W.C.2, discussed the question as to 
which of the two pines, Scots or Corsican, both of 
which would grow on poor sand and gravel, and 
together made up half of the trees planted annually 
by the Forestry Commission in the south and east of 
England, yielded the better financial return. Cor- 
sican pines grew faster (though not in the northern 
ranges), but they cost more to establish, and the 
timber was not so valuable. A financial comparison 
was difficult, because it had to be made on the 
compound interest plan and because the value of 
crops thirty or a hundred years hence was uncer- 
tain. Timber prices might, or might not, double 
| within less than forty years ; in the period 1882 to 
1913 they had risen by 0-9 per cent. per annum, which 
was equivalent to doubling in seventy-seven years. 
Taking all the factors into consideration—size of 
timber, ease of extraction, distance from rail and 
market, value of soil, crop rotation, &c.—Mr. Hiley 
concluded that the question came down to this, 
whether the price for the Corsican pine, when it came 
to felling, would be more or less than 60 per cent. to 
66 per cent. of the price of Scots pine of the same 
size; that question, however, could not yet be 
answered. 


FrnanctaL RETURN 


THE SEASONING OF TIMBER. 


Timber, Mr. S. T. C. Stillwell, of the Forest 
Products Research Laboratory, Royal Aircraft 
Establishment, South Farnborough, explained in his 
paper, gradually lost moisture as soon as the tree 
was felled until an equilibrium condition with the 
surrounding atmosphere was reached ; this loss of 
moisture was known as the seasoning process. 
Although some wood was used in the green state, 
it was generally seasoned, because it turned lighter, 
stronger and harder, and became less liable to fungus 
attack, or to shrink and warp after manufacture. 
The factors controlling the seasoning process had only 
recently received proper attention. In the fresh 
wood, the cell walls were saturated with moisture, 
and free water circulated in the intercellular spaces ; 
this free water disappeared first. When the moisture 
began to leave the cell walls, the drying was accom- 
panied by shrinkage, which was not observed pre- 
viously. When a green block was exposed, evapo- 
ration started at the surface and moisture moved 
up from the inner portions, but the surface layer dried 
more rapidly than the interior and began to shrink. 
Even after the central portions had lost their free 
moisture, the drier surface layer remained in a 





state of tension; fortunately, no permanent harm 





: 
was done in general. The central portion, however, 


might season and contract in its turn and might 
draw in the incompletely shrunken periphery, causing 
collapse, or the splitting known as honeycombing. 

It was hence desirable to ensure that the surface 
evaporation was not more rapid than the flow from 
the inner portion, which was the factor determining 
the rate of drying. We knew little about the slow 
movement, but could hasten it by raising the 
temperature. The rate of evaporation also depended 
upon the humidity of the atmosphere, which should 
be considered. In air seasoning, the timber was 
exposed to normal atmospheric conditions in the 
open orinashed. The rate of evaporation, in tem- 
perate climates, was mostly slow. Soft wood could 
be piled up in the open, if sheltered from the sun ; 
with other woods, drying in sheds (to keep off winds) 
or humidification by water-sprays or curtains, might 
become necessary. When boards were piled up, 
air circulation had to be provided for by the aid of 
passages between the layers. When the piles were 
too wide, one side would remain saturated until the 
side on which the air entered had been seasoned. 
The lowest boards should be raised clear of the ground 
where the cold air would collect unless carried off by 
ventilation. In kiln-seasoning, humidity and venti- 
lation regulation were required, and this humidity 
control gave kiln-seasoning an advantage. For 
various reasons, kiln-seasoning was rapidly being 
developed, especially for the manufacture of fur- 
niture and indoor decorations. 


THe APPLICATION OF TIMBER TESTING. 


Mr. C.J. Chaplin, M.Sc., who is in charge of Timber 
Mechanics at the Forest Products Research Labora- 
tory, South Farnborough, stated in this paper that 
engineers had, for many years, tested timber without 
due regard to moisture content, rate of growth and 
density. Tables giving only one working stress for 
a timber, without definition of quality, were still 
to be found, and the engineer or architect frequently 
used too expensive a timber, or risked the use 
of an inferior grade. The present standardised 
method of testing small specimens of timber, intro- 
duced twenty years ago at the Forest Products 
Laboratory in Madison, Wisconsin, had been adopted 
in Canada, India and other parts of the Empire, 
and comparable results could now be obtained in 
different laboratories. The material was selected 
standing in the forest; the logs were stencilled and 
cut into blocks 24 in. square and 4in. long, marked 
for position A, B, C, D, and tested in groups, 
green and seasoned to 12 per cent. moisture. In 
this way, the strength of specimens free from defects 
was determined. The more rapidly the load was 
applied, the higher would be the limit of proportion- 
ality and the maximum load. The tests covered 
static and impact bending, compression, parallel 
and perpendicular to the grain, hardness, shear, 
cleavage, tension, and further shrinkage, radial and 
tangential and volumetric ; rate of growth, density, 
and percentage of summer wood were also deter- 
mined. A disc was cut from each specimen imme- 
diately after each test to ascertain the moisture 
content. 

Owing to the variations in the strength of clear 
timber, some 600 to 800 tests were required for 
each green and seasoned specimen, 150 to 200 of 
these being for compression parallel to the grain. 
After such tests, the investigation of structural 
grades and sizes could begin. In these tests, the 
weakest spot was sought for, in order to ascertain the 
influence of defects and their combinations. Struc- 
tural timbers were tested as posts, struts, beams, 
&c., in the green and air-dried conditions; the 
comparison indicated the influence of seasoning. 
A four-point loading system was essential for 
studying defects in beams. Minor failures near 
knots or shakes generally preceded breakdown. 
Most of the work, so far, had been done on conifers. 
At Farnborough, pines, larch, Douglas fir and 
pit wood had so far been tested. The study of 
defects was only to be started in the permanent 
quarters at Princes Risborough. 


TIMBER AND ITS USES. 


The paper by Sir James Calder, of Edinburgh, on 
“Timber and Some of the Ways it is Used,” accen- 
tuated, in its introduction, the fact that no raw 
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material took so long a time to mature as timber, 
and that long views and cautious estimates were 
consequently necessary. Timber and wood were 


| 
|a saw mill erected on his estate by his staff, the 


men being kept busy with the aid of electric 
light during the dark hours. Most growers feared 


broadly distinguished as hardwood (from deciduous | the initial cost and exhaustion of material and did 


trees) and soft woods (pines and firs). The imports 
of soft woods were much the larger, viz., 8,969,000 
loads (of 50 cub. ft.) in 1925 against 725,900 loads. 
Even in home-grown timber, soft wood formerly 


not know how to go about the business. He had 
started with a small suction-gas plant using wood 
refuse, and had later added a 40 h.p. petrol engine, 


|for running a dynamo. Small owners of timber 


predominated, but so much soft wood was felled | might combine, and treat the matter as a business 
during the war in England, that the bulk now utilised | concern. 


here was probably hard wood. Soft wood was | 


cheaper and more easily worked, and was also 
stocked in many more standardised sizes than the 
dearer hard wood which, required longer seasoning. 
Our demand for soft wood for sleepers and mines 
could not be satisfied by home-grown timber. 
Creosoted sleepers, taken up after a life of 15 or 20 
years, were often still free from decay, but they 
could no longer hold the chair bolts. British 
engineers preferred sleepers from the Baltic to 
sleepers from Archangel ; in Holland the preference 
was the opposite. In Great Britain, however, chairs 
were fixed by screws and bolts, while in Holland 
spikes were used. For internal use in house building 
Scotland and Holland preferred white wood to red 
wood. This seemed to be a matter of price differ- 
ences in past days and of adherence to custom. 
The same considerations might also apply to the 
controversial advantages of hewn wood over sawn 
wood. In Russia and the Baltic States, hewing was 
the hereditary practice, and was done with remark- 
able precision ; when a saw mill was near, sawing 
was, of course, cheaper and less wasteful. 

The pulpwocd industry had made the biggest 
change of recent years in the timber trade. First 
developed chiefly in America and Canada, it had 
there already reached a stage when material shortage 
was a vital question, although young wood 
could be used in a 20 to 40 years’ period of rotation. 
Reafforestation had begun. The transport cost 
to the mills might exceed the value of the standing 
timber. Plywood, made by drying and gluing 
under pressure veneers cut with a knife, was rapidly 
replacing ordinary wood for many purposes. Of red 
woods, the ordinary Scottish pine or fir was more 
used than all the others put together ; larch was a 
bad second, Douglas fir, Corsican, Austrian, maritime 
and mountain pines, spruce, &c., making up the 
remainder. Firs from the north were generally 
better than those from warmer climates, and from 
Central and Southern Europe. White wood was 
used for casks and packing cases for foodstuffs, 
which the resin of red woods would taint, as well 
as for poles, house building, paving-blocks, &c. ; 
it should be creosoted where exposed, but larch did 
not require creosoting. The value of timber varied 
enormously, and standing timber, which sold at 14d. 
per cub. ft. in Canada, was worth ls. free on board 
for merchantable wood, and 2s. or 3s. for clear wood ; 
these costs, mainly for labour, made forestry most 
valuable for the development of country districts. 

Sir James Calder proceeded to examine in detail 
the uses of hardwoods. Oak wood was the most 
widely required, and on the whole, the most valuable, 
being used for roof trusses, under frames for vehicles, 
panelling, and also furniture, where English oak, 
however, was rivalled by the softer imported oak. 
English ash, most scarce and valuable, was superior 
to foreign ash as a flexible material for aeroplane 
work and sports requisites. Beech wood was the 
cheap material for ordinary furniture, and for 
bobbins ; the heels of ladies’ shoes were made of 
beech, and 250 acres of beech were probably used 
in this way each year. Elm, very good for boat 
building, wharf staging and wheelwright work, was 
underrated ; lime was suitable for pattern making, 
willow for artificial limbs, walnut for rifle and gun 
butts, and sycamore for rollers of mangles, &c., and 
for brushes. There were by-products of the timber 
industry, valuable when regular supplies could be 
relied upon, such as turpentine, acetone, alcohol, 
charcoal, saw dust (for linoleum and glucose), &c. 
Saw mills should be erected at the mouths of the 
rivers, down which the timber floated. 


Estate Saw MIs. 
Colonel Gerard Leather put the question : “« Why 
should not the grower of timber become his own 
timber merchant ?” and answered it by describing 





UNDERWOOD AND Its UsEs. 

, Major F. H. T. Jervoise, of Basingstoke, intended 
to show in his paper what could be done with the 
woodlands of England, before their conversion into 
high forests, with respect to commercial returns 
and rural employment. He divided underwoods (or 
coppices) into underwood pure (the sweet chestnut 
coppice) which formerly furnished hop poles, now re- 
placed by permanent posts and wire, and now 
supplied chestnut pale fencing, and underwood 
with standards, i.e., coppices of oak with hazel, 
ash and birch. In many districts the war had 
almost killed the coppice industries. Major Jervoise 
gave particulars of what could be derived from 
making rods for hurdles, crates, hedging, bean 
sticks, barrel hoops, wicker fences, &c. 


ForRESTRY FROM A Business Pornt oF VIEW. 


Mr. Leslie S. Wood, of East Grinstead, took a 
brighter view of the business aspects of forestry 
than some of the other speakers had done. Under- 
taken by inexperienced men without knowledge, 
who treated the woodland as game coverts or plea- 
sure grounds, forestry would not yield a profit, but 
treated as a business like potato-growing or stock 
rearing, it would. Properly cared for, thinned and 
replanted, woodland would pay. The ripe timber 
theory, larch to be felled after 70 years, oak after 
120 years, and so on, was pernicious, considering 
the phenomenal uncertainty of timber value. Plant- 
ing, however, was the timber estate savings bank ; 
if the present owner did not profit, his heirs would 
be the richer for it, and the nation also. 


IRRIGATED FOREST PLANTATIONS IN THE PUNJAB. 


Mr. R. Maclagan Gorrie, B.Sc., of the Rawal- 
pindi Forest Division, Punjab, pointed out in his 
paper bearing the above title, that British engineers, 
during the last sixty years, had transformed by 
irrigation over 12,000,000 acres in the Punjab 
from unproductive desert into first-rate agricultural 
land, and that further schemes now in progress 
in the Sutlej and outside the Punjab would bring 
many more millions of acres under cultivation. 
In any canal colony, the first settlers derived their 
wood supply from the scrub which originally grew 
in the district. When that scrub was exhausted 
in the Punjab, timber and fuel had to be carried 
over enormous distances from the Himalayas, or 
be raised on the spot. The population in the 
canal colonies had risen from 3 or 4 to about 300 
per square mile. The Forest Department, in the 
first part of the sixty years, had to supply 
wood fuel for five trains a day on the one line 
then existing. For the forest cultivation it was 
decided to utilise the waste water available at 
certain seasons at the tail end of a canal, after 
satisfying the cultivators’ demands. At Changa 
Manga, in 1870 Ribbentrop had been successful 
in sowing shisham (dalbergia sissoo) along the 
top of a trench, and the 10,000 acres of irrigated 
forest area there now supplied 1,500,000 cub. ft. 
of timber and firewood annually. The most 
promising of the established plantations were 
Daphar on the lower Jhelum canal, and Chichawatui 
and Khanewal on the Lower Bari Doab. 

In choosing a site for a plantation, the different 
claims of lands and forests had to be considered. 
In the Punjab, cultivators were ailowed water 
for each of two crops, winter and summer, over 
40 per cent. of their area, while the forest required 
water in the summer only, but over the whole 
area. Distributing channels prepared for ordinary 
supply were thus unable to deliver enough water 
for an equal area of forest; there was risk of 
canals bursting in the summer, and of wasting 
water in winter because the cultivators’ outlets 
could only be supplied when the usual water level 
was maintained. For this reason, forests should 





be near the main canal, unless the waste water 
at the tail could be utilised as it was at Changa 
Manga. Proximity of the forest to a railway was 
further essential, and it was intended to lay down 
a steam tramway for each plantation of 7,000 
acres or more. The methods of irrigation and 
stocking were now standardised. The area to 
be planted was divided into oblong compartments 
of from 25 acres to 50 acres; the canal colonies 
were marked out by the surveyor in squares of 
25 acres, two of which, as a rule, formed one 
compartment. The water was led from the main 
canal by a series of channels, 3 ft. to 4 ft. wide, 
1} ft. to 2 ft. deep, falling at 1: 1,000 to 1: 400. 
Minor channels, or khals, were run 200 ft. apart, 
and trenches of 1 ft. square, 10 ft. apart, collected 
the water. In order to improve control, the 
trenches did not connect directly with the khal, 
but with a smaller parallel channel alongside 
the khal; the latter was stopped with a bank of 
earth. In the more recent forest plantations, the 
ground had been carefully levelled by the temporary 
cultivators, to whom it was leased for cotton 
and wheat growing until the area could be taken 
up for forest work. 

In Changa, the water sank at once through the 
soil to a depth of 3 ft. or 4 ft.; in the sand of 
Khanewal irrigating for days would not lead to 
water-logging. The unit of measurement was the 
cusec; the new channels would carry 10} cusecs 
per 1,000 acres, and would allow of flooding for 
six months, April to September, to a depth of 3 ft. 
As regards stocking, the shisham seed was sown 
along the berm of the trench, where it could 
germinate without being soaked, which would 
be detrimental. Irrigation started in April and 
was carried on at intervals until germination 
took place, and less frequently afterwards. The 
trees, which attained about the thickness of a 
finger in the second year, were utilised for trans- 
planting by root and shoot cuttings; this method 
was preferable, especially on the areas of saltpetre 
(kallar) deposits on which shisham sowings failed 
entirely. Attempts to dispense with the expensive 
trenching had been successful only in the last 
three years. After farm cultivation, the area was 
divided into l-acre plots, each surrounded by a 
ridge of earth, 6 in. high, with water-channels 
running between alternate rows. After felling the 
trees, the areas had to be retrenched and restocked. 
One labourer could attend to about 5 acres of 
young plantation. Trouble in the forests had been 
ascribed to drought and to fungus. Mr. Gorrie 
thought that drought, always more serious to 
forests than to farm land, had caused more damage 
than fungus growth, which was spread by the 
flocks of red starlings, and to which shisham was 
more prone than mulberry and also eucalyptus, now 
under trial. In spite of various difficulties the 
Changa Manga forest plantations had, in the period 
1913 to 1924, shown a surplus of 144,539]. on an 
expenditure of 140,307/., and there was, in addition, 
the valuable asset in the economic development of 
the canal centres. 


SECTION L.—EDUCATION. 


THE ScIENCES AND HUMANITIES. 


Taking a broad view in his paper on the History 
of Science as a Link between the Sciences and 
Humanities, Professor Cecil H. Desch did not, in 
general, advise the introduction of separate classes on 
the history of science into a course of instruction. 
For the ordinary student such instruction was best 
given as part of the normal course and combined 
with biographical matter and the reading of original 
memoirs. The importance of science in human 
history could be made clear by relating each 
important discovery with the state of thought at 
the time. In the teaching of applied science, the 
connection between inventions and social and 
economic conditions, apt to be neglected by the 
scientific specialist, should be emphasised, and the 
student of history and literature, on the other hand, 
should be brought into contact with the facts 
and conceptions of science. The link could only be 
completed by the recognition of sociology as a 
science, and this recognition was the only true means 
of bridging the gulf between the sciences and 
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humanities which was too characteristic of modern | managing director of the company, had designed 


education. 


EpvucaTIONAL TRAINING FOR OVERSEAS LIFE. 

The joint discussion with Section M, Agriculture, 
on the Educational Training of Boys and Girls 
for Overseas Life, to which the Prince of Wales 
Jistened for an hour, and in ‘which Sir Thomas 
Holland and Sir Daniel Hall, the two sectional 
presidents, the Hon. W. Ormsby-Gore, M.P., Miss 
Gladys Pott, Sir Alfred Yarrow, Sir John Russell, 
Mr. W. G. Olive, Mr. H. W. Cousins and 
others took part, rightly laid emphasis on the 
social importance of agricultural and other practi- 
cal studies. The Committee’s report, on which 
the discussion was based, accentuated that the 
term agricultural studies was not intended to mean 
instruction in farming, but that the farm and 
garden were to be used as a laboratory or work- 
shop; the meeting had been especially arranged for 
the purpose of ascertaining how that purpose could 
be attained in secondary and elementary schools. 
There was a demand for well educated boys and girls 
with an agricultural bias, for whom the Empire 
afforded healthy and profitable employment; the 
value of practical agricultural studies was too little 
realised by parents and educational authorities. 
Two schemes of work, still in the experimental 
stage, were mentioned; one by Mr. Olive, head- 
master of the Dauntsey School, Wiltshire, the other 
by Mr. Cousins, of the Brampton School, Cumber- 
land ; the latter scheme was printed in the report. 

This scheme comprised 35 lessons, of 45 minutes 
duration, to pupils of the fifth form, one lesson for 
scripture, 5 for English, 3 each for history and geo- 
graphy, 5 for French, 6 for mathematics, 4 for 
science, outdoor work, etc. Among the subjects to be 
taught or discussed were the weekly transactions in 
the local market, the trade of cake, wool and corn 
merchants, the letting of accommodation land, 
distress and unemployment, and the poor law of 
Elizabeth. One rather wonders how competent 
and efficient school teachers of the last-mentioned 
subject, which should be left to mature minds, 
will be found, and one can understand Mr. Ormsby- 
Gore’s remark that overseas farmers prefer raw to 
instructed settlers. The planned school-training 
over here, of course, aims also at fitting the pupil 
for future studies. The provision made in Kenya 
Colony for the education of European children was 
based on the London matriculation and the Oxford 
and Cambridge local examinations; but how many 
pupils would continue their studies? The real 
difficulty was the examination blight and the com- 
petitive mark system, too intimately tied up with 
school tradition and scholarships to be touched. 
The examining bodies, Professor Nunn pointed out, 
hampered and discouraged the teacher in his 
attempts to combat education by books. Many 
examination papers, it was readily admitted, were 
absurd. Social veneer, however, counted more than 
social qualities and one speaker at Oxford said that 
the right’ type of school was more important than 
the right kind of knowledge. It is, in a measure; 
but why should not the two go together ? 


WIRELESS EpvucaTION. 


Giving an account of his stewardship as director 
of education of the British Broadcasting Company, 
Dr. J. C. Stobart stated that the company, formed 
in 1922 as an entertaining body, had immediately 
taken up information and education, as was 
done in other countries. Even those American 
stations which based their existence on advertising, 
had educational programmes. The station con- 
trolled by Shephard’s stores in Boston gave health 
talks and official talks on agriculture; New York 
had an “ air college ” under the auspices of Columbia 
University, and another station, managed by the 
telephone and telegraph companies, had aiso 
arranged for courses in conjunction with the 
university, the courses consisting of lectures of 
ten minutes each. The Deutsche Welle taught 





an educational policy in the autumn of 1923. Edu- 


| cational advisory committees were formed, Glasgow 
| being the pioneer in this matter, and Dr. Stobart, 


then district inspector of schools under the Board of 
Education, became director of education of the 
company in 1924. A series of experiments in 
method and technique was then started. Since 
a faulty aerial or a noisy loud speaker would spoil 
reception, some early reports from schools had not 
been satisfactory ; the children, first attracted by 
the novelty, soon became restless, and some 
teachers had declared wireless to be _ useless. 
That had not been altogether displeasing to the 
company, which was embarrassed by the sudden 
demand for expensive apparatus. By the end of 
1924, examination reports from eleven schools on 
poetry lessons by wireless were very encouraging. 

At present, more than 1,000 schools served by 
London and Daventry had installed wireless as 
part of their curriculum. The company could 
afford to bring first-class experts and inspiring 
teachers to the studio; co-operation with universi- 
ties had been secured at all the stations, and 
immense numbers of adults followed the evening 
courses of lectures. So far, entertainment had been 
mixed with education in the evening, and lectures 
were limited to 15 minutes; but those efforts were 
appreciated, and lectures like Sir O. Lodge’s on 
ether and reality had brought many inquiries about 
books on science to librarians. The Post Office 
would give further facilities for alternative pro- 
grammes of more distinctly educational type, and 
if the Government allowed the company, or their 
successors, the full revenue from licences, boundless 
possibilities would be opened. That would involve 
the institution of an alternative wave-length system, 
and the discarding of inferior apparatus by the 
listener. After September 20, the programme would 
include school courses for the afternoons on nature 
studies, musical appreciation, the history of geogra- 
phical discoveries, the art of reading and writing 
English, and on special history lessons. Evening 
lectures were to be given, on different days, on the 
current drama, music, films, on Spanish and 
French, the weather and its ways, the mind of 
animals, travel, the engineer in adventure, and 
atoms and worlds. Local organisations were realis- 
ing the advantages of wireless for rural education ; 
financial stringency was still the chief obstacle, but 
official adoption could not be long delayed. 

During the discussion, Mr. R. E. St. Barbe Baker, 
Assistant Conservator of Forests in Nigeria, drew 
attention to the great field for educational broad- 
casting in our tropical Settlements, where the 
natives were entirely dependent upon the spoken 
word. The vast native problems had been dis- 
cussed in the Geographical Section E by the Hon. 
W. Ormsby-Gore, Sir F. Lugard, Captain Pitt 
Rivers, and others, with special regard to eco- 
nomic development and the contact with European 
civilisation. 

EDUCATIONAL PossIBILITIES OF FILMS 
AND WIRELESS. 


Though Dr. Stobart had not made any special 
reference to films, the question of the use of films 
and wireless in schools and halls came up in 
connection with papers by Dr. C. W. Kimmins 
and Mr. G. T. Hankin. Dealing with committee 
reports on favourite films in poor and well-to-do 
districts in England and New York, and on 
tests of children, Dr. Kimmins said he had no 
doubt of the advantages of the true educational 
film, still to be produced; but he admitted that 
many children had no liking for films, and that 
the stationary slide was often more easily under- 
stood than the moving film, and strained their 
nerves less. Mr. Hankin’s paper, which in his 
absence was read by Mrs. Gordon Wilson, mentioned 
the replies of 150 school teachers to a detailed 
questionnaire on their opinions as to the success 
of a film on the League of Nations. The need 


languages, literature, women’s work, &c., from the| of both preparatory and subsequent lessons on 
station at Kénigswusterhausen (south of Berlin) | the subject was accentuated. The film impression, 


every afternoon from 3 to 5 p.m.; in Holland the | 
canal boat children in particular were cared for in | 


one may think, is too much like that which the 
traveller in a fast train receives, and the films 


this way, and the Sorbonne in Paris was now taking | are more likely to prove useful for advanced than 
up broadcasting. In this country Dr. Reith, | for elementary instruction. 





CONCLUDING REMARKS. 


In spite of the large attendance of 3,717 members— 
nearly equalling the attendance of 3,838 members 
which, under Sir Henry Roscoe’s presidency, 
assembled in Manchester in 1887—the spacious 
reception room at Oxford was a less busy 
centre of the meeting than was the case in other 
places. It was located at some distance from the 
section rooms it was said, although there are, of 
course, no great distances in Oxford. The many 
colleges which accommodated members formed 
centres of their own. The proposals to form further 
sections came up in committees, and were unfortun- 
ately not negatived, but postponed. Sub-section K, 
Forestry, claimed status as a new section. It 
was undoubtedly very active at Oxford; but 
forestry after all is botany and agriculture, mixed 
with economics, zoology and engineering, and if 
forestry is to stand apart from these sections, one 
might separate transport from engineering. That 
had been proposed, as it had been urged in former 
years that electricity should be a separate section. 
Every new section means a special lecture hall, 
offices, a staff of officers, and additional expense ; 
it makes it more difficult for the member to hear 
what he wishes, and leads to poor sectional atten- 
dances and to narrowed specialisation, which are 
undesirable in the the general advancement of 
science. 

Next year the British Association will meet at 
Leeds, from Wednesday, August 31 to September 7 ; 
for 1928 an invitation to Glasgow was accepted. 
For 1929, preferably in the month of July, delegates 
from the South African Association presented an 
invitation to South Africa, supported by the Prime 
Minister. The invitation was cordially received and 
will be carefully considered, the decision being 
announced next year at Leeds. 





THE WORTHINGTON DOUBLE - 
ACTING, TWO - STROKE DIESEL 


ENGINE. 


Tue advantages in weight per horse-power obtained 
by making a Diesel engine double-acting and operating 
on the two-stroke cycle are now well known to engineers. 
For this reason many attempts have been made to design 
and construct engines of this class, and much progress 
has been made in their development. In this article it 
is proposed to review the work done with an American 
engine of this type, that of the Worthington Pump and 
Machinery Corporation of Buffalo, N.Y. In 1921 an 
experimental horizontal engine was built by the firm, 
which had cylinders of 14 in. diameter and a piston 
stroke of 19 in. This engine was designed to run at 
150 r.p.m., but after the initial tests the speed was 
raised to 200 r.p.m. to study the processes of 
combustion and scavenging, as well as the effects on 
the combustion space, piston rod, packings, &c., of 
piston speeds approximating to those of the larger 
engines which the firm then proposed to build. The 
data obtained from tests on this experimental unit 
were utilized when designing a vertical engine with a 
single cylinder of 27 in. diamet . and having a piston 
stroke of 40 in. A fully illustrated !description of this 
engine was given in ENGINEERING of October 3, 1924 
(vol. exviii, page 482). It was subjected to severe tests, 
and to demonstrate its reliability to the engineers of 
the United States Shipping Board a non-stop run of 
30 days’ duration was carried out. 

The following results are taken from a report on this 
test, signed by Mr. R. C. Mathewson, the testing engi- 
neer of the constructors, and by Mr. Oscar Olson, 
the senior inspector of the Shipping Board, who were 
in charge of the running and observation of results, 
respectively, on the test :— 


Duration of test *s ec . hours 720 
Average revolutions per minute we 89-8 
Average brake load . ef Ib. 2,400 
Length of brake arm ft. 15 
Average b.h.p. on és as ee 615 
Average mean indicated pressure Ib. per sq. in— 

Top of cylinder .. «e a oe 81 

Bottom of cylinder 27 
Indicated horse-power ‘ae “a a 778 
Fuel consumption per b.h.p.-hour, Jb. aver- ane 


age of four two-hour tests . 
Fuel consumption per i-h.p.-hour .. Ib. . 
Mechanical efficiency .. ne aa +: 0 
Average exhaust temperature, —.. .deg. F. 
Average lubricating oil consumption in the 
cylinder and piston-rod stuffing-box per 
24-hour day .. aé «s .. galls, 
The engine ran with steadiness and the exhaust was 
at all times invisible. . 
As a result of this investigation, production was 
started on a design of four-cylinder engine, with 
cylinders of 28 in. diameter and piston stroke of 40 in., 


4-03 

















for the United States Shipping Board and for private 
firms. These engines have a rated output of 2,900 
brake horse-power and are run at 95 r.p.m. A view of 
one of the completed engines is given in Fig. 1, on this 
page, while a view of the centralised controls is given in 
Fig. 2. A section through the engine is shown in Fig. 3, | 
on page 351, while the construction of the cylinder is 
illustrated in Fig. 4. 
One of the principal items in the maintenance charges 
of Diesel engines is that of cylinder-head renewals and 


repairs. During the period of combustion the inner | 


surface is subjected to considerable temperatures, while 
the outer surface is kept cool by the jacket water. 
This condition results in the setting up of heat stresses, 
which must be resisted by the construction adopted. 
Comparison between the heat absorbed per hour per unit 
of combustion wall surface, on the basis of cylinders of 
the same power for engines running at the same speed, 
shows that a four-stroke cycle engine should suffer 
considerably less through wall stresses than a single- 
acting two-stroke engine, and somewhat less than a 
double-acting engine using the same cycle. The time 
element is, however, important, as the duration of the 
heat transfer period influences the amount of heat 
transmitted to the walls per unit of time. Comparisons 
effected on this basis show that the ratios of heat 
transfer per hour are of the order of 125 to 400 as 
between the double-acting two-stroke engine and the 
four-stroke single-acting one. If, as is claimed by a 
number of engineers, the actual rate of heat flow is the 
determining factor in the heat stresses in a combustion 
chamber, the double-acting two-stroke engine has an 
advantage ratio over the single-acting four-stroke type 
of over 3 to 1. Of equal significance is the fact that 
for the same power output per cylinder the single-acting 
four-stroke cycle engine must have a cylinder volume 
practically four times that of the double-acting two- 
stroke type. Consequently, the cylinder heads must 
be thicker and must endure greater heat stresses 
because of the increase in the thickness of the metal. 
These heat stresses cannot be ignored and they set a 
limitation on the size to which engine cylinders can be 
built, as long as the constructors adhere to traditional 
design. 

The cylinders of the Worthington engine, which have 
dome-shaped ends, marked A in Fig. 4, are made of 
steel and have their cast-iron liners C pressed into them. 
Cast iron is used for this purpose because it is preferable 
as arubbing surface. The inner ends of both the upper 
and lower cylinder liners are enlarged to accommodate 
the exhaust and scavenging ports. There is an internal 
ring-shaped flange upon the central block D, upon | 
which the machined faces of the ends of the liners rest. 
These liners, the steel cylinders and the block are 
clamped into one complete assembly by means of 
circular lugs E and studs F. This construction permits 
expansion of the liners and shells in the outward 
direction without in any way disturbing the central 
assembly. To form the water-cooling jacket a light 
cast-iron cover H is slipped over the cylinder, and is 
bolted at the outer end to the flange of the cylinder 
cover, while the inner end is packed to prevent leakage 
by means of a light gland and a fibrous packing ring. 
Corrugations are used on the jacket surface of the steel 
cylinders to obtain a good cooling action. 

The piston has end sections made of alloy steel, as 
they are exposed to the heat of combustion. Between 
these crowns are carried two cast-iron bodies which 
hold the piston rings. All these four parts are 
secured to the piston-rod and in the space between 


them there is a cylindrical central section in halves,which | 


are held together by keyed bolts. This design permits of 
easy dismantling for repairs or renewals. It is also lighter 
than would be the case with a single-piece construction. 
The piston-rod is hollow and is provided with a central 
tube to convey the cooling water to the piston heads, 
the return being made by the annual space between 
the tube and the inner surface of the piston-rod. This 
cooling water reaches the piston-rod through teles- 
copic tubes leading to passages in the crosshead. 
Metallic packing rings are provided in the stuffing- 
boxes. They are similar to those used by the firm for 
many years with large gas engines using blast-furnace 
gas as a fuel. 

The fuel spray valves are of si.nple design and con- 
sist of a needle valve in association with atomising 
discs. Oil is introduced above the discs by the governor 
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Fic. 2. CENTRALISED CONTROLS. 


controlled pumps, and when the needle valve is raised, | passes on either side of it. Normally, the oil, when 
through the action of a cam and valve rocker, a/| introduced into the body of these valve systems, would 


supply of high pressure blast air forces this fuel into 
the cylinder in the form of spray. There is a single 
spray valve for the top end of the cylinder. It is 
located in a forged cover plate, which seals the opening 
in the top cylinder head. Only the tip of the spray valve | 
is exposed to the heat of combustion, the rest of the | 
body being completely surrounded by the water-cooled | 
cover. At the lower end two spray-valves, inclined | 


towards each other, are fitted as shown in Fig. 3. Each | and, in so doing, rotates through a definite angle. This 


tend to flow downwards and thus nothing but injection 
air would pass into the cylinder. To prevent this action, 
the valve body is provided with a sleeve, into which 
the oil is introduced tangentially and the resulting 
turbulence maintains the oil around the needle tip. 

In this Worthington engine, reversing is obtained 
through the use of helical gears between the crankshaft 
and camshaft, one of which is moved longitudinally, 


of these spray valves has two holes at the tip, so placed | action causes the camshaft to rotate, to such an extent 
that the entering oil does not strike the piston rod but | that the fuel cam is ready to open at the proper time. 





The fuel pump is also driven by the same helical gear 
train and the timing of the pump plungers is thereby 
altered to conform to the desired direction of running. 
The fuel pumps have a plunger for each end of each 
cylinder and double discharge valves of the poppet 
type are incorporated in the design. For marine service 
the amount of fuel is controlled by a lever action, which 
regulates the timing of the pump suction valves, a 
governor also forms part of the mechanism. 9% 

As in all two-cycle engines, a scavenging pump '* 
necessary, and this is of the reciprocating type. It is 
made up of two double-acting cylinders placed in 
tandem. and mechanically-operated valves are used 
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: | Intermediate between each pair of stages the air is 
| | passed through straight tube coolers. 











The centre block of each cylinder is supported on a 
box structure, shown in Fig. 3, which rests upon 
independent cast-iron box frames mounted on the bed- 
plate. Each frame is flanged to those adjoining, to 
form a common crank case for the air compressors, 
jas well as the power cylinders. This association of 
| the frames is limited to the bottom part, each vertical 
element being free to expand independently. The 
tension stresses resulting from the combustion in the 
| top ends of the cylinders are taken up by four tie- 
| rods extending downwards to th» bedplate. Flat water- 
| cooled guides are provided, which are supported on 
| the frames, and astern bars are fitted to them to meet 
| the conditions of running reversed. The crankshaft 
| is built up of sections and is drilled to provide passages 
| for the lubricant to get to the journals, crankpins, and 
| crosshead pins under pressure. Forced lubrication is 
| also applied to the crosshead shoes, and to the piston- 
| rod stuffing box. 
| Fourteen Diesel engines of various types were 
recently ordered by the U.S. Shipping Board for their 
}immediate conversion programme. Amongst these 
| there were two engines of the type and size we have 
| referred to. The first of these Worthington engines 
| has now been completed and is illustrated in Fig. 1. 
| It has been subjected to a searching set of tests 
|in the builder’s works at Buffalo by the engineers 
| of the Shipping Board. The principal test prescribed 
j;was a 30-days’ continuous run on full load. 
| With the Worthington engine, this load was 2,900 
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| Other tests were 
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beeen: horse-power at 95 r.p.m. 

stipulated with overload at the normal speed, 
with increased mean indicated pressure at 100 r.p.m., 
at three-quarters, half, and quarter loads, with full 
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; | load astern and a maneeuvring trial was also specified. 
/ The trials proved to be completely successful and, it is 

reported, that in smoothness of running, the engine 
| resembled a double-acting steam engine. The long- 
duration test was started on February 2, last, and 
ended on March 4. The tests load was furnished 
| by a directly-coupled alternating-current generator 











| which had a pre-determined efficiency of 95-1 per 
|eent. The builders of the engine had nothing to 









































x do with the test of the generator, which was 

/20 years old, and had been re-wound for a new 

| voltage, and was said to be badly overloaded in the 

| trials. The Worthington Pump and Machinery Cor- 

poration doubt the accuracy of the determination of 

the generator efficiency and intend to verify it, because 

| they say the mechanical efficiency and the fuel con- 

| sumption per brake horse-power per hour do not reach 

| the results obtained with a single cylinder engine of the 
same dimensions tested with a water brake. 
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The main dimensions of this four-cylinder engine 
were given by the makers as :— 





Inches. 





(6735.4) 8 | 


for the purpose of obtaining high efficiency. The 
valves are of the rotating type and, as they work 
under a low pressure, are easily lubricated. All the 





: | Cylinder dis 2 

Pa tylinder diameter ee ee ee a 28 

plungers of the pumps are made of aluminium alloy, | Sten eee *: es ae ne 40 
and have no rings. The air compressor is a four- 


tage unit working double-acting on the first stage. | During the test the average of the barometric readings 








352 


ENGINEERING. 





(SEPT. 17, 1926. 











was 29-09 in. of mercury, and the average temperature 
in the engine room was 68 deg. F. 

The fuel used throughout the test was that commonly 
supplied to the United States Navy for burning in 
boiler furnaces. It seems to have been of a very 
variable nature, for, although the average value 
Baumé at 60 deg. F. was 20-19, readings as low 
as 14 deg. were sometimes found. This implies that 
although the average specific gravity was 0-933, 
there were times when the oil delivered to the engine 
had a specific gravity of 0-972. 


PROPERTIES OF THE FURL OIL. 


Calorific value (gross). . -B.Th.U. per Ib. 18,733 
Calorific value (net) *" bs 17,680 
— ow = 60 ive F. os ee 0-933 
h gener eg. F es a 177 
Burning point . 270 
Viscosity, Saybolt- “Purol, at 77 deg. F.’ 64 
Water content : i eal cent. 0-11 
Carbon .. 85-29 
Hydrogen 13-02 
Sulphur 0-37 
Oxygen .. 0-37 
Asphaltum by 5-95 
Ash ee iy 0:08 
The average vce semmeneinais oars the full-load trial 
was 532 deg. F 


The lubricating oil was separately measured for 
each of the different uses, and the results obtained 
gave the following figures in gallons for a 
24-hour day: power cylinders, 2-79; stuffing-boxes, 
4-25; air compressor, 0:46; scavenging pump, 0-17; 
hand feeds, 0-26; and crankcase, 7:07. In all, 
15 gallons of lubricating oil were used per 24-hour 
day. The cooling water entered the engine jackets 
and pistons at 40 deg. F. and left at 120 deg F. and 
105 deg. F. respectively. A total use of cooling water 
of 5-5 gallons per brake horse-power hour was found 
to be necessary. 

The air pressures and temperatures and the indicated 
horse-powers of the compressor and scavenge pump 
were found to be as follows :— 


Injection air compressor— 


Pressures by gauge, lb. per sq. in.— 
Blast-air * we os 890 
st stage delivery + 246 
” ” 74 
we me Pe + 24 
Air temperatures (deg. ¥. ) 
At blast-air bottle .. ze is By 77 
High pressure— 
Delivery 234 
Suction # 42 
3rd stage 
Delivery 138 
Suction 43 
2nd stage— 
Delivery 139 
Suction 43 
Low-pressure delivery 142 
Total indicated horse-power 187-8 
Scavenge air pump— 
Pressure in receiver . lb. per sq. in. 1-7 
. os “x 194 


Indicated horse-power 
The averages of the general results obtained in 
full load test were as follows :— 


Duration of test . hours 
Average speed oe Rapa. 
Mean indicated pressure, Ib. per rah in.— 
Top of cylinders .. . * 9 
Bottom of ae cs se ae 8 
Average ‘ oo vn A 8 
Indicated horse- -pow er 
Brake horse-power . 
Mechanical efficiency, ‘B.H.P./LH.P. Sa 
Fuel per day of 24 hours . tons 
Fuel per hour .. es ao” ae 1 
Fuel per B.H.P. per hour jm” he 0 
Fuel per I.H.P. per hou cee 0: 
Thermal efficiency, B. i. ?. basis és 9 - 
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On the conclusion of the full-load test the engine 
was left untouched until the following morning, a 
period of 16$ hours, at the request of the engineers 
of the Shipping Board, in order to investigate the 
starting characteristics when dead cold and using 
cooling water at 34 deg. F. The builders were highly 
gratified with the result, for the engine was started 
up and took its load from the first charge of starting air 
without any priming. 

In the maneuvring tests it was found that 24 starts 
could be made, alternately ahead and reverse, on 
the air supply from a receiver of 855 cub. ft. capacity, 
working between 350 lb. and 200 lb. per square inch. 
This result was exactly double wat had been specified 
by the Shipping Board. It was also found that the 
engine could be started with air at a pressure as low 
as 85 lb. per square inch. 

Immediately after the conclusion of the entire 
programme of tests the engine was dismantled for the 
examination of the parts subject to wear. It was 
found that the liners were in excellent condition. 
The surface was covered with a continuous oil film, 
and, after it was removed, no signs of any scoring 
were visible. The wear recorded on the liners for 
the total time of running, 67 days, averaged 5,455 
of an inch. The piston rings were found to 


entirely free, clean, well-oiled and floating in their 
grooves. 


condition was 


A similarly satisfactory 





found in the piston rod packings, and the wear on 
the piston was measured to zo5s3 Of an inch. 
As no changes were recorded in the continuous 
measurements of the fuel used in the long-duration 
test and the exhaust remained clear throughout, 
it was anticipated that the spray nozzles would be 
found to be clear from carbonised oil. Inspection 
proved this to be the case. 

We are indebted to the Worthington Pump and 
Machinery Corporation, of Buffalo, New York, and 
to their representatives in this country, Messrs. 
Worthington-Simpson, Limited, of Queen’s House, 
Kingsway, London, for the particulars of this inter- 
esting engine and for the figures of its performance on 
test. 


THE CERAMIC SOCIETY. 
REFRACTORY MATERIALS SECTION. 


Tue Refractory Materials Section of the Ceramic 
Society held its 17th meeting in the Chemical Theatre 
of the University at Leeds on September 9 and 10. 
Mr. Frank West, M.I.Mech.E., the Chairman of the 
Section, presided over a large gathering of members 
and visitors. It was announced that arrangements 
were being made for combining the Spring Meeting in 
1927 with a visit to Czecho-Slovakia and Vienna, and 
that the subsequent Autumn Meeting would be held 
in Bournemouth or in Glasgow. 

One of the most interesting papers taken was by 
W. T. Gardner on ‘‘ Refractories in the Gas Industry.” 
Although one of the later ones on the programme, for 








convenience we propose to deal with it first. The main 
topic is the group of refractories employed in the 
construction of retort settings for the production of 
coal gas. Fireclay refractories, siliceous refractories, 
and silica refractories may all be used with advantage 
in retort settings if properly manufactured and suitably 
placed. The essential requirements of refractories for 
retort settings include good heat resisting capacity, 


APPROXIMATE 





would be difficult in this country to get siti of 
fireclay refractories capable of supporting their own 
weight without deformation when kept at 1,350 deg. C. 

Attack of Fuel Ash.—Silica can absorb much fuel 
ash without its load-carrying capacity at high working 
temperatures being impaired, but when more than a 
small percentage of alumina is present, an attack by 
fuel ash results in slagging of the material. 

Attack of Salty Coal.—Soda fumes resulting from the 
decomposition of salt are absorbed by silica refrac- 
tories without producing a notable weakening effect. 
Siliceous refractories under similar conditions are more 
seriously affected, and fireclay much more so, except 
at low temperatures. 

Resistance to Abrasion.—Assuming suitable grading 
and good burning, the refractories under consideration 
show no marked differences in resistance to abrasion 
and the wear and tear resulting from the use of stoking 
tools and machinery. 

In the table below will be found some particulars 
relating to the more important properties of refractories 
of good quality. 

Refractoriness.—Without load the difference in 
refractoriness hardly exceeds 40 deg. C., but under a 
load of 50 lb. per square inch the difference is increased 
to about 275 deg. C. The author points out the 
desirability of revising the standard test instituted 
by gas engineers, in view of the high temperatures 
now frequently used in retort settings, sometimes higher 
than that specified in the standard test. 

After-Contraction and After-Expansion.—Results are 
quoted which strongly suggest that the present after- 
expansion test does not discriminate sufficiently between 
well-fired and badly-fired refractories. It is urged 
that 1,500 deg. C. would be a more suitable testing 
temperature for the after-expansion test than 1,410 
deg. C. It is also suggested that an upper limit for the 
true specific gravity, say 2-35, should be laid down, 
since a direct relationship does not always exist between 


AVERAGES. 





Fireclay. 


Siliceous. Silica. 





Ordinary refractoriness without load 


Cone a _ deg. C. 


Cone 29 =1,650 deg. C. | Cone 30 = nee deg. C 


Oo 


Cone 31= i “890 deg. 


Cone 30 = A “670 deg. C. 
Refractoriness under load of 50 1b. per square inch 1,325 deg. C. 1,400 deg. C. 1,600 ‘deg. C. 
Contraction. Expansion. Expansion. 
After Contraction or wieniimaailies hours at 1,410 des CC} 0-5 to 1-0 per cent. 0-2 to 0-5 per cent. 0 to 0-5 per cent. 
Porosity : ay 18 ‘to 30 pe r cent. 34 to 37 per cent. 25 to 35 per cent. 
Apparent specific gravity 1- 9to 1-6 to 1-63 1-6to1-7 
2-6 to 2-7 2-45 to 2-55 2-33 to 2-40 


True specific gravity 
Linear expansion— 
Per cent. 15 deg. C. to 1,000 deg. C. .. ie ‘ 0:5 











to 0-6 per cent. 


0-7 to 0-8 per cent. 1-0 to 1-25 per cent. 














good heat conductivity, rigidity at high temperatures 
(usually under load conditions), resistance to attack 
of fuel ash, resistance to attack of salty coals, resistance 
to rapid fluctuations of temperature, and resistance to 
abrasion. 

Heat Resistivity—Worked at moderate temperatures, 
good fireclay material can give very satisfactory 
service. A life of more than 2,000 working days 
before renewals has often been obtained, but is by 
no means normal, and the temperature in the combus- 
tion chamber of such installations would seldom exceed 
1,300 deg. C. An increase of 10 per cent. in combus- 
tion chamber temperature is known to increase the 
speed of carbonisation—and consequently the output 
of gas—by 40 to 50 per cent., but it would be too risky 
in the case of fireclay refractories to attempt to increase 
the output of gas in this way, because with most fire- 
clays the margin of safety at 1,300 deg. C. is only 
about 50 deg. C. With siliceous material combustion 
chamber temperatures up to 1,350 deg. C. may be 
worked continuously, but in most cases the margin 
of safety would only be about 50 deg. C., and, as soon 
as the danger point is reached, sudden collapse is the 
usual result. Silica refractories may be worked safely 
and continuously at 1,450 deg. C., and perhaps even 
beyond this, the margin of safety in this case being 
about 150 deg. C. 

Heat Conductivity.—At moderate temperatures, the 
classes of refractories under consideration show no 
substantial difference in conductivity, but at high 
temperatures silica is certainly superior to fireclay or 
siliceous refractories. 

Rigidity at High Temperatures.—Silica refractories, if 
well burnt—but not fireclay or siliceous refractories— 
can withstand a temperature of 1,450 deg. C. under 
a load of 50 lb. per square inch without permanent 
expansion or contraction, and the very best silica 
bricks show no signs of collapse under this load at 
temperatures up to about 1,600 deg. C. Siliceous 
refractories, with few exceptions show signs of squatting 
under the same load at 1,400 deg. C., and fireclay, 


be | refractories at 1,325 deg. C. In the high temperature 


zone of retort settings the load on the refractory 
material seldom exceeds 20 lb. per square inch. It 





specific gravity and after-expansion. Other numerical 
results are given in support of the proposal. 

Reversible Expansion of Silica.—The importance of 
this in the case of high temperature retort settings is 
pointed out and discussed. 

Lime Content of Silica Bricks.—It is noted that 
collapse followed on the disappearance of the jointing 
cement, the latter being found to contain 3-7 per cent. 
of lime too much in excess of the normal 2 per cent. 


(To be continued.) 


LETTER TO THE EDITOR. 


FRICTION OF ANNULAR PIPES. 
To THE Eprror or ENGINEERING. 
Sm,—The following extension of your note of 
September 3, page 303, may be of interest to your 


readers. 
Starting with your equation for the flow AF past a 


segment A, viz., 


ara ™ oF 


12X02" 
and writing e for the relative eccentricity of the 
¢, say, becomes unity when 


Aa, 


boundaries, so that i 


the boundaries touch, the expression for h in terms of 
@ becomes h, (1 — ecos @). The flow is then 


5 2 us 
we | (1 — ecos 6)3.d 6. 
12X 
The term in brackets can be expanded so that only odd 
functions occur, and 7 these are discarded, the 


F = 


integrand becomes 1 + te, so that 


; 2 
Fa 27rho OP (2 + se), 
12X oO 2 
and when ¢ is zero or unity we have the results in your 
note. 


The interesting fact in this equation is that the flow 
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increases as the square of the fractional eccentricity 
e, and this suggests a possible application. 

Consider a needle valve of semi-vertex angle « and 
eccentricity e. The mean aperture h, is least when the 
surfaces touch ; in that position hy =e cos a When 
the valve is opened an axial distance z the mean aper- 
ture h, is increased to e cos « + z sin «, and thus the 
fractional eccentricity ¢ is reduced from 

e i e 
ecosa ecosa +zsina’ 
Assume that « is very small so that sin a = « and cos 
a = 1 and the mean radius of the channel r. Then the 
flow becomes 
tar OP 3 e2 
F= 73x 5g +a {1 +3 opamp}: 
If «zis small in comparison with e, the sensitiveness 
of the needle valve as a regulator would be 
F. dz ¥ k(e+az) 
dF a 
az 
e@ 


where k is a function of =, being > when 0, 
and > when © = 0. 
9 az 
It is not to be expected that these calculations would 
give extreme quantitative accuracy, but they suggest 
the possibility of making a needle valve more sensitive 
as a regulator, by placing the needle eccentric to the 
seat. Naturally, such a regulator could not be used as 
a stop valve. 
H. 8S. Rowe tt, 
Director of Research. 
Research Association of British Motor 
and Allied Manufacturers. 
15, Bolton-road, W.4, September 11, 1926. 





LABOUR NOTES. 


ExactLy what the Government intends to do in 
the circumstances created by the refusal of the 
coal owners to negotiate nationally, is not known at 
the time of writing; but in well-informed circles 
it is believed that, with the Prime Minister back 
in London, a renewed effort will be made to end the 
deadlock. In the letter which he sent to the Chancellor 
of the Exchequer after Monday’s meeting of the 
Central Committee of the Mining Association, Mr. Evan 
Williams said: ‘‘ With the exception of one small 
inland district, the 24 district associations have replied 
clearly and emphatically declining to give the Mining 
Association power or authority to enter into agreements 
on their behalf in regard to terms of employment of 
the workmen in their respective districts. You will 
accordingly see that the meeting which you propose 
in your letter could serve no useful purpose. There 
is no person who would be entitled to speak or to 
listen on behalf of the coal owners, and I am sure 
you will agree that no good, but harm, would result 
from a meeting held under conditions which would 
expose the parties to a charge of insincerity.” 





‘** The district coal owners’ associations,’ Mr. Williams 
‘ went on to say, “have been, and are, willing and 
anxious to meet the miners’ associations in their 
districts at any time without ceremony or any 
preliminary procedure whatsoever. There is no valid 
obstacle to this. There is no question of principle 
that need delay them. None of the district associations 
raises any objection to the principle of wage regulation 
by reference to ascertained results, the principle of a 
minimum percentage below which wages cannot fall, 
or the principle of subsistence wages. The quantitative 
determinations on these and all other points can 
only be made in the light of the circumstances of 
the districts by those who know them and have to 
face the results. A realisation of these facts is 
imperative, and it is failure to recognise them that 
stands in the way of these negotiations being entered 
into at once, and is alone responsible for the prolonga- 
tion of the stoppage.” ‘‘I desire to add,” Mr. Williams 
concluded, “‘ that the decisions of the districts which 
reaffirm the declarations made to you last Monday 
arise from a deep and earnest conviction that settle- 
ments on a national basis, by linking the industry 
with politics, inevitably take the consideration of 
purely industrial questions out of their proper economic 
sphere, have been destructive of peace and prosperity 
to those engaged in the industry, and, as experience 
of the immediate past has shown, are a menace to 
the community as a whole.” 





At a meeting in London on Tuesday of the Executive 
Committee of the Miners’ Federation, the following 
resolution was passed unanimously :—‘“‘ This committee, 
having assembled in readiness to attend a joint meeting 
with the coalowners, as proposed by the Government, 
regret to find the coalowners still consider themselves 
entitled to be the sole arbiters of the interests of this 





country in matters arising from the lock-out of the 
miners. The advances made by the miners’ representa- 
tives with a view to a settlement, and the invitation of 
the Government to a joint meeting, having been refused, 
the committee are therefore left with no option but to 
request the miners in every area to resist the efforts of 
the coalowners to secure their defeat, and to await 
further instructions from the committee pending the 
decision of the Government upon the refusal of the 
coalowners to attend such a conference.” 





The September report of the United Society of Boiler 
Makers and Iron and Steel Shipbuilders contains the 
text of a circular on the financial position of the 
organisation which has been sent to the branches. 
It is stated in the communication that the Society 
has been for some time financed on borrowed money, 
and that the overdraft at the bank has been very 
seriously increased owing to the additional unemploy- 
ment arising out of the prolonged depression of trade 
and the mining dispute. ‘‘ We have now,” the circulir 
points out, ‘overdrawn our account at the bank to 
the alarming extent of 173,600. The bank has called 
our attention to this, and our present position is that 
unless we can at once considerably reduce our expendi- 
ture, our credit at the bank will be stopped.” After 
going very carefully into the matter, the executive 
have drawn up a scheme under which all benefits and 
salaries will be reduced, on an average, by 15 per cent., 
and the members of the Society are, at the September 
monthly meetings of their branches, to vote for or 
against the proposals. 





The changes are not, it is explained, amendments to 
rules. They are merely temporary economies designed 
to meet the present emergency, and will disappear when 
the industry returns to something like normal condi- 
tions. ‘‘ We are asking the members,” the executive 
say, ‘“‘to vote in favour of the temporary finance 
proposals here submitted in order that we may retain 
the strength of our organisation, which means so much 
to us in securing proper conditions of employment and 
protecting the industrial welfare of our members 
generally. We may also mention that unless our 
expenditure is immediately reduced we shall be com- 
pelled to give up administration of State Unemploy- 
ment Benefit, and members will require to make direct 
claims at the Labour Exchanges.” The proposals 
would, it may be added, effect a saving to the Society 
of 31,5957. per annum. 





The Central Committee of the International Metal- 
workers’ Federation have appointed a deputation to 
visit the United States for the purpose of inducing 
the metal trades unions affiliated to the American 
Federation of Labour to become members of the 
International Metalworkers’ Federation. The depu- 
tation consists of Messrs. Brownlie (Britain), Lebe 
(France), Dissman (Germany), and Ilg (Switzerland). 





The executive council of the Amalgamated Engi- 
neering Union have had under consideration the 
question of granting further financial assistance to 
unemployed members whose numbers have increased 
since the commencement of the mining dispute 
from 17,216 to 31,185. Many of the idle men have 
exhausted their period of fifteen weeks’ donation 
benefit, and, owing to the depleted state of the 
organisation’s funds, the executive are unable to 
do anything for them. In these circumstances 
the executive have decided to take a_ ballot 
vote of the members in Sections 1, 2 and 3 for or 
against a levy of 3d. per week for thirteen weeks, 
and they “strongly recommend the members con- 
cerned in the sections referred to, to vote in favour 
of this levy, and thus enable the union to give much- 
needed financial assistance to our unemployed 
members.” The results of the branch voting are 
to reach the General Office in London not later than 
the first post on September 20. 





In his latest official report Mr. Findlay, the General 
Secretary of the United Pattern Makers’ Association, 
states that there is practically no change to record in 
regard to unemployment. ‘‘ We need hardly look,” 
he adds, “for any while the miners continue their 
gallant struggle against unlimited odds.” “The 
measure of our members’ generosity to their cause,” 
he goes on to say, ‘‘ cannot be confined to the amount 
given; it should include the toll paid by our members 
thrown out of work, and the consequent drain on the 
funds of our society, sustained without a murmur.” 





In August the home branch membership of the 
Amalgamated Engineering Union decreased from 
211,042 to 210,402, and the colonial branch membership 
increased from 25,718 to 26,329. The number of 
members on donation benefit decreased from 18,956 
to 17,208, but the total number of unemployed members 
rose during the month from 31,185 to 31,752. The 





executive announce, with regret, that owing to illness, 
Mr. R. H. Coates, a member of the council, has been 
compelled to resign his official position. They have 
placed on record their appreciation of the services 
rendered by Mr. Coates to the organisation and to 
trades unionism generally. 





At Thursday’s sitting of the Trades Union Congress 
at Bournemouth, Mr. J. Walker (Iron and Steel Trades 
Confederation) moved a resolution expressing the 
opinion that “‘ the importation of commodities manu- 
factured in countries where wages rates and hours of 
labour are below the standard obtaining in the indus- 
tries producing similar goods in this country, is detri- 
mental to the standard of living of the British worker,” 
urging the establishment of an international wage 
standard, and calling upon the Government in the 
meantime to prohibit the importation of competing 
goods where they are produced under conditions which 
are regarded as unsatisfactory by the organised workers 
in the countries where such goods are produced. Ona 
card vote, the proposal was rejected by 2,134,000 to 
1,067,000. 





On Friday, Mr. J. W. Bowen (Union of Post Office 
Workers) moved a resolution protesting against the 
Government’s announcement regarding the right of 
Civil Service associations to affiliate to the Trades 
Union Congress and the Labour party. Mr. W. J. 
Brown (Civil Service Clerical Association), seconding, 
said he regarded the Government’s announcement as 
the opening stage in a legislative campaign against the 
freedom of the trade union movement. This was 
possibly the last Trades Congress he would attend until 
there was a change of Government, and the best 
farewell greeting they could give him was to pledge 
the whole movement that, if it could not stop this 
legislation going through, it would repeal it at the 
earliest opportunity. The resolution was carried 
without opposition. 





At Saturday’s sitting, on the motion of Mr. S. L. 
Treleavin (National Union of Insurance Workers), 
seconded by Mr. E. T. Palmer (Insurance Workers), a 
resolution was carried asking the General Council and 
the unions concerned to examine the question of the 
nationalisation of industrial assurance, and to report 
to the next Congress. 





The new General Council of the Trades Union Con- 
gress consists of Messrs. R. T. Jones, T. Richards and 
R. Smillie, M.P. (Miners’ Federation), Mr. J. Bromley, 
M.P. (Associated Society of Locomotive Engineers and 
Firemen), Mr. J. H. Thomas, M.P. (National Union of 
Railwaymen), Mr. A. G. Walkden (Railway Clerks’ 
Association), Mr. E. Bevin and Mr. B. Tillett (Transport 
and General Workers’ Union), Mr. John Hill (Boiler- 
makers and Iron and Steel Shipbuilders), Mr. A. A. H. 
Findlay (United Patternmakers’ Association), Mr. J. 
Rowan (Electrical Trades Union), Mr. A. B. Swales 
(Amalgamated Engineering Union), Mr. W. Kean 
(National Union of Gold, Silver and Allied Workers), 
Mr. A. Pugh (Iron and Steel Trades Confederation), 
Mr. G. Hicks (Amalgamated Union of Building Trade 
Workers), Mr. A. A. Purcell, M.P. (National Amalga- 
mated Furnishing Trade Association), Mr. H. Skinner 
(Typographical Association), Mr. H. Boothman (Amal- 
gamated Association of Operative Cotton Spinners), 
Mr. H. W. Ogden (Amalgamated Weavers’ Association), 
Mr. B. Turner (National Union of Textile Workers), 
Mr. A. Cowley (Tailors’ and Garment Workers’ Union), 
Mr. E. L. Poulton (National Union of Boot and Shoe 
Operatives), Mr. J. Hallsworth (National Union of 
Distributive and Allied Workers), Mr. R. B. Walker 
(National Union of Agricultural Workers), Mr. J. W. 
Bowen (Union of Post Office Workers), Mr. H. H. Elvin 
(National Union of Clerks), Mr. J. Beard (Workers’ 
Union), Mr. J. Davenport (United Order of General 
Labourers), Mr. A. Hayday, M.P., and Mr. W. Thorne, 
M.P. (National Union of General and Municipal 
Workers), Miss M. Bondfield, M.P. (National Union of 
General and Municipal Workers), and Miss J. Varley 
(Workers’ Union). Mr. W. M. Citrine, assistant 
secretary, who has been acting as secretary since the 
death of Mr. Fred Bramley, was on Saturday unani- 
mously elected general secretary. 





The Bournemouth Trades Union Congress will remain 
notable in the annals of the Labour Movement, if only 
for the firmness with which the delegates attending it 
resisted the Communist pressure. To say more than 
that—that, for example, Communism as it is understood 
in Moscow has been eliminated—would be to take a 
risk, for the firmness with which the delegates dealt 
with the various advances by the extreme left was 
unquestionably largely due to the fact that the general 
strike has left the majority without funds. Moscow 
may be heavily subsidising the miners, but to date, it 
and the miners have between them cost the trade unions 
which are outside the Miners’ Federation a pretty 
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CONSTRUCTED BY MESSRS. HERBERT 
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ACTION OF CHARGING. 








Scoop Leaving (9582.4) 
penny. Congress might, of course, have gone further 


than it did. It might, for instance, have refused to 
accept avowed Communists as delegates. But to do 
so would not be so easy a matter as it looks. Delegates 
to Congress represent unions or other approved organi- 
sations. The National Minority Movement is not an 
approved organisation; but it numbers amongst its 
adherents a fair number of delegates whose presence at 


Bournemouth was evidence that the regular ‘‘ Red” 


vote in the branches is rather strong. 

The “ Red” vote in the branches is certainly 
strong, although its strength, relatively to that of the 
steadier element, is due to the latter’s neglect to 
vote. 
is, nevertheless, strictly proper, according to the rules, 
and no ground exists for interference. To that it may 
he objected that no matter how the delegates are elected, 
they can only vote on resolutions and amendments 
printed in the agenda and approved by the Standing 
Orders Committee. Foreseeing that difficulty, how- 
ever, the National Minority Movement’s adherents in 
the branches regularly frame resolutions which go 
forward in the names of affiliated unions, and the hope, 
no doubt, is, that some day Communism may be so 
strong in Congress that some, or all, of them will go 
through. Last week at Bournemouth the non- 
Communist element was strong enough to turn down 
nearly all the proposals; but the determining factor 
in its consideration of the matter was unquestionably 


Traverse Eye Brackets 


Rumers 
Sheaves 





Spring Lubricator in 
Tread of Runners 


Its election of avowed Communists to Congress | 


MACHINE 






Fig. 2. 






Lubricators 


Catch Lever 


FOR GAS WORKS RETORTS. 


MORRIS LIMITED, ENGINEERS, LOUGHBOROUGH. 


GENERAL ARRANGEMENT OF HOIST. 
Le 





Fig. 3. 


















a ewe 





on 


and 
| September 7, 1925, it was 1,345,455, of whom 1,054,141 
| were men, 41,956 boys, 215,488 women, and 33,870 girls. 
|The totals of 1,559,500 and 1,549,759 do not include 
| ‘* persons who ceased work in the coal-mining industry 
on account of the dispute.” 


| boys, 288,553 women, and 45,601 girls; 





| 
TENDERS.—-Wellington City Council invite tenders for 
| five 5-ton and two 2-ton motor lorries, all fitted with 
hydraulic tipping gear, and 12 motor cars. Further parti- 
culars may be obtained from the Department of Overseas 
Trade, 35, Old Queen-street, London, S8.W.1, quoting 
reference A.X. 3570. 


| PgeRsoNAL.—Messrs. Millemon (Factors), Limited, Edin- 
| burgh, have been appointed sales and fitting agents for 
Westinghouse Brakes for road vehicles.—After September 
18, next, the address of the London office and showrooms 
of Messrs. Sheffield Steel Products Limited, will be Steven- 
age House, 40-44, Holborn-viaduct, London, E.C.1. 





| Power Prant Lusrication : Erratrum.-—Our atten- 

tion has been drawn to the fact that in the review of 
| Power Plant Lubrication, by Mr. W. F. Osborne, appearing on 
| page 239 ante, the price of this book was incorrectly 
| stated as 10s. The actual price at which this work is 
| published by the McGraw-Hill Publishing Company, 
| Limited, of 6, and 8, Bouverie-street, E.C.4, is 15s. We 
| regret any inconvenience which this mistake may have 
| caused, 


that the general strike—Moscow’s most popular weapon | 


for industrial warfare—had left the unions with barely | 


a shilling to call their own. In these circumstances, it 
would be rash to assume that we have heard the last of 
Communism. In spite of Tomsky’s indiscreet inter- 
ference and the maladroit manceuvres at Bournemouth 
of certain N.M.M. leaders, Communism will, as a matter 
of course, re-assert itself as soon as the unions have 
recovered, to some extent, from the poor financial state 
in which the general strike and the prolonged stoppage 
in the coalfields have left them. 

The Ministry of Labour states that on September 6, 
1926, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,559,500, of whom 1,170,800 were men, 47,400 boys, 
295,300 women, and 46,000 girls. 


77,700 were ‘“* persons normally in casual employment.” 
On August 30, 1926, the number of unemployed persons 
was 1,549,759, of whom 1,168,457 were men, 47,148 


Of the total number 


ContrActs.—Following recent orders for Lopuleco 
equipment for Brimsdown and Barking power stations, 
| Messrs. International Combustion, Limited, Africa 
| House, Kingsway, London, W.C.2, have secured a con- 
| tract from the Shanghai Municipality Electricity Under- 
| taking, for Lopuleo apparatus in connection with the 
| extensions which are now proceeding at the Riverside 
| Power Station, Shanghai.—An order has been received 
| by Messrs. Henry Berry and Co., Limited of Leeds, for 
| 20 sets of special high-pressure, three-throw, horizontal 
| hydraulic pumps, from Messrs, Synthetic Ammonia and 
| Nitrates Limited, Billingham, Stockton-on-Tees.—Con- 
| tracts are closed for the 12 months’ supplies of Osram and 
| Robertson lamps for the G.P.O., and for six months’ 
| supplies for the Southern Railway.—Messrs. Vickers, 
Ltd,, announce that they have received an order from 
the Admiralty for a large submarine dep6t ship. The 
|main propelling machinery consists of twin-screw 

double-acting internal-combustion engines which will 
be manufactured at Barrow-in-Furness from British 
| materials under licence from the M.A.N, Co. 


| 
| 
| 








“ENGINEERING” 


RETORT CHARGER AND DISCHARGER. 


In practically every instance in which coal has to 
be handled in any quantity, mechanical processes have 
taken the place of hand shovelling. The newer methods 
result in cleaner and more rapid handling, with less 
fatigue to the workman, the last advantage being 
particularly marked if the worker is subject to a high 
temperature. A typical example occurs in charging 
and discharging retorts in a gas works. In Figs. 1 to 
11 above, and on pages 355 and 358, we illustrate appar- 
atus for this purpose which possesses the further advan- 
tage that its employment results in increased gas output 
from a given battery of retorts, due to the more even 
distribution of the charge. Both the charger, shown in 
Figs. 1 to 7, and 9 to 11, the discharger, shown in Fig. 8, 
are made by Messrs. Herbert Morris, Ltd., of Empress 
Works, Loughborough, and we may mention in 
passing that the same firm manufacture complete 
plant for handling the coal from the entering wagon to 
its final dispatch as gas-coke. 

The method of operating the charger will be evident 
from the last three illustrations. Owing to limitations 
of space, it is not always convenient'to have the bunkers 
inside the retort-house, as shown in Figs. 9 and 10; 
but the arrangement shown in Fig. 11, in which the 
bunkers are outside the house, the coal being fed by 
gravity through openings in the wall to the charger 
scoops, can usually be adopted. The necessary equip- 
ment, consisting essentially of an overhead runway, is 
so simple that the plant can be adopted in most retort- 
houses without difficulty. We have mentioned that an 
increased yield of gas results from the employment of 
the charger, and this in turn naturally results in a 
coke of more uniform quality. It is possible for a 
highly skilled man to distribute the coal almost 
uniformly in the retort by hand shovelling, but usually 
the layer will be thinner at the back. With the 
charger, however, an even thickness is obtained 
throughout by an entirely unskilled man. 

Details of the apparatus are shown in Figs. 1 to 7. 
The overhead traveller, which can. be clearly seen in 
Fig. 9, is similar to that employed in the well-known 
Morris cranes, the main tram-wheels being mounted on 
large-diameter roller bearings. The same type of 
bearing is used for the wheels of the cross-traversing 
carriage, and the runners of the scoop carriage. The 
main standard, which carries the latter, swivels on a 
large-diameter ball bearing. The hoist for raising or 
lowering the scoops to suit the height of different retorts 
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DISCHARGING MACHINE 


CONSTRUCTED BY MESSRS. HERBERT 


Fig. 8. 


is shown in Figs. 3 and 4. It is fitted with machine- 
cut spur gearing. The deadweight of the scoop carriage 
is balanced by a weight sliding on the back of the 
standard, so that only the weight of the charge in the 
scoops has to be taken on the hoist. Full control is 
given by two brakes, one on the hoist for sustaining the 
load, and another, of the governor type, at the top for 
automatically controlling the speed of lowering. The 
mechanism for rotating the scoops can be seen in Figs. 1 
and 2. Here also the gearing is machine cut, and the 
two shafts supporting the scoops are mounted on roller 
bearings. The scoops are cut from solid steel tubes 
{ in. in thickness. The capacity depends on the size 
of the retorts, but in general it may be said the machine 
will put charges of 4 ewt. into 22-in. by 16-in. D-shaped 
retorts 10 ft. long. We have not mentioned the saving 
in time that results from the use of the charger. That 
a saving in this direction must occur is obvious, and it 
becomes very appreciable in a busy station, where 
— a poor stoker can deal with some 150 charges per 
ay. 

‘Turning now to the discharger, shown in Fig. 8, it 
will be appreciated that, as this is of the ram type, it 
can only be employed with retorts which are open 
at the back end. It travels along the retort-house 
on the same rails as the charger, to which it forms a 
useful adjunct. There is no cross-traversing carriage, 
the standard being bolted to the traveller at a conve- 
nient distance from the retorts. The ram carriage is 
balanced so that it can be raised or lowered with a 
minimum of exertion, and the ram itself is pushed in 
and withdrawn by a simple traversing gear worked by 
a crank-handle, as shown in the illustration. 








LONDON ELECTRIC RAILWAYS 
EXTENSIONS. 


THE opening of the additions to the London Under- 
ground Railway system, known as the Morden Exten- 
sion and the Kennington Loop, which took place on 
Monday, September 13, marked the completion of an 
underground line now unique in the world; though 
“reat difficulties were met with at times, and unex- 
pected problems presented themselves, the work of 
construction has proceeded quietly and unostenta- 


tiously, with practically no disturbance to the travelling | 
é trains actually passed | station still remains to be done, notably the fitting of 
which had been isolated from the sur- | escalators to couple the new station with those of the 


public. In some instances, 
through tubes 
rounding earth and round which workmen were con- 
structing a larger tube. 

As will be known, 
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* ; e yn, to Londoners at all events, the | tunnels run well below the river bed and parallel with 
ampstead Tube line formerly terminated at the Em- | Hungerford Bridge over to the Surrey side, where they 
Station at Charing Cross, where the reversal | curve round to Waterloo. 
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of the trains was effected by running them round a loop 
which lay partly under the Thames. There was no 
direct connection between this line and the south side 
of the river, though by changing and making use of 
the Bakerloo Tube as a connecting link with the City 
& South London Railway, or by travelling on the latter 
direct from the City, passengers could get as far as 
Clapham Common. As regards the northern extremity, 
the Hampstead Tube terminated at Golders Green prior 
to November, 1923, when it was extended to Edgware. 
The object of the recently-completed additions is to 
provide, in the first place, a direct connection from 
Charing Cross to the City & South London Railway, 
and, in the second, to couple the widely separated 
north and south suburbs by extending the South London 
Railway to North Morden, a village some 5} miles 
north of Epsom. The total length of this new route 
between Edgware and Morden is 21} miles, by the older 
line via the Bank, and 20 miles by the new line via 
Charing Cross. 

The point selected for the junction of the extension 
from Charing Cross with the City & South London 
Railway was Kennington station, the route lying via 
Waterloo. The old loop at Charing Cross has been 
discarded, and the connection of its ends with the new 
tunnels, involved some difficulties. The up line, from 
Kennington, joins the old loop tangentially just below 
the Embankment wall, but the down line, to Kenning- 
ton, leaves it about half-way up Villiers-street, and 
then diverging somewhat from the up line on account 
of the stations, cuts through it again under the bed of 
the river. The whole area surrounding the Charing 
Cross station, being made up ground on the old Thames 
foreshore, is water-logged, and great precautions were 
necessary here. As an example, it may be stated that 
three independent sources of electrical supply were 
used as a safeguard against troubles, which might arise 
from failure of current. Relics of earlier work were met 
with in the shape of concrete-filled caissons used in the 
construction of the Embankment. These had to be 
partly cut away to clear the new tunnels. Tidal action 
in the river necessitated constant adjustment of the 
air pressure between the limits of 10 lb. and 20 Ib. per 
square inch. The old loop was filled with brickwork, 
before cutting through it, in order to avoid collapse, 
and was also sealed with concrete at the points of junc- 
tion to prevent airloss. Certain work at Charing Cross 
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the standard running diameter of 12 ft. to the standard 
station diameter of 21 ft. 1} in. As at Charing Cross, 
escalators are being fitted at Waterloo to improve 
the connections with the Southern Railway terminus. 
From Waterloo the tubes proceed side by side and 
pass under the Bakerloo Tube at Lambeth (North) 
Station, about half a mile beyond which the down 
south-bound line diverges from the straight line in 
order to improve its approach to Kennington, which 
it reaches under the City and South London tubes. 
The problem of the junction of the latter line with 
the Charing Cross extension was complicated by the 
necessity of making Kennington both a terminal and 
a through station for the Edgware and Charing Cross 
line. Had a through station only been required, 
junctions on the north side of the original station 
could have been easily made, but as a terminal station 
was needed also, the delays incidental to the use of 
cross-overs, changing the driving end of the train 
and so forth, could not be entertained in these days 
of rapid traffic handling. The solution adopted was 
a reversing loop, similar to that originally existing 
at Charing Cross but on a larger scale. 

The original Kennington station consisted of 

down and up platforms side by side, but at different 
levels, the former being 10 ft. lower than the latter. 
Two new platforms were constructed outside these 
parallel to them, but some little distance away in 
order to provide room for staircases and lift passages. 
These new platforms contain the down and up lines 
from the Charing Cross extensions and are connected 
by short passages to the corresponding original 
platforms. The tubes here are of the standard station 
diameter though as the running lines which approach 
them from the north are on curves, the tunnels 
containing them are 12 ft. 6 in. in internal diameter 
instead of the regulation 11 ft. 8} in. At the south 
ends of the platforms these running tunnels continue 
a few yards and then each expands into a conical 
tunnel terminating in a diameter of 27 ft. 6in. From 
the end of each of these by means of so-called step-plate 
junctions, they run into two tunnels 12 ft. 6 in. in 
diameter. In each case the tunnel nearest the City 
and South London line runs into a similar step-plate 
junction on that line, while the outer tunnels are 
carried round in a large loop to meet under the line. 
The arrangement in plan is symmetrical, and the 
effect is that a train from Edgware via Charing Cross 
scheduled to go only as far as Kennington can, after 
discharging passengers, be run round the loop to the 
up platform without interfering in the slightest degree 
with the running of the through trains on the original 
line. Further, through trains, from Edgware to south 
of Kennington or vice versa, can be run on to the 
City line or from it without delay and. without entering 
the original station. There is, of course, no possibility 
of a head-on collision occurring as the traffic round 
the loop, and also on the junctions is in one direction 
only. 
The four step-plate junctions are built of cast-iron 
rings of usual pattern, but each step is eccentric with 
the other, and they are constructed with concrete end 
walls where they connect. There are 47 rings 
21 ft. 24 in. diameter, then 16 rings 25 ft., and 23 rings 
27 ft. 6in. in diameter. It was during the construction 
of the step-plate junctions on the City running lines 
that the portions of the original tubes passing through 
them were left intact. These were very carefully 
shored up and made airtight to avoid the escape of air 
from the working space between the two. When the 
step-plate junctions were completed, the original tube 
was dismantled in the intervals between the trains, the 
timber struts on the under side being left in the concrete 
on which the new lines have been laid. The length of 
the Charing Cross extension to Kennington is about 
2 miles. It is of standard shield-driven iron-lined 
tunnels throughout, and was constructed from four 
shafts sunk, one at Charing Cross and three on the south 
side of the river. In driving the down-line tunnel near 
Kennington a stratum of hard rock 2 ft. thick was met 
with, and had to be got out by hand to permit movement 
of the shield. Part of the loop at Kennington had to be 
carried through water-bearing strata. 

The Morden extension is a length of line from the 
west end of Clapham Common station to Morden, a 
distance of just over 5 miles, in which there are six new 
stations, not counting the terminus. It consists of a 
pair of iron-lined tunnels of the standard internal 
diameter of 11 ft. 8} in., about 5 ft. apart, and lying 
at an average depth of 40 ft. below the surface. The 
tubes at the stations, where tunnels of 21 ft. 24 in. 
diameter are employed, diverge to allow for the esca- 
lators which are installed. The tunnels leave the 
stations with a fall of 1 in 30 for 300 ft., and approach 
with a rise of 1 in 60 for 600 ft. When nearing Merton 
the tunnels approach very near the surface, the terminus 
being on the ground level. The reduced overburden 
here prohibited the use of shields and, as the strata on 
the site was water-bearing, it was necessary to finish 
the section of the tunnels in reinforced concrete, built 
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on the cut and cover principle. These sections are each 
550 yards long, and are faced at the entrances in the 
station cutting with brick. Sumps with pump houses 
are provided. 

The driving of the tunnels from Clapham proceeded 
without much difficulty until Tooting Broadway was 
approached. Here the blue clay was displaced by layers 
of shell and shaly clay interspersed with and resting on 
water-bearing sand. These were the Woolwich Beds 
at a higher level than that at which they are usually 
found. The difficulty resulting from the quantity of 
water found necessitated compressed air being used in 
this section at about 15 lb. per square inch. This was 
the more troublesome as a siding had to be constructed 
at Tooting Broadway, and this, added to the escalator 
shafts and various communicating passages, involved a 
large amount of work under conditions more adverse 
than usual. The siding at this station is but merely a 
tunnel 425 ft. long. It is connected to the down and 
up running tunnels by two short branches in the form of 
a V, the siding extending from the point. Connection 
with the siding, as well as with the running tunnels, is 
made by step-plate junctions of the following diameters 
of steps: 25 ft., 21 ft. 24 in., 18 ft., 15 ft., 13 ft., and 
12 ft. 6 in., the tunnels themselves being of the standard 
11 ft.8}in. A train run into this siding from the down 
line would be run out on to the up line, but the motor 
driver will require to change ends. 

The permanent way on both the new extensions 
consists of the standard rails, 95 lb. per yard. They 
are laid in cast-iron chairs with fibre pads between 
them and the sleepers, which are of Jarrah wood. The 
clossings are of manganese steel. The sleepers are laid 
flush in concrete for ease in walking. The signalling 
is of the modern tube railway practice. At Kennington 
the apparatus has naturally had to be augmented, a 
new 31 lever frame having been installed. The 
illuminated chart in the cabin covers 4} miles of track. 
The new frame as well as the old terminal cabin at 
Strand Station can be arranged for automatic working 
if found necessary. Cabins are provided at both Tooting 
Broadway and Morden, and the old cabin at Clapham 
Common has been made automatic. All signals between 
Clapham and Morden work automatically. The Tooting 
cabin is used only when trains are being reversed on 
the siding there, otherwise the signals controlled from 
it work automatically. The whole of the signalling 
at Morden is worked from the cabin at the north end 
of the station, the only exception being the points to 
the entrance of the depot which are worked from a six- 
lever frame by the shunter. All the cabins are fitted 
with the latest type of safety devices. 

All the stations have platforms 350 feet long. The 
escalators are of the latest cleat-comb type, and are 
arranged in pairs with a stone stairway between them. 
One escalator at each station is reversible. The ter- 
minus at Morden is on a larger scale than the other 
stations, and is above ground. There are two island 
platforms and a single one, all 400 ft. long. A large 
forecourt provides room for the motor ‘bus service 
which runs from the station to a number of outlying 
places. A notable feature is the provision of a garage 
for the storing of passengers’ cars and bicycles. 

Beyond the passenger terminus is a car depot of 
five bays, 426 ft. long by 300 ft. wide. This is a steel 
framed building with brick walls, and a roof of asbestos 
tiles. It can be completely closed in bad weather and 
is heated by coke stoves. At one end of the building 
is an extension containing workshops, offices, stores, 
mess-rooms and so forth. The sheds will accommodate 
250 cars, but may be extended to take another 84. 
There are 20 inspection pits each taking 7 cars, move- 
ment of the cars being effected by overhead trollies 
carrying adaptor terminals; 110 cars can be accom- 
modated on the sidings outside the sheds. The com- 
pany has had to supply a right-of-way footbridge across 
the depot. This is of reinforced concrete 660 ft. long. 

The power for the Morden Extension is not supplied 
by the railway company, but is purchased from the 
County of London Electric Supply Company. It is 
received at Colliers’ Wood, and transmitted to a sub- 
station at South Wimbledon, and through that to 
another at Balham. The current as received is three- 
phase alternating current, 11,000 volts, 50 periods, and 
is transformed and converted to the usual 600-volt 
direct current. The South Wimbiedon sub-station is 
looked after by attendants in the usual manner, who 
also control the Balham sub-station by means of 
switches in their own station, the Balham machines 
when running being protected by relays against con- 
tingencies. These installations are by the Metropolitan- 
Vickers Electrical Company, Limited. The Kennington 
loop is supplied with current from the Lots Road Power 
Station, through a new sub-station near the Lambeth 
North station of the Bakerloo tube. This sub-station is 
operated from the sub-station at Charing Cross, and is 
equipped with British Thomson-Houston machinery, 

The new tunnels are equipped with all the usual 
devices for cutting off current in cases of emergency by 
means of which the motorman can cause the contact 





rail to become dead without leaving his cab. The 
tunnels also carry emergency telephone wires. 


The total cost of the Morden Extension and the | 


Kennington Loop is 4,750,000/. Altogether it found 
employment for 20,000 men. The Morden Extension 
was in the hands of two contractors for the tunnelling, 
viz., Messrs. Charles Brand and Son, Millbank House, 
Westminster, 8.W.1, and Messrs. The Foundation 
Company, Limited, Windsor House, Kingsway, W.C.2. 
the first being responsible for the portion from Clapham 
Common station to the City end of Tooting Broadway 
station, the second for the remainder. The consulting 
engineers were Messrs. Mott, Hay, and Anderson, 
9, Iddesleigh House, S.W.1. The car sheds at Morden 
were built by the railway company itself, under its 
Chief Engineer, Mr. Arthur R. Cooper, M.Inst.C.E. 
The Kennington Loop tunnelling was undertaken by 
Messrs. The Metropolitan Tunnel and Public Works 
Company, Limited, Central Buildings, Westminster, 
S.W.1. The consulting engineer for this was Mr. H. H. 
Dalrymple-Hay, 11, Regent-street, S.W.1. 
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ELECTRICIAN ANNUAL TABLE OF ELECTRICITY UNDER- 
TAKINGS.—The annual issue of information on the elec- 
tricity undertakings at home and abroad contained in ‘The 
Electrician Tables of Electricity Undertakings,” is to be 
commended for the service it is to engineering contractors 
and the electrical profession generally. The new issue 
is the 39th edition, and is sold at 10s. 9d. post free by 
Messrs. Benn Brothers, 8, Bouverie-street, London, 
E.C.4. Information is afforded in the publication of the 


system of supply, the plant already installed, and the 
ane at which electricity is sold for heating, power, and 
ighting, in the case of every separate undertaking, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES.» 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Transactions are still 
necessarily within narrow limits, and business of any 
magnitude cannot be looked for until conditions become 
such as to indicate definite trend of quotations. As yet, 
values of the near future cannot well be gauged, and 
consequently, there is disinclination to negotiate for 
forward supplies. Considerable quantities of compara- 
tively cheap foreign iron continue to arrive for consump- 
tion in this district, but the extreme scarcity of Cleveland 

ig enables sellers to readily realise the figures they ask 

for the trifling lots they are able to offer. For home 
consumption, No. 1 is 94s. 6d.; No. 3, g.m.b., 92s. ; 
No. 4 foundry, 9ls.; and No. 4, forge, 90s. 6d.; while 
for despatch to foreign destinations, prices are put at 
6d. above the foregoing figures. 

Hematite.—Low and still steadily decreasing stocks 
encourage producers of East Coast hematite iron to take 
a rather firmer stand, but customers claim they can still 
satisfy their needs at 83s. for Nos. 1, 2 and 3, and at 
83s. 6d. for No. 1 quality, both for home use and for 
shipment overseas. 


Foreign Ore.—Continued absence of indication of move- 
ment in the direction of resumption of operations in 
imported ore keeps market rates nominal on the basis 
of best rubio at 21s, 6d. c.i.f. Tees. 


Coke.—Quotations for coke keep on a high level, but 
the tendency is to ease. 


Manufactured Iron and Steel.—Values of finished iron 
and steel are strong, and some firms have fairly good 
orders booked for forward delivery. Demand for foreign 
semi-finished material for use here is still considerable 
and purchases are difficult to make, Continental producers 
being heavily sold. Quotations for local products are 
steady. Common iron bars are 1ll, 5s.; iron rivets. 
127. 15s. ; packing (parallel), 82. ; packing (tapered), 111. ; 
steel billets (soft), ab 58. ; steel billets (medium), 7/. 10s. ; 
steel billets (hard), 87. 2s. 6d.; steel ship, bridge and 
tank plates, 8/.; steel angles, 7/. 10s.; steel rivets, 
127. 10s.; steel joists, 77. 10s.; heavy sections of steel 
rails, 87. 10s. ; fish plates, 127. 10s. ; black sheets, 111. 5s. ; 
and galvanised corrugated sheets, 17]. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—A period of sustained activity through- 
out virtually all branches of the local steel and allied 
trades is predicted when coal supplies are again relatively 
cheap and abundant. Meanwhile, work is badly impeded, 
and the completion of contracts delayed. A gratifying 
feature is that fewer of Sheffield’s overseas customers in 
steel and steel products appear to be transferring their 
requirements to foreign competitors. The explanation is 
believed to lie in the high quality of local materials. 
Stocks of steel and steel-making requisites have long been 
exhausted at engineering works. Rail mills, like the big 
open hearth plants, have been idle for some months but 
in this section arrears of work are not heavy, the seasonal 
demand being light. A limited amount of steelmaking 
with foreign and outcrop fuel is taking place at establish- 
ments possessing their own rolling mills, which on the 
average are operating at something like 50 per cent. 
capacity. There is some evidence of pressure in sales of 
Continental semi manufactures, having regard to the 
possibility of an early settlement of the coal trouble, 
though when fuel is available from local collieries some 
time must elapse before steel supplies are brought up to 
the level preceding the stoppage. The loss of Spanish 
trade in fine steels resulting from the Spanish Decree of 
July last continues to cause considerable perturbation 
in local manufacturing circles. The value of this trade 
with Spain has been over 200,0001. a year, and fears are 
expressed that, under contemplated tariff revisions. 
business in finished tools may be even worse hit. Efforts 
are being made through manufacturers’ associations and 
a widespread publicity campaign to induce the Spanish 
authorities to make some appreciable modification in the 
conditions laid down. 


South Yorkshire Coal Trade.—Merchants handling 
foreign and outcrop coal for manufacturing purposes are 
speeding up contract deliveries to local steelworks and 
gas works so as to be left with a minimum tonnage on 
hand when a settlement of the coal dispute is reached. 
Notification has been received that local gas prices are 
to advance owing to increased cost of production arising 
from the coal stoppage, though the advance contemplated 
is appreciably smaller than that made in comparable 
manufacturing districts. The price of outcrop coal tends 
to weaken, though quotations are still much higher 
than normally rule for very superior industrial fuel. 
Business on the local Coal Exchange is greatly restricted, 
there being little free coal after emergency needs have 
been met. 








THE COMMERCE AND INDUSTRIES OF CARDIFF.—A 
small booklet, published by the Cardiff Development 
Committee, and giving facts regarding the industrial 
and commercial activities of the South Wales port, has 
reached us. A great deal of information, in the form of 
terse and succinct sentences, is given in a small compass ; 
the book contains 20 pages and measures 34 in. by 5} in. 
only. Typical statistics and figures are given, together 
with a number of illustrations and maps. The booklet 
is entitled “ Cardiff Facts Worth Knowing,” and this, 
the fourth edition, may be obtained from the Develop- 
ment Agent’s Office, City Hall. Cardiff. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

State of Trade.—The extraordinary conditions now 
prevailing have told heavily against industry in general, 
and everybody is suffering badly from the trouble 
in the coal trade. Production all over is very much 
down, and in many cases has been reduced to about 
half the normal, while in quite a number of works it has 
ceased altogether. Running costs have risen enormously 
on account of the price which has to be paid for coal, 
and in most districts the latter has caused an advance 
to be made in the price of gas also. Local taxation has 
gone up considerably, largely because of the relief being 
given to so many who have been thrown out of employ- 
ment, and, no matter when the coal strike ends, the 
outlook for the coming winter is almost sure to mean 
high prices for nearly everything. The prospects of a 
settlement of the present trouble would seem to be very 
far off yet, and disappointment is felt that the 
latest attempt to get both sides together has again failed. 
So long as each side holds out with determination for 
its own point in any agreement—national or district— 
so long will the fight continue. While this state lasts the 
industry of the country is being starved and more and 
more people are being deprived of the means of earning 
their living. Quite a number of the miners have made 
agreements with their employers and have returned to 
work during recent weeks, but the actual number is 
still small when the total employed in the mines 
is remembered. We are now nearing the end of the 
twentieth week of the stoppage, and it is marvellous 
how so many establishments have managed to carry on 
for so long. 


Scottish Steel Trade.—No change has taken place in the 
Scottish steel trade since last report. Inquiries are 
getting fewer and bookings are not so numerous. All 
the same, there are a fair number of orders on the books. 
Prices at which fresh business will be accepted are all 
higher, and the prospects in that respect for any new 
undertakings are not encouraging. In the black sheet 
trade work is being carried on with difficulty, but a 
fairly good output is being obtained. The production in 
most cases for weeks ahead is sold. Prices all round are 
firmer, and the following may be taken as to-day’s 
basis :—Boiler plates, 111. perton ; ship plates, 71. 17s. 6d. 
per ton ; sections, 7/1, 7s. 6d. per ton ; and sheets, under 
ts in. to } in., 111. 5s. to 12). 5s. per ton, all delivered 
Glasgow stations. 


Malleable Iron Trade—In the West of Scotland 
malleable-iron trade production is mainly within narrow 
limits, as only a few mills are in operation. Prices are 
firm and “Crown ” bars are quoted at 11/. 10s, to 12i. 
per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—The position in the Scottish 
pig-iron trade has not changed. Stocks are getting 
smaller, but consumption has also decreased, neverthe- 
less, prices have firmed up, and if the stoppage of pro- 
duction continues much longer, prices are likely to 
advance considerably. The market quotations are as 
follows :—Hematite, 82s. 6d. per ton, delivered at the 
steel works; foundry: iron, No. 1, 95s. per ton, and 
No. 3, 90s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, September 11, amounted to 709 tons. Of 
that total, 10 tons went coastwise and the rest was for 
overseas. For the corresponding week of last year the 
figures were 925 tons overseas and 31 tons coastwise, 
making a total shipment of 956 tons. 





Propuction oF Pic IRon aND STEEL.—Owing to the 
continuance of the coal stoppage, the number of furnaces 
in blast again declined, and, at the end of August, only 
six remained in operation compared with 147 on the eve 
of the stoppage. The production of pig iron, therefore, 
amounted to only 13,600 tons. The output for July 
was 17,900 tons, and for April of this year 539,100 tons. 
The production of steel ingots and castings in August 
amounted to 52,100 tons, compared with 32,100 tons 
in July and 661,000 tons in April. All the above figures 
are quoted from data furnished by the National Federa- 
tion of Iron and Steel Manufacturers, Caxton House 
(East), Tothill-street, Westminster, London, S.W.1. 





British StanDaRD SpEcrFicamions.—A revision is 
being carried out by the British Engineering Standards 
Association of Standardisation Rules for electrical 
machinery. Eight specifications are involved in this, 
some having already been published, while more are to 
follow. The most recent one to appear is No. 170—1926, 
and covers fractional horse-power motors (including fan 
motors), which when running at 1,000 r.p.m., develop 
less than 1 h.p. The publication is divided into thirteen 
sections, and concludes with an appendix on service 
conditions. Each section deals with a separate subject 
such as :—Definitions, types of motor, high voltage 
tests, classes of rating, &c., each giving very precise 
instructions and regulations concerning conditions, &c. 
Another specification has lately been issued by the 
British Engineering Standards Association. This is 
No. 263—1926, and deals with two grades of brazing 
solder (A and B). The copper contents range from 
53 to 55 per cent., and from 45 to 51 per cent., respec- 
tively, for the two grades. The limits of tin, antimony, 
arsenic, bismuth, iron and lead are specified for each 
grade. A table, giving a range of grain sizes of granular 
solder, is added to the specification, to which the material 
should be ordered. Copies of these two publications may 
be obtained from the ociation’s Publications Depart- 
ment, 28, Victoria-street, London, S,W.1, the price being 
1s, 2d. each post free, 





NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Export business remains at a com- 
plete standstill, and available supplies have been reduced 
to such small proportions that the Local Coal Emergency 
Committee has informed traders that they cannot give 
releases of large coal to industrial works outside the 
district. At the same time there has been considerably 
more activity with respect to the importation of foreign 
supplies. During the next fortnight the Great Western 
and London, Midland & Scottish Railway Companies are 
expecting vessels to arrive from America with 89,500 tons 
of United States coal, while vessels are also due from the 
Continent for industrial concerns. In the past week, 
51,950 tons of coal were brought into the Welsh ports, 
Cardiff receiving 20,840 tons, Newport 2,570 tons, 
Swansea 21,210 tons, and Port Talbot 7,330 tons. Of 
the total, 34,350 tons came from the United States, 
7,260 tons from Belgium, 6,840 tons from Holland, and 
3,500 tons from Germany. On the other hand, the 
export trade has been brought to negligible quantities, 
only 5,485 tons of coal being shipped from South Wales 
in August, compared with 2,294,804 tons in April, the 
month immediately preceding the strike. The returns 
for the pre-strike month and August were as follows :— 








: April. August. 
Tons. Tons, 
Coal— 
Cargo, foreign 1,752,624 _ 
Bunkers, foreign... 308,693 3,580 
Cargo, coastwise... 118,882 1,905 
Totals ee 2,180,199 5,485 
Fuel te cp 107,012 _- 
Coke Si ne 7,593 —- 
Grand totals 2,294,804 5,485 





The foreign bunker shipments in August consisted of 
2,360 tons shipped at Cardiff, 1,165 tons at Newport, 
and 55 tons at Swansea, while coastwise cargo exports 
comprised 1,145 tons despatched from Cardiff, and 760 
tons from Newport. 


Iron and Steel.—Exports of iron and steel goods in 
the past week totalled 10,955 tons, against 1,770 tons 
in the previous week. Shipments of tinplates and terne 
plates amounted to 6,780 tons, against 1,728 tons, of 
black plates, and sheets to 1,060 tons, against 16 tons, 
of galvanised sheets to 963 tons, against 19 tons, and of 
other iron and steel goods to 2,152 tons, against 7 tons. 





Tue ADVERTISERS’ A.B.C.—The Standard Advertise- 
ment Directory, compiled and published at 21s. net 
by Messrs. T. B. Browne, Limited, of 163, Queen Victoria- 
street, London, E.C.4, is a source of information relating 
to the publications of the Home Country and abroad 
whichshould prove useful to all advertisers .As commercial 
enterprise overseas is of the greatest importance to the 
well-being of the country, a work of this type should 
find continuous use in the offices of manufacturing and 
trading companies. Its value is greatly increased by 
the inclusion of articles on such subjects as the study of 
markets and the building up of trade by advertisement. 
As is usual, in the various editions of this work, examples 
of illustrated advertisements are given to show the 
development and progress that has been made. 





LAUNCH OF THE DREDGER “‘ CARRONWATER.”’—-Messrs. 
Ferguson Brothers (Port Glasgow), Limited, on August 24, 
launched from their shipbuilding yard at Port Glasgow 
the twin-screw bucket hopper dredger Carronwater. 
The vessel was built to the order of the London Midland 
and Scottish Railway for service at Grangemouth 
Harbour, and was launched with all machinery on board 
and steam up. The hopper, of a capacity of 1,200 tons, 
is arranged amidships, and the main engines and boilers 
are placed aft. As the vessel is designed to cut her own 
flotation, the bucket well is situated forward and the 
cabin accommodation is arranged on each side of the 
well, The main engines are of the three-crank 
expansion type, with clutches and disengaging gear 
for driving either the propeller or dredging gear at will. 
Steam is supplied by two cylindrical marine type boilers 
working at 180 lb. per square inch pressure. Three 
mooring winches, a hopper door-lifting engine, and a 
ladder hoisting engine are arranged on the deck, near the 
hopper, and on the upper framing respectively. 





KeEtty’s DrREcToRY oF MERCHANTS, MANUFACTURERS 
AND SHiprers. The value of a carefully-edited directory 
of the producers and distributors of every type of goods 
throughout the entire world is almost beyond possibility 
of estimate. That this is generally appreciated is shown 
by the fact that the 1926 edition of Kelly’s Directory of 
the Merchants’ Manufacturers and Shippers of the World 
is the fortieth issued since its original preparation. The 
work involved in checking the entries relating to one and 
a-half million business houses must be very onerous, 
but that it has been done with care is shown by the fact 
that a page of the last edition had to be subjected to 
86 alterations or additions, resulting in changes in 50 per 
cent, of the entries. This valuable work is issued in 
two volumes, at a price of 64s. post free by Kelly’s 
Directories, Limited, of 186, Strand, London, W.C.2, 
and contains no-less than 5,000 Exhaustive 
indices to trades in four languages, English, French, 
German and Spanish, are provided, and greatly facilitate 
the work of the user. assification is made both by 
country and by trade. The outline maps have been 
thoroughly revised where necessary. 





NOTICES OF MEETINGS. 


THe InstiruTIoN oF MUNICIPAL AND CouNtTY 
ENGINEERS: SovurH-Eastern Dutstrior. — Saturday, 
September 18, at 2.30 p.m., at the Rural Council Offices, 
Epsom. Discussion on “‘ Epsom Rural District,” opened 
by Mr. T. E. Ware. 


Tue Instirution or Gas ENGINEERS.—Annual General 
Meeting, Tuesday, September 21, to Thursday, Septem- 
ber 23, at the Institution of Civil Engineers, Great 
George Street, S.W.1. Tuesday, September 21, at 
10 a.m. Introductory Remarks, by the President. 
Report of the Advisory Committee on Education. 
Presented by Mr. F. W. Goodenough. Fifteenth 
Report of the Gas Investigation Committee: Methods 
of Testing Products of Combustion from Gas Appliances. 
At 3.15 p.m., “The Development and Reconstruction 
of the Portslade (Brighton) Gasworks,” by Mr. C. H. 
Rutter. Sixteenth Report of the Gas Investigation 
Committee :—‘“‘ Studies in Carbonization,” Part I. 
“Influence of Size of Coal.” At 8 p.m. Reception and 
Dance at the Connaught Rooms, Great Queen-street, 
W.C.2. Wednesday, September 22, at 10a.m. “ Investi- 
gation of Some of the Factors affecting Carbonization in 
Continuous Vertical Retorts,” by Mr. T. F. E. Rhead. 
Report of the Refractory Materials Joint Committee 
presented by Mr. J. P. Leather. At 3.15 p.m., “ Service 
to Consumers,”’ by Mr. John W. McLusky and Mr. W. B. 
McLusky. Report of the Institution for Research 
Fellowship, on “'The Influence of the Ash Constituents 
in the Carbonization and Gasification of Coal,” Part IT. 
“ Gasification of Special Cokes in Steam,” by Mr. C. B. 
Marson, M.Sc. and Prof. John W. Cobb. Thursday, 
September 23, at 10a.m. ‘‘ The Distribution of Gas at 
High Pressures,” by Mr. A. W. Sumner. 


Tue InstrruTIonN or Furet Economy ENGINEERS.— 
Friday, September 24, at 6 p.m., at the Royal Society of 
Arts, John-street, Adelphi, W.C.2. Lecture. ‘“ Liquid 
Fuels,” by Dr. A. E. Dunstan. 


Tse Hut Association or ENGINEERS.—Saturday, 
September 25, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. Lecture. ‘“‘ The Utilisation 
of Waste Material,” by Mr. R. A. Bellwood. 








THe BrrmineHam ELEctRiciry UNDERTAKING.—The 
statement of accounts recently issued by the City of 
Birmingham Electric Supply Department shows that 
the gross revenue for the year ending March 31, 1926, 
amounted to 1,323,831/,. and the gross profit to 596,2931., 
A sum of 31,0007. was contributed to the rates. During 
the year nearly 225 million units were sold at an average 
price of 1-414d. per unit. 





THe Royat Sanrrary Instirvre.—A pamphlet 
containing particulars of courses of lectures and demon- 
strations organised by the Royal Sanitary Institute 
has recently been published at the offices of the Institute, 
90, Buckingham Palace-road, London, 8.W.1. The 
sanitary inspectors’ course, the fee for which is 61. 6s., 
commences on October 4 next, and- will continue until 
April 13, 1927. A two months’ complete course of 

ractical training for meat and food inspectors, the 
feo for which is 5/. 5s., begins on October 8 next. The 
lectures are devoted to matters of public health and 
sanitation, and include such subjects as house drainage, 
sewerage, and sewage disposal. Visits of inspection and 
demonstration to the public works installations of 
various localities have also been arranged. 





Royat Arm Force Fiienr CapetsHirs.—The Air 
Ministry informs us that the next examination for entry 
as flight cadets to the Royal Air Force Cadet Coilege, 
Cranwell, will begin on November 16 next. On this 
occasion not less than 35 cadetships will be offered. 
Forms of entry may be obtained from the Secretary, 
Civil Service Commission, Burlington Gardens, London, 
W. 1, and must be returned not later than September 29. 
All candidates must be fit and willing to fly and be 
between the ages of 174 and 19}. With the exception 
of those nominated by the Air Council on the recommen- 
dation of headmasters, they are required to produce 
school certificates A or B, obtained by passing certain 
specified examinations, before their candidature is 
approved. The examination is, in the main, a written 
one, and is held in London and at various other centres, 
but each candidate must also attend an interview board 
at the Civil Service Commission. Successful candidates, 
after passing the medical board, undergo a two years’ 
course at the College, where, in addition to continuing 
their general education, they receive a thorough training 
in all questions concerning service aviation and cognate 
subjects, and graduate as pilots on service aeroplanes. 
On passing successfully out of Cranwell, flight cadets are 
granted permanent commissions subject to medical 
fitness. They have before them a life career with good 
prospects of rising, by their own efforts, to the highest 
ranks. The total cost to a parent of — his son into 
the Royal Air Force through Cranwell is about 250/. for 
the two years’ course. The Air Ministry considers that 
the career offered by the Air Force compares very 
favourably with that offered by any other profession, 
and they desire to emphasise that, to take advantage of 
that career, it is quite unnecessary to be possessed of a 
private income. Full details regarding entry into 
Cranwell are contained in Air Publication 121, “‘ Regula- 
tions for Admission to the Royal Air Force Cadet College ” 
(price 4d. net). More general information is provided 
in an official handbook entitled “The Royal Air Force 
as a Career” (price 3s.). These publications are pub- 
lished by H.M. Stationery Office, Adastral House, 
Kingsway, London, W.C. 2. 





f 
i 
it 
i 
j 
} 


aS ac 





[SEPT. 17, 1926. 


CONSTRUCTED BY MESSRS. HERBERT MORRIS LIMITED, ENGINEERS, LOUGHBOROUGH. 
(For Description, see Page 354.) 


























Scoop ENTERING RETORT. 











. 10. Fitting Scoor rrom Instpe BuNKERS. Fic. 11. Fitting Scoop rrom OvutsiIDE BUNKERS. 











Prete Pe nie gn : — recs — : cheeses ‘ Si sais sarcapas reas RSceaeRacacbean aso a 
‘ piste ots ane ane ~ 





ENGINEERING, Sepr. 17, 1926. 


REINFORCED-CONCRETE BRIDGE 2OVER THE TAM 
CONSTRUCTED TO THE DESIGNS OF MESSRS. L. G, ANI 


see Page 


261-6" ----— 





READING SIDE 








126-4¥2---— 





— 
, eR 


faSssicagses= 
= 
S. 
~ 
S$ 


(prema ae guanine eaetn am 


i 
' 
| 
' 
4 


Sea 
re 
< rc 


. Y 
(3679. &) 








Duct for Gas Mains 


Fig..98. 
Office Use. 


READING 
SIDE 


Electric Cables 


Fig.94, ARCH RIB E. (READING SIDE) 
3 Vertical Bars Dia.%e 8c.to ¢ eee er 


10 >| ne clot. « 
SSS 


wee 
-3-8%--- 40° --* 


Bl 
2Bars a Dia.I'e Length 150° 
4» 6b » We » BO 
20 Bars Dia.1% 


/ ” c * 1% . 60 
2 id d * &" bed 130 a 10.6 2Bars < ; 
% Stirrups 4.0 c. ia Bars Dia.tsL1o6 &72 ' 5¢ Links A&B 6<.toc 

; ‘Links 67. 
be 2 Se --40- 2 i : 
| ! 16 BarsDiasie © 
4% ' 


~--— Span 6 





He 
56 Links 6c.toc. 120-60 Water Level 





Fig 95 a enone > - 
; csacialaicee | ] ; ARCH RIB F; INTERNAL ELEVATION. 


Dox: ™ 

3) Bars Dials’ | ¢ oR Die. L.25:0° 
a peas ae 2? Bars e Dia.t'L. oRerse Dial 
2Bars c aap 2Bars e Dial 1.25 0 Bars ¢ D 


‘BarsGctoc. \2Barsc Dia. L190 


2£Bars e Dial. 


\! 


Tn oe Mi 
&Links 6'cloc. seepeaias a its 


hes: --40- 
| 


13-95/a -— 
~~ 10-6% -- 


% 


----9 2%4-~- 
~-=- 57% ~~ 

m 
-~-- 10°6% --- 
~-- 7 Os -- 


2Bars Dia.1 **-~- Span 126 


“4 Bars 6c.to c: 





%eBars 6ctoc. 





(9579. dD) 





PLATE XX. 


AMES BETWEEN READING AND CAVERSHAM. 
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35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRBSS, 
and that no connection exists between this 
Journal and any other publications bearing 


somewhat similar titles. 
TELEGRAPHIC *«* ENGINEERING,” WESTRAND 


ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

For the United Kingdom £3 5 0 

For Canada— 

Thin paper copies 
Thick paper copies 
For all other places abroad— 
Thin paper copies 
Thick paper Copies................0000 6 

Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to ““‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The Nationa] Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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SAFETY REGULATIONS IN 
FACTORIES. 


Ir is sometimes said, with more truth than original- 
ity, that the most dangerous thing a man can do is to 
be born, and for the last century or more an impor- 
tant part of domestic legislation has been addressed 
to mitigating that danger. This does not mean 
that danger has lost the attractions for many or 
most normal men which all history shows it possesses. 
If it is not true that the fascinating risk of the 
adventure is the real inducement to undertaking 
the trouble of being born, it is at least probable 
that as many people enjoy that risk to-day as when 
knights were more usually bold than learned or 
opulent. The code of danger has, however, been 
developed rationally. It requires the particular 
object of the adventure to be sought prudently, and 
no chance to be taken unless to refuse it wou'd be 
to frustrate, and not merely to postpone, the object 
of the enterprise. In the sports that are reputed 
dangerous, those who neglect recognised precautions 
are reckoned poor sportsmen, fools to themselves if 
they operate alone, and mischievous to their fellows 
if they are in a party. In the present century we 
are seeing the great adventure of flying on its way 
to a code that will exclude risks which can be 
avoided without making flying impossible. The 
older sport or practice of motoring would, beyond 
question, be improved if more effective means were 
taken to exclude incompetent drivers from engaging 
in it publicly. In every branch of activity, in fact, 
the most formidable performer is the man who 
works within the limits of his skill and takes advan- 
tage of every precaution that the sport allows. 

The extent to which a man must be protected by 
precautions in his work differs in degree from what 
is thought necessary in play, but its essential 
principle is the same. It requires no avoidable risk 
to be taken unless both the precaution by which it 
might be avoided would make the work practically 
impossible, and the work is worth doing at the cost 
of the unavoidable risk. In spite of the large 
number of accidents to persons crossing the road, 
no suggestion has been made that roads should be 











crossed only by bridges, nor even are railway 
companies compelled to close their level crossings 
and provide overhead accommodation. Such 
measures would be both too inconvenient and too 
costly to be reasonably equivalent to the safety 
gained. It is not always easy to define in general 
terms the exact extent of inconvenience and cost 
that can be regarded as justifiably enforced on 
industry to meet a particular possibility of danger. 
The present temper both of our jurisprudence and 
of the industrial policy of employers, in any case of 
reasonable doubt, is to give the benefit of the doubt 
to the safer course. Every aspect of the question 
commends this policy, but it stops short of imposing 
the inconvenience and cost in cases where no reason- 
able doubt exists that such a step is warranted. 
Whatever loss of time, energy and money precautions 
involve beyond what is reasonably justifiable does 
not come out of the employers’ pocket. It is 
added automatically to the overhead costs of 
production, and increases the difficulty of obtaining 
the orders on which alone the producers can live. 
It is only when they do not appreciate the practical 
results of unjustified additions to expense that 
people can, like an illustrious judge, “‘ regard these 
consequences with marked composure.” 

Considerations such as these are suggested by a 
series of four High Court decisions quoted in the 
recently issued Annual Report of the Chief Inspectors 
of Factories and Workshops* on the fencing of mill 
gearing, notably overhead shafting and pulleys. 
These decisions were given between October, 1924 
and November, 1925, and do not go further than 
others of earlier date. The rapid succession in 
which they have been delivered lays an emphasis, 
however, on the present state of the law, to which 
it may be the more desirable to call attention 
because each of these cases was a successful appeal 
from the Justices or a Stipendiary Magistrate, and 
it is evident therefore that some misapprehension 
existed as to what the law really required. The 
circumstances of each case varied in details, but are 
represented typically enough in those of the last 
case (Atkinson v. L. & N.E.R. Company). These 
judgments are said not to have appeared in the Law 
Reports, but are quoted in extenso in the Chief 
Factory Inspector’s Report. In an engineer’s shop 
a machine was driven by a belt running over a pulley 
on a line shaft at a height of 13 ft. The belt came 
off the pulley, and a man was injured in replacing it 
while the shaft was running. The law is that “all 
dangerous parts of the machinery, and every part of 
the mill gearing must either be securely fenced, or 
be in such position, or of such construction, as to 
be equally safe to every person employed or working 
in the factory,” as it would have been if it had been 
securely fenced. In the present case the Justices 
appear from the judgment to have been influenced 
partly by the fact that the shaft was at a height to 
great to put the bulk of the workers in danger, and 
partly by the injured man’s having acted against 
orders in ascending and replacing the belt without 
first stopping the shafting. Another somewhat 
analogous defence in one of the other cases’ was 
that the injured man was not employed by the 
owner of the factory but by a contractor working 
on. the electric light installation. These judgments 
reaffirm the view that none of these considerations 
constitute a valid defence. They do not, however, 
seem to go so far as to require the owner peremp- 
torily to fence shafting and pulleys that normally, 
by reason of their height, cannot cause danger to 
workmen on the floor, provided they take adequate 
precautions to prevent any workman from getting 
into a position in which he may be injured, which 
means in effect that no person is allowed for any 
purpose whatever'to approach unfenced transmission 
machinery or shafting while in motion. 

Experience has shown that many and very grave 
accidents may occur through men being caught by « 
rotating shaft, and when the effect of the decisions 
in question is examined it will be seen that they do 
not go beyond what is reasonably desirable to 
provide against the risk. They give the owner the 
alternative either of fencing his shafting or of 
stopping it, but hold him responsible if neither is 





* Annual Report of the Chief Inspector of Factories 
and Workshops for the year 1925. OCmd. 2714, H.M. 
Stationery Office. 2s. 6d. net. 
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done. To fence in such a way that a belt can be 
shifted with safety while the shafting is in motion 
may be difficult and costly, «nd to stop the shafting 
may be inconvenient ; but in allowing the owners 
the choice of these alternative precautions the law 
seems to go as far as the circumstances justify, and 


manufacturers will find it necessary to choose one | 


of them and to see that it is observed. Excessive 
or ill-conceived regulations can do so much mischief 
to industry that it is satisfactory to find that the 
Department appears to have been justified in pres- 
sing for the decisions which are here in question. 
At present the Department is concerned with the 
number of crane accidents that occur every year, 
causing more deaths than any other individual 
mechanism in industry. The Home Office has asked 
the British Engineering Standards Association to 
examine as a first measure the construction of 
derrick cranes, with a view to proceeding to a 
standardisation by which defects in design might be 
avoided in future. This step, referring the question 
as it does to the most competent practical investiga- 
tion, is evidence of a right relation between the 
Department and the industry. From such co- 
operation the Department is likely to get valuable 
guidance, and any regulations that may ultimately 
emerge will command more readily the confidence 
and the cheerful acceptance of the trade. 

It is, indeed, from the trades themselves that the 
Home Office must look for the most effective assist- 
ance in reducing the number of industrial accidents 
of all sorts, and the zeal of the Department will not 
be diminished by realising that no one in industry 
is more anxious to avoid accidents than are those 
who are responsible for conducting it. A large part 
of avoidable accidents arise from the unwillingness 
of workmen to use the appliances or obey the 
instructions by which it is sought to avoid them, and 
inspectors will make the more effective use of their 
supervisory power the more they realise the situation 
and the real attitude of employers to avoidable 
dangers. In the reports of the electrical inspectors 
recent examples are given showing how some of the 
worst neglect of safety provisions may be found, not 
in an industrial enterprise, but in a municipal 
undertaking. In one, high-tension current was 
brought to an open switchboard, similar to what is 
used for low-tension work, which was placed in a cellar. 
The oil switches and connections were in the back 
passageway, which provided the only means of 
access to a sub-station. Apart from the danger 
of shock to a person entering or leaving, any person 
in the sub-station would be trapped if a short circuit 
developed on the board. Another remarkable 
installation offering similar dangers was found in a 
large sub-station of a traction undertaking, the 
high-tension switchboard being in a tunnel 60 ft. 
long below the floor, with access at one end only. 
This sub-station is the connecting link between two 
large power stations of different undertakings. An 
oil-switch explosion or fire would cut off any one in 
the ba8ement from any chance of escape. It is 
satisfactory to learn that much useful work has 
been completed through conferences of the Depart- 
ment with engineers and contractors. It is by the 
promotion of co-operation in such ways with those 
engaged practically in the industry that the work 
of the Department is likely to progress most rapidly. 








AERIAL MAPPING OF BURMESE 
FORESTS. 


GREAT difficulty was experienced in attempts to 
survey on orthodox lines the forests of the Irrawaddy 
delta. Up till recently the only map available 
was the reconnaissance map 1aade by Fitzroy in 
1864 to a scale of } in. to the mile, which, although 
good of its kind, was not sufficiently accurate for 
the needs of the forest department. Further 
surveys were accordingly made to the same scale 
in 1918-19 of some 306 square miles. The cost 
was rupees 87 per square mile, but the work has 
proved to be inaccurate. The difficulties of ground 
survey are, in fact, very great. Hundreds of miles 
of theodolite surveying along the larger creeks 
would be required, and as subtense work would 
often be impossible, chaining through dense jungle 
would have been necessary. The work would have 
taken three or four years, and the cost have 


l 

been about Rs. 500 per square mile. It was 
| decided accordingly* to try aerial methods of 
| surveying with the result that the cost has been 
reduced to Rs. 273-7 per square miie, although 
| the single project had to bear the whole initial 
cost of materials and organisation. The work was 
carried out under a contract with Mr. R. C. Kemp, 
who undertook the aerial survey of 1,000 square 
miles for a lump sum of Rs. 275,000, and agreed 
to survey, if required, another 350 square miles 
for an additional charge of Rs. 28,000. 

The area is intersected by creeks and streams 
which afford,’in fact, almost the only possible 
landing places. Hence a D.H.9 Puma-engined 
aeroplane was converted into a seaplane by the 
addition of floats. The camera used took 5 in. by 
4 in. plates, and was fitted with a Ross 6-in. aero 
lens and a focal shutter. This shutter gave a 
great deal of trouble, and required constant repairs 
and adjustment. Ilford panchromatic plates were 
found the most satisfactory of those tried. No 
others proved equal to them in quality and speed 
or in keeping qualities. Even the plates mentioned 
were not wholly satisfactory in this regard, the 
climatic conditions being such that plates taken up 
in the camera and brought down unexposed had 
to be scrapped. A finer grain would also, it is 
said, be an advantage. Most of the photographs 
were taken from a height of about 9,500 ft., and 
vertically so far as practicable. Owing to the 
weather conditions many of the plates showed 
tilt, but in 55 per cent. of the total this was less 
than 1 deg., in 35 per cent. it was between 1 deg. 
and 2 deg., whilst in 7 per cent. of the exposures 
the tilt was between 2 deg. and 3 deg. One plate 
showed a tilt of 5 deg. The plan followed was 
to photograph a series of strips, which were then 
tied together by cross strips, and by photographs 
taken round the coast line. The best results were 
obtained about noon as the shadows of the trees 
then extended less over the creeks. From the 
photographs, rectified mosaics were prepared, giving 
a complete survey of the area to a scale of 3-4 in. 
to the mile. The total time taken was only a few 
weeks in place of the years which would have been 
necessary for a theodolite survey. A check of the 
accuracy showed an error of 14 chains in a distance 
of 12 miles, but it is believed that in certain cases 
the error in this distance may have been as much 
as 5 chains. The precision reached is, however, 
ample for the present requirements of the forest 
department, and the photographs have the 
additional advantage that they show in many cases 
the character of the timber. 











GERMAN AND BRITISH COMPETI- 
TION IN SHIPBUILDING. 


THE annual report of the Deutsche Werft A.G. 
affords interesting light on the effects of the under- 
cutting indulged in by German shipbuilders to 
obtain orders for new construction. It will be 
remembered that it was the low tenders submitted 
by this firm, about 18 months ago, for the building 
of five motor ships for Messrs. Furness Withy and 
Co., Limited, that led to the setting up of the joint 
inquiry by the employers and representatives of the 
trades unions concerned, into the conditions of the 





shipbuilding industry in this country. The quo- 
tation of the German firm was so low that it was the 
| contention of our shipbuilders that if the work on 
the hulls had been done for nothing, and the only 
payments made were for costs of materials and for 
services outside actual shipbuilding, no British firm 
could have reduced their figures to those submitted 
by the Deutsche Werft A.G., for the delivery of 
the ships. 

It now appears,that the German company suf- 
fered losses on this and other contracts, that were 
so severe that the deficit on two years’ working 
|amounted to 2,800,000 gold marks, or half the 
capital of the company. To meet the loss the 
entire reserve fund has had to be utilized and 
half the share capital is to be written off, while a 
new issue is to be made of 2,500,000 marks. Expla- 
nation of the reasons for the loss are given in the 





* Burma Forest Bulletin No. 11. Office of the 
Superintendent, Government Printing, Maymyo, Burmah, 

















report as being due to rise in the rates of wages of the 
men from between 38 and 39 pfennigs to 80 pfennigs, 
before the Furness Withy ships were delivered. It 
is very clear now, however, that the contracts were 
obtained at prices which did not represent ordinary 
competition. 

The shipbuilders of this country have. through- 
out the entire period of depression, recognised 
the actual conditions of the industry and have 
courageously set themselves against reductions in 
wages, if the scandalous artificial increase of costs 
due to the demarcation of trades could be removed. 
There can be no doubt that much of the new work 
done in shipbuilding could be obtained for British 
yards, and higher wages paid to the men than is the 
case on the Continent, if the restrictions imposed by 
the trades unions, mainly those relating to-demar- 
cation, were abolished. Britain is, at present, 
paying millions of pounds a year in doles, and a great 
British industry is being destroyed, for the sake of 
maintaining adherence to a rigid, but ridiculous, 
definition of the types of work on which shipbuilding 
employees may be engaged. 





INTERNATIONAL ROADS CONGRESS. 


Tue gathering at Milan last week which was 
organised by the Permanent International Associa- 
tion of Road Congresses bore testimony to the acute 
character of the roads problem. Over 50 official 
delegations were appointed to attend the Congress, 
and the total number of the delegates doing so 
was in excess of 1,000. The field covered by the 
reports brought up for consideration was fairly 
large, including concrete roads, bituminous and 
asphaltic roads, standardisation of tests for materials, 
census of traffic, development and planning of towns 
and special roads for motor traffic. Between 
50 and 60 reports on various aspects of these 
subjects were presented, dealing with practice and 
experience in many of the leading countries. The 
engineering aspect of road works was in strong 
evidence at the Congress and, indeed, the character 
of the problem which has come up for solution makes 
it inevitable that the actual work of reconstructing 
the road systems of the world to modern traffic 
conditions should be carried out by the engineer. 
The task has called for a new conception of road 
design and construction and of methods of main- 
tenance, and has required in respect of materials 
and equipment the co-operation of the chemist and 
the scientist, and of those engaged in the machinery 
trades. Road construction and maintenance has 
indeed assumed the importance of a new industry. 


CONCRETE AND BirumiInovus Roaps. 


To facilitate discussion on the many subjects 
raised in the reports, the Congress was divided into 
two sections, which were concerned respectively 
with construction and upkeep and with traffic. It 
is with the former section that this brief account of 
the proceedings will mainly deal. 

No less than 20 reports were laid before this 
section on the subject of concrete roads, dealing with 
practice and experience in the United States, Great, 
Britain, France, Belgium, Denmark, Italy, Sweden, 
and the Low Countries. Those by the American and 
British reporters aroused chief attention owing to 
the fairly considerable experience of the concrete 
road which has been gained in Great Britain and the 
United States. The reporters for Great Britain 
were Mr. J. B. L. Meek, City Engineer, Manchester ; 
Mr. A. Harrison, Borough Engineer for Southwark ; 
Mr. W. P. Robinson, Surveyor to the Surrey County 
Council; and Mr. C. M. G. Richmond, Divisional 
Road Engineer of the Ministry of Transport. Nine 
American engineers contributed the report from the 
United States. 

The main points which emerge from these and 
the other reports presented may be summarised. 
The Seville Congress fixed the composition by 
volume of concrete at 1/2/3-5, with a corresponding 
approximate quantity of 400 kilos of cement, 
540 litres of fine aggregates, and 945 litres of 
coarse aggregates. The American specification 
insist that in no case shall the proportion in the 
mixture be less than one part cement, two of 
fine aggregate, and four of coarse aggregate. In 
the construction of the Milan Laghi special motor 
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road, the proportion 1/2/3 was adopted with 
excellent results. Patent systems of concrete roads 
have been the subject of experiments in Belgium 
by the Phonbenite and Soliditit Belga processes, 
and in Italy on the Soliditit process. In the latest 
application of the first system a mixture of 5 cub. m. 
of rubble, 5 cub. m. of flat porphyry stones, 
3 cub. m. of Rhine sand, 350 kg. of Portland 
cement, and 16-8 kg. of Houben powder have 
been used. In the second process a mixture of 
700 kg. of Soliditit cement with porphyry stones 
and chippings has been employed, and in the 
Italian experiments 50 kg. of Soliditit cement 
per 45 cm. of sand and 75 em. of rubble and gravel 
have been used. No conclusion of any decisive 
value can yet be drawn from the experiments. 
Strfacing with granite having a basis of Portland 
cement or iron slag cement, with and without 
reinforcement, has been tried in Belgium, but the 
results have not been altogether satisfactory. 
Practice in the United States has now reached a 
high degree of development. Stress is laid in the 
report on the need for sub-grade investigations 
and preparation, more rigid control of materials, 
more exact work, and greater uniformity in methods 
of construction. Tests for physical and chemical 
characteristics before construction, control tests 
during construction, and check tests of finished 
work are regarded as essential. It is pointed out 
that the structural design of the concrete slab 
involves consideration of points of maximum 
weakness, edge strength, slab integrity, and transfer 
of load across joints. 

Use has been made on a fairly considerable scale 
in several countries of single and double metal 
reinforcement of concrete roads. Methods used in 
the United States vary considerably. In England 
reinforcement has been employed for roads in 
Southwark, in Manchester, in the County of Surrey 
and elsewhere. Practical experience has shown 
that while metal reinforcement imparts homogeneity 
to the material it has not in many cases prevented 
it from cracking, and its adoption entails a con- 
siderable increase in expense and makes the work 
of construction and repair more complicated. 
Better results could, it is thought, be obtained, 
and an economy in construction costs be effected, by 
giving the slabs greater thickness at the edges, 
or by making the edges of trapezoid section, ands 
possibly reinforcing them with rods. The whole 
point is whether the effects of reinforcement cannot 
be more cheaply and readily obtained by increasing 
the thickness of the concrete. 

Numerous experiments have been carried out in 
several countries in the use of expansion joints, 
both longitudinal and traverse. In the American 
report it is stated that transverse expansion joints 
are necessary, but at a meeting of engineers repre- 
senting eight States of the Union it appeared that 
only one of them was in the habit of making these 
joints in practice. Opinions vary also as to the 
most suitable distances for the cross joints. In the 
French report it is stated that they should be con- 
fined to points of resumption of work, while on the 
Milan-Laghi road the joints are put in at average 
distances of 30 m. Practice regarding the arrange- 
ment of the joints relatively to the road axis is varied, 
ranging from inclinations of 60 deg. to 90 deg., with 
a tendency to increase these inclinations to obtain 
greater resisting power. Widely varying methods 
are adopted in joint-making in concrete road work. 
In Belgian practice use is made of the simple layer 
of clay or bitumen; in Italy wide elastic joints of 
bituminous macadam with tarred felt are employed ; 
in United States practice hard wood laths, round 
iron rods perpendicular to the joints, tarred 
to prevent slipping, and metal strips of extra 
mild steel are used. The metal strips have not 
always been found satisfactory as there is sometimes 
a notable difference in wear between the metal part 
and the concrete casing. The other processes are 
also open to criticism. The tendency in recent work 
is towards joints which are easily constructed and 
are without special reinforcement at the edges, 
even though this practice increases the cost of up- 
keep. With a view to reducing the dimensions of 
the joints to a minimum, concrete work has been 
carried out with very short or with alternating slabs. 
According to the Belgian report, the latter method 





has diminished cracking as the odd slabs originally 
made will have already undergone contraction due 
to the setting of the concrete when the laying of the 
even slabs is proceeded with. According to the 
English report, successful results have been obtained 
both from the continuous system and the alternate 
bay system of construction if careful attention was 
given to the consolidation of the concrete, particu- 
larly at the joints. It is pointed out, however, 
that the method of laying by alternate slabs com- 
plicates the working process. British engineers 
attach considerable importance to the curing of the 
concrete by covering with soil, sand, or other suit- 
able material. This covering during the summer 
months prevents the surface from drying too quickly, 
and allows the face to set hard instead of producing 
a fine soft scale on the surface which is generally 
found when curing is not adopted. During winter 
mouths this finishing process is of equal importance 
as a protection from wind, frost, and snow. The 
treatment of the surface with dressings of tar, 
bitumen, or mixtures of both these materials has 
not, it is stated, proved satisfactory. On the roads 
in the City of Manchester a mixture of pitch and 
creosote has been applied in several coatings, and 
this has given the best results of this type of sur- 
facing. On the Milan-Laghi auto-road it has been 
found that a surfacing of tar has had the effect of 
reducing the wear of tyres to an appreciable extent. 
In Holland the roads between the Meuse and the 
Waal were given a 3 mm. coating of Spramex with 
very satisfactory results, and it is recommended 
that this method should be subjected to further 
experiments. On concrete roads in the Borough 
of Southwark after a seasoning of 14 days a solution 
of sodium silicate, four parts water to one of silicate, 
has been applied, and the surface of the road 
finally coated with a bituminous mixture. Results 
are said to have been quite satisfactory. In addi- 
tion to an actual hardening of the body of the con- 
crete to a depth of about a quarter of an inch 
there were fewer cracks than in the sections not 
treated with silicate. It is recommended that this 
process should be further tested. 

The laying of tramway lines on concrete roads 
has not met with the favour of road engineers. 
The difficulty has been overcome in many instances 
by providing for the tramway lines an independent 
platform of different construction and united to the 
adjoining pavement by small blocks of cement, cr 
cast iron, or hewn stone. 


MACHINERY FOR Roap WokrKs. 


In some of the reports, notably that emanating 
from the ‘United States, detailed descriptions are 
given of the machinery used in the construction and 
repair of concrete roads. Machinery is now applied 
to all phases of the work, from the crushing of the 
rubble and the production of chippings and sand of 
carefully graded sizes to the final operations of 
finishing and checking. It has been found in 
American practice that the keen competition for 
concrete road work has compelled those engaged in 
it to make a close study of machinery equipment. 
The aggregates are produced chiefly at large plants 
and shipped by railway to carefully selected un- 
loading points near the site of the work. Power- 
operated clam shell buckets for handling the 
aggregates from cars to storage piles and to loading 
bins are in practically universal use. Measuring 
hoppers are employed to make the simultaneous 
loading of the correct quantities of sand and stone 
a rapid and easy process. The comparative 
inaccuracy of measuring hoppers resulting from the 
bulking of wet sand has led to their replacement by 
weighing hoppers. The critical element in quantity 
production is the handling equipment between the 
unloading plant and mixer on the road. In territory 
where grades are less than 3 or 4 per cent., narrow- 
gauge railroads, equipped with gasolene locomotives 
and steel hopper cars or flat cars carrying boxes, 
proportioned to hold one batch of unmixed material 
each, have been found to be capable of keeping a 
five-bag batch paving mixer supplied to full 
capacity. Pneumatic-tyred trucks, of one or two 
batches capacity, are always used on severe grades. 
Short wheel-base trucks requiring a minimum time 
and width of graded road in which to turn are in 
demand. The concrete dumped on the subgrade 





is roughly spread by manual labour and consolidated 
and belt finished by power-operated machines. It 
is now possible, by the introduction of refinements 
in design, to charge and mix a batch in one minute 
and to discharge in less than one and a-half minutes, 
Mixers proportioned to handle a two and one-fourth 
barrel batch have been known, indeed, to place in 
position over 4,000 sq. yards of material per day. 
In American road work stop-watch studies of 
equipment operation have made developments pos- 
sible which have enabled average daily outputs 
of 1,600 sq. yards or more to be reached for a whole 
construction season. Stress is laid in all the reports 
on the need of close supervision of the work in situ, 
and the greater care required than in ordinary 
concrete foundation work. 

The method of repairing concrete roads varies 
very considerably, according to the extent of the 
damage to be repaired. The reports indicate that 
when the damage is of a very slight character mere 
hand chiselling may suffice, but when the damage 
is greater, the use of pneumatic drills and pneumatic 
rammers will be necessary. For deep repairs the 
British report recommends the use of quick-setting 
cements, and for surface repairs the use of asphalt 
concrete 5 to 7 cm. in thickness, the advantage of 
this latter process being that it is only necessary to 
keep the road closed to traffic for a short period. 
The use of liquid cement presents the advantage 
that a strength of 250 kg. per sq. centimetre is 
attained after a period of eight hours. 

The conclusions submitted to the Congress 
embodied the points to which reference has been 
made, and put on record the opinion of delegates 
that -the development of cement concrete roads 
which has taken place during the past three years, 
even on routes traversed by heavy vehicles with 
rubber tyres, has demonstrated the suitability of 
such roads for modern traffic conditions. These 
conclusions were unanimously adopted. 


(To be continued.) 





WORLD-POWER CONFERENCE. 
SECTIONAL MEETING, BALE. 
(Continued from gage 334.) 

Last week we presented an epitome of Section A, 
Utilisation of Water Power and Inland Navigation, 
which included one-half of the reports contributed, 
and it is now proposed to summarise briefly some 
of the more important papers in that section dealing 
later with the remaining sections. The business 
sessions extended from Tuesday of the first week to 
Wednesday of the second week, August 31 to 
September 8, and the actual order in which the 
remaining subjects were actually discussed was 
arranged to fit in most conveniently, having regard 
to the week-end break. 


Section A.—UTILISATION OF WATER POWER 
AND INLAND NAVIGATION. 


The papers read before this section ranged over 
a wide field and do not readily fall into groups. In 
view of this and of their large number, it is 
difficult to deal with them in any logical] sequence. 
We will endeavour, however, to bring together 
those which bear generally on the same aspect of 
the general question. The division, however, can 
not be very rigid. We may first refer to a group 
of papers bearing generally on the, to some extent, 
opposing claims of power generation and navi- 
gation on inland waterways. 

Mr. Dupin (France) dealt with the problem in 
a general way, with particular regard to the 
conditions on the Lower Seine, between Paris and 
Rouen. The upper zone of every waterway was 
mostly favourable to hydro-electric power develop- 
ment, while navigation was out of the question ; 
in the middle zone both utilisations were possible 
but difficult ; in the lower zone power utilisation 
had in general been considered too difficult. On 
the Lower Seine there were nine locks over a river 
length of 242 km. and a fall of 26-5 m. Messrs. 
Perrier and Genthial, of the Seine Navigation 
service, would suppress three of these locks and 
modify certain others. Mr. Dupin proposed four 
power stations equipped with low-pressure, large- 
capacity, and high-speed reaction turbines; the 
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two upper stations, with 3 m. head, might not pay, 
but the two lower, utilising each a head of 5-5 m., | 
should show a profit. | 

The paper by Messrs. T. Tillinger and W. Rosental, | 
of the Ministry of Public Works in Warsaw, on | 

‘Canals Proposed in Poland as Means of Transport | 
and Sources of Energy,” dwelt on the need for the | 
development of the present insufficient means my 
transport for coal, minerals, wood, grain, &c., 
within the country and in transit through it. The | 
new Poland was larger than the old, and its trade | 
routes were different. The general conditions of | 
the country facilitated the construction of canals, 
which would relieve the railways, and would produce | 
43,000 kw. of water power without substantial | 
increase in the initial cost. Two main intersecting | 
canal systems were suggested. The one from west | 

: : | 
to east, from Posnan (Posen) to Warsaw and further | 
on east to the Bug and Prypeé Rivers, would join | 
the Oder and Vistula with the Dnieper and other | 
rivers, by canals; this system was to make use of the | 
old Royal Canal of 1786 which would be constructed 
for boats of 600 tons to 1,000 tons. The other 
system, south to north, was to bring the coal onrt 
electric power centres of what was formerly Prussian | 
Silesia into connection with Cracow and the factory | 
districts of Czenstochowa and Lodz, and would join | 
the Vistula (after describing its large arc towards 
the east) again at Bgdgosez (near Bromberg), where 
it makes the sharp turn to north-east. It would 
thus serve, through the Vistula, the Baltic ports of 
Danzig and Gdynia. Trade statistics and general 
estimates of the project were given. No actual 
construction work has been done so far. 

Mr. A. Ekwall, of Stockholm, discussed the 
problems with respect to the inland lakes of Central 
and Southern Sweden and their outlets to the sea. 
The depth was 4 m. in the Trolhittan Canal, 
5:5 m. in the Hammarby Canal, 2-7 m. in the 
Sédertilje Canal, but was less in others. At 
Trolhhattan and Lilla Edet the water level had 
been raised to reduce ice difficulties and to facilitate 
navigation, and the level of Lake Vianern (the 
largest in Europe after Lakes Ladoga and Onega, 
in Russia) was also to be raised by 40 cm. (16 in.) 
in connection with the regulation of that lake ; 
but this projected raising still awaited legal sanction. 
The discharge from Lake Viinern was fairly steady, 
yet it varied between 300 cub. m. and 800 cub. m. 
per second. The fall in the Géta River between 
Viinern and the sea (Kathegat) was 44:5 m. At 
present 110,000 kw. were utilised at Trollhattan 
and 25,000 kw. at Lilla Edet ; the regulation scheme 
would make 255,000 kw. available, and that would 
materially increase the hydro-electric resources of 
Central and Southern Sweden, which so far utilised 
half of the possible 1,000,000 kw. Ice troubles 
were reduced by the aid of dams, of ice booms in 
the canals, and of electrically heating the grids 
at the intake. 

In presenting the German report on the conflicting 
interests of water-power generation and of inland 
navigation, Mr. Hébel, of Berlin, stated that low- 
head hydraulic power stations were erected before 
the war on the middle and lower courses of the 
Weser, its tributary the Aller, the Main and the 
Oder. High-water levels had to be maintained 
in sections of these rivers for navigation. In other 
stations erected since then, attempts had been 
made to utilise even the available head of the water 
supplies, for example, drawn from the River Lech for 
the main Danube canal at Bamberg. Water waste 
in locks could be minimised by subdividing them into 
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small and large chambers. Raft channels should 
not be designed to take much water. Operation 
could more easily be kept steady at the power 
station throughout day and nizht when the station | 
was connected with a large distributing system, 
and power reserves were provided; water-level | 
indicators and the control of the weir and sluices | 
from the station were indispensable for this purpose. 
If possible, the power plant and navigation should | 
be under the same controlling authority. 
Navigation in side canals and in independent 
canals, carrying the tail water from turbines 
required particular attention, because the strong 
current rendered navigation difficult in narrow 
channels and near the locks. The mean rate of | 


flow in canals was therefore limited to 0°7 m. per | 


between Liége and Antwerp was 56 m. 


second in Germany, but that figure might be too 


stopped rapidly enough if any obstacle were 
encountered. These difficulties were relatively 
small, as numerous examples proved, when valleys 
were dammed for maintaining river levels and 
for yielding power, and the conflicting interests 
could in — be reconciled. 

Dr. Ing. A. Strickler, of the Federal Hydraulic De- 
| partment, Bern, pointed out in his paper on Head 
Maintenance for Hydraulic Power and Navigation, 
that when the size of tugs was adapted, as was 


| frequently done, to the upper reaches of waterways, 


of which the head was regulated, the steam tug 
became too large and uneconomical for the lower 
ireaches. A small increase of the impounding 
| effect would reduce the tug power required. He had 
deduced the approximate formula for the mean 
water velocity v» in metres per second, vm, = krij}, 
where r was the profile radius of the waterway or 
|conduit, and j the tangent of its gradient. The 
constant k was best determined by actual measure- 
ments of the rate of flow, but could be taken from 
the gravel displacement in the bed, as observations 
on the Rhine, near Laufenburg, proved. The new 
power station concessions on the Rhine permitted 
a larger impounding of the lower river level in the 
interest of the shipping concerns, which had to 
compensate the power companies. How this could 
be worked was shown by the new Rhone power 
station at Chancy-Pougny, below Geneva, where 
Federal authorities have conducted level 
observations. The conditions were more favourable 
on the lake reach from Constance to Bale, where the 
gradient was 1: 1,000 (against 2 at Chancy), the 
level sections were 8 (instead of 4-87) km., and the 
cost of transport would be 1-7 centimes per ton-km. 
(against 2) for transport all the year round, and only 
1-2 if transport was abandoned during the 60 high- 
water days in summer. It was more economical to 
maintain a constant and high level of the water 
backed up than a variable one. On the whole, 
shipping profited even more than power generation 
by high levels in the upper reaches, and _ high levels 
with long sections were best for both purposes, 
wherever the banks admitted of their maintenance. 
During high-water seasons, shipping was little 
profitable on water in which artificial levels were 
maintained, whilst the opposite applied for open- 
water courses and the Rhine below Bale. 

Colonel A. Fontaine’s contribution to the problems 
on the Utilisation for Hydraulic Energy in its Rela- 
tion to Inland Shipping in Belgium, outlined the 
large scheme which has been formulated in Belgium 
in connection with the exploitation of the Campine 
coal field. The Campine is a ridge of sandy heath- 
land stretching, in the north of Belgium, from 
Antwerp east to the Meuse; the Campine Canal, 
which already joins the Schelde to the Meuse 
along this ridge, is insufficient for the traffic, and 
the Campine coalfields, which are to supplement 
those of Liége and the Hainault, and make Belgium a 
great coal-exporting country, will need water. 
A canal for 1,200-ton barges and locks for two barges 
was proposed by the Government Commission, 
Colonel Fontaine explained, to pass from Liége 
north, and then west via Genck and Beeringen. The 
ridge was to be cut near Lixhe ; but that was close 
to the frontier of the Netherlands, which had rights 
to the Meuse water, and the supplies, moreover, 
might fluctuate between 2,400 cub. m. (3,400 in the 
floods of last January), and 25 cub. m.p.s. The canal 
was, therefore, to be supplied from Filly-Nadrin, on 
the Ourthe (which joins the Meuse), near Liége,50 km. 
due south of Liége in the Ardennes. A dam at 
Filly, 68 m. high, was to impound 200,000,000 
cub. m. and to yield 77,000,000 kw.-h. at the power 
station of La Roche, near Filly. Other rivers would 
have to be dammed also, to prevent frequent 
floods, and the Meuse itself would be dammed near 
Chertal (below Liége), where the Liége-Campine 
canal proper would start. The difference of level 
Five locks 
would admit of a traffic of 25,000 tons per year each 
way. Further developments were planned to connect 


| the industrial districts of Givet (on the Meuse, above 


| Mons), and the Lower Sambre, with Liége and the 
| Campine. 
The regulating of the flow of rivers with the double 





purpose of facilitating navigation and utilising the 
differences in level for power production, formed the 
subject of a paper contributed by Colonel Hugh 
L. Cooper, United States delegate, who referred 
to two works of great magnitude. He dealt 
in the first place with the development of 
navigation and power on the Tennessee River, 
at Muscle Shoals, at which place the river 
drained 30,600 square miles of water shed and 
received an average annual rainfall of about 55 
in. Between Decatur and Florence, a distance of 
about 45 miles, the river had a fall of about 140 ft. 
It was decided to construct three dams in this reach ; 
one 8 ft. high for navigation only ; the second (the 
Wilson Dam), 92 ft. high, for navigation and power ; 
and the third, 40 ft. high, also for navigation and 
power. When the work was completed the water 
capacity would be sufficient for the production of 
600,000 h.p. The author mentioned in the second 
place the scheme being considered for developing 
power and navigation on the St. Lawrence river. 
From Ogdensburg to Montreal, a distance of 12() 
miles, the St. Lawrence had a fall of about 220 ft., 
the greater part of which could be used for power 
purposes’ whilst facilitating navigation. The 
scheme was now receiving the attention of the 
Governments of Canada and the United States ; it 
wouldresultin making available about 2,400,000 h.p., 
half of which would belong to Canada and half to 
the United States. The total cost was estimated at 
239,000,000 dols. 

Messrs. R. Halter and F. Schaffernak contributed 
a paper on the development of the Danube for 
water power purposes, and for furthering navigation. 
It reviewed in the first place the progress made in 
the navigation of the river during the second half 
of the last century. The rocky stretch of the river 
known as the Iron Gates remained a hindrance to 
the more rapid development of the river as an inter- 
national means of freight transport. Nevertheless, 
by reason of the improvements carried out at that 
difficult portion of the river and also over its whole 
course, freight transport was no longer confined 
exclusively to towed craft, but was now also effected 
withself-propelled cargo-carrying ships, most of which 
were fitted with internal-combustion engines. These 
ships had a high speed and a large cargo space. The 
Danube was destined ultimately to link up closely 
the Near East with the West of Europe by a more 
complete system of canals and inter-river connec- 
tions than now existed. Vienna was proposed as 
one of the principal centres for goods distribution. 
The utilisation of the river as a means for pro- 
ducing electric energy resolved itself into the 
advocacy of different classes of deviation canals 
for turning to account the fall available at given 
points. Hitherto works of this nature has not been 
undertaken on the Danube to any great extent in 
Austria, a difficulty being their cost and the uncer- 
tainty—as far as the present was concerned—of an 
adequate return. 

The regulation of the Soroksar branch of the 
Danube in Hungary, near Budapest, formed the 
subject of a paper by Mr. Gyula Maurer and Mr. Leo 
Vas, both officials of the Hungarian Government. 
The scheme was to comprise also the construction 
of two hydraulic power stations. This natural 
deviation of the river had a length of about 60 km. 
(37 miles), and formed, with the main arm of the 
river, one of the largest inland islands in Hungary. 
The Soroksar branch had not formerly been used for 
navigation purposes, but would in future contribute 
its quota in this respect after completion of works now 
in progress, namely, dredging, the removal of a dam 
built in the ’seventies of last century, the construc- 
tion of sluices and the regulation of the flow. The 
work in question would render available a head of 
4:25 m. (about 14 ft.) which, according to the flow, 
would develop from 1,500 to 5,200 h.p., a com- 
paratively small amount of power, but one which 
would confer a great benefit upon adjoining town- 
ships. The work was being carried out by the 
Hungarian Government. 

The two barrages, one at Viereth, on the Main, 
and the other at Passau, on the Danube, forming 
part of the Rhine-Main-Danube navigation system, 
were described in a paper by Mr. Dantscher, of 
Munich. The installation at Viereth consisted of 
a weir, a lock 300 m. (984 ft.) long and 12 m. 
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(39 ft. 5 in.) wide, and a power station. The latter 
was equipped with three water turbines of 2,000 h.p. 
each, and was stated to have a capacity of 17,500,000 
kw.-h. per annum. The works at Passau were 
intended to render navigable a comparatively wide 
and shallow, rocky stretch of the Danube, 27 km. 
(about 17 miles) in length. At this part a weir 
had been built, and two locks, each 240 m. (788 ft.) ir: 
length and 24 m. (79 ft.) wide, and a power house 
containing eight water turbines developing together 
65,000 h.p. The installations at both places greatly 
facilitated navigation over the combined system. 

Navigation on the Meuse and on canals connected 
with that river in Dutch territory, and the utilisation 
for power purposes of the heads that were expected 
to become available when the works planned were 
carried out, formed the subject of a paper by Mr. D. 
J. Klink, of the Dutch Hydraulic Board. The author 
reviewed the course of the Meuse from the point 
where it entered Holland to its outlets in the North 
Sea. The main work referred to was the Juliana 
Canal, between Maestricht and Maesbracht, 34 km. 
(about 20 miles) in length, on the right bank of 
the Meuse. The work would include the construc- 
tion of a number of weirs, and, with a view to utilise 
the heads that would become available, four power- 
stations were to be constructed; these, it was esti- 
mated, would be capable of developing 8,000 h.p. 
during ten months every year. The new canal, 
with its connections, would greatly facilitate water 
transport in Holland, notably in the Dutch Limburg 
colliery district. 

The regulation and the utilisation of the waters of 
the Glommen, the most important river in Norway, 
formed the subject of a contribution by Mr. A. B. 
Berdal, of Askim. He stated that the river had 
a length of about 600 km. (373 miles), its catchment 
area being about 41,800 sq. km. (about 16,000 
sq. miles). The total water power available in the 
Glommen and its tributaries was stated to be 
1,193,000 h.p., of which only 260,000 h.p. was so 
far utilised in installations capable of developing 
340,000 h.p. Work was stated to be in progress 
for greatly increasing the plant capable of being 
operated from this source of power. 

Mr. A. Krogstad described the lock and power 
station of Brekkefoss, Norway. This installation 
involved a large amount of civil engineering work 
into which the author entered in great detail. The 
power station utilises a head of 26 m. (85 ft.) and 
contains two hydraulic turbines of 5,000 h.p. each. 
It is connected by a 50,000-volt line with the 
town of Fredrikshald and with the Glommen power 
system. 

Hydraulic power and inland navigation in Czecho- 
Slovakia were dealt with by Mr. J. Wolf, of the 
Ministry of Public Works, Prague, who stated that 
throughout Bohemia a number of weirs and storage 
reservoirs had been built for some time past to 
facilitate inland traffic; power stations had been 
put down in proximity to several of these, among 
which was the Minejovice plant of over 4,600 h.p., 
having an annual capacity of 17,500,000 kw.-hr. 

The regulation of the Guadalquivir between 
Cordova and Seville to facilitate irrigation and 
navigation and for the generation of current, formed 
the subject of a paper by Mr. C. Mendoza, Engineer 
of Roads, Canals and Ports of Spain. The two 
cities named are distant about 100 miles from each 
other, the total fall between the two being 98 m. 
(320 ft.). The work was to include the construction 
of 11 Stoney sluice barrages and as many power | 
stations and bridges. Locks were to be provided for | 
taking barges carrying a load of 500 tons. The | 
power stations were to develop a total of about | 
75,000 h.p. and would be linked up with other | 
existing systems of current distribution in Andalusia | 
and the neighbouring provinces. 

Some papers allied to these dealt more par- | 
ticularly with craft suitable for navigation on| 
inland waterways. Mr. R. Zilcher, of Duisburg- | 
Ruhrort, stated that, on rivers, the towing of large | 
numbers of boats, by screw or paddle steamers, was | 
the most economical means of transport for goods | 
in bulk (ores, coal, grain, salt, etc.). On canals with 
many locks, the single transport unit was preferable ; 
for the rapid transport of goods, mixed passenger 
and cargo boats were used. The chief factors 
affecting the design of the craft to be towed were 





high load capacity, low ship resistance and stiff- 
ness; the last characteristic was best secured by 
longitudinal bulkheads, but for economic reasons 
these were mostly confined to the bottom. Wooden 
bottoms were not so easily damaged in shallow 
rivers as iron bottoms, but their resistance was 
20 per cent. higher. With respect to towage 
charges, a classification of the boats according to 
their resistance would be desirable. On the Rhine 
each boat had its own rope ; on the Elbe and Oder 
pairs of boats were roped together in series. 

Paddle boats were still much used, in spite of 
their width and higher initial vost, because propellers 
required deeper water. Tunnel propellers had proved 
inefficient ; the draught varied on long journeys 
with the coal consumption and an additional load 
was thrown on the screw by the lift given to the 
water. The use of four propellers, driven by Diesel 
engines of low fuel consumption, would make the 
screw as efficient as the paddle wheel. The four- 
cycle solid injection engine was giving satisfaction 
on rivers and in ports; for paddle wheels the Diesel 
motor was arranged vertically or horizontally, but 
was inconvenient to arrange with gearing. The most 
pewerful Diesel tugs on the Rhine did 73,000 ton- 
kilometres per ton of gas oil, while a modern propeller 
steamer ran 13,000 ton-kilometres per ton of coal ; 
with actual fuel prices the costs per ton-kilometre 
were 0-157 and 0-163 pfennig, and the Diesel tug 
needed no stokers. The 1,500-h.p. turbine was 
becoming a formidable rival of the piston engine on 
tugs, for the reason that it admitted of 50 per cent. 
overload ; but superheat should be raised to 400 
deg. C. and the boilers might be improved in various 
ways. Recent experiments with powdered fuel had, 
unfortunately, not been continued ; the fuel sooted 
the tubes, and the brickwork of the combustion 
chambers cracked from the vibration of the vessel 
and could not be made sufficiently strong owing 
to its weight ; if the fuel could not be ground on 
board, the advantage became doubtful. 

Reviewing the engines of Swiss inland ship- 
ping craft, Professor P. Ostertag, of Winter- 
thur, stated that paddle boats with inclined 
triple-expansion engines, made by Messrs. Escher, 
Wyss and Co., and other firms, had predominated 
up to 1914. The first Parsons geared turbine tug 
Dortrecht was put on the Rhine by Messrs. Brown, 
Boveri and Co. in 1924; Messrs. Escher, Wyss 
built a turbine steamer for the Rhine in 1922. 
In the two-cycle Diesel motors of Messrs. Sulzer, 
the scavenging air entered through two ports in the 
cylinder shell opposite the exhaust ports. The 
cover had only one central opening for the fuel 
valve. The fuel was sprayed and,ignited without 
air injection in an ignition chamber, and the com- 
bustion completed in the cylinder. For the larger 
units (500 h.p.) the scavenging pump was placed 
between the crosshead and the piston; for still 
larger engines air injection was used, but other 
designs were under trial. The 500-h.p. motor 
of one tug consumed at the trials 195 grammes 
of Texas oil per horse- -power- -hour running at 
12-5 knots, and consumed 7 tons of crude oil in 
three months, whereas a steam tug required 82 tons 
of coal under similar conditions. In official trials 
made in France between Rouen and Paris and back 
a 400-h.p. steam tug required 35 tons of coal, 
and a Sulzer-Diesel motor of equal power 3-5 tons 


of oil. Astern-wheel motorship of 420 h.p. had also 
been constructed. Semi-Diesels were not used in 
| Switzerland. 


Tur WATER-POWER RESOURCES OF VARIOUS 
CouUNTRIES. 


A NUMBER of papers dealt with the water-power 
| resources of various countries. From among these 


| | we may mention that on “‘ The Italian Hydrographic 


|Service” submitted by the Ministry of Public 
Works, Rome. It was stated therein that Italy 
was divided up into eight districts, each of which 
| possessed its own office. Among other matters 
‘the Service concerned itself with water- -power 
problems, and particularly with questions relating 
to the creation of artificial storage reservoirs. 
The preparation of statistics regarding the utilisable 
hydro-electric energy of the country, and the 
study of irrigation problems also formed part of 
the general scheme. A contribution oft “ National 
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Aspects of the Study of Water Resources” was 
put forward by Messrs. N. C. Grover and J. C. Hoyt, 
of the United States Geological Survey. The 
authors were of opinion that the study and investi- 
gation of existing water-power resources were 
particularly important in the case of arid or 
semi-arid countries, which had to be irrigated. 
This was especially true of some of the western 
districts of the United States. The investigation 
should always be made prior to the opening up 
of new territories, and, since it was an expensive 
matter and at first sight did not pay, it should 
be done by the State. A paper by Mr. 8S. Mayehara 
dealt with the ‘ Utilisation of Water Power in 
Japan,” the author alluding to the increasing 
tendency, on the part of Japanese engineers, to 
link up thermal and hydro-electric power stations. 
A report submitted by Professor W. Wyssling 
described the hydro-electric developments made in 
Switzerland during the last thirty years. The 
present annual production amounted to from 
2} to 3 thousand million kilowatt-hours; more 
than 99 per cent. of this was derived from wates 
power, and the distributing lines served upwardr 
of 97 per cent. of the total population. At the 
present time the annual consumption of electrical 
energy was about 420 kilowatt-hours per head of 
population, for general purposes, and about 200 
kilowatt-hours per head for traction and other 
industrial purposes. A paper by Mr. M. Uytborck 
referred to the ‘‘ Production of Electrical Energy 
in Belgium in 1925.” Jn this the plea was put 
forward that an international agreement should 
be arrived at with respect to the standardisation 
of production statistics. ‘The Generation of 
Electric Power in Mexico” formed the subject of 
a contribution by Mr. G. M. Oropesa. . The price 
at which the energy generated by the Mexican 
hydro-electric stations was sold was stated to be 
fixed by the Government, on the basis of proposals 
made by the company owning the station. Care 
was taken that a fair return on the invested capital 
was secured. 

We may conclude our report of Section A by 
reference to some papers on more specialized points. 

A paper entitled ‘‘ Automatic Hydro-Electric 
Power Stations in Sweden,” by Mr. E. Zachrisson, 
described the automatic working of small power 
stations and gave instructions for their operation. 
Special stress was laid upon the facts that the 
plants should be simple in construction, reliable 
in operation and economical in working. A con- 
tribution ‘‘On the Design of Movable Dams,”’ 
by Mr. K. J. Karlsson dealt chiefly with the design 
and erection of specially constructed sluices for 
facilitating the passage of ice drift or of floating 
timber in large masses. A report on the “‘Con- 
struction of Dams at the Norrfors Power Plant in 
Sweden ”’ was presented by Messrs. N. K. Sundblad 
and J. Plass. This described the construction of 
a series of dams which the Swedish Government is 
building on the river Ume Alv, near the city of 
Umea, “for the purpose of establishing a power 
plant having a capacity of 30,000 h.p. In a paper 
dealing with low-head hydro-electric plants in 
Switzerland, the author, Mr. H. E. Gruner, stated 
that weirs in Switzerland were invariably provided 
with sluice gates. Two-part sluices were fitted 
to large weirs, and all sluices were electrically 
operated. The sluice gates were protected by 
the application of two coats of red-lead paint, 
which had to be renewed at intervals of from 
five to ten years. The more recently-built stations 
were equipped with turbines of the vertical-shaft 
type. A feature of the construction of modern 
stations was the provision of expansion joints 
to prevent the formation of cracks in the concrete, 
as a result of shrinkage. The tail races were 
separated from the main river by a wall some 
250 ft. in length, as otherwise the wave formation 
below the weir might give rise to excessive 
fluctuation in flow. ‘‘Some Principles of Lake 
Storage, with Special Reference to Swedish 
Conditions,” was the title of a paper submitted 
by Mr. C. Schmidt. In order to meet the require- 
ments of all the different interests involved, stated 
Mr. Schmidt, it had become customary to establish 
and elaborate graphical regulating schemes for 
the discharge of water from storage reservoirs. 
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The elaboration of such schemes was, in Sweden’ 
facilitated by the utilisation of the informa- 
tion contained in the records of the Hydro- 
graphical Bureau, which had been established in 
1909. 

Mr. A. L. Caflisch dealt with the hydraulic 
machinery of waterpower works. Up till 1915 
ordinary Francis turbines had been in almost 
universal use in Switzerland, a typical example 
described was the Laufenburg plant of four 
four-wheel 7,500 h.p. turbines, working under 
a head of 8 to 10-5 m. at a speed of 107 r.p.m. 
and a specific speed, n, = 282. The experiments 
of Dubs on high-speed wheels had then led to 
other types, exemplified by the Chancy-Pougny | 
plant of five turbines of 8,620 h.p., running under | 
a head of 8-7 m. at 83-3 r.p.m., but at a specific | 
speed n, = 505. These specific speeds were ex- 
ceeded by Kaplan turbines, notably in the Matte IT 
plant of Messrs. Bell at Bern (n, = 895) and in the 
Matsudome plant of Messrs. Escher Wyss (», = 
781). The high-pressure Francis turbines gave 
15,400 h.p. at 500 r.p.m. (n, = 72) under a head 
of 203 to 260 m. at the Rempen works of the A.G. | 
Waggital. The suction tube was of Prasil’s shape. 
In Pelton wheels (n, about 20) heads of 1,650 m. 
maximum were being utilised ; the efficiency curves 
were flat and had their maximum at about % 
maximum load, this relation being determined by, 
the conditions of electric traction, the peak of which | 
was up to 2-5 times the normal load. The specific | 
speed of the Pelton wheels had been raised to 26-5 | 
in recent plants by providing the wheels with several 
nozzles. A special section of the paper discussed 
the shape and arrangement of the suction tube. | 
For the Schwarzenbach Werk at Karlsruhe, Baden | 
(three Pelton wheels, running at 500 r.p.m., giving 
25,000 h.p. under a head of 315 to 357 m.), Messrs. 
Escher Wyss had replaced the usual pendulum by 
& very sensitive synchronous motor which responded 
to the slightest frequency fluctuations in the dis- | 
tribution system. As a shutting-down device the | 
same firm made use of a movable section of the supply 
pipe, normally lying in the pipe axis, but capable of | 
turning through 90 deg.; the water then pressed 
a plate against the opening, until the pressure | 
was released by mechanical or electrical means. 

As regards the latest developments of turbine | 
design in Sweden, Mr. H. Munding, of the Royal 
Department of Waterfalls, mentioned the firms of 
Finshyttan at Finnshyttan-Karlstads Mekaniska, 
Verkstadsen A.B. (of Kristinehamn) and of Nyd jvist 
and Holm, A.B. (Trollhiittan) in the first instance. 
These firms had built respectively six and seven 
of the new turbines for Trollhiittan. The latter 
firm had adopted external regulation and a safety 
coupling between the guide blade ring and the 
guide blade stem; the former adhered to internal 
regulation, but recently had provided the turbine 
shaft with a forged flange coupling in the centre of 
the draft chest without lateral bearing ; the device 
was not described in detail. On the whole the 
designs of the Francis turbines of Sweden and 
other countries did not differ much, not did the 
efficiency curves of the vertical Queenston turbines 
(Canada) and of the horizontal twin-turbines at | 
Porjus in Sweden. The American practice of | 
placing single wheel turbines in concrete spirals | 
with vertical shafts had found favour. High-speed | 
single-wheel turbines had been proposed by Dahl | 
of the Finshyttan company, but the credit for per- 
fecting this type, which was taken up first in Sweden, | 
was due to Kaplan, of Briinn; the Lilla Edet | 
turbine, ‘to which Mr. Munding referred, was | 
described on page 152 of our last volume. Mr. | 
Munding also mentioned the Lawaczek turbine, | 
with fixed blades, at Lilla Edet. The success of this 
installation proved the Kaplan propeller to be suit- | 
able for low heads and large volumes. Kristinehamn | 
was now finishing the third unit of impulse turbines | 











iron structures. 


|leads were taken through walls 


was common to the two turbines, and a surge 
chamber hadjto be excavated in rock. 

Dr.-Ing. H. Wallem, of Berlin, dealt, in his report 
on Electric Machines and Accessories, chiefly with 
the further developments of the German hydro- 
electric power installations since the first Power 
Conference, giving brief general data, before pro- 
ceeding to a discussion of special features. In the 
electro-chemical Innwerk, utilising a head of 31 m. 
of the Inn near Téging, 15 Francis turbines gave 
90,000 kw., partly through horizontal direct-current 
shunt dynamos of 6,000 kw., of the Siemens- 
Schuckert Works, for aluminium furnaces, and 
partly through three-phase generators, for nitrogen 
fixation; the latter supply was distributed by 
100 kv. aerial conductors. The Walchenseewerk de- 
veloped, by means of turbines and Pelton wheels, 
at present 124.100 kv.-a. from the 200 m. head of 
the waters of the Walchensee, for light, power, and 
the railway service. The Mittlere Isarwerk utilised 
in its four stations heads of 11, 26, 26, 21 m. of the 
Isar river. For the protection of the generators, in 
case of short circuits, the Siemens-Schuckert works 
made use in 15 plants, of their “‘ Stritzdrossel,” a mul- 


| tiple choking coil which counteracted the shifting 


of the neutral point and stopped the generator by 
reversing the polarity of the exciter field with the 
aid of a Rudenberg resistance. The cooling air cir- 
culated in generators continuously, entering axially 
and leaving through slits in the inductor; in cases 
of fire, carbon dioxide was drawn in. The turbines 
were stopped in emergency cases by the hydraulic 
brakes of the Schichau-Elb works, or by the oil 
pressure brake of the Allgemeine LElektrizitits 
Gesellschaft. Asynchronous motors had been much 
improved; wattless current, to raise the power 


| factor from 0:5 to 0°9 were used in 10,000 kv.-a. 


units in the Innwerk, and served also for potential 
control in long lines; for the exciters, Ossanna 
direct-current dynamos with split poles, working 
like two dynamos in series or in opposition, were 
widely used. In the open-air distribution plant of 
the Sachsische Werke, Dresden, all device’ were 
mounted on the ground, without the use of high 
Oil switches were placed in fire- 
proof chambers or underground, and the high-tension 
by insulators, 
which resembled outwardly petticoat terminals, but: 


| were filled with oil and made practically without 


porcelain; they were tested for 200 kv.-a. or 
450 kv.-a. Much attention was paid to testing in 
| general, and also to the selective protection system 
for cutting out faulty sections. 

The report presented by Professor W. Wyssling, 
of the Federal’ High School, Zirich, on ‘‘ Swiss 
Electric Appliances of Hydro-electric Plants,’ was 
based upon information supplied by Messrs. Brown, 
Boveri and Co., A.G. (referred to below as B.B.C.), 
and of the Maschinenfabrik Oerlikon, A.G. (M.F.O.). 
The general preference for large units had also affected 
turbine design ; but cases of fluctuating water supply 
and head were frequently best met by subdivision. 
For low-pressure installations, in particular, the ver- 
tical turbine of one wheel was the simplest and most 
efficient ; it required less space, was not too high when 
directly coupled with the generator; and two self- 
lubricating thrust bearings, the segments of which 
adjusted themselves automatically, were sufficient 
for the unit. Such thrust bearings, capable of 
taking up pressure of 100 tons and more, were now 
used by all the chief Swiss firms, as Dr. Wyssling 
showed. The natural cooling of generators by air, 
with lateral inlet and central outlet, or vice versa, 
as in horizontal machines, caused constructive 
difficulties with the vertical arrangement, but they 
had been overcome. The filtration of the air was 
not necessary as a rule, but flaps valves were provided 
in the air ducts for heating the air in winter and for 
excluding it in case of fire. For high pressures, the 
horizontal shaft with only two bearings still pre- 





for Rio del Cinca, in Spain; Mr. Munding gave | dominated; at Rempen and Siebnen-Waggital the 


efficiency curves of one of these 20,500 h.p. turbines 
running at 500 r.p.m. under a head of 450 m.; 
the wheel diameter was 1,640 mm., and the jet 
diameter 140 mm. 
the Norrfors power station (also referred to 
in Messrs. Sundblad and Plass’ paper), in which 
the turbines were placed in a deep well, the shaft, 
25 m. long, having only one bearing ; the tail race 


Reference was finally made to | 


|new vertical turbines (B.B.C.) had a height of 
| 15-6 m. In the design of large generators sufficient 
| mechanical strength of the magnet rotors to meet 


any turbine racing, was the chief difficulty. As 


| regards large pump motors the M.F.O. used syn- 
| chronous induction motors, the speed of which was 
regulated by the water level in the reservoirs, so 
| that the motor always worked without throttling 


| 
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at an efficiency of 90 per cent. Automatic potential 
regulation for the exciters on the B.B.C. system, was 
largely applied now. In oil transformers, special 
attention was paid to the cooling of the upper yoke, 
which was exposed to the hottest oil. The insu- 
lators of the petticoat type, for taking conductors 
through walls, were built up of porcelain and of Swiss 
insulating materials (badkura, bituba, haefelit) and 
filled with oil. Dr. Wyssling also referred to 
distribution stations (open air or enclosed), and gave 
a summary of recent Swiss generator and transformer 
installations. 

Mr. J. Biichi, of Ziirich, reviewed characteristic 
features of the essential parts of Swiss hydraulic 
high-head installations, limiting himself in the 
main to working plants of fairly large dimensions. 
His report was grouped under the headings: 
regulation and damming of rivers, &c., without 
storage and with storage, intake works and pressure 
tunnels, forebays, hydraulic pipe lines, machine 
buildings and tail races. He discussed general 
features, adding brief references to particular install- 
ations in which the various arrangements had been 
adopted. In this way he dealt with weirs, sluices, 
spillways, grids and strainer racks, sand-removing 
devices, gravity dams, arched dams and their 
materials, and explained how dams and pressure 
tunnels were made impermeable. 


(To be continued.) 








Pocket CALENDAR.—We have received a small fold- 
ing pocket calendar, covering the latter half of 1926 and 
the first half of 1927, from Messrs. James Gordon and Co., 
Limited, Windsor House, Kingsway, London, W.C.2. 





LAUNCH OF THE DrEDGER “ ToLFrorD.”—On Wednes- 
day, September 8, Messrs. Lobnitz and Co., Limited, of 
Renfrew, successfully launched the powerful steel centre 
well bucket barge-loading dredger Tolford, built for 
the London and North Eastern Railway (Hull Docks). 





THe Latvian Navy.—The Société des Chantiers et 
Ateliers Augustin-Normand, Le Havre, launched re- 
cently the mine trawler Imanta, built for the Latvian 
navy. The vessel has an overall length of 160 ft., 
beam of 21 ft. 2 in., draught of approximately 5 ft., 
and a displacement of 255 metric tons. The speed of the 
vessel will be about 14 knots. The Chantiers Augustin- 
Normand are also building the submarine Spidola for 
the Latvian navy. This vessel, which will be launched 
shortly, has a length of 183 ft. 9 in., a beam of 13 ft. 5 in., 
and a displacement of 390 metric tons. 





SponTaNEous IGNrTIoN oF Liquip Furets.—In some 
experimental and theoretical research on the spon- 
taneous combustion of gas-oils injected into air com- 
pressed in preheated chambers, and reported to 
the Diesel engine section of the Verein Deutscher 
Ingenieure (Zeitschrift, August 7), Professor Kurt 
Neumann, of the Institute for Internal Combustion 
and Heat Technics of the Technical High School, Hanover, 
made use of an electrically-heated steel chamber, made 
by Krupp. This was provided with a fan and admitted 
of initial temperatures and pressures of 700 deg. C. and 
30 atmospheres. The temperature was determined by 
thermocouples, and the pressure curve was drawn, 
together with a tuning fork curve, on a sooted drum. 
After a certain time interval, the liquid fuel injected 
catches fire; Neumann calls this interval the lag zs; 
the time in which the pressure rises from the initial po to 
the maximum pm he calls Z,, At an initial air temperature 
to = 375 deg., and p, = 14:9, z was 0-115 second 
and Z, = 0-02 second, hence z,/Zy = 5:7. Much 
smaller Z values were observed in other cases. Keeping 
the » constant, but varying other conditions, the lag 
became shorter the greater the excess of the initial 
air temperature over the ignition temperature ¢; of the 
fuel; when the air was quiet, t; might lie between 


265 and 608 deg., but with rapid agitation the 
t, range was only between 300-400 deg. The size 


of the fuel globules decreased during the gradual heating, 
but complete evaporation of the liquid was not required 
for ignition. The heat adsorption by the liquid fuel 
was much more rapid in the agitated than in the quiet 
mixture. The ignition temperature was found to be 
t, = Cy—™ (deg. C. absolute), where C and m are con- 
stants which for aliphatic hydrocarbons, petroleum and 
shale oil, have average values of 700 and 0-16 and 
for aromatic hydrocarbons higher values, with 1,163 and 
0-231 for benzene. Experiments with various types 
of Diesel engines showed that there is for all Diesel 
engines one piston position, at which the air temperature 
5 and ignition temperature ¢; are equal; as the piston 
approaches the dead point, the difference 6 — ts 
increases ; the ignition has to be timed to make this 
increase rapid. It would generally be advisable to 
hasten the heat transference from air to the fuel by keep- 
ing the difference between the initial air temperature 
and the ignition temperature large, by intimate atomising 
of the liquid, and by the agitation of the fuel mixture ; 
the loss of heat to the walls would then be relatively less. 
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SEASON-CRACKING IN ARSENICAL 
COPPER TUBES.* 
By A. PINKERTON and W. H. Tarr. 


WHILE investigating the failure in service of a 
number of arsenical copper tubes, cracks were noticed 
that closely resembled season-cracks both in the 
crystalline character of the fracture and in their 
tendency to gape, as though internal stresses had been 
released by their formation. Although much work 
has been done on season-cracking in brass and nickel- 
silver, there appears to be no public record of work 
dealing with the liability of copper, either arsenical or 
arsenic-free, to this type of failure. The experiments 
described in this paper were therefore planned to 
discover whether arsenical copper, made to the British 
standard specification, should be classed with the 
brasses, nickel-silver, &c., as liable to season-cracking 
consequent on high internal stresses. 

The arsenical tube for test was cast as a vertical billet, 
the arsenic was added in the metallic form, and phos- 











die, to discover how far stresses can be reduced in 
hollow sinking tubes by proper regulation of the die 
shape. Longitudinal stresses were measured by the 
“tongue” method suggested by Anderson and Fahl- 
man,* and circumferential stresses by the “ring” 
method described by Hatfield and Thirkell.t While 
the results give a practical idea of the magnitude 
of the average stress present in the tubes, they do not 
show the way in which the stresses are distributed 
between the inner and outer faces of the tube, and, 
although the measurements were made with great care, 
it is not claimed that the methods used are capable of 
measuring the stresses present with great accuracy. 
They will, however, give a fair indication of the relative 
order of the average stresses likely to be met with in 
practice. 

Since immersion in mercurous nitrate solution has 
proved{ the most useful practical test for liability to 
season-cracking in brass tubes, this test was applied 
in these experiments. In the authors’ experience 
worked brass which has successfully withstood the 











3. 4. 5. 6. 
Fig. 2. STRESSED ARSENICAL CopPpER TUBES AFTER TREATMENT IN 
Mercurovus NITRATE SOLUTION. 
TABLE [.—ARSENICAL COPPER. 
Die |Diameter,| 28Use of | Reduction} Length of] Spring of —- —— ———_. Maximum inell 
ae : : Wall. in Area. | Tongue. | Tongue. nian hated penetra, Stress. Brine Time to Crack. 
No In. ta Per cent In In Stress. | Splitting.| Stress. | pong /in.2 No. 
: B 4 : Tons /in.? In. Tons /in.* cares 

0 1-995 0-064 _ — -— _ _ -—- -- 49 (Annealed). 
1 1-745 0-065 12 2-020 0-150 19-1 1-815 11-5 a 85 : : 
2 1-507 | 0-068 21 1-985 | 0-131 | 18-2 1-565 | 13-4 23-0 99 D:d not crack 
3 1-236 0:0725 32 2-010 0-153 22-0 1-286 18-2 = 106 12 hours.* 
4 1-005 0-0755 43 2-000 0-123 18-6 1-032 15-7 26-8 114 5 minutes. 
5 0-761 0-078 57 1-990 0-094 14:8 0-775 14:8 = 118 7 
6 0-501 0-0785 73 2-000 0-075 11-8 0-505 9-9 29-0 119 ss .. 






































* Although this tube took 12 hours to crack, it actually fractured as badly as Nos. 4 and 5. 


See Fig. 2, Tube No. 3. 


TaBLe II.—ARrSENIC-FREE COPPER. 

















Z : : Longitu- | Diameter | Circum- : 

P vee Gauge of | Reduction| Length Spring of —, : r Maximum 
» Magner Wall. in Area. | of Tongue.| Tongue. — ys ferential Stress. Time to Crack. 
ce : In. Per cent. In. In. ctress. || Splitting. | Stress. Tons/in.? 

Tons /in.? In. Tons /in.? alah 

0 2-000 0-064 — — = -- -— -— = (Annealed). 

1 1-745 0-067 9 2-000 0-112 15-0 1-803 9-8 — 

2 1-508 0-072 17 2-010 0-111 15-8 1-555 11:5 21-0 

3 1-236 0-075 30 2-015 0-123 18-2 1-277 15-6 —_ . 

4 1-004 0-078 41 2-015 0-120 18-4 1-030 15-7 24-2 None cracked 

5 0-760 0-082 55 1-995 0-119 19-6 0-772 13-4 — 

6 0-501 0-081 72 2-000 0-054 8-7 0-504 7°7 26-0 


























phorus was used as the deoxidant. The arsenic-free 

tube was cast in the same way, but without the added 

arsenic, and the phosphorus was kept as low as possible. 
The analyses of the billets were as follows :-— 


Per cent. Per cent. 
Copper ... 99-48 Copper ... 99-94 
Arsenic ... 0:44 Arsenic... 0-01 
Phosphorus 0-043 Phosphorus 0-010 
Oxygen ... 0-008 Oxygen... 0-012 


The billets were pierced and drawn in the usual way 
to 2 in. by 0-64 in. thickness of wall and annealed. 
From this point they were hollow-sunk without further 
annealing to 0-5 in. in diameter, the wall thickening 
up in the process. It was found that the magnitude of 
the stresses introduced was influenced very greatly by 
the shape of the drawing die used, but for these experi- 
ments dies were chosen which would represent as closely 
as possible normal mill practice. It is hoped, however, 
to continue these experiments with different types of 





* Paper read before the Institute of Metals, at Lidge, 


mercurous nitrate test is immune from season-cracking 
in service. For this test, the tubes were first cleaned 
with petrol, immersed in 50 per cent. nitric acid, washed, 
and immersed in a solution of mercurous nitrate, con- 
taining 1 per cent. by weight of the salt and 1 per cent. 
by volume of nitric acid. The tubes were closely 
watched, and after 15 minutes removed, washed, and 
exposed to the atmosphere of the laboratory. The 
low-temperature annealing experiments were made on 
the tube from No. 3 die and were carried out in an oil 
bath, the temperature being controlled to within 
+1 deg. C. Brinell tests were made on a Herbert 
small-ball machine, using a 1-mm. ball and a 10-kg. 





* Anderson and Fahlman, ‘‘ A Method for Measuring 
Internal Stress in Brass Tubes.” J. Inst. Metals, 1924, 
vol. xxxii, page 367. 

+ Hatfield and Thirkell, ‘‘ Season-Cracking,” Enat- 
NEERING, 1919, vol. eviii, p. 456. 

t Moore and Beckinsale, ‘‘'The Removal of Internal 
Stress in 70: 30 Brass by Low-Temperature Annealing,” 
ENGINEERING, 1920, vol. cix, p, 393; and Vaudrey and 
Ballard, ‘Internal Stresses in Brass Tubes,” TZ'rans. 





on September 3. 1926. Abridged. 


Faraday Soc., 1921, vol. xvii, pp. 52, 57. 


load. Tensile tests were made on a 25-ton Avery 
machine. 

The results of the various tests have been collected 
in Tables I, II, and III. Of the six drawn samples of 
arsenical tube, four cracked in the mercurous nitrate, 
two within five minutes, and the magnitude of the 
stresses released is well shown by the form finally taken 
by the tubes, as shown in Fig. 2. None of the arsenic- 
free tubes cracked in the mercurous nitrate test. The 
stresses present are considerable, and approach the 
ultimate strength, but there seems to be no direct 
connection between the magnitude of the average 
internal stress, as measured, and’ the liability to crack 


TABLE III.—Arsenical Copper. Effects of Low-Tempera- 
ture Annealing. 





Residual 
Circum- 
ferential 
Stress. 
Tons /in.? 


Time to 


Tempera- 
Crack. 


Annealing 
ture. Ti 


Brinell 
Time. No. 





106 
102 
106 
105 
106 
105 
108 


As drawn .. 
100 deg. 
120 deg. 
140 deg. 
160 deg. 
200 deg. 
240 deg. 


12 hours. 
1 . 


One hour e', 


24 hours 


\ Did not 
J crack. 


AAReas 
oboe eR Ole 

















in mercurous nitrate. Although stresses of the same 
magnitude as those found in the arsenical tubes were 
present in the arsenic-free tubes, the latter showed no 
apparent liability to crack in the mercurous nitrate. 
Test-pieces were annealed at various temperatures 
between 100 deg. C. and 240 deg. C. In the tube 
annealed at 100 deg. C. the average stresses had been 
reduced by about one-third. Up to 240 deg. C. no 
softening was shown by the Brinell test, while the 
internal stresses were progressively reduced with rising 
annealing temperatures. Annealing up to 140 deg. C. 
did not appear, however, to give immunity from crack- 
ing in mercurous nitrate. 

From thesé tests it will be seen that— 

(1) Hollow-sunk arsenical copper tubes are liable 
to season-cracking. 

(2) In these experiments, reductions of sectional area 
of 21 per cent. and less did not produce liability to 
season-cracking, but much more extended experiments 
would be necessary to fix a safe working limit. 

(3) Low-temperature annealing, even at 100 deg. C., 
lowers the stresses, and when carried out at 240 deg. C. 
gives immunity from cracking in mercurous nitrate 
without reducing the hardness of the metal. 

(4) Arsenic-free copper tubes when drawn have 
average internal stresses of the same magnitude as 
arsenical copper, but appear to be free from liability 
to season-cracking. 





THE DISTRIBUTION OF PRESSURE 
IN IMPULSE STEAM TURBINES 
AT VARYING LOADS.* 


By W. J. Kearton, M.Eng., A.M.I.Mech.E., 
A.M. Inst.N.A. 


Introductory.—The distribution of pressure, and 
hence of heat drop, in a multi-stage turbine at varying 
loads and under varying conditions of operation, is a 
matter of considerable importance, especially in steam 
turbines of special types, such as mixed-pressure and 
heat-extraction turbines. 

In general, the pressure distribution in multi-stage 
turbines is arranged by a suitable adjustment of the 
nozzle areas, so as to bring the ratio of blade velocity 
to steam velocity at exit from the nozzles in all stages, 
as near to the optimum value as economic conditions 
will permit, when the turbine is operating at what is 
commonly termed its ‘‘ economical load.” The value 
of this ratio, as is well known, is about 0-47 for single- 
row impulse wheels, about 0-24 for two-row velocity- 
compounded impulse turbines, and about 0-94 for 
reaction turbines. In some designs, the mean diameters 
of the various blade rings are all made equal, and it 
follows that, for the same type of blading, the heat 
drop will be the same for each stage in such cases. In 
other designs, especially when high-pressure steam is 
used and an attempt is made to realise a high efficiency, 
the blade rings are made relatively small in the high- 
pressure stages of the turbine, so as to reduce disc 
friction losses, the disc diameters being progressively 
increased towards the low-pressure end. In such 
turbines the heat drops are quite small at the high- 
pressure end, and increase towards the exhaust end, 
varying actually as the square of the mean diameters. 

When the conditions of operation differ from the 
“economical load’’ conditions, the steam weight 
passing through the turbine may be slightly increased 





* Paper read before Section G of the British Associa- 
tion at Oxford, on August 11, 1926, 
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or, on the other hand, very much reduced and, as a 
result, the nozzle areas will now be incorrect. Usually 
the weight of steam flowing through the turbine per 
secund is diminished. This causes a decrease in the 
steam velocity at exit from the nozzles in certain stages 
of the turbine with the following results :— 

blade velocity 


(a) The ratio —_——_—— is increased, causing 


steam velocity 
a reduction in blade efficiency. 
(b) The steam flows into the blades with a different 
relative velocity and in a different directior. This 
generally results in increased shock losses at entry. 
The losses incurred in this manner may be of a serious 
nature in a machine which is called upon to operate 


Rankine or Clausius cycle with complete expansion. 
Let this be represented by H,. 
The total available heat drop per pound of steam in 


MN’). Let this be represented by He. Owing to the 
gradual divergence of the constant pressure lines on the 
¢@ — I chart in a direction from the water line to the 
dry vapour line, H, is always somewhat greater than 
H,., and the ratio 


Ht _R. 
H,. 


récupération,”’ Fr.; “‘ riickgewinnungszahl,” Ger.). 


Let » = the efficiency of each stage of the turbine, 











at light loads for considerable periods, and may be 
obviated by a modified detail design, which allows for | 
the conditions which are likely to prevail for a con- | 
siderable part of the operating time. 
(c) The exit area of the blades will, in general, be | 
too large, which may result in an indeterminate loss | 
due to imperfect direction of the steam jet. 
It is the object of this paper to outline a method | 
whereby the pressure and heat-drop distribution in | 
a steam turbine may be approximately predicted | 
for operating conditions differing from the designed 
conditions, and to illustrate the application of | 
the method to examples of practical interest and 
importance. 


which, in order to simplify matters, will 
be assumed to be the same for all stages. 


» h = the actual heat drop in each stage. 
Then 7.4 = the internal shaft work done in each stage. 
= AC’, CE’, EG’, .. . MO’. 

Then > 7.4. = (AC’ + CE’ +... MO’) 

or 7 Zh =AS. 
i.e., AS = 7.H; = 7.R.H,. 

It follows that if a constant efficiency » may be 
assumed (and this is sufficiently accurate for the 
purpose in view, or, at least, for a first approximation), 
the total available heat H, from the initial pressure 





Total Heat (Enthalpy) I 








the actual turbine is equal to (AB’ + CD’ + EF’... .| 


R is the well-known “ reheat factor” (‘‘ coefficient de | 











graphed against the absolute steam pressure as shown 
in Fig. 2. 
Let A = known nozzle area in any stage, sq. ft. 
- weight of steam flowing through the turbine 
in lb. per second under any assumed con- 
dition of operation. 





| +» = specific volume of steam at nozzle outlet, 
} cub, ft. per lb. 

| o = actual exit velocity from nozzles, ft. per sec. 
» hk = heat drop in nozzle, B.Th.U. per lb. 

| »» Wr= theoretical exit velocity from nozzles with 
| frictionless flow. 

+» = velocity coefficient for nozzles . 

j t 


a 

Commencing at the exhaust end of the turbine, we 

have the known nozzle area and the specific volume v 

(determined from the curve and represented by ab, 

Fig. 2). Thus V may be calculated and also the theore- 
7 


By the equation of continuity, V 


tical velocity V: by means of the expression V; = Y. 
The heat drop h necessary to produce this velocity is 
readily calculated by means of the expression 


h=[—t_ |’ B.Th.U. per lb. 
223-8 
By setting down cd equal to the above value of h, we 
obtain the point e, and thus the initial pressure at inlet 
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initial state point and the isentropic line AB’ repre- 
sents the ideal adiabatic expansion in the nozzles of the 
first stage. Actually, losses occur in the nozzles 
during expansion, and the energy utilised in overcoming 
the friction and other losses is returned to the steam 
in the form of heat, causing an increase of entropy. 
Thus the actual expansion is represented by the curved 
line AB, the ratio 

I, — Ip 

i, —iTy’ 


being the nozzle efficiency. When the steam passes 
through the blades, there are further losses which 
cause reheating, and, in addition, there is reheating 
due to dise friction, windage and gland leakage. The 
result of these combined effects is to increase the 
entropy at a sensibly constant pressure, and the state 
point of the steam entering the next stage of the 
turbine is indicated by the pont C. Similar remarks 
may be made about each of the succeeding stages. The 
locus of the state ‘point for the whole turbine is the 
discontinuous line ABCD... MNO. If the efficiencies 
of each stage, represented by the fraction 
la—Ic Ic—Iz 
Ia —Ip” Ic —Ip” 

be assumed to be fairly constant, then the line 
ACEGIKMO is a “ flat’ curve convex downwards. 

In an ideal turbine with frictionless adiabatic flow, 
the expansion throughout the whole turbine would be 
isentropic and would be represented by the isentropic 
line AQ, Fig. 1. The heat drop I, — Ig is often termed 





the “ Rankine heat drop,” because it is, to all intents 
and purposes, equal to the work done on the ideal 





down to any lower pressure may be calculated in the | 
following manner. Suppose it is desired to determine 
the heat actually available by the discontinuous 
expansion from p; to p;. Take the point I where the 
state point locus intersects the p, line, and draw the 
constant total heat line TI to intersect AQin T. Then 


z@) = 42, 
n 


Such values may be calculated for a convenient 
number of pressures and set down in a diagram against 
the absolute pressure, as shown in Fig. 2. It is 
preferable to use a log. scale for the pressure. 

The state point locus demands a little consideration. 
If the expected efficiency » and the reheat factor R 
are known, then the point O may be obtained immedi- 
ately. For accurate work, the stage heat drops may be 
quickly set down and the whole locus determined. 
An approximate locus may be obtained simply by 
joining A and O by a straight line. 

The only other curve required is one showing the 
specific volume of the steam at exit from the nozzles in 
the various stages. The quality of the steam in the 
respective stages when the turbine is operating at its 
designed load is represented by the points B, D, F, H, &c. 
and may be determined for any given pressure at other | 
loads, for a first approximation, from the points of 
intersection of a curve drawn through the points | 
B, D, F, H, J, L, N and the respective constant-pressure | 
line. A knowledge of these qualities enables one to | 
calculate the approximate specific volumes at exit from | 
the nozzles at any pressure. Such values are then 





The method of calculation is such that possible errors 
are not cumulative. For example, suppose that one 
makes the error of reading off, from the specific volume 
curve in Fig. 2, too large a value. The calculated 
velocity V and heat drop h are both a little larger than 
their true values, and this has the effect of making the 
initial pressure in the stage under consideration some- 
what higher than its true value. Now, however, the 


| observed specific volume will be lower than the true 
| value, and the initial error will automatically be more 


or less corrected. It is apparent, therefore, that the 
proposed method of calculation is amenable to fair 
accuracy without refinements or extreme care in 


| calculation. 


The method, as described above, fails when the pres- 
sure drop in the nozzles exceeds the critical, for then 
the pressure existing at the outlet of a converging 
nozzle of the usual construction will be the critical pres- 
sure and not necessarily the initial pressure for the 
succeeding stage. As is well known, the theoretical 
weight of steam discharged per second by a nozzle 
having a throat area Az square inches is 


w=. Ar. a/ Pt 
v} 
in which 


p, = initial pressure in lb. per square inch absolute. 
v| = initial specific volume in cub. ft. per Ib. 


Cc 0-3003 for steam initially dry and saturated. 

C = 0-3155 for steam initially superheated and re- 
maining superheated down to the critical 
pressure. 


The use of the above expression involves trial and 
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error calcu lation, and the initial pressure may be found 
with sufficient accuracy by means of the equation 


hence the number of nozzle groups open to steam, is 
controlled through an oil relay by the speed governor. 
If there are, say, four valves open in all, three will be 





The following particulars refer to a 3,000 kw. steam 
turbine on which calculations have been made : 
Initial Steam Pressure 250 Ib. per sq. in. abs. 



























































































































































a= Bam. full open, and one will throttle the steam a certain} Initial Superheat 150 deg. F. 
. At amount in order to effect the necessary close governing. Exhaust Pressure .... .... 0-5 1b. per sq. in. abs. 
If the. expansion under consideration occurs in the |The advantage claimed for this system is that to all| Revolutions per minute .... 3,000 
superheat region, and if a fairly accurate result is desired, | (except one) of the operative nozzle groups in the first| | Mean diameter of all blade 
then the correct initial pressure must be found by trial | stage the steam supply pressure has its full value. rings ae shee w. =43°5 in. 
TaBLe I.—Nozzie Areas 1x 3,000-Kw. ImputsE STEAM TURBINE. Taste ITI. 
. | | | 
Stage No. . we “fy Ss 3. | 4. 5. | 6. 7. 8 9 Fraction of Full-Load | 
Steam Consumption. 3 ee ae 2 } 
Nozzle exit area, square feet | 0-0355 | 0-1085 | 0-1726 | 0-274 | 0-444 | 0-751 | 1-302 | 2-31 | 4-18 
' L deg. | deg | deg. | deg. oe 
. 61 41-2 | 41-7 | 45-5 | 60-5 2: 
Stage No. 8 5 | q 
Picea 8h: 8 { 56, 0 | 0-5] 4-3] 19-3] 90-8 
u = Blade velocity, ft./saec. = 570. Vi = actual exit velocity of steam. ‘ “ Cot 53 | 61-8 | 79-5 | 118 | 159 
: Stage No. 9 { 30 0 8-8 | 26-5] 65 | 106 
$ Full Load Steam Consumption. , : ‘i 
Stage Number 1 2 3 4 5 6 7 8 9 TaBLe IV. 
Mixed-Pressure Turbine. 
Initial pressure 250 35-6 23-5 13-2 7-87 4-62 2-52 1-42 0-755 Distribution of pressure and heat drop at 
— — sie 35-6 23°5 13-2 7°87 4-62 2-52 1-42 0-755 | 0-500 approximately full load. 
r) > 2A. a -. Q5.4 Qr.4 Re Qe.7 9 e 
- oe ee = bail 4:8 35-8 35°8 37-3 35-1 35-7 25° Condition I.—Full Power Developed on L.P. Steam Only. 
vj 0-212 | 0-449 | 0-461 | 0-454] 0-458 | 0-445] 0-459] 0-455 | 0-563 Nl 
sai Stage No... 5 7 | 8 9 
Blade etticiency 0-67 | 0-855| 0-86 | 0-857] 0-86 | 0-85 | 0-86 | 0-857] 0-80 | Sse XO s : [Aas 3A 
| 
% Full Load Steam Consumption. Initial pressure,| it z ee 
Initial pressure --/250-0 | 261) 15-9 9-73 | 5-81 | 3-37 ) 1-88 | 1-04 ) 0-63 | jb-Sa- a Sra Pee ee ean! PONE aoe 
Final pressure -. «+ | 26-1 15-9 9-73 5-81 3°37 1-88 1-04 0-63 0-500 B.Th.U ib. | 36-5 36°5 36-5 =| 36°5 36-5 
Heat drop per pound -- /186°3 | 36-1 34-3 34-1 34°8 35°7 35-5 27-6 13-1 p ae tN ae 0+427 0-427 | 0-427 0-427 
u | | | | 
vi, ..| 0-199} 0-453 | 0-464] 0-465] 0-461 | 0-435] 0-457| 0-516] 0-750 | APProx. blade | | 9 | oo! 9 aso] 0-52 | 0-852 
Blade efficiency “4 | 0-64 | 0-854 | 0-856 | 0-858| 0-860 | 0-858| 0-857| 0-835 | 0-50 | “PPFOx. work | 
2 Full Load Steam Consumption ing, B.Th.U 
a 3 ; Ib. .| 31-1 31-1 31-1 | 31-1 | 31-1 
Initial pressure 250-0 16-8 10°4 6-35 | 3-81 1-73 | 1-32 | 0-733] 0-551 = | 
Final pressure 3 16-8 10-4 6-35 3-81 1-73 1-32 0-733 | 0-551 | 0-500 
Heat drop per pound 218-3 34-7 32-7 32-7 34°8 30-1 33-4 15° 5°38 Throttling factor F = unity. 
u Mean blade efficiency = 0°852 (approx. estimated value). 
vi 0-186 0-461 0-475 0-475 0.461 0-495 +470 0-685 1-06 
Blade efticiency 0-62 0-860 | 0-856] 0-856] 0-860 | 0-850} 0-860 | 0-670 — The first stage of the turbine is a two-row velocity- 
} Full Load Steam Consumption. compounded wheel and there are eight single-row 
a 250-0 8-15 5-00 bias ee ier 4 oak)’ e-ca: 0-an impulse wheels. The turbine is designed for pure 
SS <e . “15 . 3- “BE . . 5 +55 “5 - . 
Final pressure a5 itor 8-15 5-00 3-04 1:83 1-07 0-695 0-551 0-517 0-500 impulse throughout, and the ratio: of blade speed to 
Heat drop per pound . |269°5 31-9 30-9 81-1 31-5 24-7 12-4 4-5 1-5 steam speed is assumed to have its optimum value 
a . rs : at about the normal full load. The nozzle areas in 
Vi 0-166 | 0-481 | 0-489] 0-487] 0-485] 0-547] 0-771] 1-20 2-5: | dhs Geeteee stages are given in Table I. 
Blade efficiency 0-585 | 0-855 | 0-852] 0-853} 0-853] 0-82 0-40 — _ The steam consumption at full load is 11-38 lb. 
per kilowatt hour, so that the rate of flow through the 
= turbine at that load is 9-5 lb. per second. The distri- 
= Taste V. bution of pressure, the heat drop, and the ratio of 
Condition II.—Full Power Developed by H.P. Steam only. blade speed to steam speed have been calculated for 
; ‘ | t . 4, 3, 2 and { of the full load steam consumption and 
Mage He. 1. | 2. 3. 4. 5. 6. 7. 8. 9. | are set down in Table II. The approximate blade 
efficiencies for the calculated ratios of blade speed to 
Initial pressure, Ib. per square inch absolute |195 | s7-1 23-85 | 15-3 9-25 | 5-48 | 3-3 1-9 1-23 | Steam speed are also included in the table. The 
Heat drop, B.Th.U. per lb. .. e . {145 | 34-6 34-6 34-6 35-0 33-8 35-3 27-0 13-5 | velocity coefficient for the nozzles has been assumed 
p ae Ds “i a ; .| 0-209 | 0-428 | 0-428 | 0-428 || 0-435 | 0-443) 0-434] 0-495 | 0-702| to be 0-938 throughout. 
Approximate blade efficienc en a 72 -852 -852 +852 -855 +85 -855 “85 é ° ” : 
hapedadia Gaull deus te Gadiee, B.Th.U. olla | oe “ 0-855 | 0-857 | 0-855) 0-857 | 0°647/ From an examination of the.figures shown in Table IT, 
per Ib. : 1s te we of 8069 «| 2055 «| 20-5. | 20-5 29-9 | 28-95 | 30-2 | 23-1 8-75 | one may conclude that at partial loads :— 
(1) There is excessive under-expansion in the first 
F unity. Total work done = 316°3 B.Th.U. Total heat drop = 393-4 B.Th.U. Mean blade efficiency = 0°805. stage nozzles. If the nozzle areas are calculated for 
the normal full load condition, then the exit area will 
TaBie VI. be too small for partial load conditions, with the result 


Condition IIJ.—Power Developed on One-Third Quantity 


of H.P. Steam and Two-Thirds Quantity of L.P. Steam. 

















Stage No. Re 2. 3. 4. | 5 6. ie 8. 9. 
Initial pressure, Ib. per — inch absolute | 65 19-36 17-02 15°9 15-42 9-82 5-86 3-38 1-87 
Heat drop, B.Th.U. per Ib. .. ; .-{110-0 11-5 5-6 2-5 |} 36-2 35-3 36-0 37-0 29-5 
i) o ne ee ue : 0-24 0-743 1-16 1:6 || 0-428 0-432 0-429 0-423 | 0-435 
Approximate blade efficiency ig --| 0-737 0-565 = - | 0-852 0-854 0-852 0-851 | 0-855 
Approximate work done in blading, B.Th.U. 

per Ib. a ee me Ss ..| 81-0 6-5 — — | 30-8 30-1 30-7 31-5 25-2 


























H.P. Steam: Weight per second, w, = 1.944 lb. 


Actual heat drop per lb. = H; = 303-6 B.Th.U. 
Approximate work done in blades = W, = 235-8 B.Th.U. 


L.P. Steam: Weight per second, w2 = 7-925 lb. 
Actual heat drop 
Approximate “ae 


er lb. = Ho = 174 B.Th.U. 
done in blades W2 = 148-3 B.Th.U, 
Sum of heat drops (without throttling) from 20 Ib. per sq. in. = 182°5 B.Th.U. per lb. 


(1-944 x 303-6) + (7-925 x 174) 


= 0-89 





Throttling factor = 
(1-944 x 393-4) + (7-925 x 


Gross work done in blades a 1. Wi + we. We 
Heat actually available wy. Hy + wo. He 
Gross work done in blades 





= —_ = 0:83 


a= 1. Wi + wu. We 


182-5) 
1634 
1969 


a 





Heat available without throttling w,. Hy + w 


and error, an allowance being made for the effects of 
friction. The application of the method to one or two 
examples will now be illustrated. 

Case 1. High-pressure impulse turbine with nozzle 
control governing in the first stage.—In turbines of this 
type, the first stage nozzles are arranged in two or 
more groups; in large machines there are from five 
to seven groups. The admission of steam to each 
group is under the control of a valve, the valves being 
opened in turn by means of rotating or sliding cams 
or other suitable devices. The number of valves, and 





2. Hie 2211 


Thus the Rankine heat drop in the turbine has practi- 
cally the same value as at full load, and does not suffer 
the reduction which is bound to occur when simple 
throttle governing is adopted. The portion of the 
steam passing through the partially open valve is, of 
course, being throttled, but the greater the throttling, 
the smaller the weight of steam affected. 

It must be remembered, however, that although the 
nozzle areas in the first stage are varied according to the 


that the steam will only be partially expanded in the 
nozzles themselves, the remainder of the expansion 
probably occurring in the blade passages. In other 
words, the blades function on the impulse-reaction 
principle. 

(2) The ratio of blade velocity to steam velocity 
diminishes in the first stage and increases in the stages 
near the exhaust end. These changes in p are illus- 
trated in Fig. 3 for the first stage, and for stages 8 and 9. 
It would seem to be an advantage to make p for the 
normal full load condition somewhat larger than the 
optimum value for the first stage and smaller than 
the optimum value in the last one or two stages of the 
turbine. The latter procedure would also be of con- 
siderable value in machines of high capacity owing to 
the increased steam exit velocity at full load. 

(3) The initial pressure in each stage is diminished 
as the steam rate is reduced. The calculated pressures 
at inlet to the various stages are plotted in Fig. 4, from 
which it is apparent that when the nozzle areas are 
kept constant, the pressure p varies as the weight 
of steam w, a result which is in accord with experi- 
ment. 

(4) The largest changes in heat drop occur at the low- 
pressure end of the turbine, there being a slight and 
fairly uniform reduction in heat drop per stage in 
those stages more remote from the exhaust outlet. 

(5) Due to the low exit velocities in the low-pressure 
stages, the direction of flow of the steam relative to the 
blades at inlet must be changed considerably with an 
inevitable increase in the entrance shock losses. The 
conditions in the last two stages at partial load con- 
sumptions may be judged from the inlet velocity tri- 
angles shown in Figs. 5 and 6. The blade inlet angles 





load, those in the succeeding stages remain invariable 
and must therefore be incorrect at all partial loads. 


as given by the velocity triangles are shown in Table III, 
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together with the angle 6 6,, which is the excess of the 
inlet angle at variable consumptions (as given by the 
velocity triangle) over that at full load consumption. 
It is customary to manufacture impulse blades with 
an inlet angle from 3 deg. to 5 deg. greater than the 
theoretical. In the last and penultimate stage, it 


























heat drops under the actual operating conditions to 
the total heat available (allowing for reheating effects) 
between the initial and final pressures, when no 
throttling or free-expansion losses occur either in the 
turbine, or in the governor valves. 

In a general case where different weights of steam are 
admitted to the turbine at different initial pressures 
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w, Hy + woHe +w3H3+...- 
w, Hy + we Hie + ws Hs +... 

It will be obvious that the steam consumption will 
vary inversely as F, provided the turbine blade efficiency 
remains unaltered. 


If W= normal full load steam consumption (lb./kw.hr. ) 
W1= partial load steam consumption (Ib. /kw.hr.). 


Then F = 




















































































































; TH and where p, is the common exhaust pressure, let L A 
ee a re Ben cy oma a 
‘ w, = weight of steam per second admitted at 71 = turbine efficiency at partial load. 
pressure 7}. Th _. » 
5 we weight of steam per second admitted at er ee mh 
pressure 2. , 5 
ws weight of steam per second admitted at| It has been shown that in the steam turbine of the 
pressure pz. | normal type, the greatest reduction of heat drop at 
&e. | partial loads occurs in the last one or two stages, and it 
Hy = actual sum of heat drops between p) and | is probable that any serious reduction in efficiency is 
; Pe —— nara i 4| mainly confined to these stages. Fortunately, the 
He = Ne ao aa tween pe and | heat drop affected thereby becomes smaller as the 
—— entnih aie ak Saal See between pz and | effect increases so that one would not expect 7! to be 
; p without throttling. | much less than 7, except at very low loads. 
24" - ae ees &e. : | Jn order to estimate the influence of free-expansion 
( 1400 
Fig.8 
(9664.é.) eee Se 2 “ENGINEERING” gy 
Fug.6 INLET VELOCITY DIAGRAMS FOR 9!" 
STAGE AT VARYING STEAM CONSUMPTIONS. 
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~— be advantageous to make the inlet angle of the Taste VII. 
tat iar aan "‘Wiainane Condition I V.—Power developed on Two-Thirds Quantity of H.P. Steam and One-Third Quantity of L.P. Steam. 
; n 
such increase in the inlet angle is either necessary or| gt 5 
desirable in the first stage of turbines ianinend ab ee * “i . 2 a . * ‘ i 
the “nozzle-control’’ system of governing, because ais 
at jal loads, the inlet angle as given b . Initial pressure, lb. per square inch absolute | 130 25:1 18-0 14-32 12-65 7:47 4-48 2-55 1-50 
pe eee io aeonilty ee, NT) Redes Bh ee =| 148 : 25-5 16-7 | 8:8 36-2 34-8 86-4, | 34-00) | 21-0. 
; eniae: p ae iH - e ef ..| 0-211] 0-498] 0-615 | 0-847 -428] 0- : . +5 
ge approximate blade efficiencies given in Table II Approximate blade efficiency **  *"| 9.739 | 0-857] 0-776 | 0-300|| 0-852] 0-855| 0-852] 0-857| 0-827 
are efficiencies that would be obtained on blades de-| “PPtoximate work done in blading, B.Th.U. - % 
signed for the given ratio of blade s I to'ebeani speed per Ib. oil a As oe ../104-°9 21°8 13-0 2°6 30-8 29-7 31-0 29-1 17-4 
_— c synchronous ’’ flow, i.e., flow with minimum H.P. Steam: Weight per d 3-888 lb - 
y , aint a m: Weigh second, w, = 3- . 
shock losses. Due to the excessive shock losses Actual heat drop per Ib, = H, = 355-4 B.Th.U. 


occurring in some of the stages at light loads, the actual 
blade efficiencies would undoubtedly be less than the 
figures given. 

Throttling Factor.—In steam turbines governed by 
simple throttling, there is an appreciable reduction of 
heat drop at light loads. This is due, of course, to the 
throttling which occurs at the governor valve. Since 
such free-expansion losses also occur in turbines of the 
mixed-pressure and heat-extraction types in which the 
working conditions vary so very widely, some coefficient | 
or factor to allow for the reduction in availability caused | 
by throttling would be of value to engineers and | 
designers, not ve ee the process of design, but also in 
predicting the probable steam consumptions at different 
loads, different quantities of extracted steam, and so 
on. | 
It is suggested that this factor might be termed the | 
“ throttling factor.” It might be defined as follows :— | 





The throttling factor is the ratio of the sum of the stage 


Approximate work done in blades = W; = 280-3 B.Th.U. 
Sum of heat drops (without throttling) from 195 Ib. per sq. in. = Hn = 393-4 B.Th.U. 


L.P. Steam: Weight per second, wz = 63 Ib 


Actual heat drop per lb. = Hp = 


162-4 B.Th.U 


Approximate work done in blades = W2 = 138 B.Th.U. é 
Sum of heat drops (without throttling) from 20 Ib. per sq. in. = Hiz = 182-5 B.Th.U. 


Throttling factor = 


(3-888 x 355-4) + (3-963 x 162-4) _ 9.9 





Gross work done in blades | w; W1 + w2 We _ 


Heat actually available w, Hi + we He 
Gross work done in blades 





(3-888 x 393-4) + (3-963 x 182-5) 


1637 _ 9.808 
_ 1637 


2025 
w, Wi + w2 We 


= 0-727 








w.Hy + 


and let H, = actual sum of heat drops between 7; and 
Pe with throttling. 


Heat available without throttling 


He = actual sum of heat drops between p2 and 
pe with throttling. 
Hs = actual sum of heat drops between p3 and 
Pe With throttling. 
&e. 
F = throttling factor. 


we. Hig 2252 


losses in a turbine with simple throttle governing, calcu- 
lations have been made for a high-pressure turbine 
having an initial pressure of 250 Ib. per square inch 
absolute and 150 deg. F. superheat at full load and an 
exhaust pressure of 0-5 lb. per square inch absolute. 
The results are graphed against load, as shown in Fig. 7, 
it being assumed that the no-load steam consumption 
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per hour is 12 per cent. of the full-load consumption. 
It will be observed that the modified steam con- 
sumption curve with “nozzle control” governing 
is shown by a continuous curve and not, as is usually 
done, by the discontinuous line ABCDE. For, assume 
that there are five groups of nozzles in operation at A, 
and four at C. Then, at a slightly greater load than at 
C, although five groups of nozzles are actually open, the 
conditions for four of the five groups are practically 
identical to those at C, and, owing to the throttling of 
the steam which is entering the fifth group of nozzles, 
the weight of steam affected by the throttling is rela- 
tively small, and thus the change of steam consumption 
is gradual. It seems to have been thought, that with a 
slight increase of load above C, throttling would 
occur in all nozzles with a consequent sudden increase in 
steam consumption. But this is not so. 

Case 2. Mixed-Pressure Steam Turbine.—The 
mixed-pressure turbine is a turbine designed and 
constructed to operate on either high-pressure steam 
alone, low-pressure steam alone or a mixture of high- 
and low-pressure steam. The low-pressure steam is 
usually exhaust steam at about 5 to 10 lb. per square 
inch gauge pressure from a reciprocating engine. The 
mixed-pressure turbine is fairly widely used in industry, 
utilising exhaust steam from colliery winding engines, 
rolling mill engines, blowing engines and the like. 

The control or governor gear has to be so designed 
that the whole of the exhaust steam available will be 
utilised, and that when the supply of exhaust steam fails 
entirely or in part, the deficit in power generated will 
be made up by the admission of live steam to the high- 
pressure stages of the turbine. In one form, the gover- 
nor gear comprises a speed governor which operates, 
through a servo gear, a floating lever connected to both 
the high-pressure and low-pressure throttle valves, and 
a pressure governor. The latter varies the lift of the 
low-pressure throttle valve according to the pressure of 
the exhaust steam ; if the pressure rises, the lift of the 
valve may increase, and if the pressure falls, the lift of 
the valve is reduced. The pressure governor does not 
maintain a strictly constant pressure above the low- 
pressure throttle valve, but the variation is not very 
great. In a particular case it amounts to 3-4 lb. per 
square inch from zero to full low-pressure steam 
quantity. 

Calculations have been made on a mixed-pressure 
turbine to which the following particulars apply :— 


Full load 1,500 kw. 
R.P.M. 3,000 
A.P. Steam— 
Initial pressure (at governor valve) 195 lb./sq. in. 
abs. 
Initial superheat 150 deg. F. 


Exhaust pressure (at full load) 0-98 Ib./sq, in. 


abs. 
Steam consumption at full load 14 Ib./kw. hr. 


L.P. Steam— 
Initial pressure (at governor valve) 20 Ib./sq. in. 
pa 


S. 
Dry and saturated 
1-23 Ib./sq. in. 


Condition an coe ee 

Exhaust pressure (at full load) 
abs. 

Steam consumption at full load ... 28-51b./kw.-hr. 

The turbine is designed so that the full power may be 
developed with either high-pressure or low-pressure 
steam only. The high-pressure section has one two-row 
velocity-compounded wheel and three single-row wheels 
of 40-25 in. mean diameter; the low-pressure section has 
five single-row wheels of 41-25 in. mean diameter. 

One feature of the mixed-pressure turbine which 
affects the distribution of heat drop under variable 
operating conditions is that the nozzles in the low- 
pressure stages must be large enough to pass the whole 
of the low-pressure steam, and are thus about twice as 
large in area as they need be for operation with high- 
pressure steam alone. The result is that when the 
turbine is operating on high-pressure steam alone, the 
heat drops in the last two stages of the machine are 
appreciably diminished. A further result is that when 
operating with high-pressure steam alone, the steam 
pressure in the first low-pressure stage of the turbine, at 
full load, is only 9-25 lb. per square inch absolute, so 
that in the event of a small quantity of low-pressure 
steam being admitted to the turbine, it would be wire- 
drawn from about 20 Ib. absolute to 9-25 lb. per square 
inch absolute. At partial loads, the amount of wire- 
aay and thus the throttling loss, would be greater 
still. 

The calculated distributions of pressure and heat drop 
are tabulated in Tables IV, V, VI and VII, while the 
state point loci are shown in Fig. 8 for Conditions 1, 2 
and 3. A brief explanation of Fig. 8 will now be given 
with reference to the various conditions. 

Condition 1.—Dry saturated steam is admitted at 
A and expands through the low-pressure stages under 
conditions which make for a fairly high efficiency. If 
the weight of low-pressure steam available should be 
slightly less than the amount necessary to generate the 
power, then the high-pressure throttle valve will open 
and admit a small amount of steam, initially at a 





pressure of, say, 195 lb, per square inch absolute and 
having a superheat of 150 deg. F. So long as the 
weight of high-pressure steam admitted is relatively 
small, it will be throttled in the governor valve almost 
to 20 lb. absolute. If the throttling be assumed to 
occur at constant enthalpy, the final superheat of the 
steam will be about 272 deg. F. In practice, the 
superheat would probably be very much higher than 
this owing to the disc friction and shock losses. It 
should be noted that, in any case, the steam temperature 
in the high-pressure section of the turbine is equal to 
or in excess of 500 deg. F., a temperature somewhat 
higher than that usually permitted with cast-iron 
diaphragms and casing. 

Condition 2.—The locus of the state points is shown 
by the discontinuous curve CDE. There are no free 
expansion losses, except when the admission of low- 
pressure steam commences. 

Condition 3.—1-944 lb. of steam per second are 
supplied to the high-pressure section of the turbine at 
an initial pressure of 195 lb. per square inch absolute, 
and with a superheat of 150 deg. F. Assuming that the 
governing is by simple throttling, the steam is wire- 
drawn to a pressure of 65 lb. per square inch absolute 
and superheated 210 deg. F. In the first-stage nozzles 
the steam expands from 65 Ib. absolute to about 
19-36 lb. per square inch absolute. The heat drops in 
the three remaining stages of the high-pressure section 
of the turbine are very small under these conditions. 

Finally, at exit from the blades in the fourth stage, 
we have 1-944 lb. of steam at 15:42 lb. per square 
inch absolute and superheated 110 deg. F. The low- 
pressure steam (7-925 lb, per second) being wiredrawn 
from 20 lb. per square inch to 15-42 Ib. has a super- 
heat of about 10 deg. F. The high- and low-pressure 
steam mix together and the resulting superheat is about 
34 deg. F. The subsequent expansion of the mixture 
through the low-pressure stages is represented by the 
discontinuous line KL. 

The throttling factor and the ratio of the approxi- 
mate gross work done in the blading to the total heat 
available without any free-expansion losses are shown 
in Tables IV, V, VI and VII, and require no further com- 
ment. The probable performance of the machine at 
partial loads and with varying quantities of H.P. and 
L.P. steam could be predicted in a similar manner. 

Heat-Extraction Turbines.—This is a type of steam 
turbine which is being adopted to an increasing extent 
in industries where a large amount of steam is used for 
heating purposes and a certain amount of power is 
required. In some instances, it is the heating steam 
that is required and the power generated becomes a 
saleable by-product. In the heat-extraction turbine, 
when heating steam is required at one pressure only, 
the turbine comprises a high-pressure section of one 
or more stages in which the steam is expanded from 
boiler pressure to the pressure required in the process 
plant, and a low-pressure section in which the expansion 
of any steam not extracted for heating purposes may 
be completed to condenser pressure. 

The governor gear comprises a speed governor of 
the usual type which controls the supply of steam to 
the whole of the turbine in accordance with the dual 
demands of power and heat, and, in addition, a pressure 
governor which controls a valve isolating the low- 
pressure stages from the high-pressure outlet to the 
heating mains. When the total weight of steam supplied 
to the H.P. section exceeds the amount required for 
heating purposes, the “ pass-through ”’ valve is opened 
so as to maintain a fairly constant pressure of supply 
to the process mains. The steam which passes through 
the “‘ pass-through” valve does work in the low-pres- 
sure stages, but when the amount is appreciably less 
than the maximum quantity for which the low-pressure 
nozzles are designed, there is a considerable reduction 
in both availability and efficiency of conversion of 
heat. 

The conditions of operation of this type of turbine 
are very variable, because in addition to the possible 
variation of power demand, there may be a variation 
from zero to the full amount of the extraction steam. 
If any form of nozzle cut-out governing be adopted 
in the H.P. first stage, the efficiency of the high-pressure 
stages will be fairly well maintained, as the loss due 
to throttling will be eliminated. The same remark 
applies to the admission of steam to the L.P. stages, 
and in extraction turbines constructed by the British 
Thomson-Houston Company in this country and the 
Allgemeine Elektrizitats Gesellschaft in Germany, the 
pressure-governor controls the opening and closing 
of a number of ‘‘ pass-through ” valves instead of one. 

A matter of considerable interest and importance to 
plant engineers is the position of the ‘ extraction” 
turbine compared with that of its rival, the heat- 
extraction steam engine. The latter is usually a two- 
cylinder tandem engine in which the high-pressure 
cylinder is of the normal type with admission and 
exhaust valves and the low-pressure cylinder is of the 
“Uniflow”’ type. Here, again, regulation is effected 
by two governors, viz., a speed governor which, by 
varying the cut-off in the high-pressure cylinder, con- 





trols the supply of steam to the whole engine and also 
@ pressure governor which varies the cut-off in the 
low-pressure cylinder, so as to maintain a constant 
pressure in the heating steam main. 

There is thus no loss due to throttling in the L.P. 
cylinder either at light loads or with full load and a 
large amount of extracted steam. In fact, over a 
certain range, the earlier cut-off leads to an improve- 
ment in efficiency. 

The question of choice is, however, affected by 
other considerations, such as (1) size (i.e., power) of 
plant ; (2) initial cost ; (3) space occupied ; (4) cleanli- 
ness of heating steam and (5) steadiness of speed. 
Except for relatively small powers, most of these con- 
siderations weigh in favour of the turbine. 








INDIAN IMPORT TRADE. 


His Maszsty’s Trade Commissioner at Calcutta 
(Mr. W. D. M. Clarke) has forwarded to the Department 
of Overseas Trade a survey of the import trade of 
India during the quarter ended 30th June, 1926, from 
which we abstract the following details as being par- 
ticularly worthy of notice. 

During the three months ended 30th June, 1926, the 
value of the imports increased by 5 per cent., as 
compared with the corresponding quarter of 1925, while 
the total exports, including re-exports, fell by 23 per 
cent. The grand total of imports, exports and 
re-exports amounted to a decrease of 13 per cent. In 
the balance of trade the United Kingdom’s share fell 
from 53-8 per cent. to 50 per cent. the German share 
of the trade rose from 5-9 per cent. to 8-5 per cent. 
Japanese trade decreased from 8-8 per cent. to 8 per 
cent., while imports from the United States increased 
from 6-6 per cent. to 7-7 per cent., and from Belgium 
from 2-7 per cent. to 2°8 per cent. 

In machinery and mill work there was a further 
decline of Rs. 30 lakhs, from Rs. 361 lakhs to Rs. 331 
lakhs, during the quarter, as compared with the corre- 
sponding quarter of last year. The United Kingdom’s 
share dropped, while Germany, Belgium and the United 
States all showed increases. Two of the classifications 
of machinery showed a distinct rise in imports between 
the two periods, i.e., prime movers and electrical 
machinery; the others, almost without exception, 
showed an appreciable decrease, especially mining 
machinery and cotton machinery, which fell from 28 to 
Rs. 11} lakhs and 65 to Rs. 35 lakhs respectively ; the 
United Kingdom’s share suffered badly in both cases. 
There was a heavy fall also in the imports of railway 
plant and rolling-stock, the United Kingdom’s share 
decreasing from 136} to Rs. 77 lakhs, but Australia 
and New Zealand both showed a rise, chiefly due to 
wood for sleepers. 

The iron and steel trade has, on the whole, shown an 
increase in import value; iron bars and channels, hoops 
and strips, cast pipes and fittings being perhaps the 
most important of those showing a decrease. 

In all kinds of hardware, such as builders’ materials 
and domestic ware, &c., there was hardly an alter- 
ation worthy of mention, but the share of the United 
Kingdom, Japan and Australia all showed decreases, 
those of Germany and the United States on the other 
hand, revealing an increase of trade. 

The motor-car and motor-cycle trades show the best 
returns of any. Both record a distinct rise in numbers 
and value ; all countries, with the exception of France 
and Belgium, increased their imports. In the heavier 
vehicles, Canada and the United States are the 
principal suppliers. 





THE CONSTITUTION OF THE 
IRON-SILICON ALLOYS.* 
By G. PHRaGMEN. 


One of the first constitutional diagrams that Tam- 
mann constructed by the method of thermal analysis 
was that of the iron-silicon alloys. According to this 
diagram, only one intermediary phase is present. 
This phase was found to correspond to the formula 
FeSi. Tammann has pointed out that only this 
compound exists, and that the many “ compounds ” 
found by chemical analysis of residues do not enter into 
consideration. There are, however, some observations 
published which are irreconcilable with Tammann’s 
diagram. The discrepancies between the results of 
previous investigators have been the motive for an 
X-ray investigation. The well-known troubles with 
technical 50 per cent. ferro-silicon impart a special 
interest to the question of the existence of a compound 
FeSi,. In addition to the X-ray investigation a series 
of micrographs was taken. On the other hand, the 
author has not repeated the thermal analysis. 

The alloys investigated were prepared from electrolytic 
iron and silicon, the latter containing 0-15 per cent. of 
aluminium. They were melted in a vacuum furnace 





* Paper presented to the Iron and Steel Institute, 
Stockholm Meeting, August 27 and 28, 1926. Abridged. 
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fitted with carbon tube heating elements. Porcelain, 
and in some case magnesia, crucibles were used ; the 
corrosion of the porcelain crucibles by the molten alloys 
was inappreciable. The melts were crushed and 
remelted to secure homogeneity. The equilibrium 
diagram (Fig. 1) has been derived from the results of 
the present investigation combined with the previously 
published results. The notation of the phases is also 
evident from the diagram. 

The existence of three intermediary phases was evident 
from the X-ray photograms. It was also evident that 
the compositions of the phases « and ¢ correspond 
approximately to the formula FeSi (33-5 per cent.) 
and FeSi, (50-2 per cent.). The composition of the 6 
phase is more difficult to compute, in consequence of 
the fact that the @ phase is always followed by the a 


components. The most probable assumption is that 
the solubility is effected by simple substitution ; the 
lattice shrinks when the silicon content increases, and 
the silicon atom is known to be smaller than the iron 
atom. A closer investigation has not been possible 
because of the narrowness of the range of homo- 
geneity. 

The absence of the ¢ phase in Tammann’s diagram 
is partly due to the fact that a temperature difference 
between the eutectic points «-f and {7 is scarcely 
observable. A more important cause is probably the 
difficulty of grinding microscopic sections of alloys 
containing about 50 per cent. of silicon. When small 
melts of this composition are melted under carbon 
monoxide they absorb a considerable quantity of the 
gas, and on solidification become spongy. Even if 





they are melted in vacuo in porcelain crucibles, the 
melts do not hold together very well, perhaps owing to 








phase. It is well known that the « phase crystallises 
in tetrahedra (Fig. 4), X-ray investigation of such tetra- 
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hedral crystals has given the result that the symmetry | 
group is T‘, and the number of atoms in the elementary | 
cube is 8. The ¢ phase crystallises in plates (Fig. 5). | 
These crystals proved to be tetragonal (C',,), with three | 
atoms in the elementary parallelepiped. For the « and | 
¢ phases it has also been possible to determine the atomic | 
grouping. The crystal structure of the @ phase has not | 
yet been revealed ; the powder photogram is very com- | 
plicated, and it has not been possible to prepare single | 
crystals, The lattice parameters of a solid solution, and | 
consequently the angles of X-ray deflection, are | 
functions of the composition. This fact is clearly to 
be observed as regards the lines of the a phase in the | 
powder photograms of iron-silicon alloys. From results | 
obtained it must be concluded that in the a-iron lattice | 
the silicon atoms replace the iron atoms. X-ray | 
investigation on single crystals has proved that the | 
distribution of the replacing silicon atoms approximates | 
to a regular one, as they form a face-centred cubic. | 
lattice with a parameter double that of the a-iron | 
lattice.* 
The crystal structure of a-iron and of 8-iron is the | 
same, and it has been pointed out that the 3 range | 
may be regarded as a continuation of the a range.t | 
It is known that silicon raises the a-y and lowers the | 
y-5 transformation points to a considerable degree. 
In alloys with more than 2 per cent. of silicon, no trans- 
formation is to be detected by thermal analysis. This 
fact has been accounted for by the assumption that the 
transformation interval is considerably extended. | 
Not long ago Oberhoffer put forward the hypothesis oe 
that the presence of sufficient silicon makes the range ma. 36. 
disappear and the « and 4 ranges unite, as is shown | 
in Fig. 1. X-ray investigation of the very coarse | 
grains (which were often more than a centimetre | 
in diameter in melts of 50 gms.) proved these grains to | better if the alloy is melted in a magnesia crucible 
be true crystal individualst if the silicon content be and the temperature raised to the ‘ boiling point” 
more than 3-5 per cent. Thus no 3-y or y-a trans- | of the alloy, but then it is difficult to obtain the desired 
formation occurs, which fully substantiates the correct- | gilicon content. 
ness to the hypothesis of Oberhoffer. | The difficulty of grinding is certainly the cause of 
4 na ogy eg of the € phase approaches very|the mistake of Kurnakow and Urasow, that the 
rome y to unas corresponding with the formula FeSi— | homogeneity range of this phase should extend up to 
that is, 33-5 per cent. of silicon; in fact, an alloy 61-5 per cent. of silicon. They never detected the thin 
with 32-8 per cent. of silicon shows a little a and @.|lamellx of 7 in the eutectic (7. To prepare good 
An alloy with 33-6 per cent. of silicon shows rare traces | microscopic sections of these alloys the usual grinding 
of {All the previous investigators have considered | on emery-paper must be avoided ; the method followed 
this phase as one of invariable composition, yet from | is that generally employed to prepare petrological 
X-ray photograms it is evident that the lattice microscopic sections. Their preparation is completed by 
parameter is variable, and it must be concluded that | polishing with rouge on the “ pitch plate.” On a 
ed composition is variable within a narrow range. | polished surface the eutectic lamellew, as well as the 
This may also be expressed thus: the compound FeSi | primary crystals of 7, are recognisable, without any 
is capable of dissolving a little of one or both the | etching, by their bluish tint. The homogeneity range 
: | of the ¢ range has proved to be much narrower than is 
|stated by Kurnakow. In an alloy containing 52-5 
| per cent. silicon traces of « were detected; an alloy 
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intergranular layers of silica. The result is a little 








* G. Phragmén: Stahi und "Eisen, 1925, {vol. xlv, 
p. 299. 





+ A. Westgren and G. Phragmén: ENGINEERING, 
1922, vol. cxiii, p. 630. 


t G. Phragmén, loc. cit. 


with 54-9 per cent. silicon showed a fair quantity of 
very thin 7 lamella. X-ray photograms, however, | 


show that the composition of this phase also is 
variable. The lattice parameters vary in the same way, 
and there is the same degree of probability of a simple 
substitution as in the case of the e phase. 

If the results of chemical analysis are not falsified by 
the admixture of silica, the composition corresponding 
to the formula FeSi, is out of the range of homogeneity. 
Yet it seems to the author that the idea “‘ compound ” 
is not stretched too far if the ¢ phase is considered as 
the compound FeSi,, which, however, is not stable 
unless some of the iron atoms are replaced by silicon 
atoms. The lattice parameter of the ¢ phase does not 
show any variation, and hence it seems probable that at 
ordinary temperatures the amount of iron that is 
soluble in silicon is negligible. 

No reliable determination of the composition of the 
@ phase has yet been made, because of the difficulty of 
obtaining this phase homogeneous. If an alloy, 
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containing primary € and a-e eutectic, is heated for 
some hours to 1000° C. the eutectic is decomposed, but 
the inner parts of the primary ¢ crystals remain. Yet 
nothing is found contradicting the conjecture of Mura- 
kami, that the composition of this phase corresponds 
to the formula Fe,Si,, i.e. 25-1 per cent. of silicon. 
Quenching experiments have confirmed Murakami’s 
view on the formation of the @ phase at 1000° C. by 
reaction in the solid state. The existence of the three 
eutectics is evident from the micrographs. The 
composition of the a—e eutectic was found to be 21-2 
per cent. of silicon ; in it, the quantity of « seems to be 
considerable. In an alloy containing 20-1 per cent. 
of silicon, no€ is to be seen. As a result, the quantity 
of « in the eutectic should not exceed one-tenth. 
This may be taken as an illustration of the difficulty 
of estimating the relative quantities of the phases from 
micrographs. In spite of this, it may be concluded 
from Fig. 15 that the composition of the eutectic «-¢ 
is not very different from that of the phase ¢. Chemical 
analysis indicates that the difference is only about 
2 per cent. of silicon. 

The eutectic ¢-» contains about 61 per cent. of 
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HIGH-SPEED BAND RESAWING MACHINES. 


CONSTRUCTED BY MESSRS. JOHN PICKLES AND SON (ENGINEERS), LIMITED. 








silicon, as primary crystals can be observed only 
above this content. As the phases « and ¢ crystallise 
from the melt and the crystals are true individuals at 
ordinary temperature, the existence of an allotropic 
transformation in any of these phases is very improbable. 
Finally, the author wishes to point out that he has never 
met with a case of metastable equilibrium where the 
¢ phase did not occur in accordance with the diagram 
given. Some of the previous investigators have 
considered metastable equilibria as quite normal where 
the ¢ phase was absent. 





HIGH-SPEED BAND RESAWING 
MACHINE. , 


Accuracy and a minimum width of kerf are essentials 
in resawing operations, and to secure these, with modern 
rates of feed, great attention to detail is required. A 
high-speed band resawing machine, with combined 
vertical and roller feed designed to effect these ends by 
several new features, has recently been introduced by 
Messrs. John Pickles and Son (Engineers), Limited, 
Hebden Bridge, and is shown in the annexed illustration. 
The machine is suitable for resawing deals, battens, or 
flitches, and as the rate of feed may be as much as 
150 ft. per minute a large output can be obtained in 
either hard or soft timbers. Material up to 30 in. in 
depth can be handled and the saw may be used either 
to flat-cut large flitches, or to deal with squared logs 
or round stock. Absence of vibration at high rates of 
feed is attained by making the main frame of heavy 
construction with a wide base. The back columns are 
also of massive design. The pulleys are 60 in. in 
diameter, and carry a saw 7 in. wide. As will be seen, 
the top pulley is built of staggered spokes fastened to a 
large flanged boss. The rim is of weldless steel. The 
shaft is stationary to avoid torsional strains, and the 
pulley revolves on ball and roller bearings carried in 
the boss. The slide brackets under the shaft bearings 
are unusually deep, and are raised and lowered by a 
vertical lead screw on each side, visible behind the roller 
fence. The saw-straining device contains new features, 
the shaft bearings being balanced on knife edges with 
spring cushions independently of the slide. This 
provides an immediate response to any variation of 
the saw, when working, due to expansion or contraction. 
Uniform tension and the low straining weight that is 
thus possible permit a very thin saw to be used with a 








consequently narrow kerf. Accuracy in tracking is 
ensured by a contrivance for tilting the pulley shaft 
and also for giving it a cross traverse motion. The 
bottom pulley is of the plate type and is also carried on 
ball and roller bearings. 

The top saw guide is provided with a vertical adjust- 
ment operated by a chain drive. The roller fence is 
particularly deep. It is traversed horizontally byfa 
rack and pinion motion, while it can be canted from 
the vertical plane to any angle up to 45 deg. The feed 
gear is of both the vertical and horizontal types, and 
both sets can be adjusted to give any desired range of 
feed up to 150 ft. per minute, the ‘‘ Pickles” variable 
friction feed gear being fitted. The vertical feed rollers, 
visible in the centre of the table, can be removed com- 
pletely when sawing wide flitches, and, like the fence, 
can be canted for bevelled sawing. The horizontal 
rollers are driven by chains running across the top of 
the table, the arrangement of which will be clear from 
the figure. The short, independently-driven rollers at 
the end of the table rotate in the opposite direction to 
the main rollers, and are intended for returning deals, 
&e., across the table for resawing. The pedal lever 
shown just under these short rollers is for giving a 
rapid release to the vertical feed rollers in order that 
varying widths of timber may be allowed for. 

The various controls are grouped together as far 
as possible, and care has been taken to ensure complete 
accessibility. The controls for stopping, starting and 
varying the feed, are in the centre of the machine at 
the front. The photograph reproduced shows the saw 
driven directly by a motor, but, of course, power may 
be equally well provided from the usual countershaft 
with fast and loose pulleys and belt striking gear, if 
preferred. 








INDUSTRIAL WELFARE Socrety.—The seventh annual 
lecture conference of the Industrial Welfare Society 
opened on September 10, at Balliol College, Oxford, 
|and was continued until Wednesday last, Septem- 
ber 15. Some nine lectures and papers dealing with 
various aspects of welfare work in industry were 
|read, and were followed by discussions. On Monday 
afternoon, September 13, a visit was paid to Messrs. 
Morris Motors (1926), Limited. The director of the 
Society is Mr. R. R. Hyde, and the conference secre- 
taries were Mr. G. P. Holden and Miss C. V. Kerr. 
| The offices of the Society are at 51, Palace-street, West- 
| minster, London, S.W. 1. 








THE DIRECT CHANGE FROM 
AUSTENITE TO TROOSTITE.* 
By Professor KéTar6 Honpa, D.Sc. 


AccorDING to the theory of quenching put forward 
| by the present writer} six years ago, and now confirmed 
| by the results of X-ray analysis, the Arl transformation 
| in carbon steels consists, in 1ts mechanism or process, of 
| two changes—that is : 
| Arl transformation = austenite ——> martensite 
—-—> pearlite (troostite), 
| The correctness of this theory is briefly shown below. 
| Formerly, as the nature of both austenite and 
| martensite was not very clearly understood, it was not 
| possible to give exact definitions of them; but thanks 
|to the recent development of the X-ray analysis of 
| metals, knowledge of the nature of these structures is 
|now becoming so exact that they can be defined 
| atomically as follows: Austenite is a structure in which 
| iron atoms have a face-centred cubic lattice with carbon 
| atoms in the interspaces of the lattice ; martensite is a 
| structure in which iron atoms have a body-centred 
| cubic lattice, also with carbon atoms in the interspaces 
of the lattice. These definitions are the same as those 
| generally accepted, that austenite is a solid solution 
| of carbon in y-iron, and martensite is a solid solution of 
| carbon in a-iron Troostite, sorbite, and pearlite are 
;each a mechanical mixture of ferrite and cementite ; 
| and hence, in what follows, the term pearlite will be 
| used for simplicity, whether the structure be troostite, 
| sorbite, or pearlite. 
| ince the Arl transformation is the change of y-iron 
|into a mixture of a-iron and cementite, this process 
| consists of two changes—(i) the change of the configura- 
| tion of iron atoms from the face-centred to the body- 
| centred lattice, and (ii) the separation of carbon atoms 
| from the interspaces of the lattice, these atoms forming 
| cementite by taking up iron atoms when they leave the 
| iron lattice. These two changes being two different 
processes, it is very difficult to consider them as taking 
| place exactly at the same instant, and hence they will 
| very probably occur in the above order, the second 
| following immediately after the first—that is: 
| (1) y-iron dissolving carbon —-> a-iron dissolving carbon ; 
(2) then a-iron dissolving carbon ——> ferrite-+ cementite ; 


|or the Arl transformation consists of : 


y-iron dissolving carbon ——> a-iron dissolving carbon 
—-> ferrite + cementite ; 


| 
| 


| that is, 
| austenite ——> martensite ——> pearlite. 
Thus the correctness of the stepped change is proved. 

The formation of martensite by quenching is satis- 
factorily explained by the above theory of the Arl 
transformation. During a very rapid cooling, such as 
quenching in water, the change from austenite to 
martensite is so far retarded that it begins to take place 
at a temperature below 300 deg. C., and when this 
change is completed, the specimen which has been 
subjected to this treatment is nearly at room tempera- 
ture; hence the second change from martensite to 
pearlite cannot take place, owing to the great viscosity 
of the specimen at this temperature. Thus martensite 
can be obtained by quenching the steel in water. In 
the case of an extremely rapid cooling, not only is the 
second change completely suppressed, but even the 
first is partially arrested. A martensitic structure 
mixed with retained austenite is then obtained. In 
the case of a less rapid cooling than that in the moderate 
quenching, the first change occurs at a temperature a 
little higher than in the latter case ; hence not only does 
the first change take place, but the second change does 
so also, but only partially, resulting in a martensite 
mixed with troostite. As the cooling rate becomes less, 
the second change takes place more and more com- 
pletely, the troostite area increasing at the expense of 
the martensite. 

In the case of the formation of troostite by quenching 
as referred to above, or if a steel be quenched during the 
progress of the Arl transformation, the troostite de- 
velops in a granular form from the boundary of austenite 
as shown in the accompanying micrograph (page 372). 
Such a troostite is usually said to be directly produced 
from austenite; but this is not the case. For, when 
the change from austenite to martensite takes place at 
a low temperature, say, below 300 deg. C., the change 
proceeds slowly, and iron atoms which change their 
configuration from the 7-type to the a-type, the 
carbon atoms still remaining in the interspaces of the 
lattice, have sufficient time to build up the characteristic 
needle-shaped crystals. But if the change takes place 
at a relatively high temperature its progress is very 
rapid, and hence, as soon as the iron atoms change their 
configuration from the 7- to the a-type, the precipitation 
of cementite takes place. In this case there is not 





* Paper presented to the Iron and Steel Institute, 
Stockholm meeting, August 27 and 28, 1926. 

+ Science Reports of the Tokio Imperial University, 
1919, vol. viii, p. 181 ; 1925, vol. xiv. p. 165. 
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| | 
sufficient time for the formation of the needle-shaped | correct to say that the carbon in austenite and marten- | 
crystals, and granular troostite is formed from the | site dissolves in iron as carbon atoms, but not as | 


nuclei as centres on the grain boundary of the austenite. | cementite molecules. 
Here it is to be remarked that, though the crystal form | 
is not needle-shaped, a-iron containing carbon as a | 
solid solution, sear taaly be called martensite. The | BOILER EXPLOSION INQUIRIES. 

external form of a crystal may change according to the| Pretminary inquiries into the circumstances at- 
different conditions to which it is subjected during its | tending explosions in connection with three marine 
formation, For example, according to X-ray analyses | boilers have lately been held in accordance with the 
made by Osawa,* limestone, marble, coral, oyster-| provisions of the Boiler Explosions Act, 1882 and 
sheels, crab-shell, fowl’s eggs, &c., have all the same| 1890, at the Board of Trade Surveyors’ offices in 
space-lattice as calcite, though they differ from each | Leith, London, and North Shields. Detailed reports 
other so much in appearance; their true nature 1s | giving an account of the proceedings and full particulars 
therefore the same as that of calcite. Nea | of the accidents were published recently. The inquiry 

From what has been explained above, it is to be| held in Leith dealt with the failure of a boiler 
concluded that, as the change from austenite to| manhole on board the steam trawler “ Ennerdale.” 
troostite necessarily involves two changes, consisting | The accident occurred on February 15, last ; the vessel 
of the change in atomic configuration and of the | had just left Leith for the fishing grounds. The boiler 
precipitation of cementite, any change from austenite | of the Ennerdale, which is a vessel of 183 tons gross, is 
to troostite must take place through martensite. | of the ordinary cylindrical single-ended marine type. 
Hence such a phrase as “direct change from austenite to | Jt has an inside diameter of 10 ft. 6 in., and a length 
troostite” has no meaning, unless by it is meant that | of 9 ft. 6 in. and is furnished with two plain furnaces ; 
the martensite, which is formed from austenite, is | the safety valves are adjusted to lift at a pressure of 
immediately changed into troostite. It is therefore to| 175 lb. per square inch. A manhole door is fitted on 
be concluded that troostite is invariably the decompo- | the top of the shell plate and another manhole opening, 
sition product of martensite, and not a product directly | 15 inches by 11 inches, provided with a McNeil type 
decomposed from austenite. In connection with the | door, is located on the front end plate below the 
nature of martensite, a remark on the well-known | furnaces. On the above-mentioned date, the jointing 
question whether the carbon in martensite dissolves | material of the bottom manhole door was forced out 
in a-iron as carbon atoms or as cementite molecules is | for a length of about 4 in., and, through this opening, 
| the contents of the boiler were blown into the stokehold. 
| The principal cause of the explosion was that the door 
| was a slack fit in the opening in the end plate. Again, 
| the screw-threads on the manhole-door studs were 
| strained, and the girders were not a good fit across the 
manhole opening. The vessel was towed back to 
Leith for repairs; metal was electrically welded all 
round the flanged spigot of the door to reduce the 3-in. 
clearance which existed when the joint failed, two new 
screwed studs were fitted, and the girders across the 
manhole opening were renewed. 

The inquiry held in London had reference to an 
explosion of a port auxiliary stop valve, which 
occurred on board the 5,985-ton S.S. ‘‘ Inanda,” on 
February 11, last, while the vessel was lying in the 
West India Dock, London. The valve chest which 
failed was made of cast iron and was from 1 in. to 1} in. 
thick in the body ; it contained the header and auxi- 
liary stop valves. On the date in question the valve 
chest fractured with a sharp report, but no part of the 
casting was displaced. Water and steam from the 
auxiliary steam pipe escaped through the fracture. 
Steam was, however, immediately shut off at the 
auxiliary boiler, which was supplying steam for all 
purposes at the time, at a pressure of 180 lb. per 
square inch. The explosion was the result of the 
extension of a previous flaw caused by a heavy shock 
of water hammer which occurred about a month before 
the explosion took place, while the vessel was lying at 











GRANULAR TrROOSTITE (LUCAS). 


not out of place. Some metallurgists consider marten- 
site to be a solid solution of cementite in a-iron, because 
by the decomposition of martensite, cementite, but not 
graphite, is always produced, This reasoning is, 
however, not correct, for, assuming an atomic dispersion 
of carbon, during the Arl transformation the carbon 
atoms in the interspaces of the lattice can move towards 
the grain boundaries, and on leaving the a-iron each will 
take up three iron atoms to form a cementite molecule 
and separate as such. 

As already remarked, the iron atoms in martensite 
have a body-centred cubic lattice, while carbon atoms 
are present in the interspaces of the lattice. Their 
actual position is not yet known, but, theoretically 
considered, these atoms cannot approach too near to 
the iron atoms on account of the repulsive force which 
comes into play between the two kinds of atoms when 
they approach very near together; also they must 
occupy a symmetrical position in relation to the iron 
atoms. So, in order to satisfy these two conditions, 
the carbon atoms in martensite will either occupy 
positions in the centre of the face of an elementary 
cube, or near the middle point in the cube diagonal 
between the corner and the contre, being distributed 
here and there according to vhe law of probability. 
Assuming for carbon atoms these two positions, or any 
other conceivable positions within the space-lattice, any 
groups of iron and carbon atoms out of the given 
configuration just referred to, yet which would corre- 
spond to the molecule Fe,C, cannot be imagined. 
Groups or molecules such as Fe,C and Fe,C, corre- 
sponding to the two positions just referred to, may be 
conceivable, if desired ; but such a conception has no 
importance. A similar remark applies also to the case 
of austenite. Thus, accepting the atomic dispersion of 
carbon in both a- and y-iron, it is terminologically more 


* Journal of the Iron and Steel Institute, 1926, No. 1. 





Georgetown, Demerara. After this mishap, all the 
pipe lines and stop-valve chests were examined. The 
auxiliary stop-valve chests were, however, completely 
enclosed in sheet-steel lagging, and, as this was not 
| removed, the flaw in the port valve chest was not 
discovered. Although no leakage from the stop-valve 
chest was noticed during the voyage home, an examina- 
tion of the condition of the old part of the fracture left 
no doubt that it was in existence prior to the explosion 
in London. 

An explosion of a boiler on board the 578-ton 
steamer ‘‘ Plodder” formed the subject of the pre- 
liminary inquiry held at North Shields. The accident 
occurred on December 5, 1925, when the vessel was in the 
North Sea, on a voyage from London to the Tyne. The 
| boiler in question is of the ordinary cylindrical, multi- 
| tubular, single-ended type, having three plain furnaces. 
| It is 13 ft. 6 in. in diameter and 10 ft. in length and the 
safety valves are adjusted to lift at a pressure of 160 lb. 
per square inch. On the date indicated, a plug, about 
1} in. in diameter, situated under the centre combustion 
chamber and about 20 in. from the back-end plate, 
was blown out of the bottom shell plate of the boiler. 
The explosion was due to the corrosion of the welding 
holding the plug in position. The vessel was in com- 
paratively shallow water when the accident occurred, 
and it was decided to anchor whilst temporary repairs 
were carried out. Upon reaching the Tyne, permanent 
repairs were executed ; the hole in the shell plate was 
drilled and tapped, and a plug about 1} in. in diameter 
was screwed about 3 in. through the plate. The plug 
was electrically welded over, on the inside of the boiler, 
and nutted on the outside. 








PropucTiIon OF ASBESTOS IN THE UNITED STATES.— 
The total quantity of asbestos mined in the United 
States in 1925, as reported by producers to the Bureau 
of Mines, amounted to 1,258 short tons. These figures 
| comprise 93 tons of chrysotile asbestos, mined in Arizona 
|}and California, and 1,165 tons of amphibole asbestos, 
mined in Georgia, Idaho, and Maryland. 





CATALOGUES. 


Washing Machine.—A circular describing an electri- 
| cally-driven washing machine and wringer is to hand 
from Messrs. Standard Telephones and Cables, Limited, 
63, Aldwych, London, W.C. 2. 

Bundling Press.—A catalogue of their hand-operated 
press with box for baling paper, rags, tin clippings, &c., 
is to hand from Messrs. Hollings and Guest, Limited, 
Thimble Mill-lane, Birmingham. 


Electric Wiring—Two handbooks on wiring, issued 
by the St. Helens Cable and Rubber Company, Limited, 
Slough, illustrate both ordinary and special installations 
of their protected wiring cables, which are designated 
“C.T.S.” (cab-tyre sheathed). 

Mill Machinery.—A catalogue illustrating a large 
variety of heavy machines and plant for crushing, grind- 
ing, screening, smelting, casting, drying, &c., is to hand 
from the Traylor Engineering and Manufacturing Com- 
pany, Allentown, Pa., U.S.A. Some brief descriptive 
matter is added in each case. 

Arc Welding Supplies.—A priced list of bare rods, 
flux, &c., for arc welding, has reached us from Messrs. A. S. 
Young and Co., 6, Finsbury-square, London, E.C.2. The 
catalogue states that the materials are suitable for all 
kinds of are welding, including manganese and high- 
carbon steels, and cast-iron. 


Valves.—A catalogue of sluice valves fitted with electric 
motors, which may be controlled at a local switch board 
or at any distant point, for operating the valve, is to hand 
from Messrs. Glenfield and Kennedy, Limited, Kilmar- 
nock, This method of operation is suitable for large 
valves, from 12 in, diameter upwards. 


Water-Cooling Plant.—A catalogue illustrating and 
describing a number of water-cooling towers has come 
to hand from the Premier Cooler and Engineering Com- 
pany, Limited, 3, Queen-street, Cheapside, London, E.C.4. 
The capacity of the examples illustrated range from 
1,000 to 3,000,000 gallons per hour. 


Electric Motors.—Two lists of single-phase and poly- 
phase motors are to hand from Messrs. Brittain’s Electric 
Motor Company, 110, Cannon-street, London, E.C.4. 
There are 22 motors in each list, ranging in power 
from } h.p. to 130 h.p., and prices are given in each 
case for squirrel-cage and slip-ring types. 

Rubber Machinery.—We have received from Messrs. 
David Bridge and Co., Limited, Castleton, Manchester, 
a copy of a handsomely-printed souvenir book of illustra- 
tions of the machinery used on rubber plantations and 
also including a number of views of the plantations, 
factories and tapping and manufacturing processes, 


Rotary Converters —A catalogue of machines for 
converting alternating to direct current, or vice versa, 
has been received from Messrs. Crompton and Co., 
Limited, Chelmsford. The technical and practical 
explanatory matter and the excellent illustrations make 
the catalogue of much value to electrical engineers. 


Plywood.—Messrs. Venesta, Limited, 1, Great Tower- 
street, London, E.C.3, have sent us a booklet describing 
their “ Plymax” product, which is a plywood with thin 
metal facings on one or both sides, and is suitable for 
panels for road vehicles, partitions, linings for store 
rooms, &c. It is supplied in sheets of medium size, or 
up to 10 ft. by 4 ft. in area, 

Tachometers.—Messrs. Evershed and Vignoles, Limited, 
Acton-lane, Chiswick, London, W.4, have issued a 
catalogue of their electrical tachometer, for indicating 
and recording rotational speeds of machinery in power 
stations, ships, factories, mines, &c. The transmitter 
is a magneto generator enclosed in a water-tight cast- 
iron case, and is suitable for the most severe conditions 
of use. ; 





Driving Chains.—Messrs. Hans Renold, Limited, 
Didsbury, Manchester, have issued a revised price list 
of driving chains, giving illustrations and dimensions of 
each type. The hollow stud, block, bush roller, extended 
pitch, and inverted tooth types remain the standards, but 
a new duplex bush-roller type is now made in a series 
of sizes for application in conditions of very limited 
space. 


Conveyors.—Portable belt conveyors mounted on two 
wheels are illustrated in a catalogue received from the 
Harvie Corporation, Limited, Broadway-buildings, West- 
minster, London, 8.W. 1, who are agents for the makers, 
the Austin Manufacturing Company, Chicago. These 
conveyors are made with a hopper at the loading end 
and can swivel easily for changing the point of deposit. 
Extensible patterns are also made. 





THE PREVENTION OF ACOIDENTS.—One of the most 
effective safeguards in the prevention of accidents lies 
in the cultivation of the sense of responsibility for them, 
whether amongst the employees themselves, the manage- 
ment, oremployers. Perhaps as important a person as 
any in an industrial organisation, as regards the safe 
working of a shop, is its foreman, for his experience. in 
many of the actual operations is supplemented by his 
knowledge of the managerial policy, while his own 
interests in maintaining a high rate of production, 
which suffers from the time lost by the disablement of 
any of his men, tend to keep him alert. This function 
of the foreman forms the subject of a suggestive 
little leaflet, No. 29, issued recently by the National 
Employers’ Mutual General Insurance Association 
Limited, 1 and 2, George-street, E.C.4. We commend 
it to all interested in the subject, which does not, contrary 
to a somewhat general opinion, lose in importance when 
the personnel of a shop is reduced owing to slackness 
of trade or other causes. 














SEPT. 24, 1926. | 


ENGINEERING. 


373 











INTERNATIONAL ROADS CONGRESS 
(Continued from page 361.) 
CoNnTINUING our report of the International Roads 
Congress which sat at Milan from Sept. 6 to 13, we 
may now deal with the section which considered the 
subject of bitumen and asphalt roads. 


BITUMEN AND ASPHALT Roaps. 


The treatment of the reports dealing with bitu- 
minous and asphaltic roads presents some difficulty, 
owing to the uncertainty of the nomenclature of the 
subject. The report for Great Britain was the work 
of Mr. E. E. Finch, City engineer to the Corporation 
of London; Mr. W. J. Hadfield, city surveyor, 
Sheffield; Mr. L. S. McKenzie, city engineer, 
Bristol ; and Mr. J. S. Killick. 

It was pointed out in this report that the increase 
in traffic, and the average weight per unit, on British 
roads since the year 1913 had made it necessary 
to obtain a material better suited, from the upkeep 
point of view, for the more important highways, than 
tar macadam and less costly than wood or granite sett 
paving. The solution of the problem as far as can 
be seen at present, is said to lie with asphalt. The 
favour with which this material is regarded by road 
engineers is assigned to its comparative cheapness, 
and to the great ease and rapidity with which 
construction and repair work can be carried out. 
Other advantages are that asphalt is a waterproof 
paving and protects the sub-grade and does not 
necessarily require a heavy foundation of concrete 
under it. Asphalt surfaces are divided into three 
main classes—steam-rolled, mastic, and compressed. 
Most of the asphalt laid in Great Britain is steam- 
rolled. 

A section of the report deals with the nature of 
bituminous substances. One fact which is accepted 
is that the natural asphalts of Trinidad and Bermuda 
are derived from crude petroleum in the way that 
asphalts are made in refineries, and the problem 
is therefore narrowed down to the origin of crude 
petroleum. This is a subject on which much has 
been written and on which differences of opinion 
exist. It is generally accepted that the origin is 
organic in character, and that petroleum has been 
formed by chemical changes from deposits of 
vegetable or animal matter. In some cases seaweed 
is the source, but it is not exactly known how in 
any particular case the change has been accom- 
plished. That asphalt or bitumen is related to, 
and often exists in, petroleum is indisputable ; the 
exact relation is, however, a debatable subject. 

Nellenstyne has concluded that colloidal elemen- 
tary carbon is the essential constituent of bitumen, 
this being associated with bodies which act as 
protective colloids, and that the progressive removal 
of these bodies by oxidation accounts for the 
changes in properties displayed by the series 
of bitumens ranging from asphaltenes to free 
carbon. He claims, indeed, to have synthesised a 
bitumen by the formation of colloidal carbon by 
electric discharge between carbon poles immersed in 
a petroleum distillate. This theory is certainly 
attractive, but cannot be regarded yet as more 
than a step towards the solution of this very difficult 
problem, with which is bound up not only the 
relations of bituminous bodies to each other, but 
to the coals and shales. 

On the subject of tests for bitumen, the British 
report stated that no useful conclusion could be based 
on the specific gravity test alone, and that viscosity 
determination did not by itself give any important 
information about the properties of the material. 
Doubts have even been cast on the penetration and 
melting-point test, but in recent practice there is a 
tendency to compare bitumens by their melting- 
point, as being a more tangible expression of the 
consistency and cohesion of the material than the 
penetration test. The ductility test is one con- 
cerning which a great deal of controversy exists, 
but in practice the matter is simplified by the fact 
that the possession of minimum ductility is to a 
great extent a function of the melting-point of the 
bitumen. In Great Britain it is the practice to 
specify a bitumen having a ductility of + 100 at 
25 deg. C., but different degrees of ductility are 
required for different climatic conditions. Present- 
day tests for asphalt mixtures follow generally the 





practice laid down when this type of construction 
was first introduced for road purposes into Great 
Britain. 

American practice was largely built up on the 
acceptance of Portland cement concrete as a 
necessary foundation for asphalt mixtures of every 
class. British engineers on the other hand have 
proceeded more on the lines of adapting existing 
foundations to carry a bituminous surfacing, and 
possibly as a result of this have achieved a far 
wider range of experience than would otherwise 
have been the case. For instance, definite data based 
on long experience are now available as to the depth 
and composition of asphaltic concrete mixtures 
which have satisfactorily served as a foundation for 
asphalt wearing surfaces without the use of a Port- 
land cement concrete base. The British reporters 
put forward for consideration the theory that 
asphalt construction to meet the requirements of 
modern heavy rapid traffic, should proceed on the 
lines of building the total structure from bituminous 
bound aggregates, eliminating, wherever possible, the 
Portland cement foundation. The construction and 
composition of the sub-base of roads would in these 
circumstances undoubtedly call for closer specifica- 
tion and control than hitherto, and the hope was 
expressed that the experience of engineers in other 
countries would be made available with regard to 
what the British reporters considered the most 
important aspect of asphalt construction at the 
present time. They expressed the belief that except 
in those cases where mastic or rock was contemplated, 
asphalt construction would proceed on the lines of 
substituting bituminous concrete for hydraulic 
concrete, and that the evolution of this form of 
construction would prolong the life of the asphalt 
road in addition to speeding-up the completion of 
the large amount of re-surfacing work demanded by 
the widespread development of modern industrial 
and other motor traffic. 

Asphalt mixtures generally depend, of course, 
for quality upon the grade and character of the 
aggregates and the percentage and properties of 
the bituminous matrix. In practice, however, 
despite the available knowledge on the subject, 
specifications are so widely expressed that road 
authorities and road contractors rely for the most 
part on substantial guarantees for maintenance. 
As a consequence contractors invariably follow 
precedents in regard to mixtures which experi- 
ence has proved successful, and methods of testing 
to ensure quality are generally confined to the 
technical staff of contracting organisations, although 
some of the engineers to the larger municipal and 
county authorities have facilities for, and do in fact 
carry out, the essential tests. The qualities of 
bitumen for road construction purposes now seem 
clearly defined. It must be permanent, adhesive, 
elastic, and waterproof. The British reporters claimed 
that these physical requirements were of primary 
importance, and were generally characteristic of the 
prevailing types of bitumen at the disposal of 
engineers and contractors. The ultimate survival 
of bitumen as a road construction medium will, it 
is believed, largely depend upon adequate speci- 
fication as to foundation, suitable thickness of 
layers composing the pavement and, lastly, ade- 
quate skill in mixing and putting down the mixture. 

In the manufacture of bituminous asphalt 
mixtures, the installation of efficient plant of the 
right type is of the utmost importance. In the 
preparation of these mixtures four primary opera- 
tions are necessary :—(a) Screening and propor- 
tioning ; (b) drying and heating the mineral aggre- 
gate; (c) melting and preparing the bitumen ; 
(d) mixing the dried and proportioned aggregate 
with the melted bitumen. Plants at present in use 
in Great Britain are of both the portable and 
stationary types. It has not yet been found 
feasible in portable machines to construct a plant 
in one unit to carry out all the above-mentioned 
operations. Three units are therefore employed, 
a drying, weighing and mixing unit, which may 
include screening apparatus, melting tanks, and a 
power plant. In practice it has been found that a 
plant with an actual output of 8 tons per hour of 
mixture for sheet asphalt is the most popular, as a 
laying gang with a steam roller will readily deal 
with this amount. Where there is a larger laying 





gang and more than one steam roller available, 
plants with larger output capacities are frequently 
used, 

In the concluding section of the report reference 
was made to the alleged slipperiness of asphalt under 
certain climatic conditions. It was asserted that 
asphalt surfaces were not more slippery than other 
types of pavement, and that the coefficient of 
friction was as great as in other forms of road. 

The report presented on behalf of the United 
States confirmed the statements made in the report 
for Great Britain. The chief reporter for the 
United States was Mr. Charles 8. Pope, Chief Con- 
struction Engineer of the Californian Highway Com- 
mission. The report stated that the particular 
advances in American practice in bituminous con- 
struction were those relating to a careful or almost 
meticulous attention to precise details of construc- 
tion or manufacture. This was said to be due not only 
to the lessons derived from study of European prac- 
tice, but also to the great advance in the efficiency 
of all mechanical equipment available for the per- 
formance of the work. The great advantages of 
bituminous construction for economical surfacing 
and reconstruction work were even yet, he stated, 
only imperfectly appreciated by many engineers 
because of lack of experience with the material. 

In the United States, and indeed in other 
countries, pavements of approximately 2 in. in 
thickness are usually laid in one major operation, 
and pavements exceeding 34 in. thickness are 
usually laid in two distinct major operations or 
courses, in which case the lower course is sometimes 
designated as the ‘“ base,” and the upper surface 
designated as the ‘‘ wearing surface.” To attempt 
to compress a greater thickness than 34 in. 
in one operation has been found to result in 
an inefficient structure, lacking in proper specific 
gravity and subject to serious displacement. 
Asphaltic concrete pavements have been found 
suitable for use under practically all conditions 
and circumstances, when properly and efficiently 
mixed and laid. It has been learned, too, from 
experience that the cost of maintaining a well- 
constructed asphaltic concrete pavement is less 
than in any other form of modern pavements. 

In the Italian report it was stated that a cover- 
ing material called bitulite (bituminous concrete) 
and silicious asphalt, had been used. Experience 
with these surfaces, which have been laid in Rome 
and Turin, suggests that they possess many of 
the advantages of compressed asphalt without 
requiring resort to a concrete foundation. In 
the general report on this subject, made by 
Signor I. Vandore, it was stated that the asphaltic 
rock used must be homogeneous and must have 
only a very low clay content, the upper limit 
permissible being 2 per cent. estimated in oxide 
of alumina. The percentage of bitumen may vary 
between 6 per cent. and 13 per cent. according 
to climate and traffic. He put forward a number 
of conclusions based on the information contained 
in all the reports for the consideration of the 
Congress, and these, with a slight amendment 
put forward by the British delegation, with the 
object of defining more clearly the place of tar 
in road work, were accepted by the congress. 

. These conclusions placed on record the opinion 
that while the tests now in use for bituminous 
materials will give the information desired in any 
particular case, it is necessary that a practical 
method should be found of measuring the adhesion 
of a bituminous binding material to an aggregate, 
and that a complete study should be made of the 
action of the very fine mineral matter incorporated 
in bituminous binders on the so-called asphaltic 
characteristics of the binding material. It was also 
recommended that there should be added to 
specifications for bituminous binding materials the 
melting point, obtained by preference with the 
ball and ring method. Another proposal was that 
the asphaltenes in binding material should be 
determined by solution in naphtha or petroleum 
ether, and that in any attempt to standardise 
tests the character of this solvent, its density, 
and the limits of distillation should be fixed. 
Another conclusion put on record was the fact that 
the use of suitably prepared tar, with an asphaltic 
binding mixture, presents advantages and makes it 
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possible to apply the mixture at a lower temperature | 
than when tar is not added. It was therefore recom- | 
mended that a closer study should be made of | 
mixtures of bituminous binders with tar and its 
derivatives, either for improving the conditions 
under which use is made of the materials, or on | 
the ground of economy. The conclusions which | 
were accepted with regard to tar were in the nature 
of a compromise to secure unanimity, and did not 
completely satisfy those representing the British 
tar industry, 40 per cent. of the output of which 
is now used in road works. 


(To be continued.) 





THE HYDRAULIC LABORATORIES 
AT VERKSTADEN, KRISTINEHAMN, 
SWEDEN. 





By Hapar Linp. 


| 
THE manufacture of water turbines and their | 
accessories was commenced at Verkstaden Kristine- : 
hamn (associated with Messrs. Boving and Co., iF lh sees : 
Limited, of London) in 1900, and it very soon] 755°) agree re 
became apparent that an hydraulic laboratory 
would be of considerable service for the purpose of | right-hand end of the flume acts as the turbine pit, 
comparing the calculations made with actual) and on the down-stream side is provided with a 
results. A testing station was accordingly con- | strong wall frame of cast iron, to which the various 
structed in 1906 at a water fall situated inside the | test turbines can be connected. For most of the 
work’s boundaries, which had a gross head of about | tests the turbine is arranged horizontally with the 
6 m., of which, however, only 4 to 5-5 m. were used | guide wheel in the turbine pit and the suction bend 
as effective head for testing purposes. In 1915 this|in the instrument room. When a single wheel 
testing station was rebuilt and enlarged so as to fit | vertical turbine is tested, it is erected in a casing in 
it for rapid and reliable tests >f turbines of all types | the instrument room, and this, in its turn, is con- 
and specific speeds. Figs. 1 and 2 show, respectively, | nected to the wall frame above mentioned. A similar 
a vertical longitudinal section, and a plan of the test- | arrangement is used for testing a twin turbine with 
ing station, as thus modified and as it exists to-day. | horizontal shaft. The suction pipe of the turbine 
The dam situated above the testing station is | discharges into the tail water canal under the 
provided with head gates and a long spillway, with| instrument room floor. The water level in this 
arrangements for the easy regulation of the upper | action is regulated by a weir of planks fixed 
water level. The quantity of water passed is | outside of the building as shown at c. Three 
measured by means of a screen a, which travels | | travelling cranes are provided to facilitate handling 












































with the water as it passes through a wooden flume of materials. These run on beams, &c., one above 
20 m. long. The screen occupies practically the | the turbine pit, another under the ceiling of the 
whole of the cross section with but very small side | instrument room and a third one above the tail 
and bottom clearances, and the time is recorded | race outside the test station. The latter is used | 
which it takes to pass over a length of 10m. The! for erecting heavy suction pipes in the tail race. 
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A view of the flume is reproduced in Fig. 5, opposite, 
whilst Fig. 6 shows the interior of the instrument 
room. 

Allinstruments and arrangements for measure- 
ment areas simple as possible, so as to permit of 
rapid and exact readings and of convenient checks. 

On its way to the turbine the water flows from 
the above-mentioned dam through the trash screen, 
placed above the gates t and thence into the flume, 
of which the first part is made convergent, which 
tends to still eddies and give a uniform speed to the 
water inthe succeeding parallelchannel. The flume. 
where the water speed is measured, has a cross 
section of about 4 sq. m.; the first 3 m. of its 
length are used as a “starting length” to give 
the travelling screen time to acquire the speed of the 
water, whilst the following 10 m. are used as the 
measurement length. 

In order to avoid the production of eddies on 
immersing the travelling screen in water, it is fur- 
nished with a sector flap. This is pivoted from a 
carriage of light steel tubes with four wheels pro- 
vided with ball bearings, running on rails on the 
edges of the flume. A rope is attached to the screen 
flap by which the screen can be completely lifted 
out of the water at the end of its run and pulled 
back to the starting point. A small winch, shown 
over the gates b, is used for this purpose. 

An arm on the carriage closes electric contacts 
at the beginning and end of the measurement length, 
and actuates, by means of an electromagnet, a 
stop watch which records the time taken. The 
quantity passed per second is equal to the length 
of the measurement section, multiplied by the area 
of the cross section of the water in the flume during 
the experiment, divided by the time. As the 
screen requires a very small force to move it, and the 
clearances at the sides and the bottom of the flume 
are insignificant, the speed of the screen corresponds 
very closely to the average speed of the water. 
Experience has also shown that no other method of 
water measurement permits of such rapid and exact 
testing. This measurement is well known to be 
the most difficult problem in an hydraulic testing 
station, and special care has accordingly been paid 
to the arrangements described above. 

For measuring the pressure head on the turbine 
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and the water depth in the flume, a level gauge 
glass is used. This is much simpler than any float 
mechanism with wires and pulleys, which are apt 
to get out of order. On the other hand the measure- 


INTERIOR OF INSTRUMENT Room AT TESTING STATION. 


!number of hundreds of revolutions is recorded 


automatically. 
The torque of the turbine is measured by a pre- 


| cision balance and a brake, designed and made at 


ment of the suction head is made by means of a | 


float and indicator. 


In most tests a head of 4 metres is adopted. When | 
testing a single horizontal turbine, which is the most | 


convenient type for the testing station, the pressure 
head is generally about 2-5 metres, and the suction 


head about 1-5 metres. The latter can, however. | 


when required, be increased to a maximum of 


3 metres, partly by erecting the turbine higher and | 
partly by lowering the tail water level by taking | 


away one or more of the stop planks in the spillway 
at c, Fig. 1. 

The speed of the turbine is measured by a Horn 
precision tachometer with a dial 300 mm. in diameter, 
driven by belting, and for the easy calibration of 


this there is a revolution counter driven from the | 
turbine shaft and provided with electrical contacts, | 


| the others. 


the works to the maker’s own design (see Figs. 3 
and 4). This brake, which is of a very light construc- 
tion in order to be suitable also for high speed 
work, consists of a chain of eight brake shoes, con- 
nected to each other by means of links of flat bar 
iron, except for a couple of the shoes, where a screw 
spindle for regulating the braking force has been 


| substituted for the links. With this arrangement 


all shoes are applied with the same force, so that 
no one of them has a tendency to get warmer than 
On the threaded end of the spindle is 
a hand wheel with four spokes for regulating 
the braking force, which latter, by means of ball 
bearings and a spiral spring, is transmitted to a cross 
piece fixed to one of the shoes, while the other end 
of the spindle is connected to a cross piece in the 
opposite shoe. By adjusting the spiral spring and 


coupled to the stop watch magnet already mentioned. | the ball bearing, the speed of the turbine can easily 


With this revolution counter, the time for any desired | be adjusted very exactly. 


The brake pulley is 


lubricated externally with oil from an oil cup 
arranged on each shoe and the lubricant is equally 
divided over the whole width of the pulley by 
means of wicks put into grooves in the shoes and in 
contact with the pulley. This lubricating arrange- 
ment is a very important factor in the satisfactory 
running of the brake. 

The brake pulley is cooled internally by a con- 
tinuous stream of water, which is afterwards led 
away through a pipe, the mouth of which skims off 
the water rotating inside the pulley. 

This brake has proved to be very suitable for the 
whole range of speeds and outputs required. It can 
be used also when the turbine is erected vertically. 
In this case, the weight of the brake itself is 
counterbalanced by a lever system, with counter- 
weights, fastened to the girder of the travelling 
crane placed above the turbine. A brake pulley of 
700 mm. diam. and 360 mm. wide can easily be 
used for speeds between 100 and 1,000 r.p.m., and 
for output up to 80 to 90-h.p. To ensure safety 
against centrifugal forces, the brake pulley has been 
run at an overspeed of 1.600 r.p.m. To calibrate 
the brake, it has been mounted on ball bearings, 
and the load on the balance caused by the weight of 
the brake itself measured. 

The bearings for the turbine shaft on the guide 
wheel cover and on the suction bend are lined with 
white metal. The hydraulic thrust on the runner 
is taken up by means of a ball bearing placed in the 
instrument room, which, by means of a double link, 
transmits the thrust to a bell crank on the stuffing- 
box of the suction bend. This lever in its turn 
transmits the thrust to a balance. When deter- 
mining the thrust, however, the brake ball bear- 
ings must be replaced by ordinary journal bearings, 
so as to permit of an axial movement of the turbine 
shaft. 

In the testing station the turbines are tested with 
specific speeds (metric) from 50 up to more than 
1,000 and with a maximum output which varies 
according to the specific speed from about 20-h.p. 
for very slow Francis turbines, up to 80 or 90-h.p. 
for high-speed Kaplan turbines. These correspond 
with a normal head of 4 metres. 

Quite early the management of Verkstaden came 
to the conclusion that turbine manufacture must be 
based upon results from independent experimental 
research work in order to compete with others suc- 
cessfully. Toenable this research to be undertaken, 
a laboratory for the study of model turbines of 
very small dimensions was built at the Kristinehamn 
Works as far back as 1914, and was, the author 
believes, the first of its kind. This laboratory was 
installed in an existing building. It was intended 
for experimenting with a head of 1 metre and on 
model turbines with an output of 0-8 to 1°5-h.p. 
Gradually, all new research work has been trans- 
ferred to this laboratory, so that the original 
testing station although it is in operation during 
the greater part of the year, is exclusively used for 
checking by tests on a larger scale, the types of 
turbines which have given the best results in this 
newer laboratory. 

In the course of time, the developments made 
increasing demands on the facilities and space pro- 
vided. This was the case especially for experi- 
ments on new types of suction tubes for high-speed 
turbines. The. laboratory was accordingly com- 
pletely rebuilt on a larger scale in 1922, though 
many of the existing arrangements were, in prin- 
ciple, maintained. Through this reconstruction, 
which embodied all experience gained in this field, 
the Kristinehamn Works obtained a turbine labora- 
tory which is believed to be a model, both as 
regards the equipment and the accuracy of the work 
accomplished. Cross-sections and a plan, showing 
the present arrangement of this laboratory, are 
reproduced in Figs. 7 to 10, page 376. 

In this laboratory, the head is obtained, by means 
of a motor-driven centrifugal pump, which takes 
its supply from a tank with a capacity of about 32 
cub. metre situated beneath the floor. The quantity 
is regulated by a throttle valve on the discharge 
pipe, which is controlled from the tester’s position. 

Eddies in the discharge are damped out by the 
usual screens and strainers, and the water is deli- 
vered into an open channel. Two double spillways 
with a total length of about 12 metres, are also 














[SEPT. 24, 1926. 


ENGINEERING. 


376 








» ee i a Sl i A oe) os Mh 





‘Suryyysy ory ut osn Joy squrod 
SNOMBA 48 [BIIEZeUL OY Zul10ys ore pues ‘osodind 4ey4 
JO} ON[VA B SBY JI 4VY} JopIsuOD sJOBBUBUI OUTUT [BIoAEg 
‘souy Adoi]joo SurzyZy ur postiyn oq Avul ysnp 004s Jo 10408 
-Ieyo 9|qIysnquiooul oY} ‘uIesy ‘uOTyBUTUNTT Jodoidurt 
04 e[qeqnqi4438 Apjoomrp ore syd ur syuepiooe Aus 
‘dw s,10urwr oy} Aq popsioye uolyeurUINy! oy4 SsesvoroUt 
Ayyeweyeur pus ‘Ajipeor 4431 syoogor ‘soSvssed ourur 
jO s]jea 049 0% pordde ‘ysnp ouoysouy Ayaeqnorzaed ‘ysnp 
euojg + ‘soseyUBApR JoYyjO sey Suysnp ou03s ‘suoIsojdxe 
eur Zurddoys ut onyeA S71 03 UOTPIPpe UT “PpoAwS o1OM 


,ONIWIANIONS. 





oul oY} Jo sjaed 10YyjO Ul BSuIyIOM o10M OYM ‘UCU OE 
OUIOS JO SCAT] CYY PUB PoYysMMSuIyxXe sem UOIsO[dxe oY} Jo 
eulvy Oy} “Bore poysnp-ou0js O43 Zutyower uodQ = *peTy 
19M U0TJOOS OY} UI SuryIOM O1OM OYM UOT LT OY} pus 
poynser uotsojdxo ue ‘ dure, dvo oureg-poyeu sty yz 
gowyuoo Aq poyust ourvoeq seB Zumsst eyy, “yox00d 
svZ 8 OFUT [Ip 0} poouBYD Joyjoo B ‘peysnp eu04s UeEq 
yok you pvy YoIyA uoTyo0s @ UE = ‘suOIso;dxe 4sNp-[BOo jo 
UOTZB}IUIT] OY} UT ysnp oUOys Jo AowoLyo oy} posiseyduie 
Ayonquey 4usoysoq, ut Asoyjoo 8 ur AT}UedeI j vam 
TPIyM UoIsojdxe uy ‘poyyeu oy} poeydope Ajeytugep 
















































































3 == 
‘ol Org 
UW YY g Yi UY YU 
SIDI S b & ; ra tL 0 La470y 





psy ‘soulut [[Z jo 2403 B Butjguoseader pus ‘s0}B1g 
quoieyip eAjoM4 ut Buryerodo soruvduios ZO, ‘toaAomoy 
‘ezel ‘tequieydeg yo pue oy} Aq ‘{ ssooord Sutysnp-eu04s 
ey} pokoydure soqyeig poytuQ ey} ut sorueduioo AroT[00 
MO} FZ6l JO BuruutZeq oy} uy ‘suorsojdxe ysnp-[voo 
Buiqiuny 10 Zuryueacid Jo suBOU B SB ‘SOUTUT [BOO-sNOUTUL 
-nyiq ul Suysnp euojs 09 pieSer YIM VolloUlyW Ut 
epeu Zu1eq st sseasoid Apvoys yoyy “eq ‘ysIngsy1g 


‘AZojouyoey, JO oyNyysUy eTZouIvDQ oy} pus soul; jo 
neoing 89387g poyuy ey} Aq Ajzutof poensst uTje]INg ® Ut 





poeyeys SI 4[—SANIP[ NVOIUAWY NI, ONTIESAT, ANOLG 








(‘panuyqucs 240). cr quoziz0y 
peqoora oq oste ues Aoyy 4nq ‘[eo1zJ0A szFeYs Iteyy 
YjIM poqseq AjferousS ore sjapour oy ‘Apoydutts 
jo oy¥s oY} JOT ‘ouINp IO JouUBYO sIyy Jo pus o4y 
qe SI oUIqINg ey y, “(OT “3Iq 908) YUV} JOOB-qns oy} 
03UI poJoATjep pue ‘asey} 10AO Younis st Joyem snydins 
eyL ‘Apeoyeuroyne oulqing 9Y44 Jo [eAe[-1azeM 
peoy oy} [oryUOS YoryM ‘fauUeYS sTyy Suoye popraoid 


(a'SS26) 





C17 


‘NHGHMS ‘NNVHANILSIYM 


‘NHGVLSMUAA LV SHIMOLVHYORVT OLTOVUCAH 

















SEPT. 24, 1926. | 


ENGINEERING. 


377 








WORLD-POWER CONFERENCE. 
SECTIONAL MEETING, BALE. 
(Continued from page 364.) 


Section B.—ExcHANGE OF ELECTRICAL 
ENERGY BETWEEN COUNTRIES. 


THIs section was discussed in two sessions and 
contained six reports. The chairmen were M. 
Legouez, President of the Union of Electrical 
Syndicates, Paris, and Professor Busila, of Rumania, 
in the absence of the appointed chairman, Mr. 
Klouman, of Norway. The. general reporter for 
this section was Professor J. Landry, of Lausanne 
University. 

Some details of the transmission service actually 
in use between Sweden and Denmark were 
given by Mr. T. F. Krarup, Director of the 
Telegraph and Telephone Services, and President 
of the State Electricity Board, Copenhagen. He 
referred to the submarine cable of about 6 miles 
in length laid between those countries, from the 
vicinity of Helsingborg to Elsinore, for the trans- 
mission of current from the power station located 
near the Lagan river and belonging to the 
South Swedish Power Company, to Zealand, 
Denmark. The principal client was the Nor- 
thern Zealand Electricity and Railway Company. 
This company supplied Copenhagen, Frederiksberg, 
and several important electric concerns in the 
Zealand province. The number of plants in 
Swedish and Danish territory supplied from a 
common system was now about 25, having a total 
power of about 150,000 kw. 

The Danish authorisation for taking current of 
Swedish origin was granted by a decree dated 
March 27, 1914, signed by the Danish Minister 
of Public Works, after agreement with the Danish 
Ministers of War and Marine, the Electricity Board 
and the Director of Telegraphs. The decree stated 
that the cable should not cause interference with the 
telegraph and telephone services; its supervision 
should be vested with the Electricity Board ; the 
authorisation for laying the cable was not to create 
a monopoly for the transmission of current from 
Sweden; and a tax of 74 per cent. on the value 
of the energy transmitted to Denmark was to be 
paid into the Danish Exchequer for a period of 
40 years, during which, we understand, the license 
was to remain in force, the tax being payable at the 
end of every three months on the cost of current 
charged by the producers. The paper added that 
negotiations had been proceeding for some time past 
for linking up Norway, Sweden and Denmark for in- 
creasing the supply of current to the latter country, 
which lacks water power. So far, these negotiations 
had not led to a practical issue, but they had thrown 
light upon the different problems surrounding a 
scheme of this nature. The negotiations were 
started during the war, at a time when there was a coal 
famine throughout Denmark ; since then, however, 
coal had again become available and prices had fallen. 

The paper briefly considered the linking-up 
conditions as they applied to the three countries. 
In regard to the producing country, matters were 
relatively simple ; when it had an excess of current 
available and had found a customer willing to pay for 
it there appeared to be no reason why current should 
not be delivered at the frontier without the need of 
any special legislation. Circumstances were different 
in respect to the transit country—Sweden in this 
particular instance. By allowing the passage of 
current within its borders it had a right to receive 
an indemnity for the inconvenience and expendi- 
ture it incurred. The question of high pressures 
came in and placed power mains on a different 
footing from that of telegraph and telephone lines, 
while way-leaves had to be considered. These 
considerations had to be dealt with by the State 
or by a company under State supervision. In some 
mstances, also, the transit country might add to 
the current supply. The various points which arose 
could only be decided upon their merits. 

The situation as regards the receiving country, 
the paper added, would be a relatively simple one 
if the latter country were practically without 
existing electric installations, a condition which at 
the present time did not apply to any European 
nation. Denmark, notably, was already highly 


electrified ; any inhabitant had been free for some 
time past to put down an electric plant of any class 
on condition that it complied with the legal require- 
ments provided for its construction and working. 
As a result, very many electric installations of all 
sorts and sizes had been put down, and if it were 
decided to import the bulk of the current from 
abroad, the work in all its ramifications could only 
be undertaken by the State; even then, the State 
could only act effectively after obtaining the 
agreement of the existing concerns, and these would 
consent to purchase imported current only if it 
were quoted lower than the current they now had 
available. Under present circumstances, therefore, 
the scheme referred to was hardly feasible; it 
might come to a head if the Danish State itself 
required large amounts of current for, say, the 
electrification of the railways. 

A paper by Dr. Robert Haas, of Rheinfelden, 
stated that the exchange of electrical energy from 
country to country was still in the very early stages 
of its possible development. Two limitations came 
into play: either a country had too small an 
excess of current to make export worth while, or 
the inhabitants had not so far realised the importance 
of generating current for export. It was a remark- 
able fact that some countries which had exceedingly 
rich power-resources were unwilling to export 
current and surrounded this particular trade with 
a wall of tariffs—an indefensible position to 
take up since their sources of power were being 
constantly renewed free. Water-power plant was 
now installed in Switzerland aggregating a total 
|of 1,800,000 h.p., producing about 5,000,000,000 
kw.-hours per annum, whilst her capacity could 
reach 8,000,000 h.p. and 20,000,000,000 kw.-hours 
per annum. She could export half the latter energy, 
whereby her revenue might benefit to the extent of 
4,000,000/. per annum. 

One statement in the paper was to the effect that 
extra high-tension mains gave a prospect of econo- 
mical results only when they were utilised for the 
supply of at least 750,000 to 1,000,000 kw.-hours 
per kilometre (about 1,410,000 kw.-hours per mile). 
At the present time the transport of high-value 
coal over long distances was attended by more 
economical advantages than that of comparatively 
small quantities of current. Certain difficulties due 
both to Germany and to Switzerland affected the 
exchange of current between the two countries; 
export from Switzerland was made difficult by 
lengthy procedure, although Germany had no 
special legislation governing the import of current, 
and but few regulations for its export, and 
transit mains through Germany were considered 
in the same light as mains for the country’s own 
service. Germany was also looking to Austria 
for the purchase of current from outside, and a 
current-transmission system from the Vorarlberg to 
the State of Wiirttemberg was soon to come into 
operation. The economical supply to Germany 
from Sweden and Norway depended upon the laying 
and working of safe and reliable extra high tension 
submarine cables of some length, and was a ques- 
tion for future consideration. 

The following interesting figures were contained 
| in a paper by Mr. Genissieu, Chief Engineer of Roads 
and Bridges, France, on the production and con- 
sumption of electric energy in that country in 
1923 :— 








Kw.-hr. 

Energy produced by French 

installations... aaa sas 7,489,810,000 
Imported energy... was a 253,245,000 
Energy available for distri- 

bution ... ods aes fs 7,743,055,000 
Exported energy... “1% i 5,214,000 
Energy consumed in the country 7,737 ,841,000 


In certain parts of her territory France both 
imported and exported current, but these transac- 
tions were generally small, and involved as a rule 
only a number of small townships in proximity to 
the frontiers, except, however, in regard to Switzer- 
land, from which country France imported a large 
amount of power—247,914,000 kw.-hours in 1923. 
The totalenergy imported into France amounted, in 
1923, to about 3 per cent. of that produced in the 
country. The author did not believe that in the 
near future France would be called upon to export 
current to any large extent. To the north and 











north-east, Belgium and Germany had coal and 
lignite mines enabling current to be produced at @ 
low cost; to the east. Switzerland produced and 
exported current ; to the south-east, Italy had large 
natural power resources, and Spain was in a similar 
position. 

The paper by Dr. H. Triimpy, of Glarus, called 
attention to the enormous power resources of 
Switzerland, which could never be utilised to their 
full extent within the country. Export was already 
taking place on a large scale ; the Rheinfelden power 
station delivered almost all its current to Germany, 
that at Brusio found its natural outlet in Lombardy 
and the Chancy-Pougny station supplied France. 
The author did not consider electric energy @ 
merchantable commodity of the ordinary class. It 
could only be transported through mains, and was 
not free in the sense that other goods were free. 
The laying of mains required authorisation on the 
part of public authorities. The generation of cur- 
rent was not left to the liberty of the citizen, since 
the large majority of water sources belonged to the 
State, which decided whether they were to be utilised 
ornot. The State had therefore numerous opportuni- 
ties for playing a predominant part in the transmis- 
sion of electric energy ; it was also in such a position 
that it might offend a portion of its population by 
granting any given concession and find the voice of 
that part of the population against the scheme. 
Numerous circumstances would thus occasionally 
contribute to obstruct the unfettered exchange of 
current from country ‘to country, but, nevertheless 
a much freer exchange than now obtained was 
highly desirable, electric energy having become an 
essential commodity in the everyday life of the 
whole community. 

A paper by Mr. William Kelly, a United States 
delegate, stated that the only experience which 
the United States had had in exchanging electric 
energy with other countries had been their exchange 
with Canada. Tables in the paper gave figures 
for the current exported from Canada to the United 
States during a number of years. The figures for 
the fiscal year ending March 31, 1926, were as 
follows : kilowatt-hours generated in Canada for 
export, 1,359,343,753 ; kilowatt-hours generated for 
Canada, 3,575,247,701. With the growth of load 
in Canada the ratio of power exported to total 
power generated had dropped from about 67 per 
cent. in 1911 to about 27 per cent. in 1926. Figures 
for the export of electric energy from the United 
States into Canada were not available, but the 
amount had been relatively small. There had been 
some mutually profitable interchange of current 
in the Niagara Falls district, but it had been 
handled mostly through the Canadian Niagara 
Falls Company, which had a plant in Canada 
owned by United States interests, and the power 
so interchanged did not directly appear in the 
export figures. There were no laws in the United 
States relating to export of power, and there had 
been no indication that such laws would ever be 
demanded. The export of power from Canada, the 
author added, was controlled by an Act dated 
April 27, 1907. No export duties were imposed 
under this Act until 1925, when a Proclamation 
dated March 26, 1925, imposed an export tax 
of three one-hundredths of a cent per kilowatt-hour 
on all power exported. This Act, the Proclamation, 
and the draft of an Act dated March 24, 1926, of 
the Province of Quebec, dealing with the prohibition 
of the export of power, were given as appendixes 
to the paper. The author suggested that Canadian 
laws restricting the export of surplus electric power 
might bring into being laws taxing or restricting 
export of coal from the United States into Canada. 

After dealing in general terms with the economics 
of the exchange of electric energy from country 
to country, and giving typical examples of Swiss 
installations supplying current abroad, Mr. H. 
Niesz, of Baden, enumerated, in his contribution, the 
objections raised in some quarters in Switzerland to 
the export of current. One of these objections was 
to the effect that by reason of the abundance of 
water-power resources in her territory Switzerland 
was destined to become an important centre for 
carrying out electrometallurgical and electrochemical 
processes on a large scale; the sale of current 
abroad helped the establishment of these industrics 
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outside her own frontiers and resulted in a loss 


to Switzerland. Another objection was that the 
export of important quantities of electric energy 
to foreign countries gradually subordinated Switzer- 
land to those countries; foreign capital became 
invested in Swiss concerns, and this might at 
any given time be a source of danger. These 
objections were refuted by the author. His final 
section, which reviewed the technical aspects of 
the interchange of electric energy between countries, 
consisted in the main of an appeal for greater 
standardisation. 

In opening the discussion, the general reporter 
referred to the absence of reports from Italy, 
Scandinavia and Canada, who were all directly 
affected by the question. The meetings were 
largely in agreement that it was desirable that 
the authorities in different countries should place 
no obstacle in the way of a free interchange of 
electrical energy where economic conditions were 
favourable. This feeling found expression at the 
end of the second meeting in the unanimous adoption 
of a resolution declaring the belief in the advantages 
of such interchange, appealing to all governments 
to deal with the question in a broad-minded and 
helpful manner, and calling for international under- 
standing with regard to transmission voltages. One 
speaker, however, pointed out the danger to an 
importing country dependent upon outside sources 
for such a vital commodity, as well as the 
opposition which must be looked for from those 
interested in developing the power resources of the 
importing country. 

A Danish speaker, Mr. A. R. Angelo, stated that 
the submarine cables across the Sund Straits were 
transmitting at 25,000 and 50,000 volts. They 
carried excess hydro-electric current to Denmark 
from Sweden and also conveyed thermally-generated 
power in the reverse direction when Sweden suffered 
from water shortage. An Italian delegate, Mr. O. 
Jacobini, gave a figure of 3-7 per cent. as represent- 
ing the percentage of the total national production, 
which his country imported. Dr. Haas (Germany) 
desired to see international co-operation involving 
Germany, Switzerland and France, linking up the 
coalfield power stations of the former with the hydro- 
electric stations in Switzerland and France, and 
exploiting the suggested new station on the Reuss 
below Andermatt, where a dam has been suggested, 
and also the valley of the Moselle in France. The 
general reporter, referring to the final resolutions for 
concerted international action, suggested the desir- 
ability of conferring with the French Association of 
Large Distributing Companies and the American 
International Electrotechnical Committee in evolving 
suitable bases of exchange between countries, and 
after some discussion on a point raised by M. Legouez 
(France) that no dictation of policy was intended, the 
suggestion was agreed to by the meeting. It was 
noticeable that at this, which happened to be the 
closing business meeting, the attendance was well 
maintained, over 100 members being present. 


CoMPARISONS OF THERMAL 
HypDRAULIC GENERATION. 


THis section occupied two sessions in discussion 
under the chairmanship respectively, of Mr. John W. 
Lieb, Vice-President of the New York Edison Com- 
pany, and Mr. Elvio Soleri, President of the Italian 
General Electrotechnical Association. The general 
reporter was Dr. A. Nizzola, President of the Motor- 
Columbus Company, Baden. The majority of the 
reports aimed at analysing the position in the light 
of the conditions peculiar to each reporter’s own 
country, and we propose to summarise these reports 
first, leaving one or two of 1 more general character 
to the end. 

Messrs. W. E. Mitchell and L. Gallalee (U.S.A.), 
dealt very fully with the underlying principles to be 
applied in determining the best line of development 
in a given case, although the alternatives considered 
were confined to water-power and steam plant, no 
mention being made of the possible employment of 
Diesel driven generators. The report opened with a 
description of the actual growth from 1912 of the 
system with which they were directly concerned. The 
territory of the Alabama Power Company, contains 
two principle*drainage basins suitable for power 
: plants, the Mobile and the Tennessee, comprising in 
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area nearly the whole state of Alabama, covering 
some 50,000 sq. miles. There are 3 power stations, 
two in the former basin, one in the latter. Rain- 
fall is distributed unevenly throughout the year, 
both local droughts and torrential rains occurring. 
Snow is unusual in quantity sufficient to affect 
the situation. Alabama contains in addition 3 
large coal fields yielding a bituminous coal of 
varying nature. The ash content is high, and 
for power purposes the coal is crushed and 
washed. The output for 1925 was nearly 20 
million tons. In only one field is there ample and 
continuous cooling water available in close proximity 
and the distance in consequence from either source 
of energy to the point of main consumption is about 
equal, so that transmission costs are not a factor in 
making a comparison. Local geological conditions 
make it difficult to introduce storage to even up the 
fluctuating river flow, so that from the first steam and 
water power have been developed simultaneously, 
the original plant in 1912 being laid down to give 
81,000 kv.-a. hydro-electrically and 12,500 kv.-a. 
thermally. The total available capacity is now 
381,000 kv.-a., and as the pressure of requirements 





works of the former type were rarely profitable, 
and a combination of hydro-electric and thermal 
services was generally advisable. Examples of co- 
operation were quoted, including the Bayernwerk, 
which distributed energy derived from two chief 
plants, the Mittlere Isar A.G. and the Walchen- 
seewerk all over Bavaria and a number of small 
plants. The total capacity of the Bayernwerk 
was 300,000 kw.; the yearly supply could total 
1,200 million kw.-hr. Each of the two large plants 
could supply the railways, directly without the 
intermediation of the Bayernwerk, the tariff of 
which distinguished between a rate charge per 
kilowatt installed, and a charge per kilowatt-hour 
consumed. A consumer who did not need to be able 
to claim more than a certain amount of energy could 
make an agreement to pay only for kilowatts 
used. In assessing the rate charge the kilowatt 
had been assumed to represent the value of 
1,400 kg. of coal (of 6,500 calories) per year; the 
kilowatt-hour was considered equivalent to 0-7 kg. 
of coal. The settling of the accounts between 
the generating plants was based on these two 
charges; the Bayernwerk did not pay this rate 


was felt, an analysis of the situation was made |to installations working without storage. Before 
resulting in the addition first of steam, and then of | extending hydro-electric plants which had no water 


water plant. 

The report referred to the benefits accruing 
from linking up with power supply companies 
in adjacent states, whereby the steam plant could 
be kept going at full load, neighbouring companies 
absorbing the night output and conserving their 
own water in storage. Further, differences in 
the time between States helped largely to smooth 
out meal-time drops, as did also the different nature 
of the industrial requirements. A small committee 
of executive and technical staff drawn from the works 
concerned, meeting once a month, was stated to 
be of great benefit in regulating production as well as 
in planning new programmes of development. This 
type of arrangement was stated to have assisted 
towards economic generation, as interchange con- 
tracts are free from irksome restrictions, and allow 
sale and purchase of current to be optional. It is 
common for one company to supply by night at one 
rate and buy back at a higher rate by day. Dealing 
with power factor correction the report stated that 
during the dry season the hydro-generators are 
run solely for this purpose, the gates being shut 
and the vacuum in the draft tube destroyed so that 
the generators run purely for power factor correction 
with very little loss of water. The principle of 
carrying the load in the Alabama Power Company 
is to take the base load on the water plant and 
fluctuations by steam plant in the wet season, 
and vice versa in dry weather. To control the use of 
storage water to the best advantage a “‘ Rule Curve ” 
was referred to in the report, which consists of a 
curve of limiting reservoir levels for each period of 
the year, based on previous records. The authors 
concluded by stating that for some 10 years they 
considered, the cheapest over-all cost of energy in 
their own territory would be attained by developing 
hydro-electric power plants beyond their primary 
power capacity and supplementing them by eco- 
nomical steam plants at the pit head or at important 
load centres. 

The German report on the Economical Relations 
between Hydro-electric and Thermal Power in 
Single and Combined Plants, was drawn up by 
a committee under the presidency of Dr. Oskar 
von Miller, and comprising Mr. F. Krieger, Director 
of the Mittlere Isarwerk, and Professors G. Marx 
and Dieter Thoma, of the Technical High School, 
all of Munich. The report pointed out that 
even when the one or the other source of power 
seemed alone to be practicable, the two possible 
modes of power generation would always influence 
one another. For exclusively thermal power 
generation, the fuel (coal or lignite, gas, oil), the 
medium (steam or gas mixture) and the type of 
engine had to be considered. The Diesel engine 
was the ideal peak-load engine, but the cost 
estimates were in favour of the steam turbine 
for very large units; the advantage was perhaps 
temporary, however, as it depended upon the 
relative costs of coal and oil fuel. Water-power 


plants could be divided into those with no water 
storage and those with such storage; isolated 








storage the number of hours of use should be 


| determined at which the plant still gave a profit 


for a given price per kilowatt-hour; the peak load 
should be taken by the thermal station or the stored 
water power. With a gradual rise in the power 
demand of a district, steam power would generally 
be more economical in the first stages until a 
steady demand could be relied upon; that stage 
had now been reached in Bavaria. 

The co-operation between hydro-electric and 
thermal power stations in Austria, upon which Mr. 
R. Hofbauer, director of the Styrian Waterpower 
and Electricity Company, A.G. (Stewag) reported, 
is confronted by particular difficulties, because 
the post-war country consisting of Upper and 
Lower Austria proper, Salzburg, Styria and parts 
of Tyrol is deprived both of the manifold 
resources and the trade routes and markets of 
the old Empire. Styria has its old-established 
famous iron industry, utilising a pure spathic ore ; 
there is no coal, but half of the 3,500,000 tons of 
coal used in Austria last year, Mr. Hofbauer said, 
consisted of Styrian lignite which was, unfortunately, 
not well suited for gas generation and powdered fuel. 
Water power was plentiful, but was hardly utilised at 
present. The scheme which Mr. Hofbauer outlined 
would take ten or fifteen years to carry out, and 
relied upon water power in the first instance, further 
steam plants, excess power generated from blast- 
furnace gas at the iron works, and steam at the 
paper and pulp works. The Stewag had concessions 
for nine big plants, totalling 308,000 kw. Hydraulic 
energy was to be stored, and a thermal reserve 
was to keep the plant going for two or three months 
in winter, while the peak loads would be taken by 
the hydraulic power. The blast-furnaces were in 
Styria; some of the steel works were in Austria 
proper. The scheme also took the needs of the 
Austrian railways and the resources and require- 
ments of Vienna into consideration. The Enns 
Gesiiuse—the name indicates the roaring of the 
cataracts in the gorge of the river Enns—was to 
supply 180,000 kw., partly utilising a head of 200 m. 
In the paper industry steam was already generated 
at 30 atmospheres, and expanded in turbines to 8 
atmospheres ; the steam then sent to the cellulose 
boilers was further expanded in low-pressure tur- 
bines, and finally tapped for drying or for further 
expansion in turbines. The first part of the project 
now under construction, comprised four stations a 
total of 65,000 kw. capacity. 

In Belgium, Mr. Lassalle, director of the Service 
d’Electricité et d’Electromécanique, pointed out, 
electric energy had been so far almost entirely pro- 
duced by the use of coal, and the sale of hydraulic 
energy would be governed by the price of steam 
power. Hydro-electric plants could sell their “first 
class ’’ energy at that price, first class energy being 
defined as that corresponding to the minimum water 
supply of the station. Second class energy is defined 
as that available over and above the first class 
energy and which enables machines to be shut-down 
in interconnected thermal plants, whose working 
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costs it helped to diminish because generators 
could be stopped. If coal were merely saved 
in this way, without admitting of cutting out 
generators, Mr. Lassalle would speak of energy 
of the third class. The amount of energy of the 
first class could be increased by water storage. The 
paper discussed the principles of determining the 
capacity of reservoirs and of the correct assessment 
of the items in cost estimates, which frequently 
underrated the importance of river improvements, 
prevention of floods, industrial water supply, &c., 
as well as the suitable sites for hydraulic and thermal 
stations. Comparisons made with France, often 
overlooked the different coal conditions in the two 
countries, and it was too early yet to pronounce 
upon the economy of boilers and turbines working 
at really high pressure. 

According to Mr. G. Arbelot, of the Public 
Works Ministry, Paris, the electrical generating 
plant installed in France, in 1923, totalled 4,510,000 
kw., corresponding to a power actually available 
2,770,000 kw., the respective figures for water 
power being 1,290,000 kw. and 720,000 kw. Hy- 
draulic power supply became economically possible 
when 60 per cent. of the energy could be sold; 
peak load hydraulic stations required the fullest 
utilisation of all the water stored, which might be 
done successively in several plants ; distribution at 
more than 100 kv. would be economical only when 
several networks were linked up. These considera- 
tions suggested pooling of the various power resources 
for high-tension supply, electrification of the railways 
with State subvention, and the general control of all 
possible power resources. Where the 60 per cent. 
condition mentioned could not be fulfilled, thermal 
plants should be erected. As hydraulic development 
became possible, they would subsequently serve 
as reserves. Except in cases where State aid could 
be relied upon, hydro-electric plants of large 
stcrage capacity should only be erected as sub- 
stitutes for already existing thermal plants. Mr. 
Arbelot was not pessimistic about water power, and, 
emphasising that his suggestions were only meant to 
apply to actual conditions prevailing in France, he 
considered for the present the interlinking of plants 
as most important. 

A contribution to the discussion by Dr. Ing. 
Johannes Ruths, director of the Aktiebolaget 
Vaporackumulator, Stockholm, dealt with the part 
that the Ruths steam accumulator was taking in the 
combination of water and steam power. In the 
municipal electricity works of Malmé and of 
Halmstad, the Ruths accumulator took the peak load 
on the dark winter days. At Malmé, the two Ruths 
boilers installed operated automatically as soon as 
any disturbance or overload occurred ; the boilers, 
4m. in diameter and 19-2 m. long, worked at 7 to 1 
atmosphere and were kept warm at night by an 
auxiliary electric boiler, supplied with cheap night 
current. The turbine of the Lavals Angturbin 
Company received steam from the boilers whenever 
the speed of the centrifugal governor of a synchro- 
nous motor dropped. Dr. Ruths further explained 
cases in which steam was generated for power at 
higher pressure than the other uses of the same 
steam required. There were 30 installations of 
this kind in Scandinavia. Particulars were given of 
a sugar works and of the sulphite pulp works at 
Svané, where the pulp boilers required steam at 
5 atmospheres in very fluctuating amounts, while 
drying was done by steam at 0-7 atmosphere. 
The main power unit was a 1,250-kw. turbine, and 
there was further a condensing turbine of 2,100 kw. 
Dr. Ruths believed in general that non-condensing 
industrial plants could be operated in the most 
rational way by means of high-pressure boilers, 
bleeder turbines and a Ruths accumulator. 


State control had a capacity in 1925 (i.e., before 
Lilla Edet was in operation) of over 178,000 kw., with 
a steam reserve of 27,000 kw. ; 1,090 million kw.-hr. 
and 13 million kw.-hr. were supplied from these two 
sources, and the costs were respectively 8-5 and 1-12 
million kroner (or about 13d.), the distribution itself 
further costing 4-13 million kroner. Similar figures 
were given for Southern Sweden, which possessed a 
number of medium-size water-power plants, as well 
as for private industrial water-power installations, 
and for the wood pulp industry, which mainly relied 
on steam power, using water as a stand-by. The 
cost figures and other details were based upon 
reports from the respective works. 

The case of Yugoslavia, upon which Mr. 
Bozidar Prikril reported, is somewhat like that 
of Sweden. The country has 9,000,000 h.p. 
available in water power, of which only 170,000 h.p. 
are developed, on an area of 248,000 sq. km., 
or slightly larger than that of the United Kingdom. 
In 1925, power was chiefly supplied to the chemical 
calcium carbide and nitrogen products works at 
Ruse, which utilized 106,000,000 kw.-hr. in that 
year ; to the Trbovlje coal mines (21,000,000 kw.-hr.); 
to Mariburg (Marburg) on the Drava, and to cement 
and other works. Mr. Prikril outlined the projected 
extensions. The chief water-power station was at 
Fala, near Ruse, on the Drava; there were two 
thermal stations at Trbovlje and Zagreb on the 
Sava, and between these two a new hydro-electric 
station was to be erected at Krsko. These four 
stations were to be joined by a high-tension line 
working at.85 kv. 

The relations which hold between thermally- 
produced and hydraulically-produced electricity in 
Switzerland were set forth in a very complete manner 
in papers contributed respectively by Mr. Biichi, 
who handled the question of Diesel generating plants, 
Messrs. Meyer and Noack, who considered steam 
turbines as the thermal units, and Mr. Ehrensperger, 
who analysed the whole question on the basis 
of the data supplied in the other two papers. If 
water plant is run intermittently, either due to 
fluctuating demands for power or due to insuffi- 
cient water at certain periods, the interest on 
capital charges attains such value that the pro- 
vision of a thermal station to carry part of the 
load soon becomes an economic possibility even 
under the conditions pf high fuel cost met with in 
Switzerland. Biichi put the minimum number of 
hours per annum below which a Diesel installation 
can produce more cheaply than a water power station 
at 2,000 to 2,500, or 25 to 30 per cent. load factor, 
which is considerably augmented where long trans- 
mission from a hydraulic installation is involved, 
a factor which does not arise with Diesel installations. 
Thus, if high-tension transmission for 125 miles be- 
comes necessary, the hydraulic plant would have to 
operate about 50 per cent. of its time. He assumed 
in his calculation a capital outlay on water power of 
750 to 1,000 frs. (301. to 401.) per kilowatt, which fully 
covered post-war installation costs. Tables of 
working costs under the different allocations of load 
on the experience in the Berne Municipal Electricity 
Works, where Diesel plant up to 5,000 kw. were 
installed, were given by the author. At the period 
of lowest water, in January, 42-7 per cent. of the 
load of the station was taken by this plant. On the 
subject of steam plants, the authors of the second 
paper first commented on the place which such plants 
now occupy, even in Switzerland, due to the advances 
made in the efficiency of steam raising in recent years. 
It was pointed out, however, that, unlike the Diesel, 
which is essentially a peak load machine, the steam 
plant must, and can, be put on to run at full load 
for long low-water periods if it is to show the best 
| results. For a modern plant it was considered that 





Reporting on the Swedish aspect of this problem, | at least 2,000 hours per year must be run, and the 
Mr. Axel F. Enstrém, Director of the Royal) more efficient the plant the higher the capital cost, 
Academy of Engineering in Stockholm, remarked | and consequently the longer the running hours 
that Mr. F. V. Hansen had reviewed the Swedish | required to justify it. The paper gave present prices 
power industry at the First World Power Conference. | per kilowatt installed as from 250 frs. (10/.) for a 


In Sweden, steam power was secondary to water 
power : it supplemented the latter during dry years, 
and in winter took the peak load in the independent 
Stockholm electricity works. It was utilized in the 
wood pulp and other industries, the waste wood of 
which was used for power production. In Central 
Sweden the four chief hydro-electric works under 


low-pressure plant, to 310 frs. (127. 10s.) for a plant 
working at 60 atmospheres (900 Ib. per square inch) 
and burning pulverised fuel ; 65 to 70 per cent. was 
taken as representing the proportion of outlay on 
mechanical and electrical equipment. The authors 
referred to the possibility of introducing energy 
storage such as the Ruths system, or the utilisation 





of surplus electricity to heat water for the peak 
periods, and they also remarked on the economic 
importance of combining the generation of power 
from steam with the supply of low-pressure steam 
for industrial uses, and for domestic heating. 

Mr. Ehrensperger stated the present position in 
Switzerland as follows, excluding railway and private 
installations: Hydraulic power installed about 
833,000 kw., thermal stations only 62,000 kw. He 
considered that thermal power stations would 
develop in the future because they could take care 
of part of the load more cheaply than water, and 
because they would be required as a reserve against 
water shortage as the home consumption expanded, 
He divided the types of hydraulic generating plant 
into three : (a) low head stations, in which storage 
is impracticable and in which the fluctuating water 
supply approximatesin value to the steady portion. 
Capital cost he put at 400 to 800 frs. per kilowatt 
(16/. to 327.) before the war, and now some 80 per 
cent. dearer. It should be remembered that the 
most advantageous sites have already been utilised. 
This would affect future costs. This type of 
station is stated to produce the cheapest current. 
(6) Installations with a natural storage reservoir. 
The price of power per unit is generally higher, but 
its commerical value will probably also be greater. 
(c) Installations having artificial storage and using 
surplus power to replenish the high head water by 
pumping. The author instanced Ruppoldingen, 
built in 1903, at a cost including heavy costs for land 
acquisition, of 630 frs. (25/.) per kilowatt and giving 
an average overall efficiency of 32 per cent. to 
42 per cent. at full load. The question of load 
factor was analysed with reference to the findings 
of the other two papers, and Mr. Ehrensperger was 
in general agreement that at about the figure of 
3,000 running hours per year, the relative costs had 
to be compared carefully for each individual case, 
but that at 4,000 hours or a power factor of about 
45 per cent., water power was definitely the cheaper 
in Switzerland. 

A further Swiss report, that of Mr. R. Neeser, 
dealt with the practical aspects of obtaining maxi- 
mum energy from available water-power resources, 
notably of low head. With the growth of inter- 
connecting systems between the power stations, he 
claimed that surplus current generated during 
favourable periods could be disposed of, and this 
made the full output of stations of more importance, 
He produced hydraulic efficiency diagrams for 
varying loads covering a variety of actual plants, 
having different capacities, and made by different 
Swiss manufacturers from which it was interesting 
to note that an efficiency of about 90 per cent. was 
recorded in every case. With the Kaplan turbine 
a high efficiency was obtained for a wide range of 
load (e.g., 80 per cent. at 40 per cent. full load) 
together with a high speed allowing of the use of 
cheaper generators. From data and calculations 
for the particular case of Chancy-Pougny he found 
that the replacement of five Francis by five Kaplan 
turbines would raise the output 13-2 millions 
kw.-hrs. or 6°6 per cent. The use of only one Kap- 
lan, keeping the rest of the Francis type, would give 
the flexibility required in meeting changeable loads, 
while increasing the output about 3 per cent. He 
then discussed wear, and effect upon efficiency, 
giving data for a particular station which showed 
that a Francis turbine working under about 145 ft. 
head and generating 2,500 kw. fell in six years from 
an overall efficiency (turbine and generator) of 
82 per cent. to 70 per cent. through wear. He 
strongly advocated periodical examination or simple 
testing, and the systematic repair or renewal of 
plant giving only poor efficiency. 

During the ensuing discussions the general 
reporter, Dr. A. Nizzola, said that the electrical 
producer’s most important problem was to obtain 
the highest possible load factor on plant and trans- 
mission lines in the face of large fluctuations both 
in potential production at each point and of general 
demand. The wider the distribution network 
could be extended the more easily could these 
fluctuations be flattened out. 

Thus, places where shortage of water occurs in 
summer balance those where winter is the scarce 
season, while the balancing thermal power stations 
relying on steam can be kept running day and night 
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for long periods. The levelling of peaks in the 
demand load diagram would be assisted by the 
change in the clock from one country to another. 
Whether thermal power could more economically be 
transported as fuel, or over wires, depended upon 
local conditions, but where the electrical transmission 
would be counter in direction to the general present- 
day flow, existing lines would tend to become 
balancers and would in effect bring coal-field and 
consumer nearer together. 

The state of affairs when Italy’s demands should 
require the import of energy was shown to be of this 
nature with regard to the coal and lignite fields of 
France and Germany. 
thermal generation of electricity great prospects 
in the future due to improved efficiency in pro- 
duction, coupled with an extension of the systematic 
exploitation of chemical products and of waste heat 
at the large generating stations. Water-power 
generation on the other hand held out no such 


prospect, and must look to the progressive paying | 


off of initial capital outlay to cheapen its product. 
The chairman, Mr. J. W. Lieb, mentioned a 
particular aspect of the question which appealed 
to him, viz., the extent to which a city like New 
York is dependent upon electricity for such vital 
services as fire-fighting, and the operation of lifts 
in its tall buildings. He felt that apart from 
economics, expediency was an important con- 
sideration in such cases and favoured alternative 
thermal generating plants in the city. Mr. W. 
Quack (Germany) considered that the cheaper 
hydro-electric power brought over high-tension 
transmission lines was quite suitable provided 
several parallel systems were well inter-connected 
to provide alternative routes. This speaker thought 
that at the present time too much attention was 
being given to steam plants, and that the correct 
policy would be for the unemployed of the different 
countries to be engaged in perfecting schemes for 
the husbanding of available hydro-electric power. 
The Ruths steam accumulator came in for some 
discussion, Professor Eustréna considered it a 
useful appliance in helping steam plants to take 


over part of the load economically, but other | 


speakers thought its true place lay in the industrial 
field and not the power station. Dr. Ludin 
(Germany) thought meteorologists and engineers 
should work together in each country in order 
to obtain the best possible: data bearing on the 
question of water supplies, and that information 
should be exchanged. Mr. Sten Velander (Sweden) 
considered that steam plant was not suited to 
take peak loads, and that the Ruths accumulator 
was of no help in this connection. A practical 
trouble met with in the use of steam stand-by 
plant was that those in charge would not risk 
|a break in the supply, and therefore brought it 





| teristics were very bad. He advocated making 
|a hydro-electric installation large enough as regards 
|the building work (pressure tunnels, pipes, &c.) 
|to take peak loads, at a small additional cost. 
|The machinery could then readily take an overload 
| for a short time, thus meeting the peak demand. 
At the resumed discussion there were a variety 
| of views expressed regarding the exact role to be 
played by thermal stations which, after all, appears 
| to be largely a matter of local conditions. Mr. W. H. 


| Patchell said that the available natural power | 


| resources of the world would not meet the demand 
| when the domestic field was fully exploited, and 
'that thermally-produced current would be an 
ultimate necessity, but that it would be produced 
from slack fuel. He considered the Diesel should 
|not be overlooked as an efficient prime mover. 


| Dr. Kamo outlined the position in Japan, where | 
at present electricity is being produced from coal. | 
| Coal is cheap, and the installation costs are only | 


| about one-third of those of hydro-electric installa- 
{tions for the same output. It was, however, 
|anticipated that restricted coal supplies would 
| force the development of water power before long, 
|and the Government were considering a linking-up 
;Scheme for power distribution. A Roumanian 
| Speaker mentioned that his Government favoured 
| the development of hydro-electric power to conserve 
| mineral wealth, and would only authorise thermal 
| stations for stand-by purposes. 
(To be continued.) 


Fia. 2. 


HEAVY DUTY GANG-DRILLING 
MACHINES. 


THE constant improvements in design and the reduc- 
| tion of costs by repetition methods, such as those 
| which have contributed so much to the development 
of the motor industry, are reflected in changes in the 
machine tools which render them both possible. It is, 
consequently, not surprising that machines introduced 
only a couple of years or so ago, are the subject of 
modification, improvement, or re-grouping in order to 
keep pace with changed conditions or new ideas. 
| On page 359 of vol. exviii of ENGINEERING we gave an 
| illustrated description of a three-spindle heavy duty 





In conclusion, he saw in/into use too soon so that the load factor charac- | vertical drilling machine with a single table, made by 


Messrs. James Archdale and'Co., Limited, of Birming- 
| ham. In Fig. 1 above, we give an illustration of a similar 
| machine, but with four spindles, which Messrs. Archdale 
| have just introduced to enable bigger outputs to be 
| handled, while Fig. 2 illustrates the result of a demand 
| in a different direction, for, though this again depicts a 
| three-spindle drill, the machine is essentially different 
from that alluded to above, which is, of course, still 
being manufactured. The difference lies in the latest 
model having a separate adjustable table to each head. 
| This is also a recent modification. 

| Both machines are capable of drilling holes up to 3 in. 
| in diameter in mild steel, have a vertical table adjust- 
ment of 21 in., and a distance of 10 in. from the centre 
of the spindle to the face of the column. As they are 
composed of similar units as regards the drilling head we 
defer the description of the features they have in 
|common until the differences have been noted. The 
| grouping of several identical drilling heads on a common 
base naturally enables one operator to attend to all of 
| them with the minimum expenditure of effort and time. 
Thus, in the machine illustrated in Fig. 1, when engaged 
|in quantity drilling with four similar jigs, the operator 
|can load the jig for the first head and start the drill. 
| He can follow the same procedure with the second, 
| third, and fourth drills respectively, and the starting 
lof the last one can be arranged to be approximately 
| coincident with the automatic knock-off of the first. 
| He can then empty and reload the first jig, and by the 
| time the operation of reloading is completed the second 
would be ready to stop and so on. The precise timing 
| of the operations may be arrived at by variation of the 
| spindle speed and feed. The continuous table of this 
| machine further makes it convenient to use one head for 
| drilling, a second for reaming, and so forth, the jigs 
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being moved along the table if this operation proves 
handier than changing the work from jig to jig. 

The table surface is 15 in. wide by 110 in. long with 
suitable cross slots. To intercept the cutting fluid 
it has round the edge a deep gutter, which is provided 
with adequate drains. The table is stiffened by deep 
brackets and is carried on square slides formed on the 
two outer columns. It is raised and lowered by 
the two telescopic screws visible in front of the machine, 
between which is a lever handle for operating the worm 
and bevel gearing driving them. The table is balanced 
by weights hung between the columns, and can be 
locked in any desired position. The columns are 
pitched 31} in. apart and are bolted to a common base, 
the rigidity of the machine as a whole being improved 
by the adoption of the common table. The approxi- 
mate net weight of this machine is 15,200 lb. 

The machine shown in Fig. 2 is suitable for such 
operations as the rough boring out of cast-iron or 
steel gears, finishing being done in a capstan lathe or 
broaching machine. Here again, by suitable timing 
of the three spindles, a large output can be obtained 
with one operator, no two spindles being idle together. 
Thus, when a piece of work has been put in place on 
one table and the drill started, a second spindle, already 
at work, will be stopped by the automatic knock-off. 
The operator can then withdraw the drill or cutter 
bar from this piece of work, lower the table, and remove 
the piece, and, replacing it by a fresh one, restart 
operations. The operation of the third head is similar, 
and the whole cycle is so arranged that the full 
set of motions for the three spindles can be completed 
in succession with a minimum of idle time. Each table 
of this machine has a surface of 18 in. by 15 in. and is 
separately adjusted, and balanced by a weight at the 
back of the column. To these balance-weights extra 
loads can be added to make up for any heavy vice, &c., 
used on the table to carry the work. Vertical adjust- 
ment is made by the hand-wheel at the front of the 
table, whilst locking is effected by the levers at either 
side working an eccentric bolt. As in the four-spindle 
machine, the columns are centred at 314 in., and are 
attached to a common base. Additional rigidity is 
secured in this case by distance pieces between the 
columns placed rather more than half-way up. The 
approximate net weight of the three-spindle machine is 
11,600 Ib. 

The drilling heads in these two patterns of machine 
are similar. The drive consists of fast and loose pulley 
gear, with pulleys 10 in. in diameter by 3} in. wide. 
The driving shaft runs at 550 r.p.m., and 6} h.p. is 
required at each head. Transmission to the spindle 
is by means of spiral-bevel gearing. Both the shaft 
and the spindle run in ball bearings and are also provided 
with ball-thrust bearings. The mechanical efficiency 
is therefore high. A feature of the spindles, which are 
of high carbon steel, is that loose keys are dispensed 
with. Each spindle is cut from the solid with six 
splines. They are 1} in. in diameter below the splines 
and 2} in. in the quill. The latter is 44 in. in diameter 
and is made of heat-treated steel of a tensile strength 
of 50 tons to 55 tons per square inch. The quill has a 
rack cut upon it which engages with a pinion of heat- 
treated chrome-vanadium steel with a tensile strength 
of 60 tons to 65 tons per square inch. The worm wheel 
on the pinion shaft is phosphor bronze and gears with a 
worm of case-hardened steel. A drop-worm arrange- 
ment is used for cutting out, and a safety device is 
provided to prevent overloading. A positive-action 
automatic knock-out operates upon a predetermined 
depth of hole being reached. The bevelled graduated 
setting discs for this are clearly visible in both figures. 

The traverse of the spindle is 10 in., and four changes 
of feed are provided ranging from 32 to 130 revolutions 
per inch. The automatic feed is engaged by a friction 
clutch, and the different rates can be selected at will 
by the movement of a lever near the depth-setting 
disc. On the other hand, alteration to the spindle 
speeds is made by change wheels, an arrangement which 
avoids the use of a complicated gear-box and also makes 
2. very wide range possible. Each pair of gears provides 
for two spindle speeds, the lowest and highest speeds 
being 66 r.p.m. and 265 r.p.m. respectively, while the 
pair with the least difference in ratio gives 129 r.p.m. 
and 137 r.p.m. There are 24 possible speeds, so that 
the most efficient for any particular job can be easily 
adopted. The weight of the spindle and quill is 
balanced, and they are, as the figures show, effectively 
cased in. In the general design, strength, rigidity, 
and simplicity have been kept prominently in view. 





THe MINERAL WEALTH OF CALIFORNIA AND IDAHO.— 
According to figures supplied by the United States 
Department of Commerce, the mines of the State of 
California produced, during the year 1925, 632,035 fine 
ounces of gold, 3,054,400 fine ounces of silver, 20,900 
tons of copper, 2,930 tons of lead, and 5,130 tons of zinc. 
The outputs from the mines in the State of Idaho during 
the same period were :—Gold, 20,887 fine ounces ; silver, 
7,743,439 fine ounces ; copper, 1,472 tons; lead, 113,000 
tons ; and zinc, 14,000 tons. 





PULVERISED FUEL PLANT AND 
BOILERS FOR MESSRS. SYNTHETIC 
AMMONIA AND NITRATES, LIMITED. 


On Plate XXI, Figs. 1 to 6, and pages 382, 383 and 
388, Figs. 7 to 14, we reproduce drawings showing the 
boilers and pulverised fuel plant erected last year at 
the works of Messrs. Synthetic Ammonia and Nitrates 
Limited, Billingham-on-Tees. 

These works originated during the war when an 
impatient but ill-informed government department 
decided, without preliminary small scale experiment, 
to erect forthwith a very large factory for the manu- 
facture of nitrates from atmospheric oxygen. Our 
chemists had succeeded in working the process in 
the laboratory, but knowing from past history the 
immense gap commonly intervening between a labora- 
tory experiment and a commercial process, advised 
the erection of a small scale plant where the difficulties, 
certain to be encountered in the work of practicalisation, 
could be discovered and overcome, without inordinate 
expense. The powers that were, ruled otherwise, and 
decided to omit this all-essential stage in the path to 
large scale operations. As was only to be expected, 
the difficulties began to be realised before any of the 
plant ordered was actually erected. There was a 
pause, and after spending about one and a third 
million pounds, mostly on developing the site, the 
project was abandoned. 

Afterthe warthe works were derelict and the pecuniary 
risks involved in perfecting the process were so great 
that it was only Lord Moulton’s insistance on the 
national importance of the work and his appeal to their 
patriotism which overcame the reluctance of the present 
undertakers, to embark on so speculative a venture. 
Fortunately for the nation, success has been obtained, 
but not without very hard work on the part of the very 
able engineers and chemists employed by the company, 
and not without the exercise of much courage by those 
financing the scheme. When success was at last 
assured, it became evident that provision must be made 
for very great extensions of the plant, and, in fact, its 
growth during the past few years has been phenomenal 
and still continues. To facilitate these additions it 
was decided to make these extensions in a series of 
successive units each complete in itself, and the plant 
we illustrate in this issue is that provided for the No. 2 
unit. The erection of a third unit is now in progress. 

Before deciding on the boiler plant to be installed a 
thorough investigation was made of the pulverised 
fuel plants already in operation in America, with the 
result that the contract was placed with International 
Combustion Limited, of Africa House, Kingsway, W.C.2. 
for the complete equipment, inclusive of buildings, 
boilers, pulverising plant, economisers, air heaters, and 
all other accessories. 

As shown in Fig. 1 and 2, Plate X XI, the installation 
comprises two Thompson 4-drum water-tube boilers 
which are fitted with Thompson superheaters, Foster 
economisers, and Usco air heaters. The Lopulco 
central system of pulverising has been adopted, the 
mills being of the Raymond roller type and the 
burners and furnaces, with their water cooled elements, 
follow the standard Lopulco practice. Each boiler 
is capable of an evaporation of 87,000 lb. per hour at 
maximum rating from and at 212 deg. F. Steam is 
generated at a pressure of 275 lb. per square inch 
(gauge), and is superheated to a temperature of 650 deg. 
F. The feed temperatue to the economiser is 150 deg. F. 
The heating surface of the various units is as follows :— 
Boiler 9,000 sq. ft. Economiser, 2,196 sq. ft. Air 
heater, 6,130 sq. ft. The plant is arranged to burn 
either coal or a mixture of coke and coal. 

The general layout of the plant will be understood by 
reference to the key diagram shown in Fig. 3 which, 
requires no description. 

The raw fuel is delivered to the site by bottom dis- 
charge trucks which run on two standard gauge tracks 
laid over a receiving hopper of 75 tons capacity. A 
grid over the hopper retains all material above 1} in. 
gauge. From the hopper, the fuel is elevated to the 
raw fuel bunkers in the pulveriser house by a skip 
hoist having a capacity of 75 tons per hour. The skip 
hoist consists of a fixed chute bolted direct to the under 
side of the receiving hopper to which is suspended a 
pivotted undercut gate with cast steel sides and heavy 
steel plate top and bottom. This pivotted gate is 
opened automatically by the descending skip bucket 
coming in contact with and pulling down a spring 
hook attached to the chute, and is closed by the skip 
when ascending. The skip bucket is of box section 
open at the top and fitted with flanged wheels. It is 
discharged by tipping on dump rails fitted at the top 
of the hoist. A counter weight is arranged to balance 
the dead weight of the bucket plus one half the load of 
the material. The skip and counter weight guides 
are made of solid steel sections, well braced together, 
tied to the main buildings at intervals. The winding 
machine is of the spur gear type, the drum being 





machined on the rope surface and driven through cut 





spur gearing by means of a 30 h.p. motor. The machine 
is fitted with a shoe type magnetic brake and an auto- 
matic device to prevent over-winding. The skip 
hoist discharges the coal or coke into a small receiving 
hopper of 5} tons capacity and from thence it is fed 
by means of a bifurcated chute into either the raw coal 
bunker or the coke bunker (Fig. 8). These bunkers, each 
of 100 tons capacity, are supported from the building 
structure. The bunkers are completely dust tight. 
The fuel is discharged from the bunkers through gates 
on to belt conveyors which carry it into the mixing box. 
The drive for these belts is by a single motor and variable 
speed gearing in order that when operating on a mixture 
of coal and coke the conveyor can be run at different 
speeds corresponding to the proportion of coal and coke 
required. A magnetic separator is provided by means 
of which any tramp iron in the coal is separated and 
dropped into a small hopper. The combined maxi- 
mum output of the two conveyors is 12 tons per hour. 


From the mixing box the fuel is fed through bifur- 
cated chutes to either of the two driers, but a by-pass 
chute is also provided by means of which the mills 
can be fed direct should the coal not require drying. 
The driers are of the rotary steam-heated type, in 
which air is employed to carry off the vapour formed 
in the process of drying. In the past the use of flue 
gas as the drying medium has given rise to consider- 
able trouble on account of the difficulty of regulating 
the temperature and the liability of vapourising the 
more volatile constituents of the coal. Flue gas is 
already partly saturated with water vapour from 
moisture contained in the coal and that formed by the 
combustion of hydrogen, and is therefore not very 
suitable as a vehicle for carrying off vapour formed in 
the process of drying. Apart from this, the tem- 
perature of the flue gas may drop below the dew point 
at the cold end of the dryer, resulting in the deposition 
of weak sulphuric acid on the plate work, thus giving 
rise to rapid corrosion, To be effective, the flue gas 
supply to the drier must be taken from between the 
boiler and the economiser. The makers claim that 
in such case the heat units absorbed in the drier are 
actually less economically employed than if used to 
heat the feed water. The steam-heated drier has been 
developed to obviate these difficulties and drawbacks. 
By using steam as the heating medium, the temperature 
of the drier is under complete control, and only that 
amount of heat is used which will give the necessary 
drying effect without the risk of vapourising the 
volatile constituents of the coal. The external shell 
of the drier is not steam heated, the heating elements 
being carried on an inner rotating cylinder. By this 
means radiation losses to the atmosphere are reduced 
to a minimum. The vapour formed is carried off by 
a current of relatively dry warm air; the ideal vehicle 
for the purpose in view. 

The mills are of the Raymond type, and pulverisa- 
tion is effected by rollers running in a circular steel 
track. The rollers are mounted pendulum fashion, 
and are maintained against the track by centrifugal 
force, the coal being fed between the fixed and rolling 
surfaces. A vertical section through the mill is 
reproduced in Fig. 13, page 383. The rollers, six in 
number, are of deep chilled cast-iron. Each roller is 
carried on the tapered end of a spindle, which rotates 
in the casing. The spindle is borne at the top by a ball- 
thrust bearing, and is centred in the casing by bushes 
top and bottom. A special grease adapter is provided 
at the bottom of the spindle for the double purpose of 
preventing the ingress of coal dust to the bearing sur- 
faces and eliminating the possibility of oil or grease 
gaining access to the grinding chamber. The top of 
the casing is furnished with a screw-down dust-proof 
cap. Each spindle is provided with a renewable 
trunnion, which is supported in bearings in the arms 
of the spider. The latter is carried on the tapered end 
of the vertical driving shaft. Attached to the spider 
and revolving with it is the plough support, which 
carried a number of manganese steel ploughs corre- 
sponding to the number of rollers. The function of 
the ploughs is to pick up the coal from the bottom of 
the mill, and to project it between the rollers and the 
pulverising track. The vertical driving shaft is 
supported at the bottom on an adjustable ball thrust 
bearing, and is centred by bushes carried in the gear 
box and in the upright cylindrical portion of the 
bottom plate of the mill. The latter carries at the top 
an oil reservoir for lubricating the vertical driving 
shaft. This contains sufficient lubricant for one week 
of normal operation. 

The base of the pulveriser is substantially built of 
cast-iron, and embodies a series of tangential air ports 
(Fig. 14), fitted with renewable manganese steel liners 
connecting the air box with the inside of the mill. 
The pulverising track or bull ring, which is carried in 
a taper in the base, is of special steel offering a high 
resistance to abrasive action. It is held in position 
by a number of wedges which permit of easy withdrawal 
and renewal. Attached to the bottom of the base is 





the completely-enclosed gear-box, which accommodates 
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the bevel driving gear and the bearings for the vertical 
and horizontal driving shafts, the latter being of the 
ring-lubricated type. The gear box forms an oil 
reservoir, and is provided with an external filling pipe. 
The horizontal driving shaft is arranged for direct 
drive, and is coupled by a flexible coupling to an 
80-h.p. motor. 

The air box, which is of sheet: steel, surrounding the 
base of the mill, is flanged to take the return air pipe 
from the cyclone separator, and is equipped with the 
necessary doors for inspection and cleaning. The air 
separator is formed of sheet steel flanged at the bottom 
to make a dust tight joint with the base. It is provided 
with a flanged connection for coupling to the inlet of 
the exhauster fan and is fitted with the necessary doors 
for inspection, cleaning and the replenishment of the 
various oil reservoirs and grease boxes. In operation, 
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the pulverised fuel is separated from the air by centri- 
fugal action and by gravity, the pulverised fuel falling 
to the bottom of the cyclone from which it is discharged 
through flap valves into the screw conveyors, shown in 
Figs.7 and 8. The air leavesthe cyclone separator bythe 
return air pipe and re-enters the pulveriser, as indicated 
in the sketch, Fig. 3, Plate X XI. With a view to prevent- 
ing the building up of pressure in the system, an atmos- 
pheric vent pipe is provided in the return air pipe just 
after it leaves the cyclone. A small air preheater of the 
steam-heated coil type for preheating the air supply to 
the pulveriser is fitted at a point on the return air pipe 
near its entrance to the pulveriser, and the return air 
pipe is fitted with a branch connected to the air intake 
on the drier, so that any coal carried in suspension 
past the separator may be deposited in the drier before 
the excess air is discharged to the atmosphere. 
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air is drawn into the mill through the tangential ports | 


in the base, picks up the pulverised coal in passing, and 
circulates in the separator before entering the suction 
line of the exhauster fan. In this way the larger 
particles of coal which might find their way into the fan 
are dropped out and undergo further pulverisation. 
The raw coal is fed into the mill by an automatic feeder 
fitted to the side of the air separator and operated by 
belt from the horizontal driving shaft. The feeder 
consists essentially of a pocketted cylindrical roll 
rotated by a series of rachets and pawls operated by an 
adjustable crank. The adjustmert is such that a very 
wide range of feed is obtained to meet the varying 
demand of the pulveriser. An adjustable sluice and a 
slide for completely cutting off the supply of raw coal 
to the mill are provided. A door is fitted to facilitate 
cleaning, inspection and repairs. 

The quantity of circulating air is adjusted so that the 
coal leaving the mill has a fineness corresponding to 
%) per cent. through a 100-mesh sieve and 100 per 
cent through a 40-mesh sieve. Each mill is fitted with 
an exhauster fan with an air-ducting system, by means 
of which the coal dust is conveyed to the cyclone 
separator situated at the top of the pulveriser house, 
as shown in Figs. 7 and 8, page 388. In the separator, 
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From the above description, it will be seen that the 
various units of each set are all connected by pipes to 
form a completely closed circuit through which air is 
continuously circulated by the exhauster fan. Each 
separator is fitted with a bifurcated chute in order that 
either of the two screw conveyors can be fed by either 
cyclone. These screw conveyors carry the pulverised 
fuel from the pulveriser house and discharge it into 
two screw conveyors which, as shown in Figs. 1 and 2, 
are situated in the top of the boiler house and make a 
right-angle with the first two conveyors. The screw 
| conveyors in their turn feed the fuel through bifurcated 
| chutes into the pulverised fuel storage bins situated over 
| the boilers (see Fig. 1). The chutes are so arranged that 
}either conveyor can feed either bin, thus ensuring a 
supply of coal should one conveyor break down. The 
| two pulverised coal storage bins, each having a capacity 
| of 35 tons, are situated in the top of the boiler house, 
|one over each boiler. These are supported on the 
| building frame and each is supplied with a dust-proof 
| cover plate. Each bin is provided with a level indicator 
| by means of which the amount of powdered fuel con- 
' tained in the bin may be ascertained. It consists of a 
| sheet steel float suspended inside the bin by a wire rope 





| running over grooved pulleys and carried down to a 


small winch operated from the boiler-house floor level, 
where suitable indicating gear is provided. When not 
in use, the float is drawn up to the top of the bin. 
Observations are made by lowering the float until it 
rests on the coal, the level being given by a reading on 
the indicator. 

In the Lopulco system of firing pulverised coal, 
each burner is supplied by a separate screw feeder, 
details of which are shown in Figs. 4 to 6, Plate XXI. 
The feeder is attached to the bottom of the hopper of 
the pulverised coal storage bins and consists essenti- 
ally of a cast-iron screw of varying pitch, rotating in a 
trough into which the pulverised fuel flows by gravity. 
The coal is propelled forward by the rotation of the 
screws into the shrouded portion of the feeder at the 
outlet of which it meets the primary air introduced 








under pressure through a separate connecting pipe. 
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The function of the primary air, which constitutes 
approximately 15 per cent. of the total combustion air 
is to convey the fuel to the burner and to ensure a 
uniform and uninterrupted flow. The primary air 
and the pulverised fuel are intimately mixed at the 
outlet from the feeder by a rotating paddle. 

In this installation, there are five burners to each 
combustion chamber, and the five corresponding feeders 
are arranged in two groups, one group containing three 
feeders and the other group containing two feeders. 
These groups are driven respectively by one 5-h.p. 
and one 3-h.p. variable speed motor, enabling the 
feeders to be run at a speed varying between 35 r.p.m. 
and 140 r.p.m. Each feeder screw is operated through 
a clutch and worm-gear running in oil, and isolating 
valves are provided by means of which individual 
feeders may be put out of action. The two-feeder 
groups are coupled by means of a clutch, so that in 
the event of a mechanical or electrical breakdown, 
one motor can drive all five feeders at a reduced out- 
put. Each feeder is connected to its burner by a 
wrought-iron pipe. One primary air fan is provided 
for each group of five feeders. Each fan has an output 
of 4,000 cub. ft. per minute at 16 in. W.G. pressure, 








and is driven through a flexible coupling by a 25-h.p. 




















SEPT. 24, 1926. | 





ENGINEERING. 


383 








motor. The air is taken from the hot-air ducts on the 
front of the combustion chamber, sucked into the 
fan and discharged into an air main fitted with the 
necessary branches for connection to each feeder. 
The Lopulco burner, of which there are five to each 
combustion chamber, is designed with a view to pro- 
viding the maximum amount of contacting surface 
between the fuel and the air necessary for the most 
efficient combustion. The arrangement of the nozzle is 
shown in Fig. 4. The burner consists of a flat 
convergent fuel nozzle surrounded by air passages, 





through which extra air is induced under the control | 


of the pair of dampers shown. The outer casing of the 
burner is designed so that the burner may take the 
place of a standard arch brick. In this way, a number 


| wall. 


of burners may be fitted to the arch of the furnace | 


without involving the use of special or cut bricks. 
The burners are supported on channels located above 
the suspended arch. 

The combustion chambers follow standard “ Lopulco” 
practice, being provided with the usual water screen 
and water-cooled wall elements. Each combustion 
chamber has a volume of 8,000 cub. ft. The coal is 
discharged downwards from the burners, the disposi- 
tion of these and the dimensions of the combustion 
chamber being such as to give the long flame travel 
necessary to ensure complete combustion before the 
gases come into contact with the boiler tubes. 


}on. 


| 





each tube for cleaning purposes, and for the removal 
and renewal of tubes when necessary. 

The main function of the water screen is to create 
a cool zone at the bottom of the combustion chamber 
through which the molten ash passes and solidifies 
into a finely divided state before reaching the ash 
hopper. This enables the boiler to be operated with 
the minimum of excess air at all ratings up to the 
maximum without the formation of slag, which is 
one of the important benefits claimed from the use of 
pulverised coal firing. 

The side walls of the furnace are provided with water- 
cooled elements. These consist of 16 2-in. diameter 
9.W.G. solid drawn steel boiler tubes on each side 
The 12 top tubes are sunk into the furnace brick- 
work and. protrude 4 in. beyond the refractory surface, 
while the bottom four rows which are closely pitched 
have cast iron castings with flattened front face shrunk 
A continuous metal surface is thus exposed to the 
hot gases at the bottom of the side walls. The tubes 
are expanded and bell-mouthed at each end into 
headers of ample area fitted with handholes opposite 
each tube. The side wall and water screen headers 
are connected to the boiler drums so as to promote 
rapid circulation in the tubes when the boiler is in 
operation. The water-cooled side walls, while serving 
primarily to protect the brickwork, form with the 
water screen a very useful addition to the boiler heat- 


The secondary air, constituting the balance of the | ing surface and materially increase the evaporative 
air required for complete combustion, passes through | capacity of the plant. Under each ash hopper is an 

















Fig. 14. 


PART PLAN SECTION 
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ducts from the air heater to the front wall of the com- 
bustion chamber, which as shown in Fig. 1, is of hollow 
construction. The air passes to the interspace between 
the inner and outer walls through 14 damper controlled 
doors, and thereafter enters the combustion chamber 
through 119 ports distributed throughout the length 
and breadth of the inner front wall. By this means the 
combustion air is further pre-heated and the tempera- 
ture of the brickwork considerably reduced. The 
large number of air ports and the adjustable inlet 
doors enable the combustion process to be kept under 
complete control at any rate of working, so that the 
possibility of flame impact on the heating surface is 
entirely eliminated. The furnace is designed so that 
expansion and contraction may take place without 
damage to the brickwork or binding. Adequate pro- 
vision is made for observation, cleaning and inspection. 
The furnace arch is of a special flat type, built up of 
grooved tiles suspended pendulum fashion on cast-iron 
hangers. The hangers are, in turn, suspended from 
structural steel beams which span the furnace and rest 
on the buckstays. Double suspension in this manner 
is so flexible as to enable the entire mass of tiles to be 
moved laterally before grouting in place. Expansion 
and contraction are provided for by allowing a space 
at each side which is packed with loose dry asbestos. 
In this type of construction only one surface of the 
tile is in contact with the hot gases; conduction of 
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| ash sluicing trough which, converging into one common 
trough, delivers the ash to a sump, the necessary seal- 
ing doors being provided. At the back of each boiler 
is another small hopper, made of mild steel plate 
lined with fire brick. These are connected through 
gates to the sluicing system by means of chutes. 

The boilers were manufactured by Messrs. John 
Thompson, of Wolverhampton. They are of the 
4-drum vertical straight water tube type, steel cased, 
each having a heating surface of 9,000 sq. ft. and 
designed for a working pressure of 275 lb, per square 
in. The boilers are suspended from~steel girders 
resting on stanchions independent of the brickwork, 
thus avoiding any straining of the boiler setting due 
to unequal expansion between it and the walls. All 
parts are free to expand, and in arranging the plant 
particular attention was paid to accessibility for 
cleaning and inspection. The steam receiver is 31 ft. 
long and 5 ft. in diameter, the fittings being provided 
by Messrs. J. Hopkinson & Co., Ltd. A “‘ Stefco” steam 
separator and drier is fitted to each unit. Each boiler 
is equipped witb a ‘‘ John Thompson ” integral super- 
heater capable of raising the temperature of the steam 
to 650 deg. F., and a Foster economiser, having 2,196 
sq. ft. of heating surface capable of reducing the 
temperature of the gases from 750 deg. F. to 500 deg. F. 
and of increasing the feed-water temperature from 
150 deg. F. to 225 deg. F. at normal load. The com- 








heat through the tile is, therefore, uniform and crack- 
ing is not liable to occur. 





bustion air is preheated in two USCO air heaters, each 
having a heating surface of 6,130 sq. ft. These heaters 


Each furnace is fitted with a water screen fixed | will reduce the temperature of the flue gas from 500 


across the bottom of the combustion chamber, as | 
shown in Fig. 1. The screen consists of 22 4-in. | 


external diameter 5.W.G. boiler tubes of solid drawn 


deg. F. to 300 deg. F., and will increase the combustion 
air temperature from 60 deg. F. to 250 deg. F. at 
normal load. The normal evaporation of each boiler 


mild steel. These tubes span the combustion chamber | unit is 50,000 lb. per hour with an overload capacity 


and are expanded and bell-mouthed into headers at 
front and rear outside the furnace walls. The headers 
are of mild steel, rectangular in section and of large 
area to ensure free circulation. Handholes with 
machined seats are provided in the headers opposite 


of 87,000 lb. per hour. Each boiler is fitted with 
separate forced and induced draught plant and a 
separate chimney. The forced draught fans are each 
capable of dealing with 25,000 cub. ft. of air per minute 
at a temperature of 75 deg. F. against a pressure of 





lin. W.G. The fans are driven by 10 h.p. variable 
speed motors mounted on a combined baseplate. 
The induced draught fans are each capable of dealing 
with 45,000 cub. ft. of flue gas per minute at a maximum 
temperature of 350 deg. F. and against a static resist- 
ance of 4in. W.G. They are driven by 65 h.p. variable 
speed motors. 

The chimneys were built by Messrs. John Thompson 
(Dudley). They are of the self-supporting parallel 
steel type 105 ft. high and 6 ft. internal diameter, ail 
plates being weather jointed. The chimneys are 
mounted on concrete blocks 18 ft. square at the base, 
12 ft. square at the top, and 12 feet deep. Each 
chimney is fitted with a ladder extending from top to 
bottom and conveniences are fitted for painting, 
cleaning, &c. Inspection doors are fitted at the base, 
and the top is finished off with a cast-iron cap. 

Two steam-driven feed pumps by Messrs. G. and J. 
Weir are provided. The suction and delivery valves 
are automatic and can also be hand operated. Each 
pump is capable of delivering 10,000 gallons per hour 
at normal duty with an overload capacity of 18,000 
gallons per. hour. The pumps work with and against 
a working pressure of 275 Ib. per square inch, the 
exhaust steam being used for feed heating with an 
alternative discharge to the atmosphere. The feed 
tank, of approximately 6,250 gallons capacity, is of 
mild steel, cylindrical in section. 

One small auxiliary pump is provided. This is used 
for general service, filling the boilers, boiler washing, 
&c., and has a capacity of approximately 350 gallons 
per minute. Two feed water regulators of Cope’s 
pattern are fitted to each boiler. Each unit is provided 
with a Bailey draught gauge allowing for a reading 
to be taken at three points. Two Bailey boiler meters 
are fitted. These show and record continuously the 
rate of steam flow, the air flow through the furnace, 
and the average temperature of the gases leaving the 
boiler. A Venturi water meter of the measuring, 
recording and integrating type is incorporated in the 
feed main and a complete set of draught gauges is 
provided for the various fans. 

The equipment is housed in two buildings—the boiler 
house and the pulveriser house. The former is 
54 ft. 3in. long by 91 ft. wide with a height to the 
eaves of 58 ft., while the latter is 29 ft. 3 in. long by 
27 ft. wide and 97 ft. high to the eaves. 

Both buildings are of structural steel with 44-in. 
brick curtain walls carried on spandrel beams attached 
to the stanchions. The roofs are covered with asbestos 
protected metal sheets, while the floors are of concrete 
reinforced where necessary. Platforms of the subway 
grating type are provided between the boilers and 
around the machinery. 





STANDARD ELECTRIC CABLE SOLDERING SOCKETS.—A 
revision of the specification issued in 1921 has been 
published by the British Engineering Standards Associa- 
tion to coversockets for paper or rubber insulated cables, 
the object in view being the reduction of the number of 
sockets to a few standard sizes for the simplification of 
stocks. The revision is divided up into 13 paragraphs. 
The first three define soldering sockets and the sub- 
divisions of lug and clamp sockets. The next six deal 
particularly with the design, materials, &c., of lug 
sockets and the last four in a similar way with clamp 
sockets, and their clamps. Three tables are included 
in the specification giving respectively the dimensions 
of cast lug sockets, tubular lug sockets and clamp sockets 
with the clamps, each table showing drawings of the 
various approved types. Copies of this publication (No. 
91-1926), can be obtained from the British Engineering 
Standards Association, Publications Department, 28, 
Victoria-street, London,!S.W.1. Pricejls. 2d., post free. 





STaNDARD SPECIFICATION FOR PORTLAND-BLAST- 
Furnace CEMENT.—The British Engineering Standards 
Association has now published a new issue of the British 
Standard Specification for Portland-blast-furnace cement 
(No. 146-1926), which was first issued in 1923. Pro- 
vision has been made in the new specification for testing 
in hot countries at temperatures up to 95 deg. F. In. 
climates where the temperature runs above 95 deg. F., 
or below 58 deg. F., special arrangements have to be 
made between the vendor and the purchaser unless the 
ranges given in the specification can be artificially pro- 
duced. The cement is now required to be more finely 
ground, The maximum figure for the hydraulic modulus 
of the Portland-cement clinker has been raised to 2-90, 
and the maximum limit for magnesia is now 4 per cent. 
The minimum tensile breaking strength of neat cement 
after seven days has been increased to 600 Ib. per square 
inch and that of cement and sand after seven days to 
325 Ib. per square inch. The 28-day test on neat cement 
has been eliminated. The amount of water for gauging 
cement and sand briquettes is now to be ascertained by 
means of a formula based upon the amount needed to 
produce the plastic mixture required in the tensile test 
for neat cement. The initial setting time of normal 
setting cement is to be not less than 30 minutes and the 
initial setting time of quick-setting cement not less thar. 
five minutes. Copies of the new publication may be 
obtained from the B.E.S.A. Publications Department, 
28, Victoria-street, London, 8.W.1, price 1s. 2d., post 
free. 
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THE SOUTHAMPTON DOCKS EXTENSION: SOUTHERN RAILWAY. 
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THE SOUTHAMPTON DOCKS 
EXTENSION. 


In the course of the last few days definite steps have 
been taken to put in hand the first section of the large 
dock extension scheme which the Southern Railway 
Company proposes to carry out at Southampton. The 
scheme includes the reclamation of over 400 acres of 
foreshore lying between the Royal Pier and Millbrook 
Point. These are shown in Fig. 1, above, as a cross- 

* hatched area, the central portion of which, on the river 
side, it is proposed to finish as a wharf or deep water 
quay which will eventually have a length of 7,400 ft. At 
the eastern and western ends the quay will be continued 





by embankments. The proposed quay would give 
accommodation for 8 or 10 vessels of the largest size. 
At the eastern end of this quay the depth of water along- 
side will be dredged to give 45 ft. at low water spring | 
tides; for the remaining half of the quay the depth will | 
be 35 ft. at low water spring tides, which will also be | 
the depth provided in the approach channel. The 

latter will be 600 ft. wide and will join the existing 
deep water channel off the Ocean Dock. If traffic | 
increases sufficiently to warrant it, in the future it will | 
be possible to add a long jetty on the south-west | 
side of the dredged channel, as indicated in Fig. 1. | 
With berths on both sides this would increase the total | 
accommodation by 16,500 ft., or sufficient for about | 
20 large vessels above the present capacity of the port. | 
At the north western end of the area to be reclaimed 

it is proposed ultimately, to construct two large 


graving docks. The quays will be equipped with 
passenger and cargo sheds and with ample railway 
facilities, the area immediately to their rear being laid | 
out with sorting and other sidings. Roads will also | 
connect up with the town. 

It is proposed that, while all the necessary land shall | 
be available to dock purposes, part of the area to 
be reclaimed will be reserved for factory sites, and 
part, adjoining the Royal Pier, which will belong to the 
Corporation of Southampton, will, it is understood, be 
utilised as a recreation ground. The railway connection 
with the Southern Company’s system will be made at 
Millbrook Station, by means of a large curve at the 
north-west end of the area. Connection will also be 
made with the existing docks by a line running past 
the Royal Pier. The plans include the doubling of 
the line between Millbrook Station and Southampton, 
and the reconstruction of Southampton West station, 
with the provision of an overbridge which will replace 
a level crossing. 

The total scheme, which will more than double the 
port’s accommodation, will take some 15 to 20 years’ 
to put through, and the cost is expected to amount to 
something like 13,000,0007. The first stage now being 
put in hand is estimated to cost 3,000,000/, and will 
embrace the sections indicated in Fig. 2. These include 
the construction of a length of 3,500 ft. of quay at the 
eastern end of the area, with the reclamation of the 
land behind it, and the construction on the western 
part of an embankment to carry the railway loop to 
Millbrook Station. The reconstruction of Southamp- 





ton West Station, and construction of the overbridge 
will also be undertaken. 





THE VICTOR OIL SEPARATOR. 


THE recent correspondence in our columns, following 
on the paper read by Dr. Hele-Shaw and Mr. A. Beale 
on oil separators before the Institution of Naval 
Architects, has indicated that a degree of purity in 
the effluent considerably in excess of that recommended 
by the International Convention at Washington can 
be secured with several of the separators already on 
the market. The permissible percentage of oil in the 
effluent laid down by the Convention was 0-05 of 
1 per cent., but it is obviously desirable that this 
figure should be improved upon, if this can be done 
without excessive complication of the apparatus. 

Admiralty tests on the Victor oil separator, which 
we illustrate in Figs. 1 to 5, opposite, showed that the 
effluent with this apparatus reached a standard of purity 
of 0-009 of 1 per cent. of oil, and that this could be 
further reduced to 0-002 of 1 per cent. by subsequently 
passing the effluent through a simple filter. The sepa- 
rator, manufactured by Messrs. R. & H. Green and 
Silley Weir, Ltd., Royal Albert Docks, E.16, is of the 
vertical-flow type, and, as will be clear from the 
illustrations, ‘is of very simple construction. It can 
be used to separate a small quantity of water from oil, 
as in pumping out the bottoms of settling tanks, 
equally with its normal use in separating oil from ballast 
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water. The effluent in the latter case enters a narrow 
V-shaped chamber, shown at the left-hand end of the 
main tank in Figs. 1 and 4, and dotted in Fig. 3, 
through an opening at the bottom. It rises in this 
chamber with decreasing velocity until it issues through 
the ports, visible at the top in Fig. 1, into two long 
troughs, shown in section in Figs. 2 and 3. The 
bottoms of these troughs are perforated throughout 
their length, as indicated in the lower right-hand 
corner of Fig. 4, and the water drains through these 
holes, under a head of about # in., in a large number of 
small streams, which are moving at such a speed that 
they neither disturb nor emulsify the underlying layer of 
oil. After passing through or under the oil, the water falls 
through the main tank and enters the central chamber, 
shown in section in Fig. 2, between the splayed-out 
plates at the bottom. Passing up between these plates, 
it is finally discharged over the weir, visible at the top 
in the same figure, into the right-hand compartment of 
the collector, from which it is drawn off through a 5-in. 
flexible discharge pipe. This pipe, which is shown in 
Figs. 1, 2 and 4, terminates at the same end of the 
separator as that at which the effluent enters. 

In addition to the holes in the bottom, the two 
troughs referred to are provided with a series of slots 
in the sides, along a line about one-third of the distance 
from the top. The oil in the mixture, with the excep- 
tion of the small percentage referred to, escapes through 
these slots and rests on the surface of the water in the 
main tank, from which it is drawn off over the two 
weirs, shown in Fig. 2 outside the central compart- 
ment. The two chambers into which the oil passes 
are connected at one end, so that the oil from both is 
carried away by the flexible oil-discharge pipe. As 
shown in Figs. 1, 2 and 4, this pipe also terminates at 
the same end of the separator as that at which the 
mixture enters, the lower part of the V-shaped chamber, 
which receives the effluent, lying between the two 
Siethanape cocks, as indicated by the dotted lines in 

ig. 3. : 

The separator is mounted in a fore and aft position 
in the vessel, and is fitted so as to be level when the 
ship is in her usual trim. To compensate for the ship 
being down at either bow or stern, the central compart- 
ment carrying the weirs is mounted on a trunnion 
bearing at the bottom, as shown in Figs. 1, 2, and 4, 
and the weirs can be restored to the level by turning 
the handwheel, visible above the V chamber in Figs. 
l and 4. The separator is designed to work without 
adjustment with a list on the vessel up to 7 deg. to 
either port or starboard. To reduce deadweight when 
not in use, the water level may be lowered by the 
discharge drain, shown in Figs1,3and4. The separator 
is capable of dealing with 50 tons of effluent per hour. 
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Fig. 2. SECTION A.B. 
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Fig.3. SECTION C.D. 
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monoxide and internal deposition of carbon in the 
bricks. 
phases, Mr. J. W. Fagan read a paper contributed by 
a the Chairman and himself on “ Practical Results and 
Fig. 5. Experience in the Drying and Burning of Refractory 
aan Materials.” This paper comprised practical data 
U4 s1 relating to the drying and burning of high-class silica 
eet. refractories as manufactured at the Friden Works, 
- ‘ai Derbyshire. The raw material is a sand containing 
ui ==. 88 to 97 per cent. silica, and is made up with a silica 
clay bond, the finished goods being used for constructing 
Screwed Rod the combustion chambers of gas retort settings, the gas 
retorts themselves, and for coke ovens. They are 
intended to withstand working temperatures of 1,200 
deg. to 1,500 deg. C. Drying is effected on steam- 
ee heated floors or in a tunnel dryer. The floors consist 


A steam coil is fitted round the weirs, as shown in 
Figs. 1 and 2, to reduce the viscosity of the heavier 
oils. 

One of the advantages of the separator is that no 
fixed proportion is necessary between the length and 
the width, and that the connections for feed and dis- 
charge can be brought to any one side, or to the bottom, 
as may be most convenient. The separators can there- 
fore be designed to suit the space in which they are to 
be fitted. In addition to the particular separator 
illustrated, which the makers manufacture up to any 
required capacity, they also manufacture a slightly 
modified type for smaller capacities. These differ from 
the one described in having a hand-controlled oil weir, so 
that the point at which discharge commences is at the 
discretion of the operator. 





THE CERAMIC SOCIETY. 
REFRACTORY MATERIALS SECTION. 
(Concluded from page 352.) 


TuE first paper taken at the Leeds meeting on the 
9th and 10th inst., was by W. J. Rees. Its subject 
was the influence of iron oxide in promoting the 
inversion of silica. The paperfstated that among a 
batch of commercial silica bricks were some containing 
dark spherical patches } in. to ? in. across, evidently 
arising from iron inclusion in the batch and its sub- 
sequent oxidation. The bricks were very tough, and 
clean portions were found to have an average powder 
density of 2-34, indicating good burning. It was 
ascertained that the bricks had been burned to cone 
18, and the maximum temperature held for 36 hours. 
Analysis showed the normal brick to contain 94-6 per 
cent. silica with 1-12 per cent. iron oxide, whilst 
medium brown and dark-brown portions contained 
2-88 and 3-49 per cent. iron oxide respectively, with 
correspondingly less silica, the other components 
constituting practically the same percentages in each 
case. Microphotographs showed that very little 
unconverted quartz was present, and the percentage 
of tridymite increased progressively through the 
medium brown part to the dark-brown part, the size 
of tridymite crystals increasing at the same time. 
There was no indication of fusion in the ferruginous 
patches. Possibly 2 to 3-5 per cent. of iron oxide in 
silica bricks for use in open-hearth or other metallurgical 
furnaces might be advantageous, owing to greater 
volume stability arising from increased tridymite 
content, and consequent reduced spalling tendency. 
In coke ovens, these advantages would probably be 
offset by the iron oxide promoting cracking of carbon 


of cast-iron plates or cemented tiles laid over pipes, 
through which is circulated exhaust steam from the 
engines driving the factory machinery. Provision is 
made for the addition of live steam in the very frosty 
weather of the High Peak district winter, and live 
steam is also used during the night when machinery is 
standing. The tunnel dryer consists essentially of a 
tunnel through which are drawn trucks loaded with 
goods. At first there was a coke-fired furnace at the 
outlet end of the tunnel, the products of combustion 
being drawn (by means of a fan) to the inlet end, the 
direction being thus contrary to that of the trucks 
carrying the wet goods. The tunnel accommodates 26 
trucks, each carrying 24 trays. The quantity of goods 
dried in 24 hours under this direct-firing system was 
3,500, equivalent 9 in. by 44 in. by 3 in. bricks, 

Two or three years ago, the Uzallete system for the 
use of waste heat from the kilns was substituted. Air 
is drawn through kilns which have reached a tempera- 
ture low enough for the cooling to be quickened safely, 
and the air thus heated is forced by a fan through the 
dryer tunnel. The temperature of the air, at the inlet 
of the dryer, ranges between 200 deg. and 300 deg. F. 
(93 deg. and 149 deg. C.). The quantity of goods thus 
dried per 24 hours is 5,000 3-in. equivalents. 

The first cost of the dryer tunnel and trucks was 
about 2,070/. and the cost of adding the Uzallete 
equipment, with air mains, fan and motor, was 3101. 
The saving effected by applying the Uzallete system 
to the dryer tunnel, is at least 300/. per annum on fuel 
alone, the drying being cleaner and more easily 
regulated, while the kiln output has been speeded up, 
particularly in summer, when it is difficult to cool the 
kilns. Compared with the capital cost of the drying 
floors, roofing and piping, that of the tunnel dryer is 
much greater per 1,000 equivalent bricks dried in 
24 hours; the drying is much less costly with regard 
to wear and tear and power required. The main 
advantage of the tunnel is that it occupies very much 
less ground area per 1,000 bricks dried in 24 hours 
than the floors—103 sq. ft. as compared with 170 sq. ft. 
on the floors at the works in question. The wet shapes 
on the floors or in the dryer average 13-3 per cent. 
moisture by weight, and after drying on the floors they 
contain 0-50 per cent., and in the tunnel dryer, 0-25 per 
cent, 

For burning the goods, the two types of kilns now 
in use have been proved to be most suitable for the 
purpose, among many which have been tested from 
time to time. The two types in use are the semi- 
continuous down-draught kilns built in benches, and 
the down-draught beehive kiln. 

In some of the kilns induced draught is employed, 
and found a great advantage over the natural draught, 
the kilns being more easily handled and more econo- 
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mical of fuel, with temperatures at chimney inlet of 
150 deg. to 200 deg. F. (66 deg. to 93 deg. C.), as 
against 350 deg. to 400 deg. F. (177 deg. to 204 deg. C.) 
with natural draught. The CO, content of the waste 
gases leaving the kiln under fire is 11 to 14 per cent. 

Kiln temperatures at Friden have been increased to 
an average of 1,500 deg. C. or higher for higher grade 
silica goods. During the last nine years the records 
show a marked improvement attributable to better 
supervision and the increasing use of scientific methods 
of operation and control. The result on burning alone 
was to show about 11 per cent. increased efficiency on 
the average within the nine years, apart from improv- 
ing the quality of goods produced. The screened 
cobbles used reached the works in lumps ranging 
from } ewt. to large nuts, and needed breaking to pass 
through the 4-in, diameter feeding holes. 

Results of burning are given in the accompanying table. 





minations were made of the specific gravity, porosity, 
refractoriness, and reversible expansion of specimens 
fired to cones 9, 12 and 14, respectively. Comparison 
was made with similarly-treated test pieces containing 
2 per cent. of lime mixed with the quartzite. 

It was found that boric acid, potassium carbonate, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
Cleveland Iron Market.—Business is now almost at a 
standstill. Cleveland pig-iron is extremely scarce, and 
No. 3 quality is unpurchasable for delivery before the 


potassium chloride, potassium chromate, biotite, second half of October. Consumers of the ruling quality 


sodium felspar, lithium chloride, ferric oxide and boro- 
calcite, facilitated the conversion of the quartz, boric 
acid and potassium carbonate producing the strongest 


are very disinclined to buy for supply a few weeks ahead, 
and quotations are nominal. To home customers No. 3 
is 93s. 6d., and the export price is 94s. For home con- 


effect. The specific gravity did not always give an | sumption No. 1 Cleveland is 96s. ; No. 4 foundry, 92s. 6d. ; 


accurate indication of the reversible thermal expan- 
sion of the material, possibly owing to some of the 


and No. 4 forge, 92s., while for shipment abroad 6d. 
above these prices is named. Most consumers of pig-iron 
are drawing their supplies from abroad, and they express 


ternal being dissolved — - ne iy om themselves satisfied with the quality of the comparatively 
expansion characteristics of a glass. Very noticeable | |), ap Continental iron they are receiving. 


differences were found in the reversible thermal expan- 
sion of mixtures with 5 per cent. boric acid and 2 per 


Hematite.—Some little improvement is noticeable in tha 
East Coast hematite branch from a seller’s point of view. 


cent. lime, though the specific gravities did not differ | stocks are low and output trifling, but demand is only 








dain . ." Weight of Cost of Fuel 
Capital Cost ‘Total i 5 
per 1.000 capacity in posal got ry Grog and Theoretical | 
Description of Kilns. equivalent 9in. X 44in.|9 in yx ‘4h in. |9 in. x ‘4h in Wasters Heat | 
Squares x Sin. x si. POrgeiiane = . Efficiency. 
Capacity. Bricks. Bricks.* Brinks. 
6.4. -a. ewt. qr. Ib. c wed: Per cent. Per cent. 
Series of 17 semi-continuous kilns... 2915 O 240,000 10 O11 017 2 8t 35-3 
Series of 8 semi-continouous kilns... 3216 0 203,000 11 0 0 018 4 7 32-4 
Series of 6 semi-continuous kilns ie 3415 0 45,000 93 1 0 . : } 7h 39-5 
Beehives s i ee = 24 2 0 24,000 16 0 22 ae 10 22-3 























* For the sake of comparison these figures were taken on the burning of the kilns to an average temperature of 


moderate, and while up to 84s. is asked for mixed numbers, 
buyers state they can place orders at 83s. to 83s. 6d. both 
for home use and for despatch to overseas destinations. 


Foreign Ore.—Imported ore rates are still based on 
best rubio at 21s. 6d. c.i.f. Tees, but in the absence of 


transactions quotations are purely nominal. 


Coke.—-Coke quotations are somewhat easier, but are 


still on a high level. 


Manufactured Iron and Steel.—Contracts for manu- 


factured iron and steel materials are difficult to arrange, 
largely owing to the feeling of uncertainty as to trend of 
market values. Producers have considerable arrears of 
delivery to overtake, when conditions admit of idle 
machinery being restarted. Nominally, quotations stand : 
Common iron bars, 11. 5s.; iron rivets, 12/. 15s. ; 


1,500 deg. C., the amount of coal used for soaking being taken separately. 


The goods burned in the beehives were squares 
only. In all the semi-continuous kilns, shapes and 
squares were burned. 

Since the paper was prepared, some tests with oil 
as fuel had been made in the series of six semi- 
continuous kilns, the cost of the oil being 85s. per 
ton. The costs shown above are based on pre-strike 
prices. The figures obtained for the last four columns 
in connection with the oil-firing tests were respectively 
4 ewt. 3 qrs. 7 Ib., Ll. Os. 3d., with 3s. 2d. extra for 
soaking (as compared with 16s. 9d. + 1s. 4d. extra 
for soaking, when coal was used as fuel), 6} per cent., 
and 52-8 per cent. All work was expressed in the 
number of equivalent 9-in. by 4} in. by 3-in. bricks, | 
although in the semi-continuous kilns there are always 
shapes as well as squares. Usually only squares were 
burned in the beehive kilns. The latter were only 
retained because they were useful in the filling of small 
orders urgently required. The after-expansion of a 
brick was materially reduced as the soaking period in 
firing was extended. 

The routine of burning was for the kiln or chamber to 
be under fire for 140 hours, the heat being obtained 
for the first 80 hours from the waste gases leaving the 
preceding chambers in the range of kilns. The goods 
in the chamber were thus raised to a temperature of 
800 deg. C. before fuel was fed directly to the chamber. 
From the start of direct firing, it took 35 hours to attain 
an average temperature of between 1,450 deg. C. and 
1,500 deg. C., and this was followed by 24 hours’ soaking. 
The fuel consumption had no direct relation to the rise 
of temperature in the kiln, All the details given were 
the results of actual work done in the ordinary routine 
of the works, and most of the results represented an 
average of six or more series of burnings. Tunnel 
kilns were likely to be seriously considered in connection 
with any future large extensions. The last paper read 
on the first day was by Dr. G. Martin on “ Refractory 
Linings for Cement Kilns.” The usual process of firing 
cement in this country was briefly described, and the 
linings commonly used in the different zones of rotary 
cement kilns, including certain data from practical 
experience, The fact that clinker linings covering the 
fire bricks have been found to work well was stressed, 
and although, in case of cooling down the clinker lining 
split off from the firebricks, necessitating complete 
relining of the kiln, this need not be a very serious 
matter, as the kiln could be relined throughout within 
48 hours. 

On the second day of the meeting a paper was read 
by Mr. J. F. L. Wood, Dr. H. 8. Houldsworth, and Prof. 
J. W. Cobb, on “The Influeuce of Foreign Matter 
on the Thermal Expansion and Transformation of 
Silica.” The authors investigated the effects on the 
character and magnitude of the reversible thermal | 
expansion of the bricks produced of adding to quartz | 
various materials.: The raw quartzite used was a Welsh 
quartzite from Bwlchgwyn, which is much employed 
for making silica bricks. This quartzite contained 
97-6 per cent. silica, and 1-4 per cent. ferric oxide. 
It was fine enough for all to pass through a sieve of 
100 mesh I.M.M. As much as 44 per cent. passed | 
through a 200-mesh sieve, and 11 per cent. through | 
150 mesh. | 

Some 28 different substances were added to the | 
quartzite, in most cases 2 per cent., and deter- 





very greatly. The porosity increased in some mixtures, 
but decreased in others, with rise of temperature. 


packing (parallel), 8/.; packing (tapered), 11/.; steel 
billets (soft), 71. 5s.; steel billets (medium), 7J. 10s. ; 
steel billets (hard), 87. 2s. 6d. ; steel ship, bridge and tank 
plates, 8/.; steel angles, 7/. 10s. ; steel rivets, 121. 10s. ; 


Refractoriness of the mixtures was materially lower steel joists, 7/. 10s. ; heavy steel rails, 8/. 10s. ; fish plates 


than that containing 2 per cent. of lime only, in the case 
of the mixture with 10 per cent. borocalcite, though 
4 per cent. of borocalcite did not reduce refractoriness 
too much. A further investigation is to be undertaken 
to ascertain the effects of the more promising materials 
used in this preliminary study, on the reversible thermal 


121. 10s. ; galvanised corrugated sheets, 17]. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Iron and Steel.—The rate of output in the engineering 


expansion, and after-expansion of quartz, keeping as | and machinery making sections is maintained at about 


near as possible to manufacturing conditions with 
regard to grading, &c. 








50 per cent. of actual capacity. Makers of railway 


| stores have been substantially assisted by the re-starting 
| of a few open-hearth furnaces at the big engineering 
| works, though the rail mills are practically at a standstill. 


Works devoted exclusively to the production of bulk 


BOOKS RECEIVED. steel continue idle, and will not resume until coal supplies 


A First Course in Wireless. By RoBert W. HuTCHINSON, 
M.Se. London: University Tutorial Press, Limited. 
[Price 3s. 6d. net.] 

Zeitstudien bei LHinzelfertigung. By Dr. Ina Hans 
Kummer. Berlin: Julius Springer. [Price 9°60 
marks, | 

History of the States of Guernsey Telephone System 
(1895-1925). By Alfred Rosling Bennett. London : 
Leonard Parsons. [Price 5s. net. ] 

The Association of Engineering and Shipbuilding Draughts- 
men. The Design of Direct-Acting Steam Winders. 
By A. L. G. Linptey. London: Offices of the 
Association. [Price 2s.] 

Der Genanigkeitsgrad von Fliigelmessungen bei Wasser- 
kraftanlangen. By Prorressor Dr. Ina A. Straus. 
Berlin: Julius Springer. [Price 2:40 marks.] 

Tungsten. A Treatise on its Metallurgy, Properties and 
Applications, By Courw J. SmitHetyus, D.Sc. Lon- 
don: Chapman & Hall Limited. [Price 21s. net.] 

Gears and Gear Cutting. By Putir Gates. London : 
Crosby Lockwood and Son. [Price 5s, net.] , 

Engineering Factory Supplies. The Purchase, Receipt, 
Storage and Distribution of Factory Materials. By 
W. J. Hiscox. London; Sir Isaac Pitman and Sons, 
Limited, [Price 5s, net. ] 

Methods of Amalgamation and the Valuation of Businesses 
for Amalgamation and Other Purposes. By A. ¥. 
Cutrortu. London: G. Bell and Sons, Limited. 
[Price 25s. net. ] 

Regelung und Ausgleich in Dampfanlagen. By Tu. 
Stem. Berlin: Julius Springer. [Price 30 marks. ] 
Die Schaltungarten der Haus und Hilfsturbinen Lin 
Beitrag zur Wdrmewirtsschaft der Kraftwerksbetriebe. 
By Dr. Inc Hersert MELAN, Berlin: Julius Springer. 

[Price 10°50 marks. } 

Medical Research Council. Sixth Annual Report of 
the Industrial Fatigue Research Board to December 31, 
1925. London: His Majesty’s Stationery Office. 
[Price 3s. net. ] 

Aeronautical Research: Committee. Reports and Memor- 
anda No. 1013, Report on Dopes and Detonation. By 
Professor H. L. CALLENDAR, F.R.S. Assisted by Capt. 
R. O. Kiya and Fryrnc-Orricer C. J. Sms, [Price 
2s. net.] No. 1022. An Experiment to Determine if 
Slip can be Detected during the Unloading Portion of a 
Cycle of Repeated Tensile Stresses. By H. G. Govucu, 
S. J. Wricut, B.A., and D. Hanson, D.Sc. [Price 
6d. net. London: His Majesty’s Stationery Office. 





Triats or THE 8.8. ‘“‘ Mernoo.’’-—The single-screw 
cargo steamer Mernoo, built to the order of the Melbourne 
Steamship Company, Limited, by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, recently completed 
successful trials at sea, and has sailed for Australia. 
We gave a brief description of this vessel on page 327, 
of our issue of September 10 last. ‘ 





are forthcoming from neighbouring pits. A few orders 
for mining gear and machinery are filtering through 
from areas where a partial resumption has been made at 
collieries. Only the current scarcity of pig iron and British 
steel stands in the way of a much bigger output in the 
engineering sections. Orders that promise active 
conditions in the future continue to accumulate in both 
the heavy and light branches. Sheffield expects to supply 
much of the steel and some of the machinery for the large 
submarine depot ship, which Messrs. Vickers Limited are 
to supply to the Admiralty. Chesterfield Rural District 
Council has under contemplation a scheme for installing 
mechanical filters at a local reservoir and carrying out 
subsidiary works at a cost of 13,5007. Government 
orders have been received in Sheffield for steel blooms 
and bars, vices and clamps, tyres and steel keys. A 
steady demand continues for light castings for the 
automobile and building trades. Electric furnaces are 
able to meet the needs of stainless-steel users. Business 
in farm and garden implements has fallen away somewhat, 
and file makers are suffering from the restricted activity 
at engineering works, but a healthy demand persists for 
saws, hammers, picks and shovels. 


South Yorkshire Coal Trade.—Settlement prospects in 
the coal dispute have not restricted activity at local 
outcrop seams, On the contrary, the tonnages delivered 
weekly at steelworks and gas producing concerns, 
show a consistent expansion, Buyers are easily found, 
since, apart from the question of quality, transport 
charges are very low as compared with those involved in 
the case of imported fuel, This week’s absorption of over 
a thousand operatives registered at the local Labour 
Exchange is due to the restarting of machinery at ten or 
a dozen small steelworks by the use of outcrop fuel. 
Makers of crucible steel have fallen back on German coke 
in order to meet essential contracts. Prices are very 
variable, fluctuating almost from day to day. 





R.A.F. Service Cruise to ADEN.—The Air Ministry 
has informed us that a flight of Vickers Victoria 
aircraft, under the command of Air-Commodore C. R. 
Samson, C.M.G., D.S.0O., A.F.C., Chief Staff Officer 
Middle-East Command, R.A.F., proceeded on Septem 
ber 16, last, from the R.A.F. station at Heliopolis, Cairo, 
on a long-distance cruise to Aden, The flight is one of 
a series of extended cruises, which are being carried out 
by the Royal Air Force, in order to test air-route arrange- 
ments and to gain service experience with post-war 
types of aircraft, over routes not regularly flown over. 
The itinerary forthe outward flight is via Assouan, Atbara, 
Port Sudan, Massowa and thence across the Red Sea 
to Aden. The return journey will be made by way of 
Khartoum and Wadi Halfa. The total distance to be 
covered is approximately 4,500 miles. The Vickers 
Victoria aircraft is a 25-seater troop-carrying machine 
fitted with two Napier Lion engines. 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel T'rade.—There has been no change in 
the state of the Scottish steel trade this week, nor can 
any be expected until the coal trade trouble is settled 
one way or another. The latter is dragging on still, 
and everybody is tired of it all, but it almost seems 
impossible to find a suitable solution. Meanwhile the 
large steel works here are all standing idle which, owing 
to the natural depreciation, will be a costly affair, The 
black sheet makers are busy and the demand is greater 
than the output, and fresh orders cannot be accepted for 
near date delivery. Order books are well filled ahead. 
Prices all round are very firm and all dealings are con- 
sidered separately. The following are the current 
market quotations :—Boiler plates, 11/. per ton; ship 
plates, 7/. 17s. 6d. per ton ; sections, 71. 7s. 6d. per ton ; 
and sheets, under jg in. to }in., 11l. 5s. to 121. 5s. per 
ton, all delivered Glasgow stations. 


Malleable Iron Trade.—In the West of Scotland 
malleable iron trade the re-rolling of steel bars is about 
all that is being done, and even that is not of very 
notable dimensions. Foreign fuel, besides being too 
dear, does not seem to give the most satisfactory results 
all round, and there is little hope of the works being 
restarted until local fuel is obtainable at a reasonable 
figure. Prices are firm at 11l. 10s. to 12. per ton for 
‘** Crown ”’ bars delivered Glasgow stations. 

Scottish Pig-Ivon Trade.—The conditions in the pig- 
iron trade of Scotland have not changed and although 
the demand at the moment is not heavy, stocks are dis- 
appearing. The named brands still on hand are rising 
steadily in price and will continue to do so until the re- 
lighting of the furnaces. The market quotations are as 
follows :—Hematite, 82s. 6d. per ton, delivered at the 
steel works ; foundry iron, No. 1, 95s. per ton, and No, 
3, 90s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, September 18, amounted to 577 tons against 
709 tons for the previous week. For the corresponding 
week of last year the figures were 373 tons to foreign 
destinations, and 117 tons coastwise, making a total 
shipment of 490 tons. 








TENDERS.—The Municipal Council of Sydney, Elec- 
tricity Department, are calling for tenders to be presented 
by November 15, for the supply of 33,000-volt and 660- 
volt cable. (Ref. BX 2882.)—The Ministry of Public 
Works, Cairo, Egypt, are calling for tenders to be pre- 
sented, by October 11, for the supply of one D.C. genera- 
tor and one internal-combustion engine for Helwan-les- 
Bains Electric Power Station. (Ref. BX 2883.)—The 
Municipality of the City of Port Elizabeth are calling for 
tenders for the supply and erection of two complete 
laundry plants in two separate brick buildings, which 
are to be erected by the City Council for the purpose. 
Local representation is regarded as essential. Tenders 
mush reach Port Elizabeth not later than noon on 
November 11, 1926. (Ref. No. AX 3622.) Further 
information, on quoting above references, may be obtained 
from the Department of Overseas Trade (Room 52), 
35, Old Queen-street, London, 8.W.1. 


PrersonaLt.—The Wellman Smith Owen Engineering 
Corporation, Limited, Wellman Seaver Rolling Mill 
Company, Limited, and the Wellman Bibby Company, 
Limited, have moved their head offices to Victoria 
Station House, Victoria-street, London, §S.W.1.— 
Mr. Alan Williams, M.I.E.E., has been appointed by 
Messrs. Vickers Boiler Company, Limited, Broadway 
Buildings, Westminster, 8.W.1, sales representative for 
the South of England in connection with industrial boiler 
installations and export business.—The London address 
of Messrs. British Separators, Limited, is now Broadway 
Court, Westminster, London, 8.W.1, and the registered 
office will be transferred to Buckingham Works, York.— 
Messrs. Leyland Motors, Limited, Leyland, Lancashire, 
have now established a depot at Dunbar-street, Belfast, 
Messrs. Alister Kirk and Co., Ballarat-street, Belfast, 
are the Company’s sole Selling and Service agents for 
Belfast.—Owing to the Westminster Council having 
decided to renumber a portion of Charing Cross-road, 
the address of the Metropolitan-Vickers [Electrical 
Company, Limited, will in future be No, 155 Charing 
Cross-road, not 145 as hitherto. 


Tur Institute or TRANSPORT: PREMIUM AWARDS.— 
The Council of the Institute of Transport has informed 
us that the following premium awards have been made : 
Institute Triennial Gold Medal to Brig.-General H. O. 
Mance, C.B., C.M.G., D.S.0O., for his paper on ‘‘ Recent 
Developments in the International Aspects of Trans- 
portation.’’ Railways (Operating) Gold Medal (donated 
by the Railway Companies’ Association) to Mr. D. 8. 
Burn for his paper on ‘‘ Notes on Railway Organisa- 
tion.”” Road (Passenger) Gold Medal (donated by the 
London General Omnibus Company, Limited) to Mr. 
W. Jackson for his paper on ‘“ Electric and Petrol 
Transport of Passengers in America.”” Water-Transport 
Gold Medal (donated by Sir Joseph G. Broodbank) to 
Mr. H. D. Dickinson for his paper on ‘‘ State Ownership 
of Waterways.’’ Water-Transport (Canal) Gold Medal 
(donated by the Canal Association) to Colonel J. A. 
Saner for his paper on ‘“ The Most Efficient and Eco- 
nomical Means of Overcoming Differences of Level in 
Canals and Inland Navigations.’’ Institute Silver 
(Graduate) Medal to Mr. E. Havers for his paper on 
“Transport of Live-stock by Railway.” ‘‘ Modern 
Transport ’”’ Premium (donated by Modern Transport) 
to Mr. F. O. Waite for his paper on ‘The Railway 
Rates Tribunal: its Place, Power, and Potentialities.” 








Carpirr, Wednesday. 

The Coal Trade.—While export business remains 
suspended and out of the question in view of the con- 
tinuance of the strike, arrivals of foreign coal have 
been on a much more active scale and are likely still 
further to increase as a result of heavy chartering, par- 
ticularly from the United States. The Great Western 
Railway Company have twenty vessels due with at least 
130,000 tons, and the London, Midland and Scottish 
Railway are expecting half-a-dozen with about 40,000 
tons, in addition to cargoes due from the Continent for 
industrial concerns. There are now twenty vessels dis- 
charging foreign coal in the Welsh docks, and in the 
past week 54,280 tons were imported, of which 23,460 
tons, came from the United States, 9,340 tons from 
Germany, 10,410 tons from Holland, 3,900 tons from 
Belgium, and 7,170 tons from South Africa. The bulk 
of the coal came into Cardiff, where 33,660 tons were 
discharged, 8,410 tons coming to Newport and 12,210 
tons to Swansea. 


Big Plate Contract.—After five months’ idleness a 
thousand men started work at the Dowlais Works, 
Cardiff, this week. These works, which are owned by 
Messrs. Guest, Keen and Nettlefolds, Limited, are 
rolling plates for a big water pipe-line contract secured by 
Messrs. Braithwaite and Co., constructional engineers, of 
Newport, from the Brazilian Government. The steel 
furnaces have been opened with a supply of American 
and Continental coal, and the contract is understood to 
be worth 750,000/. and is expected to provide the em- 
ployees of the Dowlais Works with employment for 
some months. 


Salving the ‘‘ Valsesia.”,—Work in connection with the 
salving of the cargo and hull of the Italian steamer 
Valsesia, which stranded on Friars Point rocks, Barry, 
with 7,700 tons of American coal, is proceeding apace. 
About 2,500 tons of the cargo has been discharged from 
the vessel, and though the steamer is split in two an 
attempt is to be made to float the after end this week 
provided the weather conditions are favourable. 
battery of motor pumps, with a capacity of 5,000 tons 
per hour, have been installed on board the steamer which 
it is hoped will retain sufficient buoyancy to enable her 
to be beached on a sandy bottom, where temporary 
repairs would be effected prior to placing the vessel in 
dry dock for permanent repairs. 








RELIEF VALVES ON Low-PRESSURE HEATING APPARA- 
tTus.—The necessity for the introduction of reducing 
valves and steam relief valves, when high-pressure 
steam is throttled to obtain a low-pressure supply for 
heating systems, was again shown in a recent accident. 
In this case the trouble occurred in a line of 33-in. bore 
cast-iron pipes, which surrounded a part of the works of 
Messrs. James Hawes and Co., Limited, at Syston, near 
Leicester. The pipes were connected by loose flanges, 
arranged so that when drawn together by bolts they 
bound against rubber rings at each end of a cast-iron 
ring surrounding the junction of the two pipes. The 
range of pipes was suspended from the roof, and steam 
was supplied through a half-inch diameter pipe, fitted 
with a stop valve, from the general supply at 60 lb. 
per square inch pressure. One of the lengths of cast- 
iron pipe was forced out of its flange, with the result 
than an employee was scalded. An inquiry under the 
Boiler Explosions Acts showed that the trouble was 
caused by the choking of an outlet drain pipe of half-inch 
diameter. Fortunately, after the blow-out took place, 
the volume of steam passing was too small to cause further 
damage. : 


Contracts.—In conjunction with Messrs, Braithwaite 
and Co. (Engineers), Limited, Messrs. Guest, Keen and 
Nettlefolds, Limited, and the Scottish Iron and Steel 
Company, Limited, The Armco International Corpora- 
tion, Pinners Hall, Old Broad-street, London, E,C,2, 
have obtained a large contract for the Sao Paulo Water 
Works, for the construction of an ‘‘ Armco ”’ ingot iron 
pipe line for conveying water a distance of 80 km. from 
the Rio Claro headwaters to a new reservoir to be con- 
structed at Villa Prudents. 'The whole of the contract, 
which will involve the use of 25,000 to 30,000 tons of 
ingot iron, will be manufactured by Messrs. Guest, Keen 
and Nettlefolds, Limited, of Cardiff, and Messrs. The 
Scottish Iron and Steel Company, Limited, of Glasgow. 
The Fairfield-Howden Ruths Steam Accummulators, 
Limited, Caxton House, Westminster, London, 8.W.1, 
have received an order from the Bradford Dyers Associa- 
tion, Limited (Adams, Hamilton and Sons, Limited, 
Branch, Paisley), for a steam accumulator with a steam 
storage capacity of 20,000 lb., between the pressures of 
165 and 50 lb. per square inch, together with the necessary 
automatic valves. The size of the accumulator is 
approximately 47 ft. by 13 ft.—The Hepburn Conveyor 
Company, Limited, Rosa Works, Wakefield, have secured 
the contract for Newcastle-under-Lyme Corporation, for 
installing the Refuse Salvage Plant, and complete 
building, with Salvage Boring Equipment.—The Oil 
Engine Department of Messrs. Fiat, 43-44, Albemarle- 
street, W.1, has received an order for four auxiliary 
Diesel generator sets of 450 B.H.P. each, for the four- 
screw passenger motor ship for Messrs. Furness, Withy & 
Co., Ltd., building at Belfast by Messrs. Workman, 
Clark & Co., Ltd. Vibration is to be reduced to a mini- 
mum and these engines will embody the Fiat patent 
arrangement of cranks which gives as nearly perfect 
balancing as it is possible to obtain with Diesel engines. 
The engines are similar to those supplied to the United 
Fruit Company of America, except that there are three 





instead of four working cylinders. 
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NOTICES OF MEETINGS. 


Tue Institution oF Furet Economy ENGINEERS.— 
To-night, at 6 p.m., at the Royal Society of Arts, John- 
street, Adelphi, W.C.2. Lecture: ‘“* Liquid Fuels,” by 
Dr. A. E. Dunstan. 

THE Norte or ENGLAND InstItTuTE oF MINING AND 
MECHANICAL ENGINEERS: ASSOCIATES AND STUDENTS’ 
SEctTion.—Saturday, September 25, at 3 p.m., at Neville 
Hall, Newcastle-upon-Tyne. ‘The Chemical Relations 
of the Principal Varieties of Coal,” by Professor George 
Hickling, M.Se., D.Se. 

Tue INSTITUTE OF British FOUNDRYMEN : NEWCASTLE 
AND District Brancu.—Saturday, September 25, at 
6.15 p.m., at Neville Hall, Neweastle-upon-Tyne. Pre- 
sidential Address, by Mr. E. Wood, B.Sc. Cinemato- 
graph Films :—“ Electricity in a Steel Works,” ‘“‘ How 
the Morris Car is Made.” 

THE Hutt AssoctaTiIon of ENGINEERS.—Saturday, 
September 25, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. Lecture: ‘“'The Utilisation 
of Waste Material,” by Mr. R. A. Bellwood. 

THe INstTITuTION or MuvNIcIPAL AND CouNTY 
ENGINEERS: East Mriptanp Dzisrrict.—Thursday, 
September 30, at 10.45 a.m., at the Town Hall, Gains- 
borough. ‘‘ Municipal Work in Gainsborough.” Visit 
to Works of Messrs. Marshall, Sons and Co., Limited. 

Tue Institution or LocomotivE ENGINEERS 
(Lonpon).—Thursday, September 30, at 7.15 p.m., at 
the Engineers’ Club, Coventry-street, W.1. Presidential 
Address by Sir Seymour B. Tritton. 

Tue Farapay Socrety.—Friday, October 1, at 2.30 
p.m., at the Chemical Society’s Rooms, Burlington 
House, Piccadilly, W.1. General Discussion on ‘‘ Phy- 
sical Phenomena at Interfaces, with Special Reference to 





Molecular Orientation.” Introductory Address by 
Dr. E. K. Rideal. ‘“ Electrification at Interfaces,’’ by 
Professor H. Freundlich and Mr. R. K. Schofield. 


** Adsorption on Solids,’? by Dr. W. E. Garner. “ Orien- 
tation in Solids,’’ by Dr. G. Shearer. At 5 p.m., “ In- 
soluble Films on Liquid Surfaces,” by Mr. N. K. Adam 
and Mr. G. Jessop. ‘‘ On the Spreading of Proteins,”’ by 
Professor Dr. E. Gorter. ‘‘ Adsorption of Proteins,” 
by Professor W. Ramsden. ‘“‘The Arrangement of 
Molecules on the Surface of Pure Liquids,” by Dr. 8. 
Sugden. 

THe Junior InstituTIoN OF ENGINEERS.—Friday, 
October 1, at 7.30 p.m., at 39, Victoria-street, S.W.1. 
** Notes on Transformer Testing and Test Plant Require- 
ments,” by Mr. L. Smith. 


THE INstTITUTION OF MUNICIPAL AND CouUNTY 
ENGINEERS: SoutH Mrptanp Districr.—Saturday, 
October 2, at 11 a.m., at Icknield Hall, Eastcheap, 


Letchworth. Discussion on ‘“ Letchworth, Its Ideals 
and Municipal Undertakings,’’ by Mr. G. T. Hill. 

Tue InstiruTte oF BririsH FouNDRYMEN: LANCA- 
SHIRE Brancu.—Saturday, October 2, at 4 p.m., at the 
Houldsworth Hall, 90, Deansgate, Manchester. Presi- 
dential Address. ‘‘ Notes on Foundry Practice,” by 
Mr. 8S. G. Smith. 








INSTITUTION OF NAVAL ArcHITECTS.—Various scholar- 
ships in naval architecture for 1926 have been awarded 
by the Council of the Institution of Naval Architects as 
follows: Mr. F. H. Todd, of Armstrong College, Newcastle- 
on-Tyne, receives an 1851 Research Scholarship, while the 
Sir William White Research Scholarship has been awarded 
to Mr. T. W. F. Brown, of the Royal Technical College, 
Glasgow. Mr. J. H. Lambie and Mr. J. H. Mitchell, of 
Devonport Dockyard, huve gained the Martell Scholarship 
and the Earl of Durham Prize, respectively. 

A Swepisu TECHNICAL JOURNAL.—In order to com- 
memorate the visit of the Iron and Steel Institute to 
Stockholm a special number of Ueknisk Tidskrift was 
published in English. A copy of this was presented 
to each of the members upon arrival, It contains a 
leading article on the meeting of the Institute, and 
photographs of the principal guests and hosts. Other 
articles are: “The Geology of Swedish Ores,” by 
Mr. P. Geijer; ‘‘ Swedish Pig Iron,” by Mr. B. Kjerr- 
man; “ Klectric Prospecting Methods,” by Mr. 8. 
Lundberg; “'The Development of Mining Machinery 
in Sweden,” by Mr. B. G. Markman; and “ The Lron 
and Steel Institute’s Visit to Sweden in 1898,"’ This, 
the foremost technical journal in Sweden, is edited 
by Mr. Carl Kleman and is the official organ of the 
Swedish Society of Engineers and Architects (Svenska 
Teknologféreningen). 


Correr Tuses ror CENTRAL Heatine.-A_ booklet 
entitled, “‘ New Ideas in Central Heating: the Use of 
Light Copper Tubes,’’ was recently issued by the 
Copper and Brass Extended Uses Council, King’s Court, 
115, Colmore-row, Birmingham. It is described as 
being an essay for the information of architects, builders, 
domestic engineers, and all interested in houses and 
house construction. The purpose of the booklet is to 
call attention to the improvements in central heating 
technique which, it is claimed, are made possible by 
the introduction of thin-walled small-bore copper tubing 
and compression joints. The cost of typical combined 
heating, cooking and hot-water supply systems are 
given in detail in appendices, and excellent plans and 
drawings of the equipments are also included. The 
letterpress has been well written, and the book is clearly 
and neatly printed. The chairman of the Copper and 
Brass Extended Uses Council is Mr. G. W. Mullins, 
M.B.E., and the secretary is Mr. G. Squiers, F.C.A., 
to whom all inquiries and correspondence should be: 
sent at the address given above. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRBSS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC « ENGINEERING,” WESTRAND 

ADDRESS LONDON. 
TELEPHONE NUMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING”? may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

For the United Kingdom ..................06 £3 5 0 
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LONDON TRAFFIC. 


In 1904 the resident in the greater London area 
made on the average 150 journeys per annum. 
In 1913 this average had risen to 228, and in 1925 
to 482. These figures refer to trips made by 
public vehicles, including journeys by rail, and 
thus somewhat underestimate the total growth 
of road-borne traffic. At the outset this develop- 
ment of the travelling habit did not involve a 
proportionate increase in the congestion of our 
highways. In pre-motor days “ blocks’’ lasting 
20 minutes were by no means unknown. With the 
advent of the motor these disappeared, though 
no doubt some of the credit should be attributed to 
improved regulation of the traffic by the police. 
The relief thus ensuing was, however, soon over- 
taken by the rapid rise in the number of vehicles 
seeking street room, and in certain sections of the 
metropolis the congestion became so severe that 
Shanks’s mare proved faster than a taxi. This 
led to the decision to limit the number of ’buses 
along different routes, a policy which was justified 
on the ground that the facilities already provided 
were in excess of the public needs. Figures sup- 
porting this view are tabulated in the blue book 
on London Traffic just issued by the Ministry of 
Transport*. A census has been taken which 
shows the ratio of the seats occupied to seats pro- 
vided at different periods of the day. The most 
striking fact brought out in these diagrams is the 
relative unpopularity and consequent low efficiency 
of the trams, which have the added draw-back that 
they are not merely obstructive in themselves, but 
the cause of obstruction by other vehicles. 

Over the working day taken as extending from 
6 a.m. to midnight, the percentage of tram car 
seats actually occupied never exceeds 27-6 per cent., 
and falls in one case below 14 per cent. Corre- 
sponding figures for the buses give averages rang- 





_ * First Annual Report of the London and Home Coun- 
ties Traffic Advisory Committee. London: H.M. Sta- 
tionery Office, 1926. Price, 2s. 6d. net. 





ing between 27 per cent. as a minimum to nearly 
42} as a maximum. It is, however, sometimes 
claimed that the tramcars are better adapted for 
“dealing with peak locals” than their rivals, 
but this hardly seems borne out by the figures 
now published ; 80 to 85 per cent. of the seating 
accommodation of the ’buses is occupied during 
rush hours on several routes, whilst the best figure 
for the tram car is 79 per cent, which is, moreover, 
attained on one route only, whilst elsewhere the 
rush hour percentages range from 33 per cent. to 
70 per cent. These figures certainly support the 
view that even in a fair field the tramways could not 
compete on equal terms with the ‘buses, the popu- 
larity of which increases year by year. The daily 
average for the year along routes within the 10- 
mile radius is now over 4} million passengers, and 
exceeds five million in the summer months. 

The report deals with a number of proposals for 
relieving the present congestion of traffic. One of the 
most interesting of these is the suggestion of alter- 
native routes between Bayswater and the new 
Eastern Avenue, with branches to Euston, St. Pancras 
and King’s Cross. These would have the advan- 
tage of requiring in most cases little expenditure, 
save in the matter of sign posts, and the streets 
concerned are in good condition and capable of 
carrying heavier traffic than they now accommodate. 


6 | In other cases no such simple solution of the traffic 


problem is possible. In particular, whilst there is 
great need for an alternative route east and west 
on the south side of.Oxford-street, a detailed study 
of existing conditions shows that substantial 
street improvements would be necessary, which 
would cost about 14 million sterling, a sum not at 
present available. 

Another useful scheme, which it is, at present, 
impossible to finance, is discussed in the report. 
It is common knowledge that much of the congestion 
in Piccadilly is due to traffic crossing it. This could 
be greatly relieved by a tunnel between Berkeley- 
street and Pall Mall, and the demolition of Devon- 
shire House preparatory to the erection of a new 
building on its site, afforded a particular favourable 
opportunity for carrying out the work. It proved 
impossible, however to make the necessary financial 
arrangements in the time available so that the project 
is held up indefinitely, and, if resumed, can only be 
completed at an enhanced cost. 

It is also financially impracticable to proceed at 
present with the construction of the lower Thames 
Tunnel. A suitable site for this has been found 
between Purfleet and Dartford. Estimates for this 
were got out by the late Sir Maurice FitzMaurice, 
who provided for a tunnel 34 ft. in diameter and 
5,100 ft. long between portals. The level was fixed 
so as to provide a minimum cover of 8 ft. 3 in. above 
tunnel top even should the river be ultimately 
dredged to a depth of 35 ft. at low water spring tides. 
The cost was estimated at 2,670,0001., and this 
makes it inadvisable to proceed further with the 
scheme under present conditions, although it 
would afford valuable relief to the roads serving the 
London docks, and provide direct communication 
between Kent and Essex. 

The worst congestion in the London area is that on 
the Victoria Docks-road. The improvement of this 
dock approach has been under consideration for 
twenty years past, but so far nothing has been done. 
The marshes of the River Lea have led to a bottle 
neck at Silvertown, through which the whole of 
the East and West traffic has to flow, and of 
this highly congested line of transport the worst 
part is the Victoria Dock-road, to which there is 
nothing comparable in the whole of the London area. 
Proceeding eastward from the City the first great 
obstruction is provided by the iron bridge over the 
Lea, which, though only 38 ft. wide, has to accom- 
modate two tramway tracks in addition to the 
normal and extremely heavy road traffic. This is 
followed by a bridge over the railway at Canning 
Town, where the roadway is obstructed by a central 
girder, and next comes a right angle junction with 
the Victoria Dock-road, where continual delays 
arise, For nearly half a mile this important artery 
has a width of only 21 ft., and traffic along it is 
repeatedly held up at the White Gates level cross- 
ing over the railway which takes the entire dock 
traffic. In fact the roadway is completely blocked 
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for 9 hours out of the 24, and during the busiest 
part of the day the gates are closed for an average 
of 47 minutes per hour. There are other level 
crossings and swing bridges, one of which has a 
carriage way only 9 ft. wide. The delays thus 
arising not only affect vehicular traffic, but render 
it difficult for factory employees to keep good time. 
The proposals of the Ministry of Transport for 
solving the traffic problem in this area have already 
been described in ENGINEERING, and in our issue 
of October 24, 1924, page 572, we gave a sketch 
plan showing the route of the new 100 ft. road which 
it is proposed to provide by widening the East India 
Dock Road, removing the old iron bridge and buildin 
a new street to Barking Road on the other side of the 
Lea. The width of Barking Road is also to be 
increased to 100 ft. up to its intersection with an 
improved Beckton Road, which would then form 
an extension of the East Ham and Barking by-pass 
now approaching completion. The proposed new 
road to the Victoria Docks would be 80 ft. wide 
and instead of entering the Barking Road at right 
angles would joinit by an easy curve, and would 
cross the present maze of rails and intersecting 
roads by a viaduct passing at a high level over the 
western outlet from the docks, where a new swing 
bridge with a 60 ft. roadway would be provided for 
vehicles and pedestrians. The cost of the improve- 
ment is estimated at from 2 to 3 millions sterling, 
but though this is a large sum the need is urgent, 
and it is to be hoped that it will prove possible to 
make an early start with the works. 

No reference appears to be made in the report 
to the question of London bridges, which is now 
engaging the attention of another committee, before 
which Sir Henry Maybury has given evidence 
strongly supporting the need for the St. Paul’s 
bridge, which he said would make it possible to 
have a splendid east and west road, as well as 
a first-rate north and south one. He also said 
that he regarded the circuses now being experi- 
mented with in London, not as a mere palliative 
of traffic congestion, but believed that if the 
Ministry had facilities for extending the system 
London traffic could be speeded-up very materially. 
It has long been a source of complaint that there 
was no co-ordination between the operations of 
the different authorities which are periodically 
under the necessity of breaking up the streets. 
Thus in past years both the Strand and Oxford 
street have been under repair at the same time, 
and when a few years back Parliament-street was 
closed for re-surfacing the Post Office proceeded 
to lay cables along the alternative route of Horse 
Guards-avenue. The passage of the London Traffic 
Act has much improved matters in this respect, 
and the present report of the Advisory Committee 
gives a short review of its working. By the terms 
of the Act the road authorities are required to 
submit in advance statements of the street works 
they propose to execute during each half-year, 
and a copy of these statements is then sent to 
every undertaker concerned, so that any works 
required by them can be carried on concurrently 
with those of the street authority. The Act, 
moreover, makes it unlawful for such undertakers, 
without special perm.ssion from the Ministry of 
Transport, to break up any street within twelve 
months of its reconstruction. The proposals for 
road works submitted in accordance with the 
above requirements are all carefully studied, and 
the order in which the works are to be executed 
is prescribed, special care being taken to see that 
when one road is under repair an alternative route 
shall be available. The committee, in their report, 
express gratification at the way in which the road 
authorities and the varions undertakers generally 
have agreed to alter dates for the commencement 
of works, and at their readiness to hurry up the 
date of completion by employing night shifts, 
and by using quick-hardening cements. 

Another clause of the Act provides for the police 
reporting cases in which the progress of works 
seems to be unnecessarily delayed, or in which 
there appears to be an avoidable obstruction to 
traffic. Up to the end of last year 65 such cases 
have been reported, the worst offender being the 
Post Office, closely followed by the Tramways. 
In no case was any defence made by the parties 
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concerned, which seems to indicate that the police |it will suffice to say that they fully maintain the 


have used their powers with much discretion. 


high standard set by such firms as Messrs. Bassett- 


The question of the parking of vehicles is also | Lowke, Limited, of Northampton. One or two 
discussed in the report, where it is pointed out | of the small tools should appeal to a wider circle than 


that this constitutes a privileged use of the highway 
which should be confined within narrow limits. As 
matters stand, the maximum time which a vehicle 
is allowed to be “ parked ” in a public highway is 
two hours, but a demand has been made that this 
should be extended to four. The committee, 
however, hold that the streets should not be used 
as a garage, and that the present limit of time 
should not be extended. 


THE MODEL ENGINEER EXHIBITION. 

OnE of the more recent educational theories is 
that a child should be encouraged to develop its 
natural creative instinct, and classes exist in certain 
elementary schools in which the pupils are given the 
materials and allowed to make anything they like. 
The fruits of this policy were to be seen at a recent 
provincial exhibition of students’ work, from which 
the only conclusion to be drawn was that the crea- 
tive, if a natural, was a savage instinct. One 
exhibit, labelled ‘‘Saucepan—by child of ten,” 
consisted of an old syrup tin from which the top 
had been hacked by one of the primitive instruments 
to be found in most kitchens. A strip. of bent iron, 
soldered to the side for a handle, completed this 
creation. If we make the charitable assumption 
that there was a decimal error in the age given for 
the maker, the exhibit left much to be desired ; 
but it, and others, at any rate served to drive home 
the lesson that some preliminary training is desir- 
able before the creative faculty is given free play in 
handicraft. Those who have been responsible for the 
training of apprentices to the various skilled trades 
have long regarded this as an elementary truth, 
and although fitters are no longer initiated to their 
trade by several months spent in making the men’s 
tea on the smithy fire, followed by a further long 
period chipping and filing a block of iron to a true 
surface, no experienced shop foreman would allow 
an apprentice to attempt work which was obviously 
beyond his capacity. 

At first sight, it would appear that the exhibits 
of amateur’s work at the Model Engineer Exhibition 
at the Royal Horticultural Hall rather negative this 
assumption, as there are many examples of admirable 
work done by people who have no connection with 
the skilled trades. We believe that the explanation 
of this apparent anomaly lies in the probability 
that the better work has been executed by enthusiasts 
who have overcome their deficiencies, either by trial 
and error, or by taking handicraft classes at one or 
other of the technical institutions available. Apart 
from this, while in no way wishing to detract from 
the excellent workmanship of some of the exhibits, 
a comparison of those done by amateurs with the 
work shown on the stand of the Royal Air Force 
School, Halton, will reveal that the degree of skill 
required to produce a very presentable model is 
not in general comparable with that required for 
high-class engineering work. The Air Force School 
exhibit is devoted to work done by aircraft appren- 
tices in the course of their training. Comparatively 
few of the samples of work shown are of any prac- 
tical utility, but consist of exercises designed to give 
the apprentice a high degree of skill in chipping, 
filing, scraping, and other fundamental workshop 
operations. It has long been whispered among 
engineers that had the old Whitworth practical 
tests been enforced, not one in ten of the successful 
candidates could have passed, and it is a sufficient 
tribute to the Halton school to state that much of 
the work shown on the stand involved a higher degree 
of skill than that required for the test. It should be 
added that the work shown has been chosen at 
random, and does not therefore represent the 
work of boys of exceptional ability. 

The Model Engineer Exhibition, which opened on 
Friday last, and closes to-morrow, constitutes the 
eighth of the series, and fully equals any of its pre- 
decessors in interest. The central hall of the building 
is devoted mainly to the exhibits of firms who either 
manufacture complete models, or tools of a type 
likely to appeal to the amateur. A description of 
the models would be of no present interest, and 








that comprised by amateur model makers ; one of 
them in particular, a gas blow-pipe exhibited by 
Messrs Buck and Ryan, 310-312, Euston-road, N.W.1 
being suitable for a wide variety of operations in 
general engineering work. So far as we are aware, 
this blow-pipe is of an entirely new type, the air blast 
being induced by the injector action of a jet of 
superheated steam. The blow-pipe closely resembles 
one of the foot type, with the bellows replaced by a 
small cylinder containing water. The cylinder is 
fitted with an air hand-pump and a release valve at 
the top, and is operated in a similar way toa Primus 
lamp. Water is delivered, under slight pressure, 
from the cylinder to a coil inside the burner, where it 
is converted into steam. The latter is directed down 
the centre of the nozzle through an adjustable 
needle valve, and the heat of the jet can be regu- 
lated by controlling the steam and gas supplies as 
readily as with an ordinary air-gas blow pipe. The 
water cylinder, which is only about 6 in. high by 
4 in. in diameter, contains a sufficient supply for 
about 4 hours continuous running. 

There is a distinct market among amateur metal 
workers for a simple drilling machine with a table 
sufficiently large to take work of moderate size, and 
having a good range of adjustment. This need 
appears to be met by the new machine shown by 
the firm of Exeter Tools and Machinery Limited, of 
Exeter. This tool is of the sensitive type, but will 
drill holes up to 3 in. in diameter in mild steel. It 
is fitted with the usual fixed table, and has in addition 
a smaller swivelling table attached to the column. 
The capacity between the top position of the spindle 
arm and the fixed table is exceptional for a tool of 
this class. The provisional price fixed for the 
machine appears rather high in view of its simple 
construction, and it should be possible to reduce 
it under suitable production methods to a point at 
which most amateurs could afford to add the tool to 
their workshop equipment. Although there are a 
fairly large number of lathes at the Exhibition, there 
do not appear to be any of the treble-geared gap 
type, yet many model makers would find such a 
tool of great value when they wished to machine a 
large radius on such a material as cast iron. 
Almost all the foot lathes shown are open to the 
criticism that the flywheel is somewhat light, making 
it very difficult to get a steady cut on diameters well 
within the capacity of the machine. The matter is 
perhaps to some extent due to a desire to keep 
down the total weight of the tools as much as 
possible. 

The work of amateurs entered for the various 
competitions arranged by the organisers is housed in 
an annexe to the main hall, and it is probably in 
this section that the chief interest will lie for the non- 
technical visitor. We understand that the competi- 
tors range from twelve to nearly sixty years of age. 
and include mechanics in addition to people of almost 
every unskilled calling. Under these circumstances 
the interest of the models would have been greatly 
enhanced if in addition to the name, the age and 
occupation of the exhibitor had been stated on the 
identification cards. The present arrangement is 
hardly fair to the younger and less experienced 
exhibitors, as a model might have great merit if 
produced by a van boy, but appear mediocre as 
the work of a mechanic. It would also be interesting, 
though we fear quite impracticable, to know the 
underlying motive which led competitors to select 
the particular mechanism they have modelled. The 
exhibits, with one or two exceptions, appear to 
indicate rather a paucity of imagination, the majority 
of the competitors having beencontentto make either 
a model steam engine or a model boat. Among the 
exceptions are a flapping-wing type aeroplane, and 
a group of ploughs showing the evolution of this 
instrument from the days of Job. The only example 
of a motor vehicle is a steam car, and this is probably 
explained by the impracticability of making @ 
working petrol engine of diminutive size, but no 
similar explanation can be given for the rarity of 
electrical or hydraulic apparatus, both of which 
might have been expected to make a strong appeal 
to the amateur. 
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THE COAL-MINING SITUATION. 


To a greater or less extent the entire community 
is prejudiced by the coal strike, but the engineering 
trades are hit by it much harder than others. There 
is no conclusive reason to believe that this handicap 
on all British industry is the voluntary and spon- 
taneous act of the miners, but considerable ground 
for attributing it to influence and coercion exercised 
by the active minority that rules the Miners’ 
Federation. At no time has that body dared to 
take a ballot of its members under trustworthy 
conditions, to determine whether they really desire 
their industry to continue on its Gadarene course. 
It has been able to exercise its disastrous influence 
because of the artificial privileges given to trade 
unions as a class and of the Seven Hours’ Act passed 
underitsinfluence. This Act has now been amended, 
but those who control the Federation still enjoy, and 
apply to their political ends, the anomalous privileges 
of trade-union legislation. When the strike was 
a threatened calamity it was thought expedient 
to make extreme efforts to avoid it, and, in the 
hope of peace, to accept many proposals that 
could not be commended on their merits. With the 
refusal of such offers by the Federation the situation 
changed. The consideration, for which the objec- 
tionable proposals would have been accepted, failed, 
and all parts of the community, from the Govern- 
ment downwards, resumed their full liberty of action. 
In particular, the bodies constituting the Mining 
Association have now decided definitely that they 
will not be parties to a ‘‘ national ”’ settlement, nor 
put forward proposals for seven-hour shifts in 
districts that cannot afford them. 

That, shortly, is the present issue on which the 
coal strike hangs, and at the time of writing the 
xovernment has announced no definite decision 
as to the course it will take. It continues, how- 
ever, to press the mine owners to discuss the 
adoption of a national settlement, and in the 
utterances of some of its members may be found 
something like threats of compulsion to that end. 
According to these ministers, it is common ground 
that individual districts will need to agree to 
terms in their individual districts, but such agree- 
ments must conform to formule that have been, 
or will be, agreed nationally. It is also common 
ground that wages must in fact vary in different 
districts according to their local circumstances, and 
apparently that the miners will continue to receive, 
in addition to their wages, some 87 per cent. of the 
entire profits of theindustry. If these circumstances 
are put together, it will be seen that the sole effect 
of the proposed form of settlement will be that 
whatever is done will be subject to the fiat of the 
Miners’ Federation. So long as there appears to 
be a prospect that the Government will continue 
to concur in demanding that this should be con- 
ceded, a large part of the miners will, from loyalty 
to the Federation, continue to obey its instructions, 
and to abstain from work. If it were made 
clear that the Government would take no such 
course, the present greatest obstacle to ending 
the strike would be removed. 

The position is therefore that national settlements 
are being pressed on the owners and the community, 
partly in order to save the face of the Miners’ 
Federation and partly in order to maintain its 
power. Jn the interim the miners themselves are 
being induced to desist from following their industry, 
and workers in other industries, notably in those of 
the engineering trades, are being prevented from 
following theirs. The situation therefore suggests 
the enquiry why such sacrifices should be required 
of the industry for the benefit of the Federation. 
This body has been in existence for many years, but 
until 1921 it never had occasion to make national 
arrangements. Its history since then does not lead 
to the conclusion that it has used the innovation 
to the benefit of its individual members, the industry 
or the community. In the 22 years before the 
war the average time lost per man per year through 
disputes was 5-30 days. Since national arrange- 
ments were introduced the average to the end of 
1925 was over 12 days, or, including the present 
year to the end of August, over 23 days. Under its 
guidance, and through the exercise of the power that 
the introduction of national arrangements placed in 





its hands, a national minimum was forced on the 
industry in 1924, which, coupled with the 7-hour 
day, at once placed it out of competition in most 
markets, leading in 1925 to the grant of the 
subsidy and in 1926 to the strike. An amount 
which Mr. Churchill puts at from 600,000/. to 
700,000/. per week has had to be spent during 
the 20 weeks of the strike on merely keeping the 
pits open; and if the minimum wages are in fact 
minimum, and therefore less than the aggregate 
of wages and profits, 87 per cent. of that loss, 
which up to date is 12,000,000/. to 14,000,000/., will 
have come out of the miners’ pockets. In addition, 
the funds of the miners’ association have been ex- 
hausted, and most of the nine hundred thousand 
pounds spontaneously contributed to their cause is 
said to have been extorted from the 15s. a week 
Russian miners. The sincere sympathy of other 
foreign miners has not prevented them from scram- 
bling to get into the markets from which the Federa- 
tion’s members would otherwise have been earning 
their living ; and though this international altruism 
has enabled British industries to get supplies of coal, 
it has compelled them to pay a good deal more for 
it than it was worth, and added to the burden of 
doles and other overhead expenses they have to 
carry. On cautious estimates the loss to the entire 
country through the strike has run into hundreds 
of millions of pounds. The Miners’ Federation has 
imposed these losses on the miners, the industry 
and the country, respectively, in order to compel the 
miners to work shorter hours than any other men, 
and to stand out for higher wages than either the 
mining or any other manufacturing industry can 
afford, in spite of the fact that, alone among the 
great industries, the coal mining industry distributes 
seven-eighths of its profits among its workers in 
addition to its wages. 

These seem strange credentials for entrusting 
the Federation with a strangle-hold over a funda- 
mental industry. The familiar details of its action 
seem, moreover, reasonable ground for the objection 
of the Mining Association to protracting the crisis 
by again negotiating with them on the subject. 
To apply a simple test, no sane man of business 
would be fool enough to trust a second time to 
negotiations with a body which after nine months’ 
continuous consideration of the questions at issue 
had set itself so directly against common sense 
and public opinion. The non-industrial reasons 
that have led them to this course are no secret, 
but it is none the less an insult to the term to 
describe as national any arrangements made as a 
concession to a body actuated by such motives. 

The only course consistent with the interests of 
the nation, the industry, and the miners is to complete 
the measures by which they will again become their 
own masters. The present effect of trade union 
legislation is to place the power of these bodies in the 
hands of those who make a business of trade-union 
politics. The preponderance of this power at some 
epochs may lie in the hands of the political parasites 
of the movement, as unhappily it does in the 
Miners’ Federation, and at all times these men 
exercise a non-industrial influence on the way in 
which it is used. As the law seems to stand, this 
power is supplemented by the gentle arts of mass 
picketing and peaceful persuasion. .The mine owners 
will give their industry the best chance of regain- 
ing the prosperity that national arrangements have 
destroyed if they stand firm on their present refusal, 
and the Government would deservedly lose the 
confidence of those who are interested in industry 
if it attempted further to dissuade them from doing 
so. The present business of Parliament is to 
emancipate the general body of miners from the 
bondage in which the Federation holds them, and 
to free them to act unconstrainedly in accordance 
with their own economic interests. 





THE INSTITUTION OF GAS 
ENGINEERS. 


THE sessions of annual meeting of the Institution 
of Gas Engineers, held at the Institution of Civil 
Engineers on the Tuesday, Wednesday and Thursday 
of this week, commenced each day at 10 a.m. and 
3.15 p.m., under the presidency of Mr. Charles F. 
Botley, M.Inst.C.E., engineer and general manager to 





the Hastings and St. Leonards Gas Company. Formal 
matters having been disposed of on Tuesday morning, 
Mr. Botley presented the H. E. Jones London Gold 
Medal of the Institute to Mr. G. Evetts, M.Inst.C.E., 
for his paper on the Economics of Gas Production on 
the Thermal Basis, and also presented diplomas 
awarded in 1926 under the Education Scheme. 
Mr. Botley also proposed the presidents of the Gas 
Associations of the United States, Belgium, Canada, 
France, Germany, Italy, Norway, Sweden and 
Switzerland, as honorary members of the Institution, 
without mentioning any names, and further nomi- 
nated Mr. H. C. Honey, late director of the Gas 
Administration Department of the Board of Trade, 
for election to the same class of membership ; the 
proposals were carried by acclamation. 


PRESIDENTIAL ADDRESS. 


In his address, Mr. Botley said that members 
of the Institution, 90 of whom, he stated, were also 
members of the Institution of Civil Engineers, were 
now responsible for carbonising 17,000,000 tons of 
coal annually ; the gas was distributed to 8,500,000 
consumers, using at least 5,500,000 cooking appli- 
ances, and more than 100,000 men were directly 
employed in gas works. According to Mr. Thomas 
Glover, the potential heat units now delivered per 
annum were, in millions of B.Th.U., 122,472,000 
supplied by gas works, as gas ; 262,906,000 as coke ; 
32,659,000 as oils. Electricity works supplied 
17,697,000 units ; 35,000,000 tons of raw coal were 
still burnt in domestic grates. As regards training 
in the profession, the advisory committee of the 
Institution on education made certificates dependent 
upon real knowledge rather than upon good 
memories. More students were presenting them- 
selves for examination, but the dearth of students 
was still serious, and there should be compulsory 
clauses in all articles from the apprentice gas-fitter 
to the articled pupil. Promotion should depend 
upon progress in technical studies, and these studies 
should be encouraged in every way. 

Mr. Botley emphasised the importance of coke 
and of the production and disposal of domestic 
coke. There was no need to allow dirty or wet coke 
of more than 8 per cent. of ash to be produced. 
Breeze from the screening and grading of coke 
mixed with some coals had a higher heating value 
than either constituent. Quality was of first import- 
ance everywhere. In .tar-macadam, unsuitable tar 
and bad application had done harm, though not 
particularly by pollution of fishing streams, of 
which too much had been made. Non-toxic tar was 
being produced, and a new specification for road 
tars would soon be available. There was no stripping 
of gas for benzole now in gas-works, with some not- 
able exceptions, and nothing was done in this country 
with regard to the synthesis of alcohols from blue gas 
by the aid of catalysts. Passing to service and supply, 
Mr. Botley stated that 75 per cent. of the public 
lighting of the country was by gas. A fortune still 
awaited the inventor of a positive small-unit gas 
switch though there were some excellent systems of 
distant control. Curves from Hastings and from 
Tottenham—the same company in Tottenham sup- 
plied gas and electricity, but electricity only in one 
portion of the area—showed a great increase in 
the demand for heat during the cooking hours, 
especially on Sundays, and also the relatively insigni- 
ficant share, on the thermal basis, of electricity in 
that increase, a fact, Mr. Botley thought, which 
should warn those desiring to substitute for the 
economical fuel service of gas the more extravagant 
service of electricity. 

The Wrought Iron Tubing Committee had recom- 
mended wrought iron instead of steel strip for service 
pipes. Mr. Botley’s own experience favoured 
galvanised iron because it minimised corrosion. 
Meters of the dry type, extraordinarily satisfactory 
up till 1914, had caused some anxiety since that 
time. In Hastings, 2,239 meters had been changed 
in 1925; of these, 428 had been slow and only 
14 fast. Changes of tenancy and defects of meter 
casings, &c., had accounted for most of the changes 
which had been necessary. 

As regards the declared calorific value of gas, 
most declarations remained between 500 and 450 
therms, but there were fluctuations between 200 
and 600, and the maintenance of the higher values 
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might become difficult. Alterations of declared 
values had taken place in 76 cases, mostly upward ; 
a few companies were not yet supplying on the 
therm basis. Whether differential charges should 
be permitted was a controversial matter; but 
allowance should be made for electrical competition. 
Combination of gas and electricity supply would 
often be advantageous. In Mr. Botley’s opinion the 
gas industry should have undertaken the supply 
of electricity years ago. Gas could help electricity 
supply in the matter of initial expenditure, and the 
combination worked successfully now in twelve 
cases. Yet the Electricity Commissioners would 
only entrust gas undertakings with electricity supply 
in the absence of others to perform the service. 

Proceeding to reconstruction and new works, 
Mr. Botley pointed out that the Glyne Gap Works 
at Hastings, which the Institution had visited in 
1905, were now out of date in some respects. 
The amounts of coal and of oil used there in 1925 
and in 1913 were almost the same, but the amount of 
gas made had risen from 243,000,000 to 292,000,000 
cub. ft., and of coke from 1,701 to 2,867 tons. 
Future developments would probably be in con- 
tinuous vertical retorts and oven chambers, but 
horizontal settings improved by Congdon pipes 
were promising. Mr. Botley gave a table of data 
on the performances of horizontal and _ vertical 
retorts of last year in 17 plants. Carburetted water- 
gas plant had become a valuable ancilliary to coal 
gas manufacture as a standby for emergencies, and 
also for maintaining the quality of the gas and for 
rendering excessive storing of coke unnecessary. 
With respect to gas holder construction, Mr. Botley 
drew attention to a paper recently presented by Mr. 
Reeson, of Melbourne, to the Institution of Civil 
Engineers. Distribution of gas at high pressure up 
to 50 and even 100 lb. per square inch by steel mains 
with welded joints, had now been adopted in several 
places, and such mains could do more good in rural 
districts than electric mains. This brought Mr. 
Botley back to the Electricity Bill which he criticised, 
submitting that the industrial effects of the electric 
supply would be negligible. The Bill constituted 
unfair competition with the gas industry, and he 
protested against the use of taxes and particularly of 
rates, for interfering with the legitimate expansion 
of their industry. 

In the course of his supplementary remarks Mr. 
Botley referred to the folly- of the coal stoppage, 
regarded the interference, from time to time, of 
the Government, as most unfortunate, welcomed 
the establishment of the National Fuel and Power 
Commission and the Commission for the Co-operative 
Selling of Coal. Considering that this country was 
equipped for export, but not for import, the fact that 
upwards of 1 million tons of coal had been handled 
inwards in a week was somewhat remarkable. One 
result of the strike was that it had given us informa- 
tion as to the price and quality of foreign coal. 
Fuel research was now taken up by many bodies 
with which the Institution was associated; there 
would be a tar symposium in November at Man- 
chester, a carbonisation congress next year, and a 
fuel section of the World Power Conference was to be 
arranged, in London, 1928. As regards the possibility 
of coke oven gas for town supply, recent experience 
as to the need of keeping plant ready and coal in stock 
gave cause for apprehension. There had been some 
successful installations of waste heat boilers, 
particularly in connection with vertical retorts ; but 
exaggerated views were sometimes entertained with 
regard to the amount of waste heat available. Coke 
quenching by steam and dry cooling was being tried 
out ; in the experimental plant at Glyne Gap they 
had been able to supply coke free from breeze and 
almost bone dry. 


EDUCATION SCHEME. 


The report for 1925-26 of this Advisory Committee, 
presented by Mr. F. W. Goodenough, stated that the 
progress, though steady, had not been as great as 
they had hoped. The number of candidates for 
examination had risen from 108 in 1925 to 162 in 
1926. The examinations were for ordinary and for 
higher grade gas engineering, and similarly for gas 
supply; 77 and 38 students had entered for the 
ordinary and higher engineering grades, and 35 and 5 
for the supply grades in 1926. Thirteen of these 
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candidates had come from technical institutions. 
There were now nearly 30 schools and colleges, in- 


cluding London, giving ‘‘ course ” instruction under | 
the scheme of the Institution, but none south of | 


the line London-Bristol and none east of London- 
Leeds. The question was of importance to the 
students, the Institution and to employers, and 
further facilities should be offered to intending 
students. The committee had especially considered 
the position of Scottish students, who—as was 
subsequently pointed out by Mr. David Vass—had 
no facilities outside Edinburgh and Glasgow, and 
of experienced gas fitters who were unable to take 
up the full gas-fitting course adopted last year. To 
meet these difficult cases, the committee had resolved 
to admit fitters to the final examination in 1926 
and 1927, provided they were not under 25 years 
of age by the beginning of the year. 

Professor J. W. Cobb then introduced two reports 
of the Research Sub-Committee. 


Propucts OF COMBUSTION FROM TYPICAL GAS 
APPLIANCES. 


The object of the research of the first report, 
conducted by Messrs. W. Wood, M.Sc., and G. B. 
Howarth, M.Sc., was to ascertain the composition 
of the combustion products from gas rings, cookers, 
gas fires, burners and by-passes and geysers, with 
particular respect to the minor constituents 
present in very small percentages, carbon monoxide, 
sulphur and nitrogen compounds, and to unburnt 
hydrocarbons. Their determination is difficult, 
but they are important, and they vary with the 
kind of gas and the degree of aeration used. In 
America liquifaction and subsequent fractionation 
have been used in these tests; but this method 
The 


requires specially equipped laboratories. 
paper dealt with chemical methods, and in 
particular with the determination of carbon 


monoxide CO by means of iodine pentoxide I[,0,. 
At the comparatively low temperature of 120 deg. C. 
the two substances reacted and formed CO, and 
iodine ; the quantity of CO originally present was 
determined from the iodine liberated. The pent- 
oxide, which was hardly known a few years ago, 
was prepared by the action of nitric acid on iodine, 
or better by oxidation of the iodine by means of 
chloric acid; the sirupy mass obtained was after- 
wards heated until it turned into a whitish granular 
powder. 

In the test this powder was electrically heated 
in glass tubes through which the combustion pro- 
ducts to be examined were passed. It was found 
that one part of CO in 1,000,000 could be estimated, 
and that any hydrogen and methane present would 
not greatly affect the test, but that the oxides of 
sulphur and nitrogen, and especially benzene, 
would have marked effect, and should therefore be 
removed before the CO-determination by the iodine 
pentoxide method. 


INFLUENCE OF SIZE OF COAL ON CARBONISATION. 


The second report, by Dr. A. Parker and Messrs. H. 
Kerr and A. C. Monkhouse, of Leeds, constituted the 
first stage of an investigation concerning the in- 
fluences of various factors on the properties and yields 
of the products obtained when various types of coal 
are carbonised. Only one factor was to be studied 
at a time, and since disintegration precedes blending, 
the effect of size was first studied. The horizontal 
retort used, taking a charge of about 30 lb. of coal 
(from 29 to 37 Ib.), had the shape*of a test-tube, 8 in. 
in internal diameter, and 4} ft. long. It was made 
by the Cronite Foundry Company, of Tottenham, 
of cronite (67 per cent. of nickel, 16-5 chronium, 
12-5 iron, 2-25 tungsten), with a wall thickness of 
4 in. Mounted centrally in a fireclay retort, the 
cronite had stood for more than 2,000 hours, without 
any sign of deterioration, at temperatures of about 
1,000 deg. C., measured by platinum-rhodium 
thermo-couples applied outside the cronite walls. 
Coal from Nottinghamshire, which was used in 
the work, was graded in five steps, from 1} in. 
mesh down to 30-mesh. The carbonisation for 
2? hours at 978 deg. C. (976 to 979), yielded more 
gas as the grain size was reduced, viz., 12,170, 
12,520 12,635, 12,790 and 12,640 cub. ft. ; the 
B.Th.U. per cubic foot varied (not quite regularly) 
between 582 and 600; the therms of the gas made 





per ton rose from 72-3 to 75-8. The weight of coke 
(dry) decreased very slightly from 13-1 to 12-9 cwt., 
and the tar (dehydrated) from 8-3 to 6-2 gallons. 
The last three items showed quite regular changes 
with the size of the grain. In a second series of 
tests, carbonisation was started at the same tem- 
perature, but maintained for two hours only, so 
that the final temperature was lower, viz., 950 deg., 
and it was found that the rate of gas production 
was, in the early stages of the carbonisation, greater 
with the larger than with the smaller sizes. Finally, 
however, the relation was reversed in the total 
volumes of gas obtained. When the temperature 
was raised by 23 deg., from 977 to 1,000 deg., in the 
early stages, the rate of gas production was accele- 
rated from 144 cub. ft. to 155 in the first hour, and 
from 163 to 166-5 in the first 90 minutes; but at 
the end of the 2? hours, the production was 
practically the same, viz., 168-3 and 169-9 cub. ft., 
at the two temperatures mentioned. The cokes 
produced differed considerably in appearance, 
according to the size of particles ; but no influence 
of the carbonisation period could be traced. In 
further tests with pure coke and with coke con- 
taining 5 per cent. of CaO, of Fe,0;, or of Na,0, 
the pure coke proved least reactive, and the soda 
coke most ; this reactivity seemed to be favoured 
by the greater uniformity of the structure and the 
presence of a large number of small pores in the 
walls of the larger cells in the coke. 

Discussing the reports, Mr. Botley mentioned 
that definite information about CO and the other 
minor gases was absolutely necessary. Dr. Weyman 
said that he had, in his carbonisation experiments, 
used smaller charges by 2 or 3 lb. than Dr. Parker. 
It was then perhaps more easy to distinguish between 
cause and effect in the relations between tempera- 
ture, gas quality and quantity and tar composition, 
but many experiments were required. Dr. Lander 
remarked that in their experiments at Greenwich, 
made at the much lower temperature of 625 deg. C. 
and in narrower retorts, the general conclusion re- 
garding the influence of size of particles had been the 
same as that of Dr. Parker ; there was no general re- 
lation between calorific value and the amount of gas. 


RECONSTRUCTION OF THE PoORTSLADE (BRIGHTON) 
Gas Works. 


Mr. C. H. Rutter, M.Inst.C.E., of Brighton, 
explained in the only paper taken on Tuesday 
afternoon, that the two companies which originally 
supplied Brighton with gas—the Brighton Gas Light 
and Coke Company (since 1818), and the Brighton and 
Hove General Gas Company (since 1825) had found 
in 1870 that their sites did not admit of further 
extensions, and in the following year they trans- 
ferred their whole activities to Portslade, on the 
Shoreham Harbour, where Mr. J. B. Paddon erected 
new works, which he described in 1874 before the 
Institution of Civil Engineers. Mr. Rutter dealt 
particularly with the new retort-house of 1922, but 
mentioned, among other things, that Mr. Paddon’, 
rotary scrubbers were still doing good services 
though scrubbing half as much gas again as they 
did originally. 

In the scrubbers, which now removed 93 per 
cent., 30 per cent. and 30 per cent. of the am- 
monia, sulphuretted hydrogen and CO, from the 
gas, a series of perforated discs revolved slowly in the 
tank half filled with the liquor. The actual plant 
for 4,000,000 cub. ft. of gas per day consisted of 
two sections, each of 10 settings of 10 retorts each, 
the retorts being 24 in. by 16 in., 23 ft. long. 
The design provided for 10 settings of moulded 
fireclay and 10 settings of segmented silica, ascen- 
sion pipes at each end of a retort, no poking-back 
or levelling of the fuel bed, and stage floor and 
overhead bunkers of ferro-concrete. 

The fireclay, containing 74-4 per cent. of silica, 
had stood 910 days at 1,350 to 1,450 deg. C., 
measured daily by a Féry radiation pyrometer 
(frequently calibrated), without showing any signs 
of wear. The expansion allowance in the cross 
walls was + in. to the foot, and was obtained by 
inserting a sufficient number of SX* board strips 
in the horizontal joints and by leaving loose joints 
vertically. In the combustion chamber there were 
two CO nostrils to each space between the cross 
walls, tapering from top to bottom ; special shapes 
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were used for the construction of the nostrils, and 
allowance for longitudinal expansion in the lower 
courses of the chamber was made by leaving every 
alternate joint dry, while in the producer arch 
thick joints were used for the same purpose. 

The design of the regenerator was governed by 
the requirement that the setting was to work with 
a slight pressure in the gas chamber, while the 
secondary air would have to enter under pressure. 
For this object the chimney effect, the rise of a 
column of rarefied warm air, had to be utilised fully, 
and to heat the ascending column of secondary air, | 
the waste heat was made to travel horizontally in | 
tubes, 11 in. in diameter, 1} in. thick, and having | 
one-third of the circumference on each side available 
for heat transference. Mr. Rutter was aware of the | 
common preference for square tubes, which, on | 
account of their greater perimeters, were supposed to 
expose more heating surface than round tubes. If, 
however, the secondary air rose vertically with in- 
creasing velocity up the sides, then the under side 
and upper side of a square fulfilled no useful purpose 
for the heat transmission. It was also contended that 
the heat could be recovered by boilers alone without 
regenerators ; but he submitted that a regenerator, 
however efficient, would leave plenty of heat 
available for waste-heat boilers. 

The reconstruction of the carbonising plant had 
also necessitated a reorganisation of the coal- 
handling plant, for some 700 or 800 tons daily. 
This involved the construction of an elevated steel 
gantry for two 3-ton electric cranes, of 33 ft. radius, 
built by Messrs. Stothert and Pitt, Limited, with 
Toplis luffing gear and.1-ton Adams grabs. These de- 
posited the coal on the grid of a 60-ton steel hopper 
erected on the top of the gantry, from which the 
coal was fed on to a rubber and canvas belt con- 
veyor of an hourly capacity of 90 tons, and taken 
to the breakers between the retort houses. Similar 
belt conveyors rising at 20}? deg. were used also 
in other parts, and they had everywhere given 
complete satisfaction. Mr. Rutter further drew 
attention to the plant dealing with the unsifted pan 
breeze accumulated during the war. A complete 
Columbus screening plant was erected, and it 
disposed of 10,000 or 15,000 tons of breeze in two 
years by the flotation method, yielding coke, 
clinker and ashes in the proportions 45 : 35 : 20. 
The breeze removed by the firemen from the retort 
houses was at present tipped into the boot of a 
bucket elevator, raised to the inclined coke bench, 
and deposited on a bay, for discharge into the 
telpher skip, which took it on to the screen of the 
separating plant; the seconds fell into a hopper 
of the Columbus plant, the separated coke going 
direct to the boiler house. This method saved 
much cartage about the works. The ancillary 
electric plant consisted of two inverted vertical 
Browett-Lindley compound steam engines of 365 h.p. 
each, driving 250-kw. 220-volt. direct-current 
dynamos of the General Electric Co., Limited. A 
four-cylinder Hindley gas engine driving a 90-kw. 
Siemens dynamo acted as a standby, and was 
sufficient to work the retort power machinery over 
night and on Sundays. The boilers were fed 
entirely with coke breeze and recovered pan-breeze. 
Two Waller exhausters (one of 200,000 cub. ft. 
capacity) had been installed this year for boosting 
the outlet from the meter to the holder stations. 

During the discussion, Colonel W. M. Carr said he 
regretted that he had not had Mr. Rutter’s data 
three years ago when designing similar plant. He 
inquired about the life of the silica, with which they 
had not yet sufficient experience in this country, 
and the jointing materials which were apt to drop 
out or to be fluxed by the dust and ashes. Mr. C. 
Drew Drury inquired about the concrete stage floor, 
which, Mr. Rutter added, was covered with cast-iron 
plates on the quenching bench. Mr. G. M. Gill 
expressed some surprise that moulded clay, 
supported by silica walls, really stood the 
high temperatures of 1,350 to 1,450 deg. C. for a 
long time. Dr. Parker and others put further 
questions regarding fuel consumption, and the low 
CO percentage (19-4) of Mr. Rutter’s producer gas. | 
Dr. Parker considered that a good producer gas | 
should contain 5 per cent. of CO,, 25 to 26 of CO 
and 10 of hydrogen. 








Mr. Rutter, in reply, said that he obtained 


13 to 13-5 cwt. of coke per ton of coal, but he agreed 
with Mr. Gill that the coke actually saleable should 
be stated. The amount of that was 11-5 cwt. per 
ton, which was a good figure. The ferro-concrete 
beams of his stage had not been deep enough in the 
first instance for the heavy, vibrating loads. He 
used water, not steam, in his producers, and con- 
sidered the Brighton producers to be the best. 
Silica was very sensitive to iron oxide; a bolt 
in the coal would fuse through a retort. 


(To be continued) 





A YEAR’S SHIPBUILDING. 


THE report of Lloyd’s Register of Shipping on the 
Society’s operations for the year 1925-26, which 
was issued this week, contains a somewhat gloomy 
forecast, but also a comment which to some extent, 
is gratifying. The report predicts that the effects 
of the coal dispute on shipbuilding will be much 
more seriously felt next year, the amount of new 
work coming forward showing already a considerable 
falling off. On the other hand, although the total 
of the projected tonnage is less than that of last 
year, the proportion of the amount to be built 
in Great Britain and Ireland has increased by 13-3 
per cent. Plans for 361 new vessels of 1,089,360 
tons gross have been passed by Lloyd’s Committee, 
of which total 68-3 per cent. is to be built at home. 
This may be compared with the 69-7 per cent. of 
1913-14 when plans for vessels aggregating 1,638,060 
tons were approved. 

With regard to classification, 419 new vessels 
of 1,330,507 tons gross have been assigned classes. 
This tonnage is more than that of last year though 
the number of vessels is markedly less, which indi- 
cates a year of larger individual vessels than the 
preceding one. It may be noted that of this increase 
Germany has contributed a larger share, the tonnage 
of vessels built by her and classified under the 
Society being 140,000 more than her figure of last 
year. The increasing adoption of the Society's 
classification is well illustrated by the fact that the 
figure for merchant vessels afloat at the end oi 
June, 1926, is the largest that has ever been recorded, 
viz., 29,172,698 tons. Of this tonnage Great Britain 
and Ireland of course take premier place with 
47-4 per cent., to which is to be added 4-5 per cent. 
for tle British Dominions to make the Empire’s 
total. These figures show that as other countries 
hold nearly half the total, Lloyd’s Register can 
claim, with no little justification, to be an inter- 
national institution. In this connection it is inter- 
esting to note that in January of this year the 
Committee subscribed to a convention with the 
Scandinavian countries, as a result of which these 
countries are now added to the list of nationalities 
by which the Surveys and Certificates of Lloyd’s 
Register are recognised as exempting vessels from 
Government inspections of various kinds. The 
countries comprised in this list are the British 
Dominions, France, Holland, Norway, Sweden, 
Denmark, Spain, Greece, Belgium, Portugal, and 
Latvia. 

At the end of June there were 297 vessels under 
construction to the Society’s classification, and, on 
completion of these, Lloyd’s Register will cover in 
the aggregate, 9,854 vessels with a gross tonnage of 
over 30-5 millions. Of vessels individually over 
10,000 tons gross, 8 steamships have been con- 
structed under the Society’s special survey, the list 
being headed by the Conte Biancamano, of 24.416 
tons, for the Lloyd Sabaudo Societa Anonima per 
Azioni, with next in order the Carinthia, 20,277 
tons, and the Otranto, 20,032 tons, for the Cunard 
Steam Ship Company, Limited. and the Orient 
Steam Navigation Company, Limited, respectively. 
The steam turbine has maintained its position ; 
14 vessels, of 146,354 tons gross, were fitted during 
the year with turbines, as against 12 vessels, and 
114,009 tons gross in the previous year. One of these 
vessels, the Itiyo Maru of 4,274 gross tons, is fitted 
with turbo-electric drive, 10 of them have single- 
reduction gear, the remainder double reduction. 

Oil-firing under boilers, or provision for it, shows 
continued expansion, 57 of the new vessels classed 
during the year having been fitted to burn this fuel, 
a number of these having been arranged so that coal 


| vessels aggregating 601,427 gross tons. 
| year’s figures were little more than half these, 


can be burned in lieu should circumstances indicate 
that this is the most economical course. The ton- 
nage thus represented is 18,243,539 gross tons, as 
against 17,804,122 gross tons last year, and only 
1,310,209 gross tons for the year ending June, 1914. 

The use of the heavy-oil engine is spreading with 
remarkable rapidity. The year completed in June 
establishes a record in the number of vessels of all 
types fitted with this means of propulsion, and under 
the Society’s classification. This record is 113 
The previous 


namely, 69 vessels and 302,189 gross tons. The 
previous year’s figures too are excelled in point of 
size of individual vessels, except in the case of the 
Aorangi, whose 17,491 gross tons made her the 
largest vessel of 1924-25. The Gripsholm, of 
17,300 gross tons, however, was not far behind, 
while others were the Amerikaland, 15,355 gross 
tons, and the Canadolite and Montrolite, each of 
11,309 tons. The largest and highest-powered oil- 
engined vessel afloat will be the Augustus, which is 
now being constructed under the Society’s super- 
intendence at Sestri Ponente. 

At the end of June, 1926, 45 vessels, each of more 
than 8,000 tons gross, aggregating 439,907 tons and 
fitted with Diesel engines, were classed with the 
Society. At the end of June, 1925, there were only 
19 vessels of such a tonnage, with an aggregate of 
188,477 tons gross. An interesting comparison of 
the several methods of propulsion may be drawn 
between the years 1918-19 and 1925-26 of the 
tonnage built to Lloyd’s Survey. In the first- 
mentioned year steam vessels with reciprocating 
engines totalled 2,633,570 tons, steam vessels with 
turbines 1,051,302 tons, and motor vessels with 
internal combustion engines, 75,934 tons. In the 
latter year the corresponding figures are 575,984 
tons, 146,354 tons, and 602,451 tons. The altera- 
tion from coal to oil, the latter including both steam 
and motor vessels, is also very striking. In 1918-19 
the percentage using coal was 66-2, and using oil 
was 33-8. In 1925-26 the figures were reversed, 
coal having a percentage of 31-6 and oil 68-4. 

The growth of the use of oil as fuel is reflected in 
the increased number of vessels being built for 
carrying it in bulk. Of the 35 vessels built, in the 
year under review, on the longitudinal framing 
system, 31, with a tonnage of 235,010, were con- 
structed for this purpose to Lloyd’s special survey. 
To this must be added six vessels, out of 12, built 
on the combined longitudinal and transverse system 
and aggregating 26,615 tons. Several oil-carrying 
vessels have also been built under these special rules 
on the ‘‘ Bracketless System.” 

The new tonnage classed by the Society under the 
heading “sail and non-propelling”’ is 5,718 tons. 
This is an advance on last year and is practically 
identical with the year 1913-14. It is, of course, an 
almost negligible amount, and there is nothing to 
indicate that it will increase. As a matter of fact, 
the sixth annual report of the British Sailing Ship 
Owners’ Association, Limited, which has also been 
issued this week points to the decrease of world 
sailing ship tonnage. This is now 2,112,000 gross 
tons, having decreased in the past 12 months by 
nearly 150,000 gross tons, and being less by 1,297,000 
gross tons than it was five vears ago. According to 
the returns published by the Registrar General of 
Shipping and Seamen, 151 sailing ships of 17,31 
gross tons were added to the United Kingdom 
Register during the year ending June, 1926. This 
included 84 new vessels built in that year totalling 
11,140 gross tons, mostly constructed in the United 
Kingdom. On the other hand, in the same period, 
223 sailing ships of 19,188 gross tons were removed 
from the register, of which 74 with a total gross 
tonnage of 6,077 were broken up. The membership 
of the Association for the year totalled 718 ships of 
55,665 net tons belonging to 378 owners. 








New PortucusEse Dockyarp.—We have been notified 
that the Portuguese Government has officially sanctioned 
the inviting of tenders for the construction and equip- 
ment of a new naval arsenal at Lisbon. The firm 
securing the contract will be given the right to carry 
out work in connection with the building of warships 
and merchant vessels for a period of seventy-five years. 
Further information regarding the project may be 
obtained from the Junta Autonoma das Obras do Novo 





Arsenal Alfeite, Lisboa, Portugal. 
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LABOUR NOTES. 


WHEN this issue of ENGINEERING went to press, no 
official news was available about the outcome of yester- 
day’s further meetings in Downing-street between the 
Cabinet Coal Committee and representatives of the 
executive of the Miners’ Federation: but it was gener- 
ally regarded as not unpromising that the representa- 
tives of the men had at last taken the sensible step 
of submitting definite proposals. The negotiations 
which led up to the Downing-street meetings threatened 
at one time to end in deadlock. On Friday the Prime 
Minister sent a letter to the Miners’ Federation in 
which he stated that the Mining Association had 
‘declined in the most emphatic manner” to enter 
into any discussion with the Federation on the subject 
of hours and wages or to make a national agreement 
with it. The Mining Association had, however, 
declared, Mr. Baldwin went on to say, “ that the coal- 
owners in all districts are willing to observe the main 
principles that a national agreement would be designed 
to secure. <A satisfactory settlement should combine 
district arrangements with national supervision. If 
the miners are at length ready to face the economic 
facts of the industry and restart work on provisional 
district settlements, His Majesty's Government are 
prepared to secure by legislation that these principles 
are properly applied by means of a national appeal 
tribunal. We therefore lay before you in broad out- 
line in the enclosed memorandum what we are pre- 
pared to do, and the limits within which we find our- 
selves able to act. If your members are prepared to 
resume work on the basis of district settlements sub- 
ject to the security afforded by these conditions, and 
when work has been generally resumed, we shall submit 
these proposals to Parliament in the form of a Bill.” 
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follows :—‘‘ (1) As soon as there has been a general 
resumption of work through provisional settlements 
arrived at by local negotiations, the Government 
will pass an Act of Parliament setting up a national 
arbitration tribunal, unless the earlier conclusion of a 
national agreement renders it unnecesary. (2) Either 
party to any provisional settlement which provides 
for working more than the old hours may refer to the 
tribunal for review any matter dealt with by such 
settlement, being a matter of a kind which, up to July, 
1925, was customarily dealt with by national settle- 
ments. (3) ‘The tribunal shall conform or modify a 
provisional settlement in respect of the matter referred 
to it, and as from the date fixed by the tribunal every 
man affected by the award and employed in any pit 
which works more than the old hours will be entitled 
by law to receive wages in accordance with the deci- 
sion,” 

On Monday and Tuesday, the Executive Committee 
of the Miners’ Federation considered the Government’s 
proposals, and at the close of their deliberations two 
communications were sent to the Prime Minister. In 
one the executive rejected the scheme put forward. 
‘* In spite of what has passed,” the executive said in 
the course of it, the Federation ‘ adheres to its state- 
ment of September 3 that it is prepared to enter 
into negotiation for a new national agreement with 
a view to a reduction in labour costs to meet the 
immediate necessities of the industry. It must main- 
tain the principle of national negotiations and agree- 
ments, because experience has shown that in the 
absence of such common agreements governing the 
industry as a whole the effect must be, in the words of 
the Commission ‘ To expose the standards of the more 
efficient and prosperous areas on which the future of 
the country rest to undermining by the weaker areas.’ ” 

The executive further claimed that the suggestion 
that a settlement would be accelerated if negotiations 
were begun in the districts was devoid of foundation. 
“The inevitable result of throwing the task of nego- 
tiating terms on to 24 districts, without any guidance 
by a central body, must be,”’ the executive went on to 
say, “to multiply points of friction, many of which 
would not have arisen had the principles to be embodied 
in any settlement been determined in advance by a 
national authority. The mineworkers are desirous of 
an honourable settlement, but they will not be coerced 
into accepting terms which they hold to be unjust, and 
which the Commission declared to be injurious to the 
industry. A dictated settlement such as is desired by 
the mineowners will be precarious, insincere, and 
short-lived. If a genuine and lasting peace is to be 
achieved, it must rest on a frank recognition of the 
fact that whatever the difference between districts, 
the miners of Great Britain form a single body with 
common interests, and that they are entitled to insist 
that those interests shall continue to be protected by 
their national organisation.” 


The other communication sent by the Miners’ 
Federation executive to Mr. Baldwin was a private 


one in which, it is understood, a desire was expressed 
for another meeting. Such a meeting—or rather a 
meeting between the Cabinet Coal Committee (including 
Mr. Baldwin) and the four principal officials of the 
Miners’ Federation—took place on Tuesday night. The 
discussions were continued on the following day and on 
Thursday. 





According to The Ministry of Labour Gazette, 
employment in August showed a slight improvement, 
partly due to increased supplies of imported fuel, but 
remained bad on the whole, most of the principal 
industries still being seriously affected by the coal- 
mining stoppage. The industries in which some 
improvement was recorded included cotton, jute, 
pottery, wool and worsted, iron and steel, tinplate and 
railway service. In the engineering, shipbuilding, 
printing, and tailoring trades there was a decline. In 
the building trades employment continued good with 
skilled workers. Among the workpeople (numbering 
approximately 11,900,000) insured against unemploy- 
ment under the Unemployment Insurance Acts in 
Great Britain and Northern Ireland, the percentage 
unemployed at August 23, 1926, was 14-2, as compared 
with 14-6 at July 26, 1926, and 12-1 at August 24, 
1925. Among the members of those trade unions 
from which returns were received by the Ministry of 
Labour the percentage unemployed was 13-3 at the 
end of August, 1926, compared with 13-2 at the end of 
July, 1926, and 11-4 at the end of August, 1925. The 
figures relating to July and August, 1926, do not include 
workpeople in the coalmining industry who ceased 
work on account of the dispute. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during August resulted in a reduction of about 10,0007. 
in the weekly full-time wages of 124,000 workpeople, 
and in an increase of 3,100/. in those of over 45,000 
workpeople. The workpeople affected by reductions 
included principally the higher-paid men employed in 
steel smelting shops and rolling mills in various districts 
in England and Scotland, and workpeople employed 
in the linen-weaving industry in Northern Ireland. 
The reductions amounted to about | per cent. on current 
rates in the case of steel smelters and millmen, and to 
10 per cent. on the current wages of linen weavers. 
Among the workpeople whose wages were increased 
were those employed in aerated water manufacture, 
for whom the minimum rates fixed under the Trade 
Boards Acts were raised, the increase amounting to 
2s. per week, or $d. per hour, in the case of adult 
workers. During the eight completed months of 1926 
the changes reported to the Department in the indus- 
tries for which statistics have been compiled have 
resulted in net increases amounting to nearly 15,000/. 
in the weekly full-time wages of 130,000 workpeople, 
and in net reductions of 93,0001. in those of 950,000 
workpeople. 





The general stoppage of work in the coalmining 
industry, which began on May 1, involved about 
1,000,000 workpeople in that industry in a loss of 
about 21,000,000 working days in August. The aggre- 
gate number of working days lost by workpeople taking 
part in this dispute was about 87,000,000 up to the end 
of August. Apart from the coalmining dispute, the 
number of trade disputes involving stoppages of work 
reported to the Ministry of Labour as beginning in 
August was 16. In addition, 19 disputes which began 
before August were still in progress at the beginning 
of the month. The total number of workpeople 
|involved in these 35 disputes (including those thrown 
out of work at the establishments where the disputes 
occurred though not themselves parties to the disputes) 
was about 2,000, and the estimated aggregate duration 
| of such disputes in August was about 18,000 working 
days. 











In the report of the Ministry of Labour for 1925 it is 
stated that during the year the Department continued 
to pursue the general policy of instituting criminal 
proceedings in all cases where they had reason to 
suspect fraudulent misrepresentation for the purpose 
of obtaining unemployment benefit, if there was 
sufficient evidence to render a conviction probable. 
The number of persons prosecuted during the year was 
2,034. This represents a small increase as compar 
with the year 1924, when 1,913 persons were prosecuted, 
but there was a slight decrease in the number of serious 
cases. Of the 2,034 persons prosecuted in 1925, 1,273 
(or 62-6 per cent.) were fined, 496 (or 24-4 per cent.) 
were imprisoned, and 146 (or 7-2 per cent.) were bound 
over or admonished. The summonses were dismissed 
in 119 (or 5-8 per cent.) of the cases. The most 
| prevalent type of fraud continued to be that of persons 
| claiming unemployment benefit when in employment, 
nearly 50 per cent. of the cases reported in 1925 falling 
within this category. About 40 per cent. related to 








false representations made for the purpose of obtaining 
benefit in respect of dependents, e.g., false representa- 
tions that the claimant’s wife was not in regular wage- 
earning employment, that the claimant’s wife or 
children were being maintained by him, &c. The 
remaining 10 per cent. included, inter alia, false repre- 
sentations that the claimant was not in receipt of 
benefit under the National Health Insurance Acts or 
that he was not in receipt of a pension under the Old 
Age Pensions Acts. 





At a meeting held recently in Dundee of the Jute 
Trade Board (Great Britain), a motion submitted by 
the representatives of employers, proposing a reduction 
of 15 per cent. in all the minimum rates of wages at 
present in operation, was, after prolonged discussion, 
defeated. A further motion, submitted by the repre- 
sentatives of employers, that the board propose to 
reduce all the minimum rates of wages at present in 
operation to those which were effective before the last 
increase in wages was granted in January, 1925, was 
carried by the votes of the representatives of employers 
and of the appointed members, against the votes of the 
representatives of workers. The reduction proposed 
is one of, approximately, 3% per cent., the lowest 
minimum rates of wages for adult male and female 
workers proposed being 39s. 1d. and 25s. respectively 
per week of 48 hours. 





A discussion on the subject of the General Strike is 
not unlikely to be a feature of next month’s Labour 
Party Conference at Margate. South East Southwark 
is responsible for a resolution which seeks to affirm 
that the General Strike demonstrated to the Govern- 
ment the futility of any further attempt to lower the 
standard of living. Central Hackney, Southwark, and 
Tottenham unite in a protest against the leaders of the 
Parliamentary Labour party in, it is alleged, “ weakly 
countenancing the suggestions put forward by capitalist 
politicians that the stoppage was morally blame- 
worthy.” This attitude, it is held, was injurious to 
the movement in the highest degree, and called for 
“unsparing censure from all Labour parties which 
recognise the existence of the class struggle.’ Hamp- 
stead asks for a National Workers’ Defence Corps to 
be organised to protect strikers from interference by 
strike-breaking bodies. 





Writing in the September issue of Man and Metal, 
the organ of the Iron and Steel Trades Confederation, 
Mr. Robert Dissmann, the President of the German 
Metalworkers’ Union, explains the steps which are 
being taken in Germany with the object of educating 
the worker. In 1921, he says, the German Metal- 
workers’ Union began to arrange special lecture 
courses in different parts of the country. Since 
March 1 this year, however, the union’s own School 
of Economics has taken the place of these courses, 
a large hotel near Leipzig having been purchased 
and equipped for the purpose. There are two lecture 
halls, a dining room, a library, a study room, 40 bed- 
rooms each containing two beds, a billiard room, a 
skittle ground, rooms for social intercourse, and a fine 
garden. Three main lines of study are provided for—- 
economics, industrial legislation, and methods of 
commercial and technical management—with a teacher 
for each—and visiting teachers for special subjects. 
Three weeks’ courses, each for 50 students, are 
contemplated, to deal with particular branches of 
the metal industry. The first will be for the heavy 
iron industry, and it will be followed by courses for 
the electrical industry, the automobile industry, the 
shipbuilding industry—probably eventually also with 
courses for students in foundries, locomotive and 
carriage works, cycle works, typewriter works, sewing 
machine works, steam engineering works, agricultural 
machinery works, machine tool works, lighting plants, 
structural iron works, cutlery factories, clock factories, 
precious meta] industries, &c. 





According to Mr. Dissmann the different courses 
have to build on what the students, who are members 
of works’ councils and officers of the union, bring 
along in the way of knowledge. “For instance,” 
Mr. Dissmann says, “if we have fifty students from 
the automobile industry united in one course, these 
representatives of fifty different shops will, no doubt, 


ed | collectively possess a considerable amount of know- 


ledge and experience in their particular spheres of 
work. Interest in the course will be increased by 
the exchange of opinions and the teaching facilitated. 
Starting with the position and conditions of his 
particular branch of industry, we want to make the 
student familiar with the inter-relationship of national 
and world economics. The problem both of their 
branch of industry and of economical life as a whole 
will equally be considered. . . We cannot, of 
course, train universal experts in a three weeks’ course. 
We do not want to. But in well-planned lectures we 
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can introduce keen students to the most 
important social questions and problems of our 
time.” 





The Ministry of Labour states that on September 13, 
1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,551,900, of whom 1,170,200 were men, 47,100 
boys, 288,100 women and 46,500 girls. Of the total 
number, 77,800 were “persons normally in casual 
employment.” On September 6, 1926, the number of 
unemployed persons was 1,559,535 of whom 1,170,840 
were men, 47,371 boys, 295,298 women and 46,026 
girls; and on September 14, 1925, it was 1,327,637, 
of whom 1,049,168 were men, 40,391 boys, 205,012 
women and 33,066 girls. The total of 1,551,900 does 
not include “ persons who ceased work in the coal- 
mining industry on account of the dispute.” 

A Court of Inquiry has been set up by The Ministry 
of Labour to deal with the differences that have arisen 
regarding the national coal-trimming tariff. It is 
composed of Mr. Harold Morris, K.C. (chairman), 
Mr. J. T. Clatworthy, Mr. C. T. Cramp, Mr. Lewis 
Lougher, M.P., and Mr. W. B. Nesbitt, and the terms 
of reference to it are :—‘ To inquire into the respective 
demands of the shipowners and trimmers as submitted 
to the Court, and to make recommendations to the 
parties thereon.” The Court met for the first time on 
Wednesday. 








At a mass meeting on Monday, the employees of 
the British Mannesmann Tube Company, Swansea, 
decided to accept wage reductions ranging from 1} per 
cent. to 174 per cent. Negotiations on proposals 
submitted by the employers have been in progress for 
several months. 

In a resolution on the subjects of working hours 
and wages adopted by the Managing Committee of the 
Italian General Confederation of Labour, and approved 
by a meeting of the leaders at Milan, reference is made 
to the declarations on the subject of the Hours’ Con- 
vention by the representatives of the Italian Govern- 
ment at the London Conference and at the Eighth 
Session of the International Labour Conference, and 
fear is expressed that the recent decision of the Italian 
authorities to extend the hours of work to nine per 
day may affect the attitude of other countries to 
Italian immigration. While the General Confederation 
of Labour cannot, it is pointed out, intervene directly, 
it invites the workers to press certain points. 





The workers should submit, it says, (1) that extension 
of hours of work should be allowed only where there 
is no unemployment, and where the necessities of 
production demand it; (2) that the fact that there is 
to be no overtime pay will inevitably lead to dis- 
content and will, in no way, promote production; (3) 
that for every hour’s overtime worked the worker 
should be entitled to receive one-eighth of a day’s cost 
of living allowance, in order not to accentuate the 
privileged position of employers who pay this par- 
ticular allowance as compared with the more generous 
manufacturers who have always preferred to increase 
ordinary wage rates; (4) that care should be taken 
that the opportunity to extend hours of work is not 
seized in order to reduce piece rates in such a way as 
to get nine hours’ work for eight hours’ pay; (5) that 
apart from the question of hours of work, the periodical 
revision of wages should be continued in order to take 
account of fluctuations in the cost of living; (6) that 
the eight-hour day, which is the only social conquest 
achieved by the workers since the war, should be 
maintained, not only because the workers have done 
almost as much work—in some cases more—in eight 
hours than they did in ten hours before the war, but 
also because any other policy would tend to encourage 
the abolition of the eight-hour day in other countries, 
and so constitute a further danger to the labour 
conditions enjoyed by Italian workers. 





In the part of the resolution which deals with wages, 
the General Confederation of Labour states that the 
existing wages of Italian workers are hardly equivalent 
to those in force in 1921-1922, whereas the cost of 
living has risen since 1921 by about 30 per cent. 





PEMBROKE DockyaRrD.—We understand that the 
Admiralty has leased, for a term of years, a portion of 
Pembroke Dockyard to Messrs. Thos. W. Ward, Limited, 
Sheffield. This is in accordance with the Government 
policy of assisting workmen who are thrown out of 
employment by the closing down of the Dockyard at 
Pembroke, and indicates that Messrs. Ward have 
acquired, for dismantling purposes, some of the tonnage 
which was recently offered by the Admiralty on the 
understanding that preference would be given to firms 
in @ position to absorb ex-dockyard labour. We are 
informed that operations are to commence immediately. 





LETTERS TO THE EDITOR. 


THE B.E.S.A. GLOSSARY OF 
ELECTRICAL TERMS. 
To THE Eprror or ENGINEERING. 


Str,—May I make one comment with reference to 
the paper on “The B.E.S.A. Glossary of Electrical 
Engineering Terms,” by Professor G. W. O. Howe, 
reproduced in your issue of August 20 ? 

I think it is a mistake to speak of electric force and 
magnetic force. Forces are mechanical. There is only 
one kind of force. I would define electric intensity in 
terms of dynes per unit charge, and the force due to 
this electric intensity on any point electrical charge 
would be the product of the electric intensity and the 
charge. It would, of course, be in dynes. Similar 
definitions would hold for magnetic intensity and 
magnetic force. This would keep the “ dimensions ” 
correct. 

Yours truly, 
Joun SATTERLyY. 
University of Toronto, Canada ; Department of Physics. 
September 10, 1926. 





To tHE Eprror or ENGINEERING. 


Sir,—Owing to absence from London, I have only 
just had an opportunity of reading your report of the 
discussion of Professor Howe’s paper at Oxford. The 
differences between the views of the B.E.S.A. Panels 
and those of Professor Howe and his supporters are 
more apparent than real. To some, “ induction” is 
an “effect,” brought about by field strength as a 
“cause”; to others, this aspect is merely regarded as 
a convenient mental picture. Fortunately, however, 
everything that is fundamental is independent of 
which of these views is adopted. 

I am, sir, 
Your obedient servant, 
C. L. Fortescue. 
City and Guilds (Engineering) College, 
Exhibition Road, London, S.W. 7. 
September 16, 1926. 





BRONZE WORM-GEAR BLANKS PRO- 
DUCED BY CENTRIFUGAL CASTING. 
To THE Eprror oF ENGINEERING. 

Str,—Apropos of the paper by F. W. Rowe, on 
‘“Bronze Worm-Gear Blanks produced by Centrifugal 
Casting,”’ read recently before the Institute of Metals 
and reprinted in your issue of September 10 last, 
page 33, may I make a few observations based on 
modern methods of casting worm-wheel blanks in 
the United States of America. It has been my privilege 
over an extended period of years to cast and cut, 
perhaps, as many worm gears as anybody else, and it 
is always a matter of interest to note the development 
of this particularly difficult gear. Many failures have 
from time to time been encountered in various quarters, 
due to a lack of proper consideration of the variables 
that enter into the development of a gear wherein the 
peculiar propensities of the helix are inherent. 

It is immediately clear that the thoughtful person will 
endeavour to eliminate to the utmost extent the sliding 
action and approach as nearly as possible a rolling 
condition, and much has been accomplished in this 
respect during recent years. Extraordinarily high 
efficiencies have been obtained, and so to-day we find 
that, ratio for ratio, a well-designed and well-made 
worm-gear set compares very favourably with other 
available speed reducers. 

However, much has had to be done in order to reach 
the present high standard, and, having to consider a 
semi-sliding condition, not the least difficulty has been 
in obtaining a suitable gear bronze, whereby the 
lowest coefficient of friction may be obtained. 

Copper-tin alloys have, in a general way, always 
seemed to offer the best anti-friction properties, and 
most generally have been adopted. A copper-alumi- 
nium bronze, essentially 90 per cent. Cu, 10 per cent. Al, 
has in some instances been used. From the writer’s 
experience, a higher coefficient of friction seems inherent 
to this material, and, whilst he has made many thou- 
sands of gears for one prominent manufacturer from 
this alloy, he is only partial to it where ultimate 
strength is an essential. In this respect the copper- 
aluminium bronze is far superior to the copper-tin alloys. 

This point of ultimate strength is of considerable 
value under certain conditions at present found by 
some motor manufacturers under present-day tendencies 
to build lower vehicles. Road wheels of smaller 
diameters are being used, but road clearance must be 
maintained. 

The high unit pressures permissible in modern 
worm gearing have led to smaller gears, and so the 
road clearance has in some cases been maintained. 
In so far as the differential is usually fitted inside the 
worm wheel, and as a certain inner diameter must be 





maintained to accomplish this object, the result has 
in some cases been a rather frail wall to the gear. The 
value of aluminium bronzes in such instances, with 
their high tensile strength, must be obvious. As, how- 
ever, many people have not been satisfied with regard to 
the anti-friction properties of the aluminium bronzes, the 
result has been many experiments to improve the 
ultimate strength of copper-tin bronzes, the anti- 
friction values of which are universally recognised. 

Chilling, first by ring chills, and later by complete 
dies, and also centrifugal castings have been tried. 

Centrifugal castings have been made under varying 
pressures, and, whilst the writer has not found the 
pressure to be used at all critical, excellent results have 
been obtained by this method. Die castings have also 
produced very excellent results when properly made. 
The size of the chills, the pouring temperature, and a 
suitable coating for the dies have all been points which 
have been deeply considered. When the chilling effect 
is sufficient to drive completely through the section of 
the casting, without tapering off towards the centre, 
the ideal condition in this process is obtained, and 
micro-photographs and physical tests will point to a 
very excellent gear, comparing favourably with anything 
the subscriber has seen from the centrifugal process. 

In centrifugal castings one must guard carefully 
against a tendency for the metal to freeze in layers, 
like a spiral spring or lathe scroll, and further, the 
centrifugal effect has a tendency to erode the 
inner refractory core. This remark in particular 
applies to a gear of which the inner periphery is not an 
unbroken circle but is fitted with lugs, &c., for purposes 
of attaching the differential. Again, the centrifugal 
effect throws the heavier material to the outside and 
the dirt to the inside periphery. This in itself is an 
excellent condition, as it does ensure the best and 
cleanest material where the load-carrying teeth are to be 
cut, but frequently it has proven difficuit to obtain 
risers capable of carrying off the dirt from the inner 
periphery, and not always has the casting been particu- 
larly clean in this respect. 

It has, therefore, seemed to be the consensus of 
opinion of American manufacturers, that no appreciable 
difference in ultimate strength has been obtained 
between centrifugal, and semi-permanent mould 
castings, so that the semi-permanent mould type has 
been practically universally adopted, as offering an 
extremely uniform and high-grade material, whilst 
presenting the minimum of complications and expense, 
as very little is necessary in the way of permanent 
equipment, as compared to the costly rigging necessary 
to obtain suitable machinery for whirling the castings 
under the centrifugal process. 

The most favoured alloy in the United States to-day 
is essentially as follows :— 


Tip-.:... 11 per cent. 
Lead... .... 0-25 per cent. 
Phosphorus 0-25 per cent. 
Balance Copper. 


This is the S.A.E. Specification No. 65, and by the semi- 
permanent mould process the following physical proper- 
ties are being regularly obtained in volume production 
by at least three manufacturers :— 


Ultimate tensile 20-23 tons. 


Yield point 13-15 ,, 
Elongation _.... at ... 6-10 per cent. 
Brinell hardness, 500 kilos .... 90-120. 


Some development has been made in the introduction of 
nickel in small quantities further to improve the 
ultimate strength, and one prominent manufacturer 
allows the foundries to use their own discretion 
regarding its use up to a certain, point. 

One manufacturer has its gear blanks supplied with 
the teeth rough cast in, but this complicates matters 
in the foundry, entails additional cost of the casting 
and again means that the gear cutter must waste some 
time in picking up the tooth. Also, some criticism has 
been offered, due to a tendency for hobs to ride at 
times and follow the eccentricity of the casting, resulting 
in a gear “out of round,” so that for the moment 
casting in the teeth has not found very many supporters, 
especially as a good market is available for such high- 
grade bronze chippings. 

Yours faithfully, 
C. J. Frrzpatrick. 
18, St. Andrew’s Mansions, Dorset St., W.1. 
September 20, 1926. 





LANTERN SuLipES oF ELECTRICAL MACHINERY.— 
Messrs. Bruce, Peebles and Co., Limited, East Pilton, 
Edinburgh, inform us that they have prepared a series 
of 135 lantern slides illustrating their works and manu- 
factures. They also advise us that they will be pleased 
to place these at the disposal of engineers contemplating 
giving lectures or reading papers on electrical machinery. 
The collection includes slides showing alternating-current 
and direct-current motors and generators of all types and 
sizes, synchronous motors, synchronous induction motors, 
boosters, motor-generator sets, rotary converters, and 
the Peebles-la Cour motor converter. 
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NATURAL GAS AND PETROLEUM IN) 
NORTHERN ALBERTA. 


THE petroleum survey carried out by the Department 
of Mines of Canada in the years 1912-14 was supple- 
mented by the survey of 1923, the results of which were 
published in 1924. The report dealing with Natural 
Gas in Alberta was further supplemented by field tests | 
conducted in Northern Alberta, in the autumn of 1924 | 
details of which are given by Mr. R. T. Elworthy in 
No. 642 of the Investigations of Mineral Resources and 
the Mining Industry, Canada: Department of Mines. 
Drilling has been carried on in two principal fields, 
one along the Peace River, northward of the town of | 
that name, the other along the Athabasca River, both | 
below and above McMurray. Most of the wells are | 
located close to the river bank; previous to the con- 
struction of the two railway lines serving Northern 
Alberta, viz., the Alberta-Edmonton-Dunvegan and 
British Columbia Railway, and the Alberta and Great 
Waterways Railway, the only method of transportation 
was by water. But isolated wells have also been sunk 
at Pouce Coupé, on the western edge of the Peace River 
district, and at High Prairie, in the south. The whole 
area, from latitude 55 deg. to 58 deg. north, and longi- 
tude 111 deg. to 120 deg. west, is underlain by the same 
cretaceous formations. Gas might be obtained at 
many points, but the transport difficulties are still 
great, and no drilling has been yet done in the country 
between the two rivers and in the north, though oil 
seepages have been reported from the northern shore of 
Lower Slave Lake. So far the outlook is not particu- 
larly promising. 

Oil was found in the Peace River field in 1916; a 
small oil boom followed, but most of the 16 new wells 
were abandoned after five years, as none produced oil 
in-commercial quantities, and the water troubles were 
severe. At Pouce Coupé large supplies of gas are 
undoubtedly available; at High Prairie salt water 
led to suspension of operations. The gases from these 
wells vary very much in composition; the helium 
content comes up to 0-015 per cent., gasoline is mostly 
absent. The content of ethane, &c., which was 
nearly 15 per cent. in one case, is very low when 
the gas contains much carbon dioxide, which is 
frequently present up to as high as 192 per cent.; 
some hydrogen sulphide is always found. The water 
is of high density, 1-02 and 1-03, owing chiefly 
to sodium chloride and also bicarbonate; water 
sands were struck when the wells were deepened below 
1,000 ft., or so, in the hope of increasing the oil yield. 
At present most of the hydrocarbons come up as a 
black asphaltic mass ; the analyses suggest modification 
of hydrocarbons by sulphur compounds, although these 
are not prominent in the water. In the Athabasca 
district two wells yield gas in commercial quantities at 
300 Ib. per square inch; more gas could be obtained 
from further wells at a depth of 850 ft. The gas 
contains up to 0-022 per cent. of helium, and up to 
id per cent. of ethane, but uo gasoline, and these 
figures all fluctuate very much. ‘che wells are 50 miles 
from the railway ; a pipe line across the rough country 
would be too costly, and there is no local demand for 
the gas, nor is one likely to arise for some time. 

The possibility of carbon black manufacture in 
Northern Alberta is especially considered in the paper. 
The Canadian Order in Council of August, 1923, 
decreed that the partial combustion and decomposition | 
of natural gas for the manufacture of carbon black, | 
being wasteful and inefficient, was only to be permitted 
in isolated gas fields where the gas supply was far in | 
excess of the actual or prospective gas demand for | 
domestic or industrial heating. That condition might | 
be satisfied in Northern Alberta. In the Peace River | 
district no well supplies sufficient gas to justify the | 
erection of a factory, and the gas is, moreover, moist | 
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Fig. 2. 


and poor in ethanes; at Pelican in the Athabasca | instrument is of the portable type, the moving parts 


district the gas supply would suffice. Considering the 
general difficulties of transport and plant construction, 
however, there does not appear to be any great oppor- 
tunity for the establishment of a carbon black industry 
in Northern Alberta at the present time. 





THE CAMBRIDGE TWO-COMPONENT 
RECORDING ACCELEROMETER. 


In our issue of January 9, 1925, on page 50, we 
illustrated and described an instrument made by the 
Cambridge Instrument Company, Limited, 45, Gros- 
venor-place, 8.W.1, for giving a record of accelerations 
in one direction by marking on a strip of celluloid. Such 
records are, of course, of value as a means of ascertain- 
ing the forces acting upon moving bodies, such as 
railway or road vehicles, aeroplanes, lifts, &c., so 
that investigations of the stresses produced can be 
made and the effects on the comfort of passengers can 
be studied. The method of marking used on these, and 
on other Cambridge recording instruments, is the 
invention of Mr. W. G. Collins, and it has the advan- 
tages, in comparison with photographic and other optical 
methods, that a permanent record which is unaffected 
by water, oil or dirt, and cannot be smudged, is obtained 
immediately. Moreover, the line, which is produced 
by the plastic flow of the celluloid under the light 
pressure of the rounded point of the recording style, 
has such optical characteristics that it can readily be 
enlarged and read to a high order of accuracy. In the 
case of accelerometers, the moving parts are small and 
are designed to move through small distances, so that 
accelerations of short duration, or vibrations of 
high frequencies, can be recorded accurately, since 
the effects of the inertia of the instrument are negligible. 

As already stated, the instrument previously described 
was capable of measuring acceleratioris in one direction 
only, but as for some purposes it is convenient to 
obtain a record of the accelerations in two planes at 
right angles, or in two directions at right angles in the 
same plane, the instrument illustrated on this and on 
the opposite pages, has now been placed upon the 
market. Of these illustrations, Fig. 1 shows the main 


components in diagrammatic form, while Fig. 2 is | 


reproduced from a photograph of the actual instrument 
opened to show some of the internal mechanism. 
The construction of the instrument is illustrated in 
detail in Figs. 3 to 6, while Fig. 7 is a reproduction of 


a record obtained under conditions which will be | 


explained later. 





being enclosed in a metal carrying case provided with 
a hinged cover on one side giving access to the record- 
ing gear; its weight, we may mention, is about 22 lb., and 
the dimensions of the case are 11 in. by 10 in. by 5 in. 
The principle employed, which is exactly similar to 
that of the single-component accelerometer, can best 
be followed with reference to Fig. 1. From this, it 
will be seen that two rectangular weights, M and Mi, 
are each carried by two flat steel strips from fixed 
supports attached to the casing, in such a manner that 
the movements of the weights relatively to the casing, 
due to their inertia, can take place only in directions 
at right angles to each other. The weights are each 
connected to levers L, Li carried on knife-edge sup- 
ports, K, K,, and the levers, which are constructed of 
sheet aluminium bent into a trough section, are fitted 
with light spring arms carrying the styles Q, Qi which 
mark on the celluloid strip. The levers L, Li, as 
shown in the diagram, are extended beyond the style 
arms, so that their outer ends, which are flat, move in 
the air gaps of two pairs of electro-magnets P, P,, 
the eddy currents produced in the sheet aluminium by 
the movement in the powerful field produced by the 
magnets, serving to damp the motion of the levers in 4 
very effective manner. The actual construction of the 
levers, knife-edges, style arms and damping device 
can now be followed on reference to Figs. 3 and 5, but 
it should be explained that the helical springs shown on 
the left of these illustrations serve to hold the knife- 
edges on to their seatings, while the square-headed 
screws, visible in Figs. 3, 4 and 5, are provided to 
enable the zero position of both styles to be adjusted. 

The celluloid strip on which the records are made is 
carried on a spool in a hinged arm, most clearly shown 
in Fig. 5, the strip being passed between a roller on the 
arm and another roller carried on fixed supports. The 
last-mentioned roller is driven by gearing from clock- 
work mechanism, which can be regulated to give speeds 
ranging from 3 mm. to 20 mm. per second to the 
celluloid strip. The pressure of the latter on the styles 
can be adjusted by means of a screw on the end of the 
hinged arm shown in both Figs. 5 and 6, the point of 
the screw being pressed on to a fixed stop by a spring 
carried by the hinged cover of the casing. In Fig. 2 
this cover is shown open, and the hinged arm carrying 
the celluloid strip is lifted clear of the style arms. The 
roller driving the celluloid strip is clearly visible in 
this illustration, and above it can be seen a pair of 
bent metal guides, which lead the strip bearing the 
record out through a slot in the cover. mata os! 

Time is marked on the back of the celluloid strip by @ 


It will be evident from these illustrations, that the | third style operated by an electromagnet, indicated by 
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Fig. 6. 





Fig. 4. 
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dotted lines in Fig. 5 and shown more clearly in Fig. 6. | 
The magnet is energised at intervals, usually of 
js second, by current supplied from an external 
clockwork-controlled contact-making device, through 
the terminals shown on the right of Fig. 2; the pair of 
terminals on the left of this illustration are for the 
supply of current from a 12-volt accumulator to the 
damping magnets. It will be obvious that the fact 
that the time is marked on the back of the celluloid 
strip, enables the acceleration-marking styles to move 
over their whole range without fouling the time 
marker. The latter can, of course, be arranged to 
mark the instantaneous positions of the moving body 





if desired. With the standard spring, the natural period 
of the acceleration-recording mechanism is about 
0-056 second, and, with this period, the sensitivity is 
such that an acceleration equal to that of gravity 
produces a movement of the style of 1 mm. The 
record, however, can be measured, by a suitable micro- 
scope or by photographic enlargement, to an accuracy 
of one-hundredth of this value, so that accelerations of 
the order of 4 in. per second per second can be mea- 
sured. Other sensitivities can be obtained by changing 
the springs. 

The clockwork mechanism is normally started and 





stopped by means of the switch marked “ start’ and 
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“stop” in Fig. 2, the closing of this switch also 
supplying current to the damping magnets. The 
speed of the clockwork can be regulated over the 
above-mentioned range by means of the knob visible 
in the same illustration. Just to the left of this knoba 
push button marked “ clock ”’ will be noticed, and this 
is provided for starting and stopping the clockwork 
when the accumulator is not connected, thus enabling 
a short length of celluloid strip to be run for cali- 
brating or adjusting purposes. Calibration is effected 
by doing this first with the instrument in the vertical 
position, as shown in Fig. 2, and then in the horizontal 
position, resting on the projecting feet shown on the 
left of Fig. 4. The change of position produces in the 
record a definite step, the height of which represents 
the acceleration due to gravity, viz., 32-2 ft. per second 
per second. It may be noted that depressing the push- 
button does not energise the damping magnets, as it is 
only intended to be used for the purpose mentioned. 

We may conclude our description of the instrument 
with a brief reference to an interesting record made by 
it on March 8 last, on one of the articulated first-class 
brake carriages of the London and North-Eastern 
Railway. The carriage was mounted on the 8-ft. 6-in. 
wheelbase compound-bolster bogies, drawings of which 
will be found on page 281 of our 118th volume, and the 
upper and lower curves of the record show, respectively, 
the lateral and vertical accelerations obtained at a 
speed of 68 m.p.h. with the accelerometer placed in the 
compartment close to the articulated coupling. The 
central curve of the record marks the time in intervals 
of 5 second, and as the linear magnification of the 
record, as reproduced, is about twelve times, it will be 
seen that the maximum vertical accelerations, obtained 
by measuring the height of the peaks above the mean 
line of the record, are of the order of 8 ft. per second 
per second, while the lateral] accelerations are almost 
negligible. The record thus confirms the experience of 
passengers with respect to the easy riding features of 
this class of rolling-stock. 
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A COMPARISON OF STATIC AND 
DYNAMIC TENSILE AND NOTCHED- 
BAR TESTS.* 


By Proressor KotarO Honpa, D.Sc. 


Macnarinss for testing materials have recently consider- 
ably increased in number; for instance, referring to 
methods of testing, the following tests are common :— 
tension, bending, torsion, toughness, fatigue, abrasion, 
hardness, and single and repeated impact tests, &c. | 
Since for each of these tests we have several types of 
machine, the number of types of testing machines as 
a whole is very large, and, further, new machines are 
continually being invented. Consequently, it is of 
importance to study the merits and demerits of these 
machines and to make a selection of those which are 
best for the purpose. In the Research Institute for 
Iron, Steel, and Other Metals, Sendai, Japan, an in- 
vestigation in this direction has already been com- 
menced ; in the present communication some general 
considerations regarding the relation between impact 
and static tension tests, and impact and static bending 
tests, and also regarding the method of measuring 
fatigue, will be given. 

Energy Required to Break a Test-Piece.—In the 
first place, the energy required for the simple breaking 
of a test-piece will be considered. The force which 
resists the break is the atomic force, the magnitude of 
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which determines the so-called breaking strength by 
which the test-piece is broken. When the atoms con- 
stituting the test-piece are in their natural positions of 
equilibrium, the attraction and repulsion between them 
are in equilibrium and their resultant is zero. If an 
external force is applied to displace the atoms from their 
original position, the attraction or repulsion comes into 
play to oppose the displacement. In general, the force 
acting between every two atoms is expressed by an 
equation having the following form :— 

: a b | 

= pntn — ym’ 

where r is the distance between two adjacent atoms ; 
a, b, are two positive constants, and m, n, two positive 
integers, depending on the properties of the substance. 
The first term of this expression denotes the repulsive, 
and the second the attractive force. If the test-piece 
is made of a NaCl or KCl crystal, consisting of an 
assemblage of two different kinds of atoms charged with 
positive and negative electricity e, the values b = e*, 
m = 2, and n = 7, explain quantitatively many pro- 
perties actually observed. The (F, 7) curve has a form 
as shown in Fig. 1. 

The resisting force. which comes into play, when the 
test-piece is to be broken, is the sum of the above- 
mentioned atomic forces ; hence it is also given by an 
expression having the same form as that of F. Hence 
the resisting force acting-normally on the transverse 
section of the test-piece is zero before the tension is 
applied, becomes greater with the elongation caused 
by the tension, attains a maximum when the distance 
between two adjacent atoms becomes equal to r,, in 
the figure, and then decreases rapidly with the further 
increase of the distance. Consequently, if the applica- 
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tion of the maximum tension is continued without 

decreasing its magnitude, one half-portion of the test- 
| piece obtains an acceleration and the specimen breaks 
| into two pieces. 

| In the case where the test-piece is broken very slowly, 
|so that the external and resisting forces are always in 
(equilibrium, the work required for the break can be 
|calculated. Thus we have :— 


@ 
W = | Far, 
0 


and when F is known as a function of r, W can be calcu- 
lated. The investigation in this direction has been 
developed by M. Born and O, Stern,* G. Wuff,; and by 
M. Yamada.t In the case of NaCl, the calculation of 
the work has already been made. For instance, the 
work required for breaking the test-piece in the direction 
perpendicular to the face (001) is: 


2 
W(01) = 07116 = = 147 erg/em.2 
where e denotes the electron charge and a the constant 
of the space-lattice. Further, the work of breaking 
in the direction perpendicular to the face (110) is :— 
2 
W130) = 0-310 5 = 398 erg/cm.2 


If the test-piece consists of an aggregate of a large 
number of small crystals, the values of W comes out 
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| near the mean of the values for the faces (001), (110), 


(111), &c. If the surface of the fracture is not 
plane, but rough, it is clear that the value of W becomes 
much larger. But on the whole the work done during 
a slow breaking is very small, and can be neglected 
in comparison with the amount of work required in 
the actual process of breaking, which is about 10° 
erg/cm.?. In the case of iron a similar calculation has 
not yet been possible, but judging from the actual work 
required for breaking iron and NaCl, we may conclude 
that in the case of iron also the work required for the 
simple breaking is very small as compared with that 
actually needed. 

If we consider the case of a test-piece broken very 
slowly, the energy required for ieoching it appears as 
the two surface energies distributed on the two faces 
of fracture. Taking A and B in Fig. 2 as the surface 
of fracture, let us consider attraction between the 
atoms arranged on both sides of it. The principal force 
coming into play is the attraction between the atoms 
which are situated nearest the plane AB on both sides. 
The atoms which are situated outside those inner ones 
have also some attraction, but it diminishes rapidly 
with the increase of the distance from the plane AB, 
so that after breaking the test-piece the atoms near the 
new surfaces are displaced to some extent outwards 
perpendicularly to the surface of separation. This 
displacement occurs only in atoms very near the sur- 
face, and, in a part a little beneath the surface, the 
atomic distance has a constant value which is character- 
istic of the surface. Only atoms which are near the 
surface have their potential energy increased. This 
energy, or the surface energy, must be equal to that 
required for breaking the test-piece. 

Let us next consider the case where the test-piece 
is broken suddenly. If we try to break the piece by 
applying a large force, the breaking begins to take 
place under the external and the resisting forces which 
are nearly in equilibrium, until the distance between 
the atoms increases to r,, but above this limit the 
external force is always greater, so that the breaking 





* Sttz. K. Preuss. Akad, Wiss., 1919, page 901. 

+ Z. Krist., 1901, vol. 34, page 449, See also P, 
Ehrenfest, Ann. Physik, 1914 [iv.], vol. 48, page 360, 
in which a complete bibliography of the literature is 
given. ‘ 

t Sci. Rep. Tohoku Imp. Univ., 1924, vol. 138, pages 
27, 53, 
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of the test-piece proceeds with an acceleration, and 
hence requires more energy than in the above-men- 
tioned case, where it takes place infinitely slowly. |This 
excess of energy, after breaking the test-piece, trans- 
forms itself finally into heat. 

Next we shall consider the actual case of breaking a 
test-piece by making use of the tensile strength or 
bending test machine. The energy in this case may 
be divided into three parts : 

(1) The energy required for simple breaking of the 
test-piece, W1 = Pi. 

(2) The energy required for deformation, W, = P, 

H 


+ H,. 

(3) The kinetic energy, W, = Hs. 

The first part, W1, is the potential energy, P:, of 
the surface of separation, and is, as has already been 
mentioned, very small. The second part, W,, is the 
principal term, and consists of the work of deformation, 
of which a small fraction remains in the specimen as 
the potential energy of the interstrain P,, and the 
remaining part, after the break, escapes as the heat 
energy, H,. The third part, W,, is the kinetic energy. 
This again is emitted finally as heat energy, H;. W, is 
also a small quantity. Hence for the total energy 
W, we have: 

W = Wi + We + Ws = Pi + Pe + (Hz + Ha), 
W — (He + Hs) =Pi+ Pe> 0, 
hence W > (He + Ha). 

Thus the quantity of heat generated at the time 
of breaking must be somewhat smaller than the whole 
work done. This has already been confirmed experi- 
mentally by H. Hort.* His experiment with a bar 
made of Krupp iron, 2 cm. in diameter and 9 cm. 
between gauge points, showed that the work required 
for the breaking was 5,070 cm. kg., or 118-8 gr. cal., 
and the heat generated 106-8 gr. cal., the difference 
amounting to about 10 per cent. Recently, Farren 
and Taylorf have also arrived at a similar conclusion. 
Since P} is negligibly small compared with P,, we may 
draw the conclusion that most of this difference of 
energy must be the energy of internal strain. In our 
Institute we are trying to make an actual measurement 
of the energy of this internal strain by means of a high- 
temperature calorimeter, and to confirm the correct- 
ness of the above conclusion. 

That the energy which is required for the actual 
breaking of the test-piece is much greater than the 
above theoretical value is due to the fact that most 
of the work is chiefly used up in the deformation of 
the test-piece. Consequently, if F be the stress and 
S the strain, 

WwW +; [FS cos 6 dV. 


F = f (S) 
Ww +: [Sf (S) cos 6 dV. 


Consequently, if the mean value of Sf (S) cos @ be 
denoted by ¢, 


Also since 


W = ov, 


where V is the volume subject to stress. If ¢ be 
constant, W is proportional to V. This has already 
been tested by Moser{ in the case of some carbon 
steels using test-pieces of differeat widths, and the 
correctness of the result has been confirmed. In the 
case of the impact test, it has been found that the 
work W required for the break is in many cases not 
proportional to the sectional area of the notched part ; 
because the volume V which is subject to strain is not 
proportional to the sectional area. But in the case of 
Moser’s experiment, the ratio W/V remains constant, 
as seen from Fig.3. The material used was an annealed 
carbon steel, and the velocity of impact was 7-84 m. 
per second. 

Relation between the Static and Dynamic Tests.— 
If we assume that in these two tests the same deforma- 
tion is caused before the break, W must be the same 
whether the test is static or dynamic, since the work is 
chiefly determined by the energy of deformation. As 
the energy depends only upon the state of the test-piece 
both before and after the break, the amount of energy 
required for the break must be the same, if the corre- 
sponding states of the test-pieces in these two tests are 
the same, and the kinetic energy of the test-piece is 
assumed to be negligibly small. 

In the case of tension tests, it is, however, observed 
that the energy absorbed in the impact test is generally 
greater than that absorbed in the static test.§ This 
difference is also due to the difference in deformation in 
these two tests. Thus, if the general elongation be less 
in the impact test than in the statical test, the local 
elongation may be greater in the former test than in the 





* H. Hort, Z. V.d. I., 1906, vol. 11, page 1831. 

+ Farren and Taylor, Proc. Roy. Soc., 1925, [A], 
vol. 107, page 422, 

t Moser, Stahl. u. Eisen, 1922, vol. 42, page 90; ibid., 
1923, vol. 43, page, 935. 

§ F. Koérber and R. Sachs, Mitt. K. W. Inst. Hisen- 
forschung, 1922, vol. 4, page 13. Other literature 15 
summarised in this paper. 
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latter. Hence though the total elongations be the same | 
in these two tests, the actual deformations in these | 
cases may differ from each other, and the energy | 
absorbed may be greater in the impact than in the 
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will be independent of the hammer velocity. For the 
pressure exerted on the test-piece, being the change of 
momentum of the hammer, must be nearly equal to the 
reaction of it, so long as the test-piece remains unbroken, 


statical test. Table I gives particulars of a comparison | and hence depends only on its properties and size. Con- 
between these two tests made in our Institute. | sequently, the energy required up to the moment of 

Here the diameter of the test-piece is 10 mm. and its | fracture must be independent of the velocity. This 
gauge length 100 mm. In the case of bending tests, it is | conclusion has already been confirmed by previous 
confirmed that the same amount of energy is required | investigators.* The results given in Table IV are from 
both in the dynamic and the static tests.* Our own | the experiments made in our Institute. In this experi- 
results in static and dynamic tests were with notched | ment the test was made with Charpy’s machine, the 
specimens, shown in Fig. 4, are given in Table IT. | hammer weight of which was 22-46 kg. The form of 





This equality means that with the same specimen 
the break occurs at the same bending angle, i.e., with the 
same amount of deformation. According to the investi- 
gation of R. Yamada, who carried out the impact tests 
on various steels at different low temperatures, the 
work required for the break by impact is proportional 
to the angle of bending, and, moreover, the straight line 
which expresses this relation passes nearly through the 
origin of the co-ordinates. This fact shows that the 
work which is required for breaking the test-piece 















































| the specimen is shown in Fig. 6. The materials were 
carbon steels, and all were annealed. 

Repeated Impact Test.—In repeated impact tests the 
energy given to the test-piece each time is very small, 
but the accumulation of it finally breaks the test-piece. 
At the beginning of the impact, part of the energy 
given to the specimen is dissipated as the energy of 
heat and sound, and part is returned to the hammer, the 
consequence being that only a small fraction of energy 
remains in the specimen as the potential energy of 
strain. As the process of impact goes on, the energy of 








energy of strain. In this case the break does not occur 
however many times the impact be repeated. This 
corresponds to the endurance limit. 

To measure the degree of fatigue in repeated impact 
tests, the following method seems to be most convenient. 
A number of test-pieces of the same dimensions were 
made of the same material and each treated thermally 
in the same way. Before beginning the repeated 
impacts, the absorbed energy W, is measured by a 
Charpy machine ; then a certain number of repeated 
impacts are applied to another test-piece; then it is 
taken out from the machine and the energy W required 
to break it by a single impact is measured, and so forth. 
Then the degree of fatigue is defined by the following 
expression :— 

Wo — W 
F= wo 

If expressed in percentages, the 100 per cent. indicates 
that no energy is required for breaking and the fatigue 
is complete. The relation between F and the number 
of impacts n is given by a curve shown in Fig. 8. The 
material here used Was an annealed 0-3 per cent. carbon 
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without any deformation is very small, and supports the 0-1 per cent. C., k = 1-5 mm. 0-5 per cent. C., h = 0-5 mm. 0-9 per cent. C., A = 0-5 mm. 
conclusion reached in the foregoing section. Some 
results of his experiments with a steel of 0-3 per cent. | Impact Impressed Absorbed Impact Impressed Absorbed Impact Impressed Absorbed 
carbon content, which was water-quenched and tem-| Velocity. Energy. Energy. Velocity. Energy. Energy. Velocity. Energy. Energy. 
pered at 700 deg., 600 deg., and 530 deg., are given in| _m./sec. m.kg. m.kg. m./sec. m.kg. m.kg. m. /sec. m.kg. m.kg. 
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in the quantities of work done in these two tests. 
Moreover, even when the static breaking is carried out 
slowly, the temperature rise is considerable. Hence | 
the static test can never be considered as an isothermal | 
process. It follows, then, that the deformation is the | 
most important factor affecting the difference in the | 
static and dynamic energies absorbed. 
Next we shall consider how much the absorbed energy 
in the case of the impact test is influenced by the varia- 
tion in the.velocity of the hammer before the impact. 
If the test specimen is assumed to be broken when it is | 
bent at a certain definite angle, the absorbed energy | 





* Cornu-Thénard, Compt. rend., 1919, vol. 168, page | 
1315. 

+ R. Yamada, Kinzoku no Kenkyti, 1925, vol 2, page 
655, 




















strain gradually accumulates in the test-piece, until a 
number of small fissures, thus formed in the interior of 
the specimen, cause the specimen to break. Thus the 
fatigue of the specimen is almost zero at the initial 

rt of the repeated impacts, and appears first when 
the impact is repeated a considerable number of times, 
and then increases comparatively rapidly. If the 
energy of each impact is sufficiently small, the energy 
given to the test specimen is partly given back to the 
hammer and the other is transformed into the energy 
of heat, none being left in the specimen as the potential 


* Charpy and Cornu-Thénard, EncIneerine, 1917, 
vol. civ., p. 346, Other literature is sumimarised in 
Proc. Amer. Soc, Test. Mat., 1922, vol. 22, p. 9. 





content steel, and the dimensions of the test specimen 
are given in Fig. 7. In this impact test the hammer 
weighed 4-25 kg., the height of fall was 3 cm. In the 
case of the single impact test, 68 mm. of the central 
portion of the test specimen were cut off, and the 
distance between the two supports of the Charpy 
machine was 54 mm. In practice, it is not convenient 
to break the test-piece during the course of the repeated 
impacts to determine the degree of fatigue, but this 
quantity can be found indirectly by measuring some 
other physical properties. For instance, if we find the 
relation between the number of repeated impacts and 
the electrical conductivity or magnetisation, and also 
study the relation between the latter and F, we can find, 
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from the measurement of electric conductivity or 
magnetisation with respect to the number of impacts, 
the degree of fatigue due to the repeated impacts. 





LOCOMOTIVE-AXLE GRINDING 
MACHINE. 


THE practice of fitting standard machine tools with 
simple extra equipment to adapt them for continued 
operation on special work is one that is steadily 
increasing. By adding to a standard tool in this way, 
the equivalent of a special machine is obtained at a 
relatively low cost, a further benefit resulting from the 
fundamental parts having been well tried out, and 
thus being of proved efficiency. At the same time, it 
is possible to arrange that the special fittings are 
detachable, thus leaving the machine available for 
other work of a similar class. We illustrate an adapta- | 
tion of this sort, fitted by the Churchill Machine Tool | 
Company, Limited, of Broadheath, Manchester, to | 
one of their standard plain grinders, in Figs. 1 to 4, 
annexed. By means of the additional fittings shown, 
the machine is rendered specially suitable for grinding 
locomotive axles. The practice of grinding the journals 
and wheel seats of the latter is greatly on the increase, | 
as it is now widely recognised that the increased accuracy | 
attainable by this process results in advantages which | 
more than compensate for the extza cost involved. | 
Actually, the latter is more imaginary than real, as | 
increased precision, within practicable workshop limits, | 
usually results in ultimate economy. | 

The machine to which the special fittings have been | 
added is a model E Churchill grinder, of 18 in. by | 
84 in. capacity. This machine is well known, but the | 
leading features may be briefly recapitulated. In | 
common with the other grinding machines manufac- 
tured by the firm, the table travels past a stationary 
wheel-head. The table moves over the whole of the 
ways, thus tending to keep the wear uniform. One of 
the most important considerations in a grinding 
machine, particularly when a wide wheel is used as 
in this case, is to ensure that the wheel-head is free 
from appreciable vibration. On this account, in the 
Churchill machine the head is of very rigid construc- 
tion, and is mounted on a part of the body extending 
directly to the floor. The machine is driven by a 
motor mounted at floor level at the back of the 
machine, and the method of driving both the wheel 
and work heads, can be gathered from Fig. 4. It will 
be noticed that the wheel-head is driven from a short 
back-shaft, which is in turn driven by belt directly 
from the motor. The frame carrying the back shaft 
can be moved back by means of a hand screw, to increase | 
the tension in the belt connecting it to the wheel spindle. | 
Two positions are provided for the belt—the second, | 
giving a slightly higher wheel speed, being employed | 









































Fig. 4. 


when the wheel is worn. The drive to the work-head 
is by the horizontal belt which can be seen above the 
machine. It will be noticed that this belt is driven by 
a vertical pulley, visible behind the lamp in the illus- 


| A broad grinding wheel is employed, this being also used 


to rough out the axle journal. The latter is ground 
approximately three thousandths of an inch oversize to 
provide for the finish-grinding operation. The grinding 


tration, this pulley being mounted on a second short | wheel is sufficiently wide to cover rather more than 


horizontal shaft, driven by a belt from a countershaft 
behind the machine. Fast and loose pulleys are pro- 
vided on the horizontal shaft, the striking gear being 
operated by the upper of the two hand levers projecting 
from the front of the bed. The lower hand lever 
controls the water cock. 

It is not possible to describe the various feed mechan- 


half the length of the journal, so that the latter is 
roughed out with only two straight feeding-in operations. 
It is important that when the axle is turned round, 
the second wheel seat and axle journal shall occupy 
the same position relative to the wheel as the first. 
| This may not be the case if the axle is merely reversed, 
| as any difference in the depths of the centre holes in 








isms without detail drawings, and it must suffice to | the ends would have the effect of throwing the whole 
say that all the control mechanism and gearing is axle to the right or left. To correct possible errors due 
rigidly housed in the body of the tool, and that the | to this cause, a positioning device is fitted to the 
controls are grouped within convenient reach of the | machine. 
operator, as shown in the illustration. A gear-box on | Referring to Figs. 1, 2, and 3, which show the special 
the work head gives eight speed changes, while a| fittings, it will be seen that a bar in the form of a dove- 
second box, visible to the right of the controls, gives | tail is clamped to the front edge of the table. This bar 
sixteen alternative speeds of table travel. | takes the place of a rack, on which the reversing stops 
Before describing the special fitments employed | for the table are mounted, on the standard machine. 
for locomotive axle grinding, it may be explained that | The bar forms a bed for a long slide, which is slotted 
the first operation consists in grinding the wheel seat | along the front throughout its length. The slide is pro- 
down to finished size for pressing into the wheel centre. | vided with a fine adjustment, shown in Fig. 3, consisting 








SEPT. 24, 1926.] 








of a bracket clamped to the left-hand end. The bracket 
carries a screw with a fine thread, the corresponding nut 
being in the form of a second bracket bolted to the table. 
A hinged finger, which registers with the shoulder of 
the finished journal, and a special bracket carrying 
two reversing dogs, are also mounted on the slide. It 
will be evident that if there is any difference between 
the two ends of the axle, the variation can be corrected 
by adjusting the slide until the finger correctly registers 
with the shoulder on the finished journal. This will 
have the effect of moving the stops a corresponding 
amount, a constant distance between the two journals 
being thus always assured. No modification to the 
cross traverse for the, wheel head is necessary, the 
positioning stops for regulating the diameter of the 
work being part of the standard machine. The cross 
traverse is fitted with a quick hand motion, which is of 
considerable utility when grinding axles, as it enables 
the wheel to be rapidly adjusted from one work diameter 
to another. The motion is provided with an indicator 
to show the exact position of the wheel relative to the 
work. A radius-truing device is also provided, so that 
the edges of the grinding wheels may be trued to the 
correct radius for grinding the fillet at the end of the 
journal, , 

In Fig. 4, the machine is shown with the grinding 
wheel operating on the central portion of the axle. 
Before this can be done the fine adjustment for the 
slide has to be removed, but no other dismantling is 
necessary. The stop on which the special dogs operate 
can be swung clear, and a pair of auxiliary dogs, shown 
at the right hand end of the slide in Fig. 3, are then 
brought into use in connection with the standard 
reversing lever. 


THE MICROSCOPIC DETERMINA- 
TION OF THE STRENGTH AND 
DURABILITY OF BUILDING STONES.* 

By Epear Morton, M.Sc., F.G.S., Assoc.M.I.Min.E. 


Introduction From time to time engineers and 
architects are called upon to make a choice among certain 
rock types which are available for a particular structure. 
The architect, as a rule, finds little difficulty in specify- 
ing his stone, since he has as a guide the accumulated 
evidence of years of use of certain well-tried stones, 
and it is accordingly one of these, from a quarry of 
repute and long-standing, which he chooses. 

For the larger and more costly structures to which 
engineers are accustomed, the nearer the source of 
stone to the site of the works, the better; accord- 
ingly it falls to his lot to choose among a number of 
local untried stones, the economic properties of which 
are unknown. Unfortunately, there is little to guide 
him in his choice, for research in this direction has been 
sadly neglected in this country, and has for the most 
part been confined to the execution of physical tests, 
the results of which are neither conclusive nor helpful. 

No attempt has been made to make a systematic 
microscopic examination of the texture and composi- 
tion of rocks, as in the case of metals like steel and iron. 
Geologists have accumulated large collections of 
microscopic thin slices of rocks, but they have used 
them from a theoretical aspect and have not turned 
their material to practical account. It is the object 
of this paper to demonstrate the relationship which 
exists between the composition and texture of a rock 
and its durability and strength, and at the same time 
to indicate lines along which future research in this 
connection may be conducted with essentially practical 
results both for the engineer and the architect. 

Of the thousand and odd mineral species known 
to science, only some dozen or twenty play an 
integral part in rock building, and it is the 
properties of these common rock-forming minerals, 
together with their mode of aggregation within a rock, 
which determine its hardness, durability, porosity, 
toughness and strength, factors which decide its use 
for constructional purposes. From a practical as well 
as a scientific point of view, rock-types may be classed 
into two principal groups, namely, the igneous and the 
sedimentary rocks. 

The Igneous Rocks.—The igneous rocks have their 
origin within the hot interior of the earth, and their 
crystallisation and solidification from the original 
molten magma may be compared in a general way 
with the growth of crystals from solution in the chemical 
laboratory. According as to whether the cooling of 
the parent magma has been slow or rapid, the crystal- 
line texture of the resulting solidified rock may be 
either coarse or fine-grained. In any event the nature 
of the process postulates the rock having a compact, 
non-porous texture of tightly interlocking crystals 
favouring strength and durability. 

From the engineering and architectural point of 
view, the coarse-grained igneous rocks may be referred 
to the Granite group and the fine-grained varieties to 








* Paper read before Section G of the British Asso - 
ciation at Oxford, August 10, 1926, 
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the Basalt group. On examining a thin micro-section 
of a typical granite we find the three chief constituents, 
quartz, felspar and mica closely intergrown, so that 
the rock has a porosity of less than one per cent. and 
a high crushing strength ranging from 800 tons per 
square foot, in an uneven grained granite, to 1,400 tons 
in a fine eVen-grained granite. Accordingly, we have a 
strong constructional stone which, so long as the felspar 
and mica are in an undecomposed condition when it 
leaves the quarry, is extremely durable under normal 
conditions of temperature. It is important to note 
however, that granites are not suited to countries or 
situations where there are severe extremes of tempera- 
ture, since, under such conditions, internal stresses 
are set up within the stone due to the various coeffi- 
cients of thermal expansion of the different minera] 
constituents, and this leads to the cracking of the blocks, 

On examining a typical basalt the crystals are seen 
to be very much smaller in size and far more closely 
interlocking, in consequence of which a basalt has a 
still higher crushing strength than a granite, ranging 
from about 1,000 tons in an uneven-grained variety, 
to 1,500 tons per square foot in an even-grained type. 
On account of this fine, interlocking texture, basalts 
are peculiarly suited for use as road-metals where the 
stresses experienced are localised. It is essential to 
observe that the basic lime felspars and the ferro- 
magnesian minerals which characterise basalts are in 
an undecomposed condition on leaving the quarry—a 
fact which is revealed by microscopic examination. 

The numerous varieties of igneous rocks which 
petrologists label by so many pet names, range between 
these two types, and the engineer need not concern 
himself with any nomenclature other than granites 
and basalts. The igneous rocks generally are sound 
constructional stones, and provided their mineral 
constituents are in an undecomposed condition, upon 
leaving the quarry, little fear need be entertained 
either of their lack of strength or durability. 

The Sedimentary Rocks.—It is when we turn to the 
sedimentary rocks—sandstones and limestones—that 
profound practical difficulties arise. Unlike igneous 
rocks, the sedimentary rocks represent the mechanical 
accumulation on the sea floors of land detritus (broken 
rock fragments) brought down by the rivers to form 
sandstones and clays on the one hand, and the com- 
minuted hard tests and shells of marine organisms 
forming limestones on the other hand. The weight of 
super-incumbent deposits and the pressure effects of 
earth movements play an important role in the con- 
solidation of the débris thus formed, but of equal 
importance is the effect of percolating waters. The 
latter carry with them in solution varying proportions 
of silica, lime and iron oxides, and these they deposit 
within the interstices of the débris, so tending to weld 
the grains together. Conversely the percolating waters 
may subsequently remove these mineral cements, 
and so reduce the cementation of a rock mass. Thus 
the strength of sedimentary rocks depends not only 
on the individual grains, but also on the manner in 
which those grains are bound together and the nature 
of the binding material. The size and shape of the 
grains also exert an influence which must not be over- 
looked. All these factors, which so seriously influence 
the strength and the durability of a sedimentary rock, 
can best be understood by reference to the sandstone 
group. 

Principles Governing Strength of a Sandstone.—The 
sandstones consist for the most part of grains of quartz 
(SiO,), with subsidiary amounts of felspar and mica. 
The shape of the grains is of primary importance, and 
it is obvious that cementing material has a far better 
grip on sharply angular fragments than on sub-angular 
or rounded fragments (see Figs. 1 and 6, page 402). 

The size and uniformity of grain also exert an 
important influence. Thus a fine-grained sandstone 
with an even texture has a greater strength than a 
coarse-grained sandstone, while a stone composed 
partly of fine and partly of large grains occupies an 
intermediate position (Figs. 2, 3 and 5). The nature 
and amount of cement is, however, the greatest con- 
sideration. Sandstones generally consist of silicious, 
ferrugenous, calcareous or argillaceous cements accord- 
ingly as to whether silica, iron, lime or clay pre- 
dominates in the cementing material. A siliceous 
cement is by far the strongest; a ferrugenous cement 
is liable to solution, and may produce staining of the 
stone face; a calcareous cement is liable to the solvent 
action of acidulated rain-water, especially in towns, 
while if it is in the form of large calcite crystals with 
cleavage planes, the latter are opened out by frost, 
thus paving the way for subsequent rapid dissolution 
of the cement and consequent decay of the stone. A 
clayey cement is of no value as a bond, and merely 
fills in the pore spaces, while it has the additional 
disadvantage of attracting moisture, thus precipitating 
frost action and decay. 

As to the amount of cement, a sandstone may have 
its grains loosely compacted with the cement confined 
to the points of contact only (Fig. 6), in which case 





the stone is a weak one; or, alternatively, the whole 
of the pore-spaces may be filled with cement, which 
thus welds the whole mass together and produces 
a strong stone (Figs. 1 to 4). In some stones the grains 
may be scarcely touching one another, but bound 
together in a compact mass of cementing material, 
so that the strength of the stone is thus determined 
by the strength of the cement (Fig. 7). 

The stronger stones are those in which the grains are 
angular and closely interlocking with all pore spaces 
filled with siliceous cement; while the weakest are 
those which have rounded grains which are barely 
in contact, and with little or no cement filling the 
interstices. 

The Physical Properties of Stones.—With these 
general principles before us we may proceed to the 
consideration of the properties of certain well-known 
and well-tried building stones belonging to the sedi- 
mentary group of rocks, the relative values of which 
are known from a long experience of their use, and 
from patient experiments with regard to their physical 
characters. Prior to doing so, however, it is perhaps 
advisable to say a word or two in general, about 
the physical properties of stones as affecting their 
economic value. In a general way such properties 
are all a measure of the strength and durability of 
a rock. Thus, tests which are made to: determine 
crushing strength, transverse strength, tensile strength 
and elasticity are all indicative of the behaviour of a 
stone towards the various stresses and strains to 
which they are subject in a building or other structure. 
The relative resistance of a stone to these various 
forces must be dependent on the mineral composition 
and texture of the stone. But, after varying periods 
of subjection to these forces, a stone may be found 
to have its power of resistance to them considerably 
depreciated, and this is found to be dependent on the 
durability of a stone—that is to say, its power of 
resisting the effects of atmospheric agencies, such as 
alternations of temperature and frost action, abrasion 
from natural or artificial causes, and chemical action 
of acidulated rain water, especially in towns where 
sulphur and other impurities are present in the air. 

Experiments have been carried out from time to time 
with a view to determining the behaviour of different 
rock types on long exposure to the various atmospheric 
agencies on the one hand, and to the various stresses 
and strains met with in any masonry structure on the 
other. The only really systematic attempt to tackle 
the problem is that of Hirchwald, in Germany, in 1912,* 
from whose researches valuable data have passed 
into the literature of the subject. In America, a 
similar though less exhaustive attempt to deal with 
the problem has been made, chiefly by Buckley.t In 
this country, such research work has been sadly 
neglected, and such as has been carried out is for 
the most part disappointing, since it consists of the 
attempts of different individuals carrying on almost 
precisely similar experiments on a few chosen stones, 
usually under varying conditions, with consequent 
conflicting results. Mention, however, must be made 
of the valuable work of Professor Bearef{ and Messrs. 
Baldwin-Wiseman and Griffiths.§ It is highly desirable 
that a systematic attempt be made to deal with 
the problem on a large scale and under standardised 
conditions. || 

The various experiments which have been conducted 
to determine the resistance of stones to the stresses 
in a masonry structure are of a simple mechanical 
nature, and need not be described here. Such tests 
relate to crushing strength, tensile strength, transverse 
strength and elasticity. Since the various workers 
have conducted the tests under different conditions 
their results frequently differ, and are of a comparative 
value only. 

With regard to the durability of a stone, experiments 
have been conducted with a view to determining the 
relative porosity and absorption of a stone. Soaked 
stones have been subject to repeated freezing and 
thawing, while others have been heated in furnaces 
and then rapidly cooled with a view to determining 
the effects of temperature changes. 

In a general way the tests carried out show that the 





* Hirchwald, Handbuch der bautechnischen Gestein- 
sprufung, Berlin, 1912 (Gebruder Borntrager). 
¢ Buckley and Buehler, Mo. Bur. Geol. and Mines, 


II, 1904 (Missouri stone); also Buckley, Wiscosin 
Geol. and Nat. Hist. Surv. Bull, IV, 1898 (Wiscosin 
stones), 

T. H. Beare, Proc. Inst. Civ. Eng. vol. evii, 
Part 2, 1892. 


§ Baldwin-Wisemen and Griffith, loc. cit., vol. clxxix, 
Part 1, 1910. 

|| ‘The Department of Scientific and Industrial Research 
are carrying on certain experimental work at their 
Building Research station, chiefly on the chemical and 
microscopical examination of causes of decay in building 
stones, and they are endeavouring to express ‘‘ weather 
ing ” in terms of temperature and moisture variations in 
the atmosphere. No detailed report is yet to hand 
[see Rept. of Dept. for year 1924-25, H.M. Stationery 
Office, 1925, pp. 57-58]. 
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strength of certain stones diminishes after continued 
exposure to wide ranges of temperature and to suc- 
cessive freezing and thawing.* This is largely due, in 
the case of temperature changes, to the effects of 
stresses and strains set up within a stone as a result of 
the various coefficients of thermal expansion of the 
different minerals; while in the case of the freezing 
tests it depends on the relation of porosity (total pore- 
space volume) to absorption (amount of water a stone 
will take up under normal conditions), and on the size 
and shape of the pores and their mode of connection 
with each other, and with the external surface of a 
stone. These are factors which can only be revealed 





by the microscope. 
Unfortunately, the artificial conditions imposed in 





1. ARMISTONE SANDSTONE. Fic. 2. 


Fia. 





BRAMLEY FALL Fia. 


STONE. 
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the above tests are no true measure of the natural | 
conditions to which a stone is, in fact, exposed. Further- | 
more, it must not be overlooked that a stone rarely has | 
more than two of its faces exposed to the elements, | 
except in cornices, columns, string-courses, &c. 

Messrs. Baldwin-Wiseman and Griffithst also showed | 
that for stones which were in a submerged position or in | 
constant contact with water, their strength decreased | 
proportionally to their porosity and that the finer-pored | 


rocks were the weakest. | 


The net result of all these physical tests, then, is to 
produce a series of comparative values only. No 
amount of physical testing can reveal the intimate 
mineral arrangement and binding materials, nor does it 
give any indication of the nature and chemical stability 
of the minerals themselves. Only the microscope can 
reveal injurious minerals and incipient decomposition 
in minerals, factors which may seriously affect the life 
of a building stone, especially in town atmospheres. 
It is worthy of note also that a chemical analysis of a 
stone is practically valueless, except, as Mr. J. Allen 
Howe has put it, “‘to add a certain dignity to trade | 
cireulars.’’t 


We thus see that physical tests are of no great value Measures of Yorkshire and the other three from the | 
if unsupported by microscopic examination of the | Millstone Grit of Derbyshire. These show a range in| 
materials tested, and this is especially the case in | their respective crushing strengths (determined by a 


dealing with the durability of stones. From these | 
conclusions it is not difficult to see how the strength | 
and durability of a rock depend on mineral composition | 
and texture, and how important the microscope is ix this | 
respect. 

The Microscopic Examination of Selected Stones.— 
The author now proposes to demonstrate briefly the 





* Ries and Watson, Engineering Geology, 3rd edit., 
1925, chapter on “‘ Building Stones ”’ ; alsv J. Allen Howe, 
Geology of Building Stones, 1910, chapter on “* Testing of 
Building Stones.” 

+ Op. cit., page 295. 

; Op. cit., page 406. 
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value of microscopic examination, and, for the purpose, 
has chosen a number of frequently specified building 
stones of which the relative strength and durability are 
known in a general way from comparative physical 
tests made, and from their behaviour towards weathering 
agencies after a long experience of their use. The 
specimens selected can be arranged in a graded series 
so far as these properties are concerned, and were, 
accordingly, chosen so that a definite relationship could 
be traced between their mineral composition and 
texture and their strength and durability. As was 
anticipated, such a relationship was obvicus under the 
microscope, as the author will proceed to demonstrate. 





Examples of sandstones are taken first. 
A. Sandstones.—Five sandstones were chosen from 


Fig. 3. 


GRINSHILL SAND- 
STONE. 
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LIMESTONE. 





PorRTLAND BaSEBED LIMESTONE. 


9. 


Fa. 


| the Carboniferous formation, the first two from the Coal 


firm of repute) as follows :— 
Crushing strength, 
tons/sq. ft. 
Robin Hood 


Armistone stone, 


Quarries, nr. Wakefield, Yorks 1,471* Fig. 1. 
| Bradford stone, ditto... 42 890 Fig. 2. 
Stancliffe stone, Darley Dale 

Quarr es, Derbyshire ... ats 670 Fig. 3. 
Cromford stone, Cromford, Mat- 

lock, Derbyshire — sae 497 Fig. 4. 
Bramley Fall stone, Hawkesworth 

Quarry, nr. Leeds eee ~_ 400 Fig. 5 





* This figure seems excessive, and is quoted from a 


| trade circular which gives no authority. 
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The range in the crushing strengths of these stones is 
at once reflected by microscopic examination of thin 
slices of the stones, as the accompanying reproductions 
of micro-photographs will testify. 

A glance at the micro-photographs in turn will 
reveal an increase in the size of grain, with corresponding 
decrease in the crushing strength. For the purpose of 
comparison, a micro-photograph of a piece of Triassic 
sandstone from Grinshill, Salop, is exhibited (Fig. 6), 
which has a crushing strength of only about 300 tons 
per square foot. 

(V.B.—In comparing the following descriptions with 
the micro-photographs reference should be made to the 
petrological notes added in the Appendix.) 

Armistone stone (Fig. 1) is a fine, even-grained rock 





PoRTLAND WHITBED 
LIMESTONE. 


Down Fic. 8. 


|in which the crystals are angular and closely inter- 
| locking. Practically all the interstices are filled with 
| siliceous cement (secondary quartz). The stone has 
/every appearance under the microscope of a semi- 
quartzite (an altered and hard variety of sandstone) 
and is exceptionally strong and durable, and is highly 
recommended for paving purposes. Mica is present in 
small proportions in addition to the original quartz. 
The felspar is for the most part undecomposed. 
Bradford stone (Fig. 2) is likewise a fine, even-grained 
| rock, slightly coarser in grain than the previous variety, 
| but practically similar in other respects. 
Stancliffe stone (Fig. 3) is an uneven textured rock, 
the grains varying in size from fine to large. The 
| finer grains predominate and form a mozaic incorpor- 
ating the somewhat scattered large grains. Siliceous 
| cement fills the interstices. Mica and felspar occur, 
but the latter is for the most part undecomposed. The 
| stone is not quite so strong as the preceding varieties. 
Cromford stone (Fig. 4) is also an uneven-grained 
rock, but there is a predominance of the larger grains, 
| the finer grains forming a mozaic between the larger. 
| The stone is therefore not quite so strong as the pre- 
ceding variety. Furthermore, the felspar occurs in 
larger crystals and is often decomposed, thus forming 
a clayey element in the cement (i.e., inert as a bind- 
| ing material). The remainder of the cement is siliceous. 
Bramley Fall stone (Fig. 5) is a very coarse-grained 
stone, and as the grains are often only just in contact 
| there is a large pore space. This space is frequently 
| filled with the clayey products from the decomposed 
| felspars present which is inert as a binder ; siliceous 
| cement is also present. There are very large crystals 
| of felspar in all stages of decomposition. The rock is 
| not so strong as the preceding varieties. 
| From these brief observations the relation between 


*| microstructure and strength becomes apparent. Various 


| other sandstones have been examined, and give similar 
| results. Grinshill stone (Fig. 6), added for comparison, 
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has its grains rounded or sub-angular and loosely 
compacted. The cement is chiefly ferrugenous and 
imperfect, many pore-spaces being present. The stone 
is obviously a much weaker one than the preceding 
carboniferous types. Note the thin pellicle of iron 
oxide round each grain. 

B. Limestones.—It was also desirable to ascertain 
how far these principles applied in the case of lime- 
stones, and accordingly the author has chosen three 
oolitic limestones as follows :— 


Crushing strength, 
tons/sq. ft. 
Farleigh Down stone, nr. Bath _... 67 Fig. 7. 
Portland Whitbed, Portland 204 Fig. 8. 
Portland Basebed, Portland 287 Fig. 9. 


It will be noticed that there exists a considerable 
gap between the strengths of the first and the other 
two, while there is a much smaller range between the 
last two. This is again reflected by the microscope. 

Farleigh Down stone (Fig. 7) is a coarse-grained 
oolitic limestone. The large round grains or oolites 
are very loosely packed and frequently not in 
contact. The large proportion of pore space is filled 
almost entirely with calcareous cement, which appears 
under the microscope as a mozaic of calcite crystals 
of varying size. The strength of this stone therefore 
depends almost entirely on the strength of the cement, 
and no strength is gained from the interlocking of 
the crystals as is the case in the following Portland 
varieties. The cleavages of the calcite crystals in the 
cement are easily attacked by frost action, with sub- 
sequent solution by acidulated rainwater. The stone 
therefore has a low crushing strength and is entirely 
unsuited to outdoor use. It is employed for internal 
decoration in cathedrals, churches, &c. 

Portland Whitbed (Fig. 8) is a fine-grained oolitic 
limestone, the grains being in very intimate contact. 
The pore spaces are either lined or entirely filled with 
calcareous cement, which appears in the form of a 
mozaic of calcite crystals with irregular boundaries. 
Owing to its fine grain and close packing, the stone is 
infinitely stronger than the last, but not so strong as 
the following type. 

Portland Basebed (Fig. 9) is similar to the Whitbed 
in size of grain, but the grains are very much more 
compacted and in many places appear to be pushed 
into one another so that their boundaries are indis- 
tinct. This is clearly seen in the figure. The pore 
spaces are more completely filled with calcareous 
cement. Altogether the stone has the appearance of 
being a stronger and more durable rock than the 
previous type, a fact born out by comparing their 
respective crushing strengths. 

Conclusions.—This evidence as to the limestones 
confirms that deduced from an examination of the 
sandstones, and is sufficient to demonstrate how 
profoundly the strength and durability of a rock 
are dependant on mineral composition and texture, and 
how invaluable the microscope is in this respect. 
The practical significance is obvious and may be sum- 
marised in conclusion. So far as this country is con- 
cerned very little research has been conducted, and such 
physical tests as have been made have been confined 
to a few limited and well-tried stones from quarries 
of repute. The various workers have, as stated, carried 
out their experiments under varying conditions so 
that their results necessarily vary and are of value in 
a comparative sense only. 

Furthermore, while artificial methods of freezing 
and thawing and inducing temperature changes in 
stones are of value, in that they give an indication of 
the behaviour of the rocks tested under such artificially 
imposed conditions, these conditions are rarely, if 
ever, experienced in nature, and the results thus 
adduced do not give any exact information as to the 
life of a stone, say, in a climate like our own. Such 
exact knowledge of the life or durability of a stone 
as we have has been gleaned from long exposure of 
certain stones in buildings to the natural elements 
and weathering agencies, and the results of experience 
in this direction do not always agree with those of 
experiment. 

This is probably one of the reasons why architects 
and engineers are conservative in specifying the type 
of rock to be used in a construction. It is a wise reser- 
vation born of experience, and has led to the general 
use of stone from certain well-known quarries. The 
reservation however, has not infrequently led to 
unnecessary expense, for many cases are recorded where 
stone has been transported considerable distances 
when an equally good stone, possessing all the essential 
qualities, has existed close at hand. 

In these days of extreme economic strife it would 
seem appropriate that the problem should be tackled 
in a systematic manner by some national or scientific 
institution. Such a body of trained workers would 
couple a detailed microscopic investigation with physical 
tests carried on under standardised conditions, and 
knowledge gained from long exposure of stones. When 
once this has been done for a large range of stones it 
will be possible to work out a very close relationship 
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between the composition and texture of a rock and its 
durability and strength. It will then be possible to 
get a very exact estimation of the economic value of 
any new type of stone required for constructional 
purposes by simple microscopical examination, thus 
saving a good deal of time and expense in making not 
very reliable physical tests. Such research will un- 
doubtedly open up new and hitherto untried sources 
of stone, valuable unquarried deposits of which exist 
widely distributed throughout Britain. In this way 
heavy transport costs will be reduced, and there would 
be less waste of raw fuel, while building prices will 
be correspondingly lowered. 

Such accumulated knowledge would also afford a 
reliable means of opening up quarries of untried stone 
in hitherto undeveloped parts of the Empire, not with 
a view to import, but for use in their own growing 
centres of industry and commerce. In this connection 
of course local climatic conditions would have to be 
taken into consideration. 

In addition to such research work conducted on a 
large scale there is a great deal of useful research work 
to be done by the private worker, the nature of which 
cannot be entered into here. It is to be hoped in con- 
clusion that, if no other useful purpose be served by this 
paper, attention will have been drawn to what is, to 
the architect and engineer alike, a vastly important 
but somewhat neglected problem. 





APPENDIX. 


Petrological Notes.—Figs. 1 to 5 (inclusive) are 
taken under polarised light, so that the various 
shades, from - white through the greys to black, 
represent the particular order of grey (length of light 
vibration) which passes through the crystal according 
to its position (orientation) with reference to the planes 
of polarised light. Thus a quartz crystal may appear 
black between crossed nichols in one position, white in 
another position, and grey in yet another. For the 
most part only the minerals quartz and felspar are 
present. The former is recognised by its perfectly 
clear or slightly dotted surface, the latter by its clouded 
or striated (cleavage lines) surface. Fig. 6 is taken 
under ordinary light, and the various colours of grey 
are therefore not in evidence. Figs. 7, 8, and 9 (oolitic 
limestones) are all taken under ordinary light, in order 
better to reveal their texture. 





PHOTO-ELECTRIC PHOTOMETER. 


Wir the development of radiation measurement in 
X-ray work, crystal analysis and modern spectroscopy, 
including the determination of stellar magnitude, 
photographic photometry, the determination of light 
intensity by photographic methods, has become in- 
creasingly important. A beam of light falling upon a 
photographic plate decomposes the silver salt in the 
gelatin film in some way so that, on development, a 
deposit of particles of reduced silver is left on the plate. 
The stronger the light, the denser will be this deposit, 
other conditions being equal. The term density is here 
defined as the ratio of the incident light to the light 
transmitted by the plate, and the density D is expressed 
on a logarithmic scale to the base 10. A plate of 
density D = 0-0 transmits the whole light; density 
D = 1-0 means that only one-tenth of the incident 
light is transmitted. In the ordinary densimeter the 
density of the deposit under tests is compared with that 
of a series of deposits arranged in increasing order of 
density. This visual comparison is trying to the eye 
and not very accurate, and it becomes very difficult 
with deposits of small area, particularly the lines of a 
spectrum. The eye as a measuring instrument has 
hence been replaced by devices such as selenium cells, 
thermo-couples and photo-electric cells, by the aid of 
which the eye need finally only observe or read a 
divided scale. The photo-electric photometer, illu- 
strated in the annexed diagram, was exhibited at the 
Royal Society soirée last June by Professor F. A. Linde- 
mann and Dr. G. M. B. Dobson, of the Clarendon 
Laboratory, Oxford, in which the instrument was 
designed and made. 

The principle of the instrument is that two beams of 
light from an electric filament lamp traverse two 
different, but similar paths. By means of a shutter 
either ray is cut off so that at any moment only one 
ray can enter the photo-electric cell, in which it liber- 
ates a photo-electric current; this current is observed 
in the electrometer forming part of the instrument. 
The one ray passes through the plate under test, 
the other ray passes through an optical wedge, and 
the wedge is raised or lowered until the deflection of the 
electrometer remains unchanged when the position of 
the shutter is changed over. The reading of the wedge 
then gives a measure of the density of the deposit on 
the plate. In our diagram the source of light, a short- 
filament lamp is seen at the top. Two beams leave 
the lamp, at a small angle to one another. They fall 
on the shutter, which is operated by hand and then 


upon either of two totally-reflecting prisms which send 
the rays to right or left, down two parallel tubes, and 
through lens and prism systems. The standard 
optical wedge is interposed in the path of the ray on the 
left. There is a subsidiary wedge on the right which is 
to eliminate the density of the background, the un- 
exposed part of the photographic plate. Prior to 
measuring the density of the image, the standard wedge 
is set in its zero position, while the plate is shifted so that 
the light passes through the unexposed portion; the 
subsidiary wedge is then adjusted for galvanometer 
balance. The subsidiary wedge can be dispensed with, 
and the settings be made with the aid of only one wedge. 

The plate is carried on a mechanical stage and the 
beam is brought to a focus exactly on the film by 
means of the lenses. The stage is provided with scales 
and verniers for measuring distances along the axes 
at right angles to one another. In absorption spectra 
particularly and in the wedge-shaped spectrum lines 
introduced some years ago by Merton and Nicholson 
the determination of the density distribution over broad 
lines or bands is very important. To facilitate exact 
measurements and the fixing of the middle of a line for 
wave-length determinations, the stage has been 
arranged for microscopic observation. There are 
under the stage a transparent mirror and a microscope 
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with a small lamp enabling the observer to see a magni- 
fied image of the part of the plate he is actually measur- 
ing. The electrometer is of the Lindemann type which 
we illustrated on page 20 of our issue of January 4, 1924. 
It is worked in series with a high resistance of about 
10 ohms, consisting of a mixture of very pure 
alcohol and xylene in a glass capillary fitted with 
platinum electrodes. Densities can be measured with a 
probable error of 0-0005, i.e., within one tenth of a 
per gent. of the transmitted light. The cell is charged 
to aBout 190 volts from a battery, that is, to about 
5 volts below the pressure at which the cell would 
pass a current when not exposed to light. The photo- 
electric material in the cell is a mirror of potassium 
superficially converted into potassium hydride; the 
glass cell itself is not highly evacuated, but contains 
argon at low pressure ; the ionisation in such a gas-cell 
intensifies the photo-electric currents and makes the 
cell more sensitive than highly-evacuated cells. 

The: advantages of the instrument, which can be 
modified in several ways, and of its working are that 
slow changes in the sensitivity of the cell and in other 
quantities are of no consequence. The observer 
relies upon the repetition of an extreme deflection of his 
galvanometer. The two paths have been made as 
much as possible equal. Gradual changes in the 
battery strength or in the sensitiveness of the cell 
do not affect that determination. 

Whether or not photo-electric cells are less capricious 
and more sensitive than selenium cells is a controversial 
question. Much depends upon the care taken and 
ang 4 upon accidental, 7.e., not understood factors. 

. P. Koch had two cells in his photo-electric photo- 
meter of 1911. Various simplifications have since been 
adopted with success, and photo-electric cells. seem 
preferable to bolometers and thermo-couples since 
stray light is more easily kept out than are stray 
heat radiations. 





Royat AgERonautTicaL Socrety.—The Secretary of 
the Royal Aeronautical Society, 7, Albemarie-street, 
London, W.1, informs us that this society has received 
a grant of 5,000 dols. from the Daniel Guggenheim Fund 
for the Promotion of Aeronautics, Inc. At a council 
meeting held on September 7 last, it was resolved that a 
cable should be sent to Mr. H. F. Guggenheim, eae 
of the fund, expressing the grateful thanks of the Counci 





for this very generous donation. 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators tre given in italics. 

Copies of peri etions may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the tance of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c 


247,716. Never-Stop Transit, Limited, London. 
B. R. Adkins, Upper Warlingham, and W. Y. Lewis, 
Southend-on-Sea. Flexible Couplings. (4 Figs.) 
January 14, 1925.—The invention relates to a shaft 
coupling which will not only yield under stresses due to 
sagging or inaccuracies in the setting up of the shafts, 
but which will also permit slight relative axial movement 
of the shafts when necessary. The end of one of the 
‘rotating shafts A is reduced in diameter at A! and 
carries @ concentric circular flange member A®, Into 
the hollow end of the other rotating shaft B is screwed 
a plug B" having an internal ring member B? held from 
rotating relatively thereto. The flange member A? is 
mounted within the ring B? and to prevent movement 
between the ring B2 und flange A? semi-circular keyways 
C are cut on the circumferential walls of both these 
members so that the two keyways in each member to- 
gether form a cylindrical housing. In each of these 
housings is inserted a key in the form of a substantially 
circular but slightly barrel-shaped helical spring D and 
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the open ends of the housings are closed by means of a 
cover plate E. The springs D are made of such dimen- 
sions that, when hoped into the housings they are reduced 
slightly in diameter, thus ensuring good contact even in 
the event of subsequent wear taking place. Further, 
a small clearance is allowed between the keys and the 
cover plates so that they are not under axial compression 
and can move longitudinally if required. As the shafts 
rotate, should there be any small relative displacement 
of their ends due to bad alignment or sagging of the shafts, 
the keys, by reason of their flexibility and shape, will 
move within the housings and will also be — of 
yielding slightly in all directions, thus reducing the stress 
on the shafts and their bearings to a minimum and 
imparting to the coupling a certain degree of torsional 
flexibility. Further, should any axial displacement of 
the shafts occur, such, for example, as that due to 
change of temperature, the clearance between the keys 
and cover plates will permit such displacement without 
severe stresses being set up in the shafts. (Sealed.) 


249,340. J. Pierce, Mill Road, Wexford. Bevel 

- (5 Figs.) April 17, 1925.—The invention 

relates to pairs of bevel gear wheels, such as are employed 
in mowing machines, in which the part of the hub of each 
wheel most remote from the teeth bears against a thrust- 
bearing, and it has for its object a construction whereby 
either wheel of a pair can be adjusted to compensate for 
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the wear of the thrust-bearing against which it bears. 
According to the invention, the part d of the hub e of 
the wheel a to be rendered adjustable, which bears against 
the thrust-bearing c, is formed separate from the remainder 
of the hub in which it is adjustable by a screw-thread 
connection f so that as the thrust-bearing ¢ wears, the 
‘part can be adjusted or unscrewed from the remainder 
of the hub to maintain the gear-wheels a, 6 in proper 
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geared relation, means being provided for locking the | 
screwed part of the hub in position after adjustment. 
Means suitable for locking the adjustable part of the hub 
comprise a lock-nut h on the adjustable part of the hub 
and a key or catch i engaging a key-way or holej in the 
gear-wheel a and notches k, J in both the adjustable 
hub-part and the lock-nut, the key or catch being held 
in the wheel by a pin m passing through a hole in the 
key and lugs on the wheels. Sealed.) 


249,931. C. K. Edwards, Chingford, and The 
Associated Equipment Company, Limited, West- 
minster, London. Clutches. (4 Figs.) January 3, 
1925.—The invention relates to clutches of the type 
in which the movement of the parts into the engaged 
position is controlled by dashpot action. According to 
the invention, there is provided a clutch of the type above 
described and having a movable clutch plate 21 and a 
housing 13 therefor, in which the plate is arranged to move 
as a dashpot piston and generate dashpot action by which 
the movement of the plate towards its clutching posi- 





tionis damped. The clutch is characterised in that the 
housing 13 communicates with the atmosphere by one 
or more leak passages and non-return valves 24. Accord- 
ing to another feature of the invention, the movable 
clutch plate 21 is pressed by main clutch springs 52 
towards a co-operating plate which has a backi 
member 31 which moves with the clutch plate 21 under 
the pressure of the main clutch springs and is arranged 
in a housing to move as a dashpot piston, which housing 
communicates with the atmosphere by one or more leak 
passages and non-return valves 35. (Sealed.) 


MINING, METALLURGY AND METAL- 
WORKING. 


249,259. G. Rimmer, Radford, Nottingham, and 
A. Y. Hoy, London. Coal-Cutting Machines. 
(5 Figs.) January 19, 1925.—The invention relates to 
coal-cutting machines. The trolley 1 is provided with 
a mounting 2 in the form of a trough, and to the under- 
side of the coal-cutting machine 3 there is secured a 
complementarily-curved attachment 4, which extends 
also over one lateral surface of the machine. This 
attachment constitutes a trunnion for the machine. The 





























attachment is such that it, with the machine, may be 
revolved in the trough secured to the trolley, about the 
longitudinal axis of the machine, so that the plane of 


the jib, indicated by 5, may be turned to any position in | P 


space from a horizontal to a vertical position, the 
extension of the attachment around one lateral surface 
of the machine enabling a full movement of 90 deg. to 
be obtained. When the jib lies in the vertical plane, as 
shown in chain-dotted lines, the machine can be used for 
shearing. (Accepted March 31, 1926.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 
247,132. North British Locomotive Company, 
Limited, Springburn, Glasgow, and W. C. Wilson, 
Springburn, Glasgow. Regulator Valves. (2 Figs.) 
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January 1, 1926.—The invention relates to double-beat 








regulator valves comprising two valves detachably 


joined together and engageable with spaced seats, the 
valve chest having a seating for the inner valve and 
being formed with an opening which serves for admission 
of the inner valve and is adjoined by a seating for the 
outer valve. The double-beat valve comprises an inner 
valve 1 and an outer valve 2. The valve chest 5 presents 
a seating face 6 for the inner valve 1 and is formed with 
an opening 7 of diameter large enough to admit the inner 
valve 1, the wall defining the opening 7 being recessed 
for reception of a seating ring 8 on which may be seated 
the outer valve 2. The ring 8 is an easy fit within the 
recess. The under side of the ring 8 is adapted to makea 
faced joint with the ledge forming the bottom of the 
recess. The upper face of the ring 8 is flush with the 
upper face of the valve chest. A retaining ring 9, 
studded to the valve chest holds the ring 8 in position. 
(Sealed.) 

248,020. A. W. Bennis, Little Hulton, Bolton. 
Steam Boilers. (5 Figs.) September 25, 1924.— 
The invention relates to water-tube steam generators. 
One or 4 number of burners 1 fed with powdered, liquid 
or gaseous fuel, project flame and products of combustion 
downwards into a combustion chamber, the four walls of 
which are shrouded by water tubes, as shown on three 
sides at 3, 4, 5. The opposite side of the boiler and 
furnace to the side 4 is similar to the side 4asshown. The 
hearth or floor of the combustion chamber is in the form 
of a hopper 6, and water heating and steam generating 
tubes 7 are arranged at or above this floor, the tubes being 
associated with the steam and water circulation of the 
































= ae ' 
f ©) 
AS 
rer ca 
0 8 
' | 
ui 9 
ig ear: bh. sti — = 
’ 27 
% I eS i 
Ni 6 











248,020) 


boiler. A set of water heating and steam generating 
tubes 21 is provided forming a water shield or screen 
across the bottom of the combustion chamber, which 
tubes are also associated with the steam and water 
circulation of the boiler. The products of combustion 
from the burners 1 escape from the combustion chamber, 
as enclosed between the two walls of the tubes 3 and 5, 
only low down the sides of this combustion chamber. 
The tubes 3, 5 form part of the steam and water circu- 
lation of the boiler. Each stream of products of com- 
bustion continues in single or multiple pass around the 
remaining tubular heating surface of the boiler consisting 
of the tubes 8, 9 and 10,11. (Sealed.) 


TEXTILE MACHINERY. 

248,046. E. Lunge, London, and Courtaulds, 
Limited, London. Artificial Silk. (4 Figs.) Novem- 
ber 20, 1924.—The invention relates to apparatus for the 
manufacture of artificial silk in which a liquid is squirted 
from spinning nozzles. 10, 11, 12 indicate a series of 
umps arranged end to end and operated by a cam 13, 
in conjunction with a hydraulic pressure reservoir 14. 
These pumps are supplied with viscose solution from a 
pipe 15, which supplies a conduit 16 extending throughout 
the length of the set of pumps. A similar conduit 17 is 
provided in the upper part of the pump-bodies, and this 
constitutes a return-flow pipe. The conduits 16, 17 are 
connected together at their ends in order to form a closed 
circuit by means of two separate members 18, 19, one at 
each end of the set of pumps. The member 18 has 4 


Zed 





vertical passage, within which is a device, which operates 
as a pump, to cause the transfer of liquid between the con- 
duits 16 and 17. In the operation of the apparatus, the 
viscose is admitted from the supply-pipe 15. It flows 
to the conduit 16 and fills it. After the conduit 16 is 
filled the liquid rises and passes into the conduit 17. 
The propelling device is now set in operation and the 
liquid circulated around the circuit at a speed dependent 
upon the action of the propelling device. The spinning- 
nozzles are supplied by the pumps 10, 11 12, the suppl 
for each nozzle eng awn from the conduit 16 throug 
a lateral outlet 31, and the rate of circulation of the 
liquid around the closed circuit is substantially higher 
than would be given simply by the flow of liquid along 
the conduit 16 to the pe passages 31 to supply them. 
(Sealed.) 
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THE HYDRAULIC LABORATORIES 
AT VERKSTADEN, KRISTINEHAMN, 
SWEDEN. 


By Hapar Linp. 
(Continued from page 376.) 
For a vertical turbine, both the upper guide 
bearing and the step bearing for taking up the 
thrust, are adjustable ball bearings, which are 
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in the usual way with a regulating ring coupled 
to a regulating shaft with a graduated segments 
which can be fixed to correspond with any desired 
guide wheel opening. Each end of the turbine 
shaft has a taper with projecting threaded spindle 
and nut, so that both runner and brake pulley can 
be fixed on it without keying. The guide wheel 
cover carries as usual the lower guide bearing of the 
turbine, which in this case consists of a bronze 
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supported from an aluminium frame. The latter 
in turn can be set, by means of bolts, at any 
desired height on four steel pipes attached to the 
base ring of the turbine (see Fig. 11, above). 

When assembling the guide wheel, the movable 
guide vanes are pushed straight on to spindles 
screwed rigidly to the under part of the guide wheel, 
and the guide wheel cover rests in turn on the guide 
vanes. This cover need only be kept in place by 
its own weight and the pressure of water, as it is 
guided laterally by the spindles which go through 
it. The same guide wheel can therefore be used 
for guide vanes of varying heights. For adjust- 





ing the guide vanes, the guide wheel is provided 


bush, guided laterally, but otherwise movable, so 
that it can adjust itself to the shaft. With these 
arrangements it is very easy to erect and to dismantle 
the models. The suction pipe is fastened from below 
on to the base of the guide wheel. 

In order to make possible the examination of the 
conditions of flow of the water immediately after 
discharge from the runner, the test turbine can be 
moved to a special position in the flume itself. 
The turbine, which thus has a higher elevation 
above the tail water level, is provided for this 
purpose with a suction pipe, the upper part of which 
is of glass. Across the upper edge of the glass 
suction pipe is stretched a thin brass wire to which 


several small indicators are attached, consisting of 
linen threads showing the direction of flow of the 
water immediately after leaving the runner, and at 
various distances from the centre of the suction 
pipe. By means of a mirror arranged at an angle of 
45 deg. to the water level the observer from his seat 
can watch the conditions of flow through a hole 
in the floor of the test platform, and note in the test 
records the absolute discharge angles of the water. 
This method of observation, originally suggested 
by Kaplan, provides a method of discovering and 
locating errors in the design of a runner. These 
errors are only indicated in an ordinary turbine 
test by a reduction of the output or efficiency of 
the runner, but their nature is not revealed. The 
tests with glass suction pipes have, however, given 
several very interesting and valuable results, 
in particular by showing the profile and blade shape 
required to give the flow conditions assumed by 
the designer. 

The measurement of the torque of the turbine 
|is effected by means of a brake with a pulley cooled 
internally by water just as in the testing station, 
from which the water is, however, allowed to boil 
away. The braking force is weighed by means of a 
scalepan loaded with weights, and hanging from a 
thin steel wire which runs over a pulley provided 
with ball bearings, and has its other end fixed to the 
lever of the brake (see Fig. 12). The speed is 
measured by a Horn’s precision tachometer, which 
is direct coupled to the upper end of the turbine 
shaft and checked in the same way as in the larger 
testing station. 

For determining the axial thrust acting upon 
the runner, the upper bearing of the turbine is fixed 
to the arm of a special thrust balance, which is 
placed on the above-mentioned aluminium frame. 
Further there is another similar balance for deter- 
mining the torque to which the movable blades of a 
Kaplan wheel are subjected during running. In 
order to diminish as much as possible the friction 
which occurs when turning the blades, these are 
supported in the hub by means of ball bearings. 
The gauge for the head measurements consists of 
an arrangement of two float, the rod of one being 
movable within the other. The float with the inner 
rod rests on the tail water and the other on the 
head water. As the inner rod has a pointer which 
moves along a graduated scale placed on the outer 
rod, the head can be read off directly. 

For measuring the water a weir of a special con- 
struction is used, which has been developed from 
experiments made in the laboratory. The weirs 
generally used for water measurements have a 
height small compared with their width. This causes 
the difference in level for the different water quantities 
which have to be read off, to be small, thus rendering 
the exact measurement of the water passing difficult. 
With the weir adopted at the laboratory, the 
conditions are reversed, so that the height is very 
great compared with the width. Hence it is easy 
to read flows with accuracy. Weirs of this type have 
been used before, but they have taken the form 
of a rectangular slot in a vertical wall of plate. 
This gives an unstable flow, especially for large dis- 
charges, in which cases the speed at the bottom is 
very great compare with the speed at the surface. 
In order to avoid this instability and corresponding 
errors in measurement, the weir in question has 
been provided with a nozzle-shaped intake well 
rounded off both at the bottom and at the sides, 
| so that the current through the narrowest part, and 
| also in the outlet passage, flows without contraction 
or eddies. In order to obtain a completely stable 
flow this weir is provided outside its neck (see Fig. 12) 
with a trough-like continuation of a length about 
equal to the height of the weir. The channel bottom 
is shaped to a parabola of such form that the 
water at all rates of discharge follows it without 
sucking in air; and the side walls diverge somewhat, 
so that the water spreads out by its own weight 
towards the end of the channel. By this arrange- 
ment the jet can always be caught by a scoop (see 
Fig. 12) at about the same point, independent of 
the quantity. The scoop is swung in under the jet 
to lead the water to a special measuring tank for 
calibrating and checking the scale. This scale is 
graduated in litres per second and is arranged to 
give a direct reading of the water consumed by the 
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turbine by means of float gear. The is ‘hice oni so that the observer can make all his 
for this float communicates with the water above the | adjustments without leaving his seat. The four 
weir. |factors, head, water quantity, speed and brake 
The measuring tank, in which some water remains | horse-power are read directly from instruments, 
after each emptying operation, is provided with a|so that results can be calculated rapidly. 
special float with scale graduated in litres, so that | The erection and dismantling and the testing of a 
the water quantity can easily be read, and the rod | model turbine can thus be effected with the greatest 
by which the scoop is operated has a contact which | possible economy of time ; thisis a great advantage in 
closes the circuit of the solenoid of a stop watch at the | view of the large number of tests which have to be 
instant the edge of the scoop passes into or out of | | carried out each year. These are necessary because 
the water. The time for filling the tank is thus| turbines have to be adapted to all sorts of local 
registered automatically, and the corresponding | conditions dependent on the head and quantity of 
quantity of water which passes the weir per second, | water available and on the speed required. A 
is obtained by dividing the water added to the | maker of steam or internal combustion engines, 
measuring tank by the time recorded. The water on the other hand, has to deal with a very limited 
measurement is thus based on a measuring tank, | number of types which do not require adaptation to 
which is the most reliable of all methods, but one | local conditions. In the water-turbine industry, 


which takes too much time for long tests. 


|on the contrary, a firm must be able to deliver a 


The method of checking the discharge by tank | | suitable turbine, whether the head is 2, 20 or 200 m. 


measurement can be used at any time without 
disturbing a turbine test, if one happens to be in 
progress. The measuring tank has such ample 


or even more. 
Some idea of the great variety of forms and com- 
ponents experimented with will be obtained from 
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dimensions that the time required for filling it is 
never less than about 30 secs. for the quantity 
which, for a head of one metre, corresponds with 
full fload on the test turbines, this load seldom 
exceeding 1:5 h.p. The diameter of the runner, 
which is fixed by the specific speed and the purpose 
of the test, varies between 250 and 300 mm. 

The water which has passed the turbine flows out 
from its suction pipe into the outlet channel, the first 
part of which is of very ample dimensions in order 
to provide space for suction pipes of all shapes 
and sizes. For some large plants not only the 
turbine and its suction pipe has been studied by 
experiment, but also the first section of the outlet 
canal, with a view to fixing the minimum depth of 
excavation necessary for the full scale plant. These 
model experiments have led to very important econo- 
mies in installation costs. 

From the outlet basin of the suction pipe the 
water flows through a system of ten pivoted gates 
(see Fig. 9, page 376 ame), which are used for 
adjusting the lower water level. By means of 
gearing from these gates to a hand wheel near 
the observer, the lower water level can easily 
be adjusted so that the desired head (generally 
exactly one metre) is obtained. The outlet basin 
has further, at one side, a spillway, over which a small 
part of the water flows, and in this way a certain 
degree of automatic adjustment is obtained in the 
tail water level. Further, the water passes through 
a number of stilling grids which remove completely 
all surges and eddies. The weir described above is 
located at the end of the outlet channel. 

The whole of the apparatus used in a test is 





Fig. 13, above, which, in addition to wheels of 
both the Francis and propeller types, shows also 
soms of the glass discharge pipes fitted below the 
models, as described above. Similarly, Fig. 14 
shows some of the forms of blades, bosses, and 
caps for Kaplan turbines, which have also been 
thoroughly studied in the laboratory. 

The speed of the turbine is fixed mainly by the 
consideration that the generator costs should be as 
low as possible. In the case of low and medium 
heads this forces builders to offer types combining 
as high speed as possible with a good efficiency and 
complete reliability in operation. It is experiment 
at work on turbine types with still higher speeds 
which at present chiefly occupies the laboratory. 

From the hydraulic point of view the turbine can 
be divided into the three main parts: guide wheel, 
runner and suction pipe, and of these it is particularly 
the runner and the suction pipe which need, for 
their development, great research into the systematic 
variations in their shapes. Especially for high speed 
turbine runners, it is, as is well known, necessary to 
check calculations and designs by complete tests of 
each new type. A good runner ought to give the 
best possible efficiency within as large a range of 
load and speed as possible, and at the same time it 
ought to be stable, 7.e., output and efficiency should 
not at any part of the useful range of the turbine 
alter suddenly with a gradual alteration of speed or 
guide wheel opening. Instability in a runner is 
caused by unsuitability of profile or blade shape, 
and is indicated by the output and efficiency curves 
not being smooth and continuous for the range 
where the runner is unstable. Where the turbine 








is unstable it may, for instance, givo two 
efficiencies differing by several per cent. This is 
due to the fact that the stream lines in the wheel 
are displaced, or range between two somewhat 
different positions over shorter or longer intervals 
oftime. Ifthe attempt is made to maintain a steady 
state by means of a constant braking force, the 
quantity of water, the speed and the output hunt 
more or less rapidly, and the water seems to pulsate 
in the suction pipe. 

If the water flow at the outlet of a runner, having 
a suitable profile and shape of blade, is examined 
through a glass suction pipe at about fuil load and 
normal speed, it is found that the whole waterway 
is occupied by waterstreaming in a definite direction, 
which mainly follows the stream lines and outlet 
angles which are generally adopted. If, on the 
contrary, the runner has a less suitable shape of 
blade and, for instance, too great an enlargement 
of the bend towards the outlet, dead water regions 
make their appearance and the stream lines may 
have a very irregular distribution. 
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14. Mopret BLADES AND OTHER COMPONENTS 
FOR KapLAN TURBINES. 


Fia. 


As regards the form of suction pipe, theory 
has hitherto afforded little guidance, and reliance 
is placed exclusively on tests. Even with a straight, 
suction pipe having a moderate angle of divergence 
the water flow is anything but simple, and in a 
curved suction pipe, which is the shape most fre- 
quently used, the conversion of the kinetic energy 
into pressure energy takes place in such a compli- 
cated way that it has not yet been possible to treat 
the process theoretically. 

By systematic experiments during many years 
with various shapes of suction pipe, the laboratories 
have discovered types suitable for all cases—but 
further research is still in progress. 

The higher the speed of a turbine wheel, the 
greater is the outlet velocity of the water from it, and 
the greater importancé which must be attached to the 
efficiency of the suction pipe, i.e., its capacity to 
convert the kinetic energy of the water into pressure. 
In other words, the energy loss at the outlet of the 
water through and from the suction pipe, calculated 
as a percentage of the head, must be kept within 
reasonable limits. For high speed turbines working 











Oct. I, 1926.] 


ENGINEERING. 


407 








under low heads, suction pipes of comparatively 
large dimensions are required. In order to keep 
these sizes within reasonable limits as regards 
cost, designers have in different ways tried to improve 
the shape, several new types which vary considerably 
from the shapes previously used having appeared 
in recent years. Formerly the general idea was 
to give the pipe a simple bend of as large a radius 
as possible, and to increase the area uniformly 
from end to end. Little attention was paid to the 
tendency of the water to spread at right angles to 
the plane of the bend because of the centrifugal 
pressure during the change of direction, which spread 
must correspond with a flattened shape of the 
suction pipe in the same plane. The height of the 
outlet was made too great and the width too small and 
the result was violent eddying in the upper part of 
the outlet. Hence only the lower part was occupied 
by water streaming in a definite direction, which it 
did with very high velocity, while the upper part 
was filled with dead water. The result was a very 
incomplete conversion of velocity into pressure. 

The suction pipe ought to have such a shape that 
it is everywhere filled with water streaming in a 
definite direction (without eddies) and at the same 
time the water should leave the suction pipe with a 
low velocity fairly evenly distributed over the whole 
outlet area. The latest types of curved suction pipe 
developed at the Kristinehamn works are charac- 
terised by a comparatively rapid expansion and 
great conversion of velocity into pressure at the 
beginning of the suction pipe where it is still nearly 
straight. In the following section which is the most 
curved, the water is allowed to spread sideways 
rapidly, and at the same time the pipe contracts in 
the vertical plane. This part is intended to effect 
the necessary change in direction of flow with the 
smallest possible eddy losses. The conversion of 
velocity into pressure continues in the more or less 
straight outlet part following the bend. 

As an example of plants built with suction pipes 
of the type described above may be mentioned the 
vertical turbines for the big power plants Volhov in 
Russia, Lilla Edet and Norrforsen in Sweden and 
Imatra in Finland, which have been built by Verk- 
staden. Figs. 15 and 16, annexed, show the suction 
pipe shape for the last of these. 

The results which are obtained in the laboratory 
and testing station are used as a basis for calcula- 
tions and the design of turbine plants and for deter- 
mining guarantees. Many years of experience have 
shown that the results obtained in actual plants as 
regards output, speed and efficiency, correspond 
very closely with those obtained from tests on the 
model turbine. It is, of course, presupposed that 
both turbines are similar throughout. 

The test results from turbines of the same type 
but of different sizes and for different heads may be 
said to correspond as long as the output is strictly 
proportional to D*? and to H? and further the speed 
is proportional to H? and inversely proportional 
to D, where D = the runner diameter and H = the 
head. When comparing the efficiency, it ought to 
be noted that this increases when the runner diameter 
increases, and the method of calculation indicated 
by Camerer has proved very useful for arriving at 
this increase. 

The correspondence in performance mentioned 
above occurs always for similar turbines when con- 
verting from one head or diameter to another so 
long as the flow of the water also remains similar, 
i.e., that the continuity is not disturbed for some 
reason. 

Such a disturbance of the continuity occurs if the 
pressure in any part of the runner sinks below the 
vapour pressure of the water because of excessive 
suction height and of the centrifugal forces in the 
flowing water, so that accumulations of vapour occur 
and follow certain parts of the backs of the runner 
blades. Owing to this phenomenon, called cavita- 
tion, changes occur in the flow which have a more 
or less unfavourable influence on the output and 
efficiency. Further, due to this cavitation, especially 
with high heads, erosion occurs on the blades, which 
reduces the efficienty and decreases the strength of 
the runner. The greatest static suction height at 
which a runner will work without cavitation may 
be called the cavitation limit of the runner for the 
head in question. 





At the point where the control of the direction.of 
flow exercised by the runner ceases, the atmospheric 
pressure is reduced partly by the height of the water 
column in the suction pipe above the tail water level 
(the static suction height) and partly by the dynamic 
suction height (also called recovery), which latter is 
due to the fact that the pressure of the water apart 
from the difference in height, when flowing through 
the widened suction pipe, gradually increases up to 
the pressure at the suction-pipe outlet, at the water 
surface of which atmospheric pressure prevails. 
Due to the flow of water along the convex backs of 
the runner blades, a further decrease in the absolute 
pressure occurs because of the centrifugal forces. 
This absolute pressure, as mentioned, must not be 
less than the vapour pressure of the water at any 
point, if cavitation and its dangerous consequences 
are to be avoided. 

In order to prevent cavitation, it is important to 
choose the static suction height for each plant so 
that the remaining part of the atmospheric pressure 
is not inferior to the sum of the dynamic suction 
height and the cavitation pressure height. 

Since the water velocities in a runner are propor- 
tional to H?, and both the dynamic suction height 


Fig. 15 
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h, and the cavitation pressure height h,., which 
depends on centrifugal forces, are proportional to 
the square of the water velocity, it follows from this 
that the two last factors are directly proportional 
to H. 

In an investigation of cavitation it is not possible 
to measure the dynamic suction height and the 
cavitation pressure height separately, because the 
first depends on the efficiency of the suction pipe, 
which is difficult to determine, but the total of the 
two factors is obtained if the static suction height 
(h,), prevailing when the cavitation limit is reached, 
is subtracted from the atmospheric pressure. 
Thus :— 

ha +he = A — hg where ha + h. = CH, 
and the greatest permissible suction height for any 
head is obtained when 
hs =~ A—CH, 

where C is called the cavitation coefficient. This 
coefficient is different for different runners and 
varies, further, with the speed for the same wheel. 
According to experience gained up to now, the 
permissible suction height seems to be greatest when 
the speed corresponds to shockless entrance to the 
runner. 

Cavitation may occur both with low-speed and 
with high-speed turbine wheels if the suction height 
is too great for the head utilised, but it is especially 
in connection with the highest speed turbine types, 
Kaplan and propeller turbines, that the cavitation 
question has attracted the attention of experts, 
partly because these turbines work with a very great 





dynamic suction head, which diminishes the abso- 
lute pressure at the outlet of the runner, and partly 
because the runner blades, in order to reduce 
friction, are comparatively short, i.e., have small 
blade surfaces which must take up the pressure 
difference between the inlet and the outlet of the 
runner, which pressure difference will for the most 
part appear as a deduction from the atmospheric 
pressure. 
(To be continued.) 





THE INSTITUTION OF GAS 
ENGINEERS. 


(Concluded from page 393.) 
CARBONISATION IN CONTINUOUS VERTICAL RETORTS. 


THE data of the paper by Mr. T. F. E. Rhead, M.Sc., 
chief chemist of the Birmingham Gas Department, on 
“Some Facts Affecting Carbonisation in Continuous 
Vertical Retorts,” were derived from the Coal Test 
Works, which, Mr. Rhead explained, the Birmingham 
Gas Department erected in 1905, and were now 
completely equipped for an annual production of 
250,000,000 cub. ft. of gas. 

Several types of plant had been erected and 
dismantled in turn. The present carbonising plant 
consisted of four beds, each of 6 retorts of Q shape, 
with a total capacity of 36 tons per day, and a 
setting of four silica Woodall-Duckham continuous 
verticals of a daily capacity of 24 tons. These latter 
retorts, reconstructed 18 months ago, were 25 ft. long, 
and had a cross-section of 66 in. by 19 in. for the 
lower 11 ft., starting then to taper to a cross-section 
of 60 in. by 83 in. at the top. The retort walls 
consisted of fire clay tiles with a 17 ft. belt of 3 in. 
silica tiles in the heated zone. Secondary air was 
supplied to the top of each combustion chamber, 3 ft. 
down, and producer gas to two ports, 8 ft. and 
4 ft. down. One of the retorts was isolated for 
the experiments. The relay mechanism of the 
Askania governor used, made by Messrs. Woodall, 
Duckham and Co., consisted of a pivoted jet 
delivering a stream of oil, pumped, at 60 
to 70 lb. pressure, into either, or both, of the 
orifices of two pipes separated by a division 
plate, 1 mm. thick, the pipes being connected to the 
opposite end of the cylinder, full of oil, of a piston 
pump. The piston was attached by rods and levers to 
a 10 in. butterfly valve in the foul main above the 
retort and controlling the flow of gas. The 
pivoted jet was itself joined by a light rod to 
a vertical diaphragm, open to the atmosphere on 
the one side and subject to the gas pressure in the 
retort on the other side. By these means, the gas 
pressure was governed within ;5 in. of water. 
Temperatures were taken by sighting through the 
tops of all accessible combustion chambers on two 
projecting soaps* in each chamber, 7 ft. and 13 ft. 
down, and on both sides of the retort, by means of a 
Cambridge optical pyrometer and a Siemens disap- 
pearing-filament pyrometer. 

The tests were made, mostly for 72 hours, with two 
screened gas coals, A and B; the high-swelling coal 
B gave more gas, but less liquor than A. Both were 
graded between 2} and 1} in., and freed of fines ; 
in special tests, cobbles of 2 in. size with considerable 
quantities of fines were used. The temperatures 
were, in two series, 1361 and 1,409 deg. C. at the 
top and 999 and 967 deg. at the bottom of the com- 
bustion chamber ; in further tests with zone heating 
the temperature varied more, both as to maxima 
(down to 1,243 deg.) and minima (995 deg.). By 
using the top and bottom ports for CO, high top 
and moderate bottom heats, or vice versa, could be 
applied on single or two-stage heating. Various 
modifications in the carbonisation conditions were 
suggested by the observed fluctuations in the 
throughputs, which seemed to depend largely upon 
the kind of coal and variations in its size. The 
A cobbles, without fines, worked more smoothly 
through the retort and gave a smaller coke, more 
easily broken after high steaming, at an increased 
carbonisation rate. The crushed B coal, with fines, 
gave trouble by sticking in the retort, especially with 
high top temperatures, and such retorts should 
be rodded every hour. In works in which both 





* Soaps are bricks projecting a few inches into the flue. 
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moderately swelling and highly-swelling coals had to 
be used, only the former should be carbonised in 
verticals and the fines, mixed with the latter, 
should be carbonised in horizontals or coke ovens. 
The verticals could then be steamed, and their 
large volume of poorer gas mixed with the richer 
gas from the horizontals. That was done with 
success at the Nechells works; the two cokes 
obtained, however, were better kept separate. When 
coals of different swelling properties had to be 
carbonised together, they should be well mixed and 
segregation should be prevented. On the suggestion 
of Dr. E. W. Smith, Mr. Rheads further tried, with 
promising results, to make blue water gas by steaming 
a charge of screened coke in a vertical retort, and 
w enrich this gas by introducing ordinary tar (from 
a vertical) into the top zone. As regards retort feed, 
he found that contact of the tarry gas leaving the 
retort with the coal in the top iron work should be 
prevented. Steam quenching, in place of water 
quenching, improved the dryness and brightness of 
the coke, but the coke gave more dust on discharge. 
In concluding, Mr. Rheads urged the need for a 
wider scope of technical control in the retort house, 
and strongly advised the isolation of a portion of the 
carbonising plant of new extensions for separate 
purification and metering. 

In the course uf the discussion, Dr. Parker, 
agreeing in general with Mr. Rhead’s conclusion, 
issued a warning against the wasteful blowing-in 
of steam at the bottom of a retort packed with fine 
particles for internal heating (water-gas making), 
and described his method of coal drying, first 
for 15 hours in a current of warm air. Dr. 
KE. W. Smith, said that he made water gas in his 
vertical retorts regularly now; he thought that 
irregular taper had more to do with sticking of the 
coal than the swelling. Dr. W. B. Davidson 
remarked that the sticking made some plastic coal 
unsuitable for low-temperature carbonisation. To 
overcome this, thermodising had been adopted in 
America, the coal being preheated to 300 deg. in a 
current of air; a higher quality gas was then 
obtained. Dr. Weyman said that many points of 
the paper, especially the temperature control, 
were as important for horizontal as for vertical 
retorts. Mr. Tarratt stated that in twelve years 
he had not had any difficulties with vertical retort 
working in Darlington, and later in Newcastle, as 
long as full attention was paid to temperature 
control and rodding; the retort taper should be 
uniform. He had used 15 varieties of coal, putting 
the fines into the horizontals. Colonel Carr agreed 
that there was little use in investing capital in 
verticals without subsequent efficient control. 
Mr. Samuel Glover, St. Helens, drew attention 
to the importance of the water-gas process, which 
gave flexibility to the vertical, and Mr. Botley, 
joining in the general congratulations to Mr. Rhead, 
suggested that the jointing in the retort walls was 
partly responsible for the sticking of the coal. 
Mr. Rhead, in replying, remarked that rodding 
required skill and proper rods. 


REFRACTORY MATERIALS. 


Presenting the report for 1925 of the Refractory 
Materials Joint Committee, which represented 
the Institution and the Society of British Gas 
Industries, of which Mr. J. P. Leather is chairman 
and Dr. J. W. Mellor director of research, Mr. 
Leather stated that silica was a material of very 
complex properties, because the three forms of 
quartz—quartz itself, cristobalite, and trydimite— 
occurred in seven modifications, all of different 
volumes at different temperatures. As far as 
possible, quartz should be ‘transformed into trydi- 
mite in the process of ceramic manufacture, but 
that did not get over the inversion trouble at lower 
temperatures. A silica brick might be good at a 
high temperature, but not so for variable tempera- 
tures. The report consisted of 10 papers, four 
each by Mr. A. J. Dale and Mr. A. T. Green, and two 
by Mr. A. E. J. Vickers, in addition to notes by 
Dr. A. Scott.. From the first paper, on a premature 


failure of a combustion-chamber material, it would 
appear that fine-grained material, containing about 
88 per cent. of silica and considerable proportions 
of free quartz, required special care in heating up. 
The other papers showed that orderly relations 


between refractoriness, density, porosity, and even 
chemical composition, considered separately, were 
very indistinct, if existent; while making, mixing, 
and firing were matters of the first importance. 
Water vapour was by far the most powerful reducing 
agent in the retort; a material with 3-4 per cent. 
of ferric oxide, which would soften at 1,510 deg. C. 
in dry oxygen, would begin to yield at 1,200 deg. 
in the presence of water vapour. Carbon monoxide 
and hydrogen also reduced the ferric oxide, but they 
softened the material less. Most silica bricks were 
better heat conductors than fireclay bricks above 
1,000 and 1,200 deg., and some also at lower tem- 
peratures (800 deg.), and the silica and silica 
products (with above 82 per cent. of silica) generally 
diffused more readily than fireclay ; refractories, how- 
ever, varied greatly in these respects. Spalling was 
promoted by high diffusivity, volume changes, 
especially near 225 deg. C., and low elasticity, 


unless its cost, taking convenience into account, was 
equivalent to the fuel displaced. Discounts and dif- 
ferential rates had failed because they were available 
to too small a proportion of the consumers, and 
because they began at the wrong end. If the price 
of gas were to be fixed by dividing the total expendi- 
ture by the total volume of gas used, why introduce 
discounts ? The figure set up for the price was 
fictitious and needed adjustment. Discounts were 
not supposed to encroach upon working costs ; 
but Mr. McLusky pointed out that discounts of 
25 per cent., so-called, per 1,000 cubic feet might 
represent 50 or 75 per cent. of the overhead 
charges. Under the two-part scale of charges 
no consumer received any rebate until he had 
discharged his obligations in regard to fixed 
charges. Mr. McLusky proceeded to give a large 
number of tables and curves on charges, out- 
| lining the schedules adopted in Baltimore and 





because the modifications differed as to these|Chicago and in Halifax (Yorkshire), where the 
properties at different temperatures. Specification | floor area and two-part schemes had first been 
tests had, so far, been made at temperatures up to| adopted. At Halifax the domestic rates were :— 
1,400 deg., which were frequently exceeded in Demand charge per quarter, 9s. 9d. for the first 
practice. | 240 sq. ft. or less of floor space, 1s. 1d. for each 
In the discussion, Mr. G. M. Gill regretted that the additional 26-5 ft. sq. ft. or less; and commodity 
report was not, like Mr. W. T. Gardner’s paper (see | charge 2s. per 1,000 cubic feet. There were alternate 
ENGINEERING, September 17, page 352), framed | rates for lighting 3s. 1ld. per cubic foot, and for 
so as to tell the engineer what he wanted to know. | non-lighting 3s. 5d. per cubic foot, without fixed 
There was a strong case for amended specifications, | charges or minimum payment. Prepayment meters 
both as to higher temperature and load tests. The ‘charged 1d. per 20 cubic feet. 
customary tests were not made under load, as they | The discussion marked the great interest taken 
should be, and they should be conducted at the|in the subject, and also the difficulties of under- 
manufacturer’s works, so as to avoid the delay and | standing the intricate tables of the second paper. 
trouble caused when refractories had to be rejected.| Mr. P. Browne, of Brighton, pointed out that 


Mr. Tarratt also criticised the long report of 147 
pages, which the few interested could study else- 
where. Mr. Leather replied that the report was not 
otherwise available. The criticisms appeared to be 
a little unjust, considering that definite advice on 
matters still obscure would be of little value. Load 
tests, according to Mellor and Moore, (at loads of 
50 Ib. and less per square inch) had generally been 
made by the investigators, and the summaries, to 
which Mr. Leather had not sufficient time to refer, 
are of considerable practical interest. 


SERVICE TO THE CONSUMER. 


Two papers on Service to the Consumer were 
discussed together on Wednesday afternoon. The 
first, by Mr. John W. McLusky, described in detail 
how maintenance of appliances was now practised 
in Glasgow by the Gas Department. The area of gas 
supply was divided into the 37 wards and 7 districts 
of the city ; the number of consumers in each ward 
was about 10,000. For each consumer a maintenance 
card was prepared from the valuation roll and meter 
records, stating appliances hired, &c., and these 
cards were divided for reference into four sections. 
One or two qualified maintenance fitters per section 


|Mr. McLusky’s smallest demands were far too 
high for the average consumer in Brighton. Mr. G. 
Evetts criticised some of the tables as inconsistent, 
but was told that he did not understand them. 
Mr. C. Hewitt, of Toronto, remarked that, in Toronto, 
they had supplied gas on the flat rate to 62 per cent. 
of their customers, at a loss, and that figure 
was 72 per cent. in Chicago. He maintained that 
|the two-part scheme proposed was of advantage 
| and suggested that changes be made while charges 
| could be lowered. Mr. Thomas Glover, Lord Mayor 
| of Norwich, also recommended the Halifax system, 
|and mentioned that Toronto sent out much more 
| gas than Norwich, though electricity was cheap in 
Toronto. Mr. Botley likewise advocated the scheme, 
emphasising that all customers should be treated 
alike, and Mr. W. B. McLusky, in replying, said 
that Mr. Hewitt and himself were the only members 
present who spoke from experience. In Halifax 
all had come in who could join, and the individual 
demand for gas had much increased. 





GASIFICATION OF SPECIAL COKES IN STEAM. 


Part II of the Gas Research Fellowship, 1926, 
Report on the Influence of the Ash Constituents 





paid two visits to each consumer perannum, examined | on the Carbonisation and Gasification of Coal, by 
all fittings, and tested and advised on repairs (to be | Dr. C. B. Marson (Gas Research Fellow), and Pro- 
done by the Department as far as their installation | fessor J. W. Cobb, was next considered. The report 
was concerned), gas escapes, and replacement of old- | was introduced by Professor Cobb. Mr. W. J. Smith, 
fashioned appliances, trying to secure orders. | of Bolton, inquired whether serious reactions would 
The fitter’s requisition book for materials was in | not take place between the refractories and the oxidic 
duplicate and was checked by the inspector. Gas | mineral additions to the coal made in these researches 
escapes were notified to the occupier by word and | at the high gasification temperatures, and Dr. R. 
a circular letter, and were followed up by the) Lessing, who was one of the first to point out that 
inspector. Semi-skilled men were detailed in| the mineral constituents of the coal were not merely 
September for radiator watering during the winter | to be regarded as impurities, but that they acted as 





months. Thescheme was generally popularin Glasgow 
and was supported by 90 per cent. of the Corporation 
members, but had met from the outset, and was still 
meeting, organised opposition from the Master 
Plumbers’ Association of Glasgow, as an invasion of 
their territory, although it had brought them many 
orders for fitting up cookers and fires. That 
Association had, however, opposed every gas scheme 
in Glasgow since 1818, and complaints had been 
greatly reduced after the adoption of the scheme. 

In the second paper, Mr. W. B. McLusky, of 
Halifax, commented upon the different views as 
to the equitable distribution of overhead charges, 
with little explanation of the principle. The flat rate, 
he said, was considered fair by those subscribers 
whose gas consumption did not entitle them to dis- 
counts or special rates, and when the flat rate was 
low the need for special rates was not pressing. When 
the gas price was high, consumers would not buy it 


— expressed the hope that the research 
would not be hampered in its initial stages by the 
‘fear of those reactions. The hour being late, Mr. 
Botley, agreeing that engineers would find materials 
to withstand those reactions, adjourned the dis- 
cussion. 

On Thursday morning, Dr. Marson reported that 
they had last year dealt with the influence of ash 
constituents on the carbonisation and quality of 
the coke with special reference to nitrogen and 
sulphur. Mixtures were prepared by grinding coal 
with 5 per cent. and less of such substances 
as silica, alumina, iron oxide, lime, calcium 
carbonate, sodium carbonate, fireclay and coal 
ashitself. The mixtures were carbonised at 800 deg. 
C. in the laboratory, and gasified at 1,000 deg. in a 
stream of nitrogen saturated with steam at a con- 
trolled temperature. The coke, of which 10 grammes 
were used in each experiment, was graded between 
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1 and jin. It was found that coke prepared with 
silica, alumina and fireclay behaved like the pure 
(unprepared) coke; that is to say, the amount of 
steam decomposed into water gas and the percentage 
of CO, in the water gas obtained remained nearly 
unchanged. But ferric oxide gave much more water- 
gas of a lower CO, percentage, the equilibrium ratio 
(CO) (H,O)/(CO,) (H,) remaining constant; soda 
proved still more effective. Thus the steam decom- 
positions with pure coke and coke containing the 
oxides of calcium, iron and sodium (initially or as 
carbonates) were 61, 82, 91, 98 per cent., and the CO, 
percentages in the water gas were 9-2, 5-4, 2-6, 0-4. 
These oxides thus appeared to render the coke 
more reactive, and soda in particular gave a water 
gas containing CO and H, in equal proportions with 
only traces of CO,. In the case of soda, (calculated 
as Na,O) 0-5 per cent. and 5 per cent. decomposed 
79-5 and 98 per cent. of the steam and yielded 7-2 
and 0-4 per cent. of CO,; in the case of iron oxide 
Fe,0;, 1, 2, 3, 4, 5 per cent. decomposed 86, 85, 88, 
91, 91 per cent., respectively, of the steam and gave 
3°7, 3:5, 3-3, 2-7, 2-6 per cent. of CO,.. Mr. W. R. 


low-pressure mains. He proceeded to give a de- 
tailed description of the high-pressure scheme of the 
Grays and Tilbury Gas Company. Prior to 1913, 
that company had a supply area of 32 square miles ; 
130 square miles, with 37 parishes not receiving a 
gas supply, were then added, and in these high-pres- 
sure mains were laid. At Grays, two Imperial steam- 
driven, double-stage Ingersoll-Rand gas compressors 
were installed, each capable of compressing 25,000 
cub. ft. of gas per hour to 100 Ib. per sq. in. The 
6-in. outlet main to the receiver was connected 
to a duplicate set of high-pressure governors ; the 
pressure in the mains varied between 18 lb. and 
35 lb. according to the demand. To ensure a con- 
stant pressure in the receiver, a g-in. pipe had been 
fitted between the receiver and the steam-control 
governors of the compressors. The system had 
|; been put to a severe test during the war, when an 
| anti-aircraft shell had severed a gas main; the 
| compressors maintained the pressure for two hours, 
until they were able to close an emergency valve. 

| The gas main started at 6 in. and was, after 4 miles, 
| reduced to 4 in. and subsequently to2in. Duplicate 





Branson had passed streams of CO, over the cokes at | governors were provided at Stanford-le-Hope, Had- 
850 deg. and examined the issuing gas for CO. Pure leigh, Rayleigh and Billericay to control the low- 
coke, iron oxide, lime and soda coke gave 6-6, 30, | pressure areas through which the new mains passed ; 
46, and 89 per cent. of CO, indicating the same reac- | these governors reduced the pressure in two stages, 
tivity increase by the oxidic addition in atmospheres | first to 2 lb., then to a few inches. The mild steel 


of CO, as in atmospheres of steam. These increased 
activities might be due to changes in the structure of 
the coke or to chemical effects of the added com- 
pounds. The examination of the coke revealed a 
more homogeneous structure and more and smaller 


pores in the iron-oxide coke than in the pure coke, | 


but the soda coke hardly differed from the pure coke, 
and in most cases slight additions of oxides affected 
the coke structure very little, while distinctly 
increasing the reactivity. Mr. Branson further 
impregnated pure coke with soda solution and dried 
and gasified the coke both in steam and in CO,; he 
then observed that the reactivity was not dependent 


a was wrapped, coated and butt-welded with- 
out any socket-pipes ; the joints were protected by 
jute dipped in hot dehydrated tar and pitch. The 
45 miles of mains were tested to 100 lb. singly, in 
sections, and as a whole when laid. Mr. Sumner 
|explained how extensions had been added and 
| branch connections with the low-pressure mains 
made. No main fractures had occurred, although 
in one place the heavy motor traffic had so forced 
up the main, which was laid 2 ft. deep, that it 
hota found within 4 in. of the surface. The house 
governors, of the Donkin or Equitable types, 
| had mercury seals; the governor for 160 cub. ft. 





upon visible structural changes. | per hour required as much as 10 oz. of mercury 

Resuming the discussion, Dr. A. Parker said | Pet seal. The governors were fitted with leather 
that their studies in cronite retorts (see page 392, | Seatings and a vent pipe was carried outside. The 
ante) were in general accord with the conclusions | Mercury seal served as a safety valve for the meter 
just stated. It was largely believed that small | '™ case of the leather seating failing ; the vent pipe 
pores and thin cell walls made a coke more | should be kept clear. Insects building cells for 
reactive; but was that so? Cokes of different | their eggs in the pipes had caused trouble, to prevent 
structures might have the same reactivity. One | which a reducing socket and a zinc plate with small 


great difficulty of these experiments was to obtain | perforations had been inserted in it. The rust and 
samples of the same grade in ash contents. Prepara- dust from the pipes ly ing along the road before being 
tions were now sold by the ounce to make the | /aid had been the chief danger to the governors and 
coke burn better; if one per cent. of soda were | to the development of high pressures in the low- 
needed to effect any improvement, those remedies | Pressure system. Electric bells had hence been 
would be little use. Dr. Marson, at once replying | Placed in the houses of the inspectors ; these, by 


to this point, quoted from Clio’s cookery book | displacement of a mercury thread, gave warning of 
of 1759, where a tablespoon of salt, $ lb. of soda | @ rise of the pressure above 8 in. 

and a pint of water were recommended for sprinkling | _In 1925, they had delivered 93,000,000 cub. ft. 
over 1 cwt. of coal, which would then burn brightly | Of gas in the high-pressure area, nearly three times 








without smoke or soot. Mr. H. D. Madden men- 
tioned that years ago he had found the brackish 
water from a new well good for coke quenching. Mr. 
W. C. Jones (Brierley Hill) said that ammonia liquor 
had accidentally flowed over the coke in his works, 
and instead of having complaints about the wet 
coke he had been asked for more of it. Mr. J. P. 
Leather elicited the reply from Dr. Marson that 
he had no theory of the activation to offer. Mr. 
Rhead obtained a similar reply about the influence 
of these additions on the swelling of particular 
coals at particular temperatures. Mr. Rhead also 
warned the meeting against retort experiments on 
such additions, which might ruin the retorts. Mr. 
Botley joined in this warning, but said that he him- 
self was going to investigate the effect of iron oxide. 
Dr. Marson, in his reply, said that the various 
points raised, the necessary degree of disintegration, 
the quenching effect, and the attack of refractories 
were being investigated. 


DISTRIBUTION OF GAs AT HIGH PRESSURES. 


In introducing this, the last, paper Mr. Arthur 
W. Sumner, of Grays, Essex, said that the gas 
industry was not opposed to the Government elec- 
tricity development scheme, provided the electrical 
industry were not placed in a more advantageous 
position than the gas industry, which was ready 
to carry out a similar scheme, but could, he thought, 
hardly do so on a remunerative basis by means of 


|as much as in 1915, and the extensions had brought 
| the high-pressure supply up to 119,600,000, or 48 per 
cent. of the total gas sales. Gas engines were 
worked from the main 4 miles and 20 miles from the 
works. Gas holders were not used so far, but 
were to be erected to meet the increasing demand. 
Tests at Rayleigh, 18 miles from Grays, had indi- 
| cated a pressure of 19 lb. when the initial pressure 
at Grays was 27 lb.; calorific tests at the same, and 
other, places proved that there was no loss in heat 
units. Complaints had not been frequent; in the 
gas unaccounted for, amounting to 9°74 per cent., 
the high and low-pressure systems could not be 
|separated. Without high-pressure distribution many 
| of their customers could not be served at all. 

| An animated discussion followed. Mr. Sumner 
| had referred to the tendency of people to move from 
| the towns into the country as visitors and residents 
in villages where a gas supply had not previously 
| been required. Mr. W. Hole, of Torquay, said the 
| paper opened up the subjects of general policy and of 
detail. If the gas industry waited until the new 
electric cables had absorbed old and new customers, 
gas would have a hard fight. As regards butt- 
welded and socket joints, he had himself taken 
samples when high-pressure mains were being laid 
down, and had them tested. The tensile strengths 
observed in the strip from the main, in the butt- 
welded joint, socket joint and socket weld, viz., 
24-1, 20-37, 24-48, 8-7 tons per square inch, had 














been so surprising that he had further tests made 
independently, with practically the same results. 
It was also striking that the calorific value of gas 
should not be affected by compression to 200 lbs. 
and expansion. Mr. F. H. Robinson, of Harrogate, 
said that he had just completed one high-pressure 
scheme for distribution to 15 miles, and had another 
for 16 miles on hand, but he was erecting gas holders 
at 4 and 9 miles; there was a drop of 5 B.Th.U. 
per cub. ft. in the first 5 miles. Mr. B. R. Parkinson 
said that he had been connected with the Stanford- 
le-Hope district years ago and had had a scheme for 
compressed gas, compression to 10 Ib. being effected 
by rotary compressors, and above that by piston 
compressors; but he would not now go beyond 
2 miles with high-pressure. In butt-welding all 
depended upon the skill of the welder; if one 
could not rely on that, other welds were preferable. 
Mr. G. M. Gill said that in America cast-iron 
pipes, with ordinary socket joints, were used 
for pressures of 10 and even 25 lb., and he had 
seen joints of cement combined with lead for 50-Ib. 
pressures; he had himself found rubber joints 
satisfactory after twenty years of use, especially 
for high pressures. Mr. H. D. Madden was able to 
say the same of his high-pressure steel pipes after 
15 years. Mr. W. J. Smith, of Bolton, favoured lead- 
wool joints, which, Mr. J. Taylor, of Weston-super- 
Mare, stated, would stand 65 lb. pressure with air, 
but would blow at 50 1b. with gas. Mr. Botley, con- 
cluding the discussion, considered the loss of calorific 
value by compression and re-expansion as negligible. 
He did not regard pressures of 5 lb., of which Mr. 
W. Bennett, of Mossley, had spoken, as high, and 
he would use lead wool for the highest gas pressures 
mentioned. Mr. Sumner, in his reply, remarked that 
there was no object in sleeve joints, which only added 
to the weight, if butt-welding, with which he had no 
trouble, were possible. They used no gas filters, and 
the dust trouble only became noticeable when pres- 
sure fluctuations carried the dust forward. The high 
pressure did not affect the leather of the meters, 
and their mains were sufficiently winding in their 
course to obviate expansion troubles. 

The papers on the agenda having been disposed 
of, Mr. Botley announced that Mr. John Wilkinson, 
of Nottingham, had been elected president for next 
year. Thanking the members for the honour con- 
ferred upon him, Mr. Wilkinson stated that Notting- 
ham would have liked to have had the next annual 
meeting in that city, and an invitation had been 
sent; but he agreed that London was the most 
suitable place for the meeting, where they would 
therefore assemble next year. Mr. Wilkinson then 
presented Mr. Botley with the presidential certifi- 
cate, in accordance with the custom of the Institu- 
tion. Votes of thanks brought the meeting to a 
close. 

Before ending our report we should correct a 
small slip which appeared on page 392 last week. 
In the discussion on the paper on the Influence of 
Size of Coal on Carbonization we should have said 
that Dr. Weyman used smaller charges of 2 or 
3lb., not by 2 or 3 lb. 





Om Propuction In THE Unirep SrarTes.—In a 
report recently issued, Mr. H. H. Hill, chief petro- 
leum engineer of the United States Bureau of Mines, 
writes that artificial methods for the recovery of oil, 
involving the use of compressed air or gas, water flood- 
ing, or some other process yet to be discovered, will in 
all probability have an important bearing on the future 
production of crude oil and motor fuel. Opinions differ 
as to the percentage of oil left in the sand after extrac- 
tion by the present methods of flowing and pumping, 
but it has often been estimated that from 60 per cent. 
to 80 per cent. of the total amount of oil, originally 
contained in the sand, remains behind. The production 
of oil in the United States, to date, has reached the total 
of 8,000 million barrels. The quantity of oil remaining 
in the sands would therefore lie somewhere between 
12,000 and 32,000 million barrels. The recovery of at 
least a portion of this oil is probably the most important 
problem confronting the oil industry at the present time. 
The introduction of the compressed air process has 
proved successful in certain areas, notably at Bartles- 
ville and Nowata in the State of Oklahoma. Water 
flooding, as a means of recovering additional quantities 
of oil from the sand, has been successfully employed 
for several years past in the Bradford fields of Pennsyl- 
vania. Since the number of oil-producing wells in the 
United States is in the neighbourhood of 300,000, it 
may be realised that an appreciable increase in the 
production of each well would add very materially to 
the oil output of the country. 
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THE HETCH-HETCHY WATER SUPPLY 
OF THE CITY OF SAN FRANCISCO. 


(Continued from page 285.) 


Tue water discharged from the Mountain Division 
tunnel of the Hetch-Hetchy project, is impounded 
in the Priest regulating reservoir. From this 
reservoir the flow is admitted under control to a 
second, but relatively short, length of tunnel, which 
ends in a large surge shaft. Penstocks lead direct 
from this to the Moccasin Power House, the first 
of the large permanent generating plants of the 
combined water supply and power scheme to be 
completed and brought into use. 

The Priest regulating reservoir suffices to hold 
two days’ supply of water for the power-house, 
and constitutes actually the power-house forebay. 
It is formed by an earth-fill dam with concrete 
core wall, thrown across Rattlesnake Creek, the 
crest level being at El. 2,245. The Mountain Divi- 
sion Tunnel mouth is at El. 2,170, so that normally 
it is submerged. A plan of the dam site is given 
in Fig. 88, which also shows the inlet from the 
Mountain Division Tunnel, but not the outlet by 
way of the Moccasin Power Tunnel. It does show, 
however, the alignment of an auxiliary outlet 
tunnel through the rock to by-pass water down the 
Creek, and, also on the east side, the location of a 
spillway. 

The dam is 1,166 ft. long, and 147-5 ft. high. 
It contains some 717,283 cub. yards of earth and 
rock fill, deposited by both mechanical and hydraulic 
means. The core wall, which is carried down 15 ft. 
below normal rock surface contains 17,043 cub. 
yards of concrete. A section at the point of 
maximum height and width is given in Fig. 89. 
From this, it will be seen that two rock fills were 
arranged some distance apart with the core wall 
between them. The down-stream toe, was com- 
posed of material excavated from the tunnel 
aqueduct above the reservoir, placed in position 
as it was brought from the tunnel. The earth 
fill completing the section was deposited by 
two methods. The down-stream portion was 
deposited by dumping dry material excavated from 
borrow pits by a steam shovel. This material was 
well wetted, a small hydraulic monitor being used 
to wash down, towards the core wall, the finer 
material of the up-stream surface layer of the dump, 
as the work proceeded. In this way, fine material 
was collected close to the core wall, but the main 
part of this down-stream side remained porous. 
On the up-stream side, other measures were adopted. 
The bank here consists of a rock-fill toe, a part 
containing rock and coarse material, and a large 
section, extending from the inner toe of the rock- 
fill to the core wall and up to the crest, of well- 
compacted fine material. Hydraulic methods were 
adopted for this, the material being delivered 
through a 14-in. stave pipe with 12-in. branches, 
the latter set to a grade of 5 per cent. 

The up-stream face of the dam is on a slope of 
23:1. This is covered throughout with rip-rap 
to a depth of from 5 to 2 ft. On the down-stream 
side the lower part consisting of the rock fill-tie, 
is finished to a slope of 1}:1. Above this, the 
face is sloped to 2:1, a berm 15 ft. wide, running 
across the dam at El. 2,200, i.e. 30 ft. below crest 
level. The whole of the 2: 1 slope on the down- 
stream side is finished with rip-rap placed to a depth 
of 2ft. The crest, which is 5 ft. above normal high- 
water level, has a level width of 20 ft., the core wall 
being on the up-stream side. 

The concrete core wall stands on a base 6 ft. 1 in. 
thick let a minimum of 3 ft. 6 in. into the solid 
rock, At the maximum section (Fig. 89) the wall 
above this base is 5 ft. 1 in. thick, tapering to 2 ft. 
thick at the top. The batter is equivalent to 1 in. 
in 7 ft. The wall is provided with both vertical and 
horizontal contraction joints, being built up of sec- 
tions 50 ft. long by 16 ft. high. Various details of 
the wall are shown in Figs. 91 to 99. Figs. 91 and 
93 show the wall in elevation and plan, Fig. 92 
showing the base carried into bedrock. Fig. 94 shows 
the section and type of jointing for the upper central 
portion of the wall. These joints are designed to 
take care of both contraction and deflection due to 
settlement of the fill. Figs. 95 and 96 show the 


arrangements in the upper and lower portions. 


PRIEST REGULATING RESERVOIR: CALIFORNIA. 
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enlarged at one end and finished with a vertical 
groove. For most of the height these grooves are 
rounded, but for the lowest portion of the wall 
they are flat walled as in Fig. 96. The neighbouring 
panels fit into these grooves, and a vertical crimped 
| copper sheet water cut-off, y,-in. thick, is embedded 
|in both parts across the joint. Horizontally the 
| panels are also finished with key joints as shown 
|in Fig. 97. These are 6 in. deep and of a width 
equal to half the thickness of the wall at each 
| joint. 
| two parts, are further -in. copper sheet water 
| cut-offs as shown in Fig. 97. All cut-offs of this 
| type are continuous from end to end of the joints 
they close. At each end, in the higher ground, the 
core wall is constructed with plain contraction 
joints, without the enlarged ends to the sections, 
as will be seen to the right and left of Fig. 93. 
One of these joints is illustrated in Fig. 98, the 
contraction joint being a skew face, finished again 
with crimped copper sheet. All faces at panel 
contraction joints were painted with asphalte paint. 
A porous concrete drain was laid at the foot of the 
core wall on the down-stream side, as in Fig. 99. 








The mix used for the core wall was 1:2:4. The 
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It will be noticed that each section or panel is | 


Across these joints, and embedded in the | 


Fig.90. SECTION THROUGH C.L.OF TUNNEL 
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concrete was poured continuously for each 16 ft. 
lift. Before the foundation trench was filled, the 
rock was grouted under pressure. Work on the 
wall was kept just ahead of the fill. Forms were 
used which combined staging with shuttering, and 
concrete was brought in cars along a track running 
above the wall, on the top of the staging thus 
provided. To steady the sections in position as 
the fill proceeded, they were fastened to deadmen 
by means of cables, on both up and down stream 
sides. 

Fig. 90 is a section through the auxiliary tunnel 
| cut in solid rock under the dam on the east side. 
|The alignment of this tunnel is shown in Fig. 88. 
It was used to by-pass the stream during the 
construction of the dam, and can be used for 
emptying the reservoir. This tunnel is set on a 
grade of 2-22 per cent. It is 6 ft. in internal 
diameter, and is lined with a minimum thickness of 
1 ft. of concrete. Itis finished at both ends by open 
cuts; the sides and bottoms of these are concrete 
lined to a thickness of 6 in. The length of the 
tunnel is 900 ft. At the point shown in Figs. 88 
and 90 is a control tower, to make possible the 
operation of two 30-in. valves placed in the tunnel. 
This tower consists of a concrete shaft 9 ft. 6 in. 
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in external diameter carried up through the rock 
and dam, and extended to the same elevation 
as the crest of the dam. The base of the shaft is 
enlarged to form a circular chamber 10 ft. 6 in. 
in diameter, below which the two valves are set 
in concrete. Above this chamber is a taper section 
of a height of 8 ft. 6 in., above which again the shaft 
continues with an internal diameter of 6 ft. as stated. 
At higher levels, however, this opens out again in 
three stages, so that at the top platform the 
internal diameter is 7 ft. 6 in. and the wall thickness 
12 in. The upper part of the tower is reinforced, 
the steelwork extending into the part of the shaft 
in the solid rock. The top platform is 13 ft. 6 in. 
in diameter, formed mainly by a wide reinforced 
concrete cornice running round the shaft. The 
platform is finished with railings, and steel ladders 
extend in stages, both up the outside, and from the 
top to the valve chamber, inside. Outside there 
are three ladders connecting small landings 20 ft. 
apart. Inside the landings are 18 ft. apart and 
seven flights are necessary. 

Beyond the dam on the east side a spillway 
of 1,000 cusecs capacity has been cut with lip 
elevation at ++ 2,240. This is 5 ft. below the dam 
crest level, the spillway having ample capacity to 
prevent all risk of overtopping. The alignment is 
shown in Fig. 88, from which it will be seen that 
commencing with a width of 40 ft. and slope of 5 
per cent., the channel rapidly narrows to 20 ft., by 
means of a slope which is at first 13 per cent., but 
which then flattens out to 1-1 per cent. The 
spillway channel is lined with concrete 4 in. thick 
for most of the bottom and sides, and is finished at 
the upstream end with a low wing wall of mass 
concrete on the deepwater side. 

Water leaves the Priest regulating reservoir by 
means of a tunnel with invert at El. 2,145. To this 
we shall refer again shortly, but will first deal with 
the outlet works at the reservoir, controlling the 
flow passing into the tunnel and hence to the | 
power house. The tunnel intake consists of a rein- | 
forced concrete gate tower, oval in plan and measur- | 
ing 65 ft. by 36 ft., inclusive of semi-circular pre- | 
cast trash screens, carried on horizontal arch beams | 
designed on lines identical with the towers described | 
in connection with the O’Shaughnessy dam (see | 
Plate XJ, ante). The tower contains some 2,765 cub. | 


yards of 1:2:4 concrete, and is heavily reinforced. | 
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It accommodates six sluice gates, each 6 ft. by 8 ft. 
These are arranged in two tiers and vertical pairs, 
the interior of the tower being partitioned into three 
by two strong division walls. Shutters can be 
placed in slides in front of and behind the gates so that 
access can be had to them for repairs, &c. The 
sluice gates are electrically operated, but are also 
arranged to be worked by a gas engine auxiliary 
in case of emergency, or by hand. They are all 
worked off a single countershaft, by means of jaw 
clutches. On the inside of the concrete trash racks 
are iron racks of 3} in. by 3 in. bars with 1-in. 
spaces. These are provided with link chain clean- 
ing gear worked by hand. 

The tunnel, which extends from this tower to the 
surge shaft is cut through a mountain spur, and is 
5,393 ft. long. It has a net cross section of 
141-47 sq. ft., and a capacity of 1,240 cusecs. 
This is twice the capacity of the Mountain Division 
Tunnel, and allows for the ultimate development of 
the Moccasin power plant to a peak load capacity of 
105,000 kw. compared with its present capacity of 
60,000 kw. The fall in the distance of 5,395 ft. is 
33 ft. The tunnel is of horseshoe shape, with a 
height and maximum width of 13 ft. The upper 
part is a semi-circular arch struck to a radius of 
6 ft. 6 in., the lower part of the sides being struck 
to a radius of 13 ft. and the invert to 19 ft. 5 in. 
radius. The thickness of the concrete lining is a 
minimum of 9 in. Outside this, where the rock 
required it, is timbering. As stated, the net section 
is 141-47 sq. ft. The excavated area for the un- 
timbered parts was 175-98 sq.ft. The actual average 
amount of concrete used was 3-80 cub. yards per 
lineal ft. The tunnel begins as an oblique cone, 
having a width of 19 ft. and height of 13 ft., tapering 
to 13 ft. by 13 ft. in a distance of 30 ft. The grade 
is 6 ft. per 1,000. 

aa be continued. # 


Export OF RAILS FROM FRANCE.-—A recent issue of The 
| Tron Age contains the statement that, during the first five 
| months of 1926, France exported 115,048 metric tons of 
steel rails. This figure represents an average monthly 
|shipment of 23,010 tons; the corresponding figure for 
the twelve months of 1925 was 20,067 tons. During the 
present year the principal buyers have been: Italy 
(15,500 tons), Germany (12,972 tons), Switzerland 
(11,152 tons), Belgium (9,946 tons), Great Britain 
| (8,968 tons), Japan (6,888 tons), Brazil (6,686 tons), 
Morocco (5,929 tons), and the United States (2,375 tons). 
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IN TERNATIONAL ROADS CONGRESS. 


(Concluded from page 374.) 


OnE of the more important questions which came 
before the recent International Roads Congress 
held at Milan was that dealing with the standard- 
isation of materials used in roads construction and 
repair, concerning which reports were presented 
from the United States, France, Great Britain, 
Denmark, Italy, Switzerland, and Czecho-Slovakia. 


STANDARDISATION OF MATERIALS. 


Dr. P. E. Spielmann, in a report on the position, 
pointed out that the need for standardisation of 
tests of road materials was generally recognised. 
With regard to coal tar, he showed that attention 
had been paid to this material by the British Engi- 
neering Standards Association, and that the subject 
had also received the consideration of the Road 
Board. A point had now been reached when it was 
urgently necessary that general directions for tests 
should be converted into strict official requirements, 
and should include, the various spraying mixtures 
and emulsions that were finding favour, as well as 
standard tests of pitches, heavy oils and their 
mixtures, which were sometimes preferable in road 
work to the more orthodox and _ better-known 
qualities of tar. 

With regard to bitumens and asphalts, there is a 
state of considerable confusion in nomenclature. 
In America and Germany the word “ bitumen ” has 
been made to include so wide a range of substances 
that it has lost much of its significance. In Great 
Britain and France, on the other hand, the word 
has been employed with a very much more restricted 
and definite meaning. The definitions given in the 
publications of the British Engineering Standards 
Association describe bitumen as the natural material 
substantially free from mineral matter, and asphalt 
as the same material mixed with an appreciable 
percentage of mineral constituents. The testing of 
bitumen in Great Britain, together with crude 
mineral oil and its other products, has been regu- 
lated by the Institution of Petroleum Technologists, 
and the Standardisation Committee of that Institu- 
tion has kept constantly in view the ideal of inter- 
national standardisation. The tests employed 
include specific gravity, sulphur, flash points, 
viscosity, carbon residue, ash, water, loss on heating, 





412 


ENGINEERING. 





[Ocr. 1, 1926. 








penetration, ductility, softening points, and wax 
contents. To these, sclubility tests will be added. 
The ductility test is a valuable safeguard to the 
user, 

In the report for the United States reference was 
made to the work which has been done by the 
Bureau of Public Roads, the American Society of 
Testing Materials, the American Society of State 
Highway Officials, and the American Society of 
Municipal Improvements. The report included an 
account of the tests representing the best American 
practice in the selection of tars, bitumens, and 
asphalts for street and road work. 

In a summary of the whole subject presented by 
the general reporter, Mr. Michelangelo Bohm, it was 
stated that in France, methods for testing pitch and 
tar are in current use, but that no fests are carried 
out before bituminous products are taken over, 
and that in their stipulations administrative bodies 
specify merely a guarantee of maintenance for a 
definite period. In Italy no official tests are in 
force, but, ia contracts for supply, reference is made 
to the standards of the Bureau of Public Roads, 
Washington. Nor are any special methods in use 
in Switzerland, the report from that country indi- 
cating that nothing is done beyond specifying the 
characteristic properties of crude and distilled tar 
coming from gasworks or coke furnaces. The test 
methods adopted by other countries are mainly 
based on those used in the United States. In his 
summary the general reporter indicated that it 
ought to be possible to reach a common under- 
standing on the subject. With this object he put 
forward a proposal that a committee, to which one 
member would be appointed from each nation 
interested in the question, be charged with the 
duty of submitting to the Congress a report on the 
following points: (1) an exclusive nomenclature 
for the main products included under the several 
varieties of tars, bitumens, and asphalt; (2) the 
rules to be followed in the samplings of these 
products; and (3) standardised forms for the 
principal test methods to be adopted. 

A discussion on the whole question took place 
before the first section of the congress. In the 
course of this, Dr. Spielmann said that the subject 
was now receiving critical attention in Great Britain, 
and Signor Luigi Torre pointed out that the Special 
Commission appointed by the Italian Association 
had taken up the question of nomenclature as well 
as testing. 

It was finally decided that the proposed Inter- 
national Commission should be appointed. 


Roaps For Moror TrarFric. 


The construction of special roads for motor traffic 
only, which was dealt with in a considerable number 
of reports, was a new subject at the International 
Road Congress, and was included in the agenda 
at the request of Italy, where the construction of 
the special motor road has reached a more advanced 
stage than in other countries. 

The Italian report, which was contributed by 
Advocate Francesco La Farina and Advocate 
Alberto Depetrini, of the Italian Ministry of Public 
Works, showed that in consequence of the condition 
of the ordinary roads, it had become necessary to 
construct special toll roads for motor traffic. The 
first of these highways to be constructed is the Milan- 
Laghi road about 36 kilometres in length, which 
connects Milan with Como, Varese and Sesto 
Calende. The width is 12 metres on the main 
section from Milan to the point where the road 
forks to Como and 10 metres on the other sections. 
The gradients have been limited to 3 per cent., 
and curves to a radius of 300 metres. Level cross- 
ings have been abolished. In addition to the 
ordinary road construction, it has been necessary 


to construct a large skew arch bridge over the | 


Olona of 48 metres span, to build nine bridges 
across double railway tracks, fifty bridges over 
canals, to bridge the Villoresi Canal, to construct 
a viaduct over the railway station at Musocco 
150 metres long, and a tunnel 70 metres long. The 
zone crossed is covered by a very thick network 
of roadway, railway, and waterway communica- 
tion, but in spite of this, the road has been laid 
out in a straight line. The scheme has involved 
the removal of 2,000,000 cubic metres of earth. 





| 
| 





The total surface of the road, which has been con- 
structed in cement concrete comprises an area of 
750,000 square metres. The road cost about 
1,000,000 lire per kilometre. 

New motor road projects include the Milan- 
Bergamo road, 48} kilometres in length, which will 
be connected with the existing road to Musocco, 
the cost of which is estimated at 54,000,000 lire ; 
the Naples-Salerno road, 50 kilometres long, at an 
estimated cost of 75,000,000 lire ; the Rome-Laziali 
road, which will constitute the first section of the 
Rome-Naples road ; the Turin-Milan road, 118 kilo- 
metres long; the Genoa-Vintimiglia road and the 
Rome-Ostia road. This programme is_ being 
developed in Italy with the ultimate intention of 
forming a network of highways, which it is hoped 
will absorb the greater part of the motor traffic, 
which is at present using the ordinary roads for 
commercial and pleasure requirements. 

Sir Lynden Macassey, who reported for Great 
Britain, pointed out that there was no unanimity 
among traffic interests on the subject. He reminded 
the Congress that a fundamental principle which 
applied to roads and the traffic on roads in Great 
Britain was that all roads should be open for traffic 
of all kinds without restriction. The conception 
of a road reserved for a particular class of traffic 
was repugnant to the English idea of common law. 
There was also, he said, strong prejudice against 
the creation of toll roads, the tendency being rather 
to reduce the number of such roads whenever oppor- 
tunity served. It was true that from time to time 
since the war, proposals had been made for the 
construction of special motor roads, but in no case 
had the scheme successfully reached the stage of 
obtaining the necessary Act of Parliament, author- 
ising construction. Railway companies were op- 
posed to roads of this character, and road transport 
interests could not be said to be supporters of such 
projects for the reason that they would strongly 
object to the payment of tolls upon commercial 
motor traffic. If such roads were built at all in 
Great Britain, it was improbable that they would be 
constructed either by the Government or by road 
authorities, but would be provided by private 
companies. 

In the report from the United States, of which 
the authors were Mr. Thomas H. Macdonald, 
Mr. John A. Macdonald, and Mr. William G. Sloan, 
it was shown that motor traffic in the United States 
had reached a point when horse-drawn traffic was 
only a negligible percentage of the whole, and that 
there was now no real demand for the construction 
of special roads for motor vehicles. All roads were 
tending to become motor roads. 

Signor Michele Carlo Isaaco, the general reporter 
on the subject, claimed that there was need for the 
constructon of special motor roads in many coun- 
tries, and that such roads should be constructed 
under a concession conferred by a public authority. 
It would be necessary, he thought, that rights 
should be reserved for such roads to be taken over 
ultimately by the State, and that the tariffs should 
be approved by public authorities to guarantee 
equality of treatment to all users. When the reports 
came before the Congress for discussion, somewhat 
conflicting opinions were revealed. 

Mr. W. Rees Jeffreys, representing the Royal 
Automobile Club and the Roads Improvement 
Association, said that the delegates of Great Britain 
and the United States could not accept the proposal 
that such roads were desirable, and had decided to 
abstain from voting on the question. They were 
much interested in the proposals which had been 
put forward but regarded it as too early to draw 
any useful conclusion with regard to the economic 
effect of motor roads on the roads problem. Condi- 
tions were very different in the various countries 
represented at the congress. In Great Britain, 
Parliament had refused to sanction such roads, and 
local authorities were hostile to the conception of 
toll roads in private hands. The recommendation 


that such roads should be fenced off throughout 
their entire Jength was opposed to British ideas. 
Roads should unite and not divide, and in Great 
Britain the usual desire was to develop the lands 
on both sides of a highway for industrial and resi- 
dential purposes which was very necessary in a 
small industrial country. 





Mr. E. S. Shrapnell-Smith (Commercial Motor 
Users’ Association) said he had driven over the 
Milan motor road, and complimented Italian 
engineers on that fine piece of work. It was quite 
true that in the United States a special road for 
motor traffic had been built as long since as the 
year 1904, but that method of handling the traffic 
problem had not been persevered with and was 
clearly not regarded as necessary in America. In 
Great Britain where there were two linear miles of 
good metal roads for each square mile of area, no 
case for a special motor road could be sustained, 
but in Italy perhaps a good case could be made 
out for the construction of special highways. 

With the abstention from voting of the delegates 
of the United States and Great Britain, the con- 
clusions in favour of the construction of motor roads 
were adopted by the Congress. 


TRAFFIC AND TOWN PLANNING 


Two other subjects were brought before the 
Congress for consideration, one dealing with the 
search for uniform international bases for a traffic 
census and the other with the connection between 
road works and town planning. 

Colonel C. Herbert Bressey (Ministry of Trans- 
port), in a report on the census of traffic, said 
that the large expenditure devoted to the con- 
struction and maintenance of highways in Great 
Britain and other highly developed countries, and 
the large capital embarked in the motor industry, 
rendered it necessary that scientific data should be 
available for the guidance of those responsible for 
the administration of public funds. In Great 
Britain the cost of the upkeep and improvement 
of highways and the cost of new roads and bridges 
was in the financial year 1922-23 11. 1s. 3d. per head 
of population, a figure sufficiently startling to warn 
British road engineers of the demands upon the 
road system of the country. Economic issues of 
the highest moment were, he said, being raised by 
the rapid transference, to the roads, of traffic 
which for 70 years past has been assumed to fall 
within the sphere of influence of railways. The 
time might come when the State would be called 
upon to review in the light of traffic statistics the 
struggle between road and railway interests, with a 
view to defining their respective functions in the 
widest interests of the community. From another 
standpoint, the importance of information regarding 
the range of travel could not be overrated. The 
controversy between State and local administration 
concerning the allocation of highway expenditure 
hinged mainly on the proportion borne by local 
traffic to through traffic, a subject upon which 
precise data had hitherto been lacking. There was 
also need of international uniformity in compiling 
a census of traffic. Fortunately the horse-power 
and the ton were so widely accepted as international 
units that comparisons under these two heads lay 
ready to hand, and road engineers from different 
countries, when exchanging their experiences, 
could embody their results in terms which would 
be readily understood. 

The general report showed that notwithstanding 
the need of uniformity it was not possible at present, 
owing to the variety of form and volume of traffic 
in various countries, to standardise the methods and 
systems to be adopted for the census. 

The relationship of town planning to traffic was 
the subject of reports from the United States, 
Belgium, Great Britain, France, Italy, Sweden, 
Switzerland, Holland and other countries. It was 
shown that an exact and co-related study of town 
planning and road works waz necessary if the best 
results were to be obtained. Mr. G. L. Pepler, 
Chief Town Planning Inspector, Ministry of Health, 
said that too much emphasis had been placed on 
traffic roads rather than town planning. It should 
not be overlooked that the need for transport arose 
from the requirements of the population, and that 
no solution of the traffic problem was to be found 
apart from a general and comprehensive plan of 
development. The preliminary study should, he 
insisted, cover a sufficiently wide area to include 
adequate inter-communication within a whole 
region, and to discover the source and destination 
of the principal streams of traffic. The plans should 
control the use of land, the height and density of 
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Fie. 44. Front View or CYLINDERS MOUNTED ON BoGik, 








Fig. 45. 


buildings and building lines, so that the form of street 
and its capacity could be designed to accommodate 
the kind and volume of traffic which would be 
required. The original plan should not be too 
detailed, but should represent a framework to be 
filled in and modified to meet developments and 














Rear View or CyLINDERS AND BoaIE. 


changes in industry and in the habits and 
occupations of the population. 
Roap EXHIBITION. 


Running concurrently with the Congress, an 
exhibition had been arranged of road construction 


plant and equipment. Important groups of exhibits 
were contributed by France, and Italy, but the 
English exhibits were practically confined to those 
of the Ministry of Transport. This exhibit which 
was housed in the permanent exhibition pavilion, 
erected for participation in the Italian Industries 
Fair by the Department of Overseas Trade, included 
a fine collection of models and material illustrating 
the principal roadworks which are being carried out 
under the auspices of the Ministry of Transport. 
One large model was of the scheme which has been 
proposed by the Ministry for improving the road 
communication in London with the Victoria Dock 
district, including the large viaduct completely 
spanning the River Lea, the London and North 
Eastern Railway at Canning Town and the Victoria 
Dock Road. Another model represented a section 
of the North circular road across the Lea Valley. 
The model showed the crossing of the Lea Navigation 
by a bridge and viaduct. Other road works, sections 
of which were shown in model form, or by plans, were 
East Ham and Barking By-pass, the diversion of the 
| Chester to Holyhead road at Penyclip, the Mersey 
Tunnel works, the new Menai Bridge, the new high 
level Newcastle-Gateshead bridge now under con- 
struction, the Glamorganshire Inter-valley roads 
scheme, and the reconstructed Piccadilly Circus 
Underground railway station in London, of which an 
interesting model was lent by the London Electric 
Railway Company. 








4-12-2 TYPE THREE-CYLINDER LOCO- 
MOTIVE FOR THE UNION PACIFIC 


RAILROAD. 

(Continued from page 292.) 

IN our issue of September 3 we commenced a descrip- 
tion of a 4-12-2 type three-cylinder locomotive con- 
structed recently for the Union Pacific Railroad by the 
American Locomotive Company. On our two-page 
engraving, Plate XXII, which accompanies this issue, 
and in Figs. 44 and 45, annexed, we give further details 
|of this engine, dealing now in particular with the 
cylinders and valve gear ; later we propose to illustrate 
other features of the design. 

Figs. 15 to 29, Plate XXII, illustrate the cylinder 
castings. The general arrangement of the three 
cylinders is best seen in Figs. 20, 21 and 22, giving 
respectively plan, elevation and inverted plan of the 
complete cylinders and saddle. . Cast steel has, we 
understand, been used in this instance for the first time 
for three cylinders. The three are embodied in castings 
of unequal size, one comprising only one outside 
cylinder and steam chest, while the other comprises 
one outside and one inside cylinder, with the two 
accompanying steam chests. The larger casting is 
illustrated in Figs. 15 to 19 and Figs. 23 to 29. This 
casting, as will be seen, is of considerable complication. 
Figs. 16, 17 and 25 refer to the outside cylinder of the 
large casting. A single 8}4-in. outside steam pipe 
supplies both the outside cylinder and the centre one. 
The arrangement adopted is shown in Figs. 16 and 18. 
Outside exhaust is adopted, the exhaust passages from 
the outside cylinder steam chest combining as shown 
in Fig. 17, while the bastard section, Fig. 15, shows the 
arrangement of the passages for the inside cylinder. 
Figs, 23, 24 and 26 to 28 also refer particularly to the 
arrangement of the inside cylinder. In this case the 
cylinder is set at an angle of 94 deg. to the horizontal 
for the connecting rod, which is 9 ft. 5 in. long, to work 
on to the second driving axle, but the steam chest is 
Phorizontal. The smaller single-cylinder casting follows 
to all intents and purposes normal lines of design so far 
as is possible. The cylinders are all of the same 
diameter, as stated in our previous article, viz., 27 in. ; 
the stroke of the inside cylinder is, however, 31 in., 
while that of the two outside is 32 in. The ruling 
thickness of the castings is 1 in. The cylinders are 
bored out to take bushings % in. thick, the steam chests 
being dealt with in the same way. The valve bushings 
are bored to 14 in. diam. The cylinder bushings are 
pressed up against shoulders in the castings at both 
the front and back ends, and are further held by the 
cylinder covers, the joint with which is made by the 
bushing face. A point worthy of notice is the arrange- 
ment of the double steam passage shown in Fig. 16 
This passage is off-set to the front end and divided by 
@ partition in line with one side of the steam pipe 
connection. The object of this arrangement is to 
carry any moisture entrained in the steam, straight on 
through the direct branch to the outside cylinder, 
where it can be dealt with, and to eliminate it from 
the supply to the centre cylinder. 

The two-cylinder castings are bolted together down 





the front and back flanges, by 26 1}in. bolts, and the 
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combined cylinder casting is fastened to the frames 
by 15 1}-in. bolts on each side. The saddle face is 
not finished to the usual circular face, but is flattened 
over a considerable width, the smoke box bottom 
also being flat to suit. The exhaust passages are kept 
independent, as will be clear from Figs. 18, 20, 21 and 
29. The cylinder castings are well shown in Figs. 44 
and 45, page 413. The former illustrates the front end, 
the latter being a view of the back. 

The piston valves are similar for all three cylinders 
and are illustrated in Figs. 30 to 37. The design 
embraces a body with bull-ring and spider at each end, 
each end being provided with four rings spaced } in. 
apart. The bull-ring is well shown in Figs. 30 to 35. 
It accommodates two rings in grooves, while two others 
lie in grooves formed outside it by the body and spider 
respectively. Dowel pins are inserted in the body as 
shown in Figs. 33 and 35, to ensure the three parts of 
the body, ring and spider, being correctly placed with 
regard to each other, and dowels also pass through the 
bull-rings to prevent the valve rings working round. 
The valve rings are of gunmetal. 

The valves for the two outside cylinders are worked 
by Walschaert gear, that for the inside cylinder being 
operated by Gresley gear. The latter is illustrated in 
Figs. 38 to 40. We have frequently described this 
gear in our columns so that its features, the essentials 
of which are clearly shown in our drawings, are familiar 
to our readers. Figs. 41 to 43 illustrate the steel yoke 
casting, which stretches across the frames at the back 
end of the slide bars and carries, on the outside of the 
frames, castings providing the two yoke jaws for the 
bars, and between the frames a boiler barrel plate stay. 
It also accommodates the trunnion bearings of the valve 
gear radius link, these being most clearly shown in 
Figs. 42. It may be mentioned that this is the first 
instance in which the radius link bearings have been 
combined in one casting with the frame stay yoke 
casting. Brackets are also bolted to this casting to 
take the reversing shaft. The arrangement of the yoke, 
&c., is well shown in Fig. 12, page 298 ante. 


(Zo be continued.) 


ALKALI WORKS IN 1925. 


THE annual reports, presented under the Alkali Act 
of 1906 to the Ministry of Health and to the Scottish 
Board of Health, continue to shrink in volume, or 
certainly do not, at any rate, expand as chemists 
might wish. Restricted probably by economical 
considerations, the reports might convey more use- 
ful information without unduly departing from official 
neutrality and discretion. 
registered in 1925,* 1,177, entailed the inspection 
of 1,928 separate processes. Both these figures, 
smaller by 33 and by 62, than those of 1924, are given 
by Dr. T. Lewis Bailey, and refer only to England ; 
the number of works and scheduled processes in Scot- 
land, on which Mr. J. W. Young reports separately, 
are 150 and 288. 

Gratifying foresight was displayed throughout the 
chemical industry in view of future developments, in 
spite of the trade depression. Although the general 
complaints brought before the inspectors as to the 
escape of noxious gases were slightly more numerous 
than during previous years, one-third of these com- 
plaints again related to processes which are not 
registered under the Alkali Act. To the public it 
matters little, however, whether the competent 
authority is the factory inspector or the alkali 
inspector, and serious cases of nuisance and accident 
are recorded, though legal proceedings were not 
taken. Severe warnings were considered sufficient, 
as they have been for a long series of years, because 
the desire of the works managers to ameliorate 
conditions was mostly evident. In the smelting of 
arsenical sulphide ore there is unfortunately no par- 
ticular incentive to stop fumes of arsenious oxide, as 
there is little possibility of the economical recovery 
of the low-price by-product. The loss of one life, 
reported from a sulphuric acid works in Scotland, 
seems to have been due to negligence of the victim. 
Contrary to orders, a plumber entered an idle Gay- 
Lussac tower without wearing a respirator, which is 
inconvenient ; he finished his wcrk, walked home, and 
succumbed to pneumonia a few hours later, in spite of 
the administration of oxygen. Mr. Young quotes 
Dr. Boys, who considers the use of oxygen a mistake 
in such cases, because it would oxidise the noxious 
nitrous gases and render them more corrosive; he 
would apply ammonia. The tower should, however, 
have been entirely disconnected from all working 
wm and been washed with strong sulphuric acid 

‘ore anybody was allowed to enter it, and a down- 
ward draught should have been maintained. Dr. Bailey 





* 62nd Annual Report on Alkali, &c. Works, Pro- 


ceedings during the year 1925, By the Chief Inspectors. 
H.M, Stationery Office. 


Price ls, net, 


The total number of works | PO 





has recently issued a circular reminding manufac- 
turers of these rules and of the need of breathing 
apparatus. 

As the sulphuric acid industry begins operations at 
present more from sulphur than from cupreous pyrites, 
there has been little activity in wet copper extraction. 
Large amounts of blende are roasted in Scotland for 
sulphuric acid and zinc; more trouble is experienced 
here with zinc vapours than with sulphurous fumes, 
and the best thing to be done to get rid of the vapours 
seems to be to place the works near the coast in the 
hope that wind will drive the fumes to sea. The alter- 
native to zinc retorts with their costly and inefficient 
condensers is the electrolytic production of zinc, which is 
elsewhere gaining ground. The increasing use of 
electric fume precipitation, which Dr. Bailey men- 
tions is, on the other hand, very satisfactory. In 
sulphuric acid chamber plants the tendency is still 
towards diminishing the size of the chambers; the 
customary 15 cub. ft. per pound of sulphur to be 
burnt in 24 hours have come down to 9 cub. ft. and 
less. Intensive methods and the need of avoiding 
even the small losses of sulphur and also of nitre, 
too long regarded as inevitable, have moreover 
induced further researches on the chemistry of the 
chamber process which is still controversial, though 
few chemical processes have received more prolonged 
and profound study. Mr. E. Linder’s contribution to 
these researches, which are described in detail in the 
report, is concerned with both the primary and the 
secondary reactions in the chamber and in the Gay- 
Lussac towers. 

The particular problems investigated are the reactions 
between the oxides of nitrogen and sulphurous acid 
and arsenious acid under conditions which may exist. 
when the exit gases from the chamber process pass 
through a Gay-Lussac absorber, fed either with water 
or with sulphuric acid. The tower, which is packed 
with coke, is scrubbed with sulphuric acid to absorb the 
nitrous acid escaping from the chamber. In the course 
of time the coke may become contaminated with the 
arsenical and other impurities of the acid and gases. 
Water flushing of the second Gay-Lussac tower was 
recently adopted by Messrs. Miller and Company in 
Scotland with success, and a marked saving of nitre by 
these means was claimed by Mr. R. D. McClaurin, in 
Cleveland, Ohio. Elsewhere, however, water scrubbing 
of the exit gases has been abandoned again after a short 
trial as leading to a waste of nitre; this was ascribed to a 
reduction of the nitrous acids to NO or even to nitrogen, 
which would be useless for the further reactions and 
thus constitute loss. Mr. Linder finds that the reduc- 
tion of nitrous acid by arsenious acid is slow and unim- 
rtant, but that the strength of the sulphuric acid 
would affect both the rate of decomposition of the 
nitrous acid formed (the stronger sulphuric acid having 
a stabilising influence) and the rate of the interaction 
between NO and SO,. The conclusion drawn is that 
by judicious use a water scrubbing tower is capable 
of doing useful work after the usual strong acid wash 
in the Gay-Lussac has performed its service; but the 
reactions are not quite clear yet with regard to the 
conditions existing in the chamber near steam jets and 
water sprays. 

As regards the contact sulphuric acid (oleum) 
processes, attention is again drawn to the need of 
keeping dust and mists out. This is difficult if the 
conversion is to be combined with acid recovery from 
metallurgical operation, but possible by the aid of 
electric precipitation. The wet purification of coal gas 
by means of alkaline solutions to absorb the sulphuretted 
hydrogen and the hydrocyanic acid is still under trial in 
this country because of the difficult — recovery. 
The expansion of the artificial silk industry has in- 
creased the demand for carbon disulphide, which is 
prepared by the direct interaction between sulphur 
vapour and glowing charcoal; this is apparently a 
very simple process, but gives a good deal of trouble, 
and causes atmospheric pollution with sulphuretted 
hydrogen, when the charcoal is imperfectly made. The 
electric furnace process of Taylor is not used in this 
country. In ammonium sulphate and gas-liquor works 
effluent troubles are still serious. A dryineutral sul- 
phate is now made in almost all works; Mr. Young 
mentions that the metallic lining (mostly copper) of 
the centrifugal driers perishes quickly, and that jute 
canvas lining has been tried with successt; wooden 
hurdles, inserted in oxide purifiers to promote porosity, 
have also been used in the storage and drying of 
ammonium sulphate. Chemical manure works find 
it hard to compete against imported superphosphates. 
In Scotland tar stills and dehydrators increase in 
number, though there is less materia] for them. Where 
solid materials are incorporated with hot tar to form 
a road cement, the fumes may become very annoy- 
ing and difficult to condense unless the solids are 
previously thoroughly dried. 





+ See Mr, Parrish’s paper on ‘‘ Corrosion of Centri- 
fugal Baskets,” ENGINEERING, July 23, p. 113 anie. 





BOILER EXPLOSION INQUIRIES. 


In accordance with the provisions of the Boiler 
Explosions Acts, 1882 and 1890, preliminary inquiries 
have recently been conducted by Board of Trade Sur- 
veyors into a number of explosions. Of some of these 
we give below a brief summary. 

Explosion of a Copper Wazx-melting Pan.—An 
inquiry had reference to the rupture of a copper 
steam-jacketed wax-melting pau at the works of 
Messrs. W. G. Proverbs, Limited, Birmingham. The 
mishap took place on March 9 last. The pan in 
question was made of copper of suitable thickness ; 
it was cylindrical and had a diameter of about 14 in., 
and a depth of about 14 in. It was used for melting 
wax for the purpose of making moulds for electrotyping 
work; heat was applied to the bottom of the jacket 
by means of gas burners. When first installed it was 
found that the heat was insufficient to obtain the 
temperature required. As the suppliers stated that 
the pan was built for a pressure up to 100 lb. per 
square inch, the safety valve was adjusted to lift 
at 49 lb. per square inch, and the apparatus worked 
under these conditions for about two months, when 
the pan ruptured and the liquid contents were blown 
out, causing slight injuries to one of the men who 
happened to be near. The suppliers of the pan were 
not the makers, and did not appear to have been in 
possession of correct information regarding the maxi- 
mum pressure at which the apparatus was fit to be 
worked. Upon inquiry, the makers stated that the 
apparatus was hydraulically tested to 25 Ib. per 
square inch, but that it should not have been worked 
at a pressure greater than 12} lb. per square inch. 

Explosion of a Small Vertical Boiler.—An inquiry 
was made into the explosion of a vertical cylindrical 
boiler at the works of Messrs. British Brass Fittings, 
Limited, Birmingham. The boiler was 12 in. in 
diameter and about 18 in. in height. The shell and 
top-end plate were made of yellow metal, and the 
bottom-end plate of copper. An outlet pipe of .j;-in. 
bore was connected to a boss in the top-end plate. 
A screwed plug, which was removed for replenishing 
the vessel with water, completed the fittings. Steam 
from the boiler, heated by two gas rings, was utilised 
for warming small tubes prior to lacquering. On 
February 2 last, an explosion occurred without warning. 
The circumferential soldered seam, connecting the 
bottom-end plate to the shell, failed, and the boiler was 
projected to a height of 12 ft., The accident was in all 
probability due to an obstruction in the orifice, and, 
as no safety fittings were provided, the inevitable 
explosion occurred. 

Explosion of a Water-tube Boiler.—An explosion of 
a water-tube boiler at the Caldercruix Paper Mills, 
Caldercruix, formed the subject of an inquiry. The 
boiler in question is of the Stirling type; it has three 
steam drums 4 ft. in diameter and about 14 ft. 9 in. 
in length, and two mud drums 3 ft. in diameter and 
11 ft. 9 in. in length. The steam and mud drums 
are connected by four banks of tubes, making a total 
of 300 units. The tubes are of solid-drawn steel, 3} in. 
in external diameter and No. 9 W.G. in thickness. On 
March 22 last, one of the tubes in the front bank burst 
at a point about 5 ft. from'the top drum. The aperture 
measured 8 in. by 5in., and, through this, the contents 
of the boiler escaped. The tube which failed was thinned 
down to knife-edge thickness all round the edges of 
the aperture, showing that the material had become 
plastic, due to overheating. The tube itself was badly 
wasted through corrosion, both inside and outside. 
There was a certain amount of scale in practically 
all the tubes of the boiler; the thickness of this was 
generally about » in. The overheating and conse- 
quent rupture of the tube was therefore put down to 
the presence of scale on the inside of the tube. 

Explosion of the Bed of a Calender.—An inquiry 
conducted in London had reference to the explosion of 
a calender at a laundry in Willesden. The calender was 
a single-roller machine used for ironing household linen ; 
it consisted of a roller, which fitted into a hollow 
cast-iron bed of semi-circular form, to which steam 
could be admitted for heating purposes. The bed was 
not stayed. The apparatus was purchased second- 
hand in 1913; the bed was then tested at a pressure 
of 90 Ib., for a working pressure of 45 Ib. per square inch. 
On April 27, last, an explosion occurred while the 
machine was at rest. The lower part of the bed frac- 
tured. The accident was attributed to the extension 
of a previous flaw caused by strains set up within the 
cast-iron by temperature changes. The desirability of 
having similar machines inspected and hydraulically 
tested, periodically, was pointed out to the owner. 





Imports oF MANGANESE ORE INTO THE UNITED 
Sratres.—The amounts of manganese ore imported into 
the United States during the month of May, expressed in 
manganese content, totalled 21,633 gross tons. Out of this 
total, 12,472 tons were shipped from Russia, 3,764 tons 
from British India, 3,047 tons from Brazil, and 2,346 
tons from British West Africa. 
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NOTES ON NEW BOOKS. 


Messrs. Crosby Lockwood and Son, London, 
have published under the title of “* Steel Bridge 
Weights,” a series of diagrams prepared by Mr. 
W. H. Thorpe, A.M.Inst.C.E. which provide a 
very convenient means of making a reliable estimate 
of the weight of steel required for any prdéposed 
bridge. Mr. Thorpe is well known, not only as a 
very experienced constructional engineer, but also 
as the author of a highly interesting and valuable 
“Anatomy of Bridgework.” His new book is 
in the main a reprint of an article which appeared in 
our issue of October 30, 1925. Into the diagrams 
have been condensed the results of an exhaustive 
study of the actual weights of all important bridges, 
of which adequate data were procurable. These vary 
greatly in type, and have been classified accordingly 
in the diagrams. These diagrams have been com- 
pleted by data secured from structures of small and 
moderate spans, so that Mr. Thorpe’s curves cover 
practically the whole field. They can not fail to 
prove of very great value in the office of the bridge 
engineer. The price of the set is 7s. 6d. net. 





We gave, on page 442 of our issue for April 2, a 
brief review of Vol. I, of the 25th edition of the German 
engineer’s reference book Hiitte. An Italian translation 
of this volume, by Ing. Carlo Rossi, has now appeared 
under the title “‘ Manuale Enciclopedico della Ingegneria 
Moderna,” published at the price of 85 lire by Ulrico 
Hoepli, Milan. The Italian book retains all the main 
characteristic feature of the German original, and gives 
mathematical tables, formule on mechanics, heat, 
the resistance and properties of materials, &c., with 
numerous other tables, diagrams and data of interest to 
engineers. Where, however, reference is made to official 
regulations and actual practice ruling in Italy, the 
measures in force, or followed in that country are, of 
course, quoted. The Italian book is of the same size 
as the German; it is well produced, has 1,152 
pages of subject matter, and a detailed index of 
30 pages. 





The complaint sometimes made that the engineer 
lacks interest in science, though essentially baseless, 
finds its excuse in the fact that he has to get 
things done. He may be able to formulate no rational 
theory of why a particular procedure ‘“ works.” In 
fact this has frequently been discovered only after 
many decades of successful use. As an ultimate 
aim he is as desirous as every other student of 
nature to understand her ways, but his immediate 
and insistent daily need is for a process or a 
formula that can be trusted to work with reasonable 
certainty. The many who are concerned in problems 
of heat transfer will find a great mass of useful data 
in “* Heat Transfer and Evaporation,” a work published 
by the Chemical Catalogue Company, Inc., of New 
York, the price of issue being 5 dols. net. The author 
is Professor W. L. Badger, Professor of Chemical 
Engineering at the University of Michigan. Theory 
is by no means neglected, and the author has throughout 
made certain that his empirical formule are dimen- 
sionally correct, but the main value of the treatise 
lies in the care taken in determining the values of the 
coefficients involved in these, for a vast variety of 
conditions. A large section of the volume is concerned 
with evaporators, both of the ordinary and multiple 
effect types, and the data given will undoubtedly 
prove most useful to all engaged on work of this 
character. 





There is some reason to think that those practising 
the arts of construction but seldom reflect upon the debt 
they owe to others, who by devoting themselves to 
the task of improving artificial products render possible 
the execution of designs which would be impracticable 
with inferior materials. ‘‘ Cement, Concrete and Bricks” 
(Messrs. Constable and Co., Ltd. Price 24s. net), by 
Mr. Alfred B. Searle, now in its second edition, gives 
an account of these products, which is at once com- 
prehensive and detailed. There is matter of interest 
to the manufacturer, to the industrial chemist, and 
to the engineer, whether engaged on works or on 
design. Raw materials, natural and artificial cements, 
the making and testing of cement and concrete, the 
various kinds of clay used in making bricks and 
methods of moulding, and of burning bricks, are 
treated in much detail, and illustrated by many 
diagrams and process reproductions. This book may 
be commended more particularly to those seeking 
information with regard to the materials used in 
making cement, and to those studying the nature of 
the different varieties of clays, concerning which Mr. 
Searle is a recognised authority. 





“One of the greatest difficulties experienced in 
the application of theory to practice is the co- 
ordination of laws and formule to a concrete problem 


which awaits solution.” Such is the introductory 
statement to “ Hletirotechnica Practica,” an illus- 
trated book on practical electrotechnics by Pier 
Giacomo Lanino. The author deals with 590 
typical cases concerned with the different component 
parts of electrical installations of all kinds, main 
stations, sub-stations, for direct or alternating 
current, for light or power, each of which examples he 
treats in detail by formule, without recourse to 
higher mathematics. By doing so he has made 
available to practical electricians a very serviceable 
pocket book, and one which they may be expected 
greatly to appreciate. Electrical and other engineers 
will also find it valuable for reference purposes. It 
wiJl appeal, further, to specialists outside Italy. 
The book is published at the price of 28 lire by 
Ulrico Hoepli, Milan, to whose very extensive collec- 
tion of useful manuals it forms an interesting 
addition. 





An excellent little book by Mr. George Ellis, pub- 
lished by Messrs. Batsford, Limited, London, on 
“* Modern Technical Drawing ”’ (10s. 6d. net) is now in 
its second edition. Intended for the use of students 
and artisans, the fundamental principles and practice 
of draughtsmanship are explained with clearness. 
Orthographic projection, isometric perspective, and 
the elements of true perspective are dealt with, and 
hints upon freehand drawing are offered. A thoroughly 
practical chapter is given on the method of deter- 
mining bevils and cuts in carpenters’ and other build- 
ing work, with useful matter relating to measuring 
rods, moulds, and templates. There are numerous 
diagrams, somewhat small in many cases, but clear. 
The book, though useful to any young draughtsman, 
is of more particular service to those engaged in the 
building trades. 





Any serious study of concrete as a material of con- 
struction is of value. Compared with structural steel this 
material labours under the disadvantage of great want 
of uniformity in its strength properties. Whereas with 
steel strength may be assured, commercially, within 
a 20 per cent. limit, and an elastic modulus practically 
constant, with concrete, nominally the same as 
defined by the mix, strength may vary 100 per cent., 
and the modulus as greatly. It would seem to be 
desirable, if it be practicable, to devise methods by 
which standard concretes should be established having 
variations in important properties less marked than is 
now liable to be the case. It is true that some other 
materials, such as brick, stone, and timber also vary 
much in their strength properties, but with these, 
larger safety factors are commonly adopted than with 
concrete when used in alliance with steel. Systematic 
study of the subject continued over many years must 
then, it is evident, be of value as tending towards the 
achievement of more dependable results, thus making 
a book entitled ‘“‘ The Making and Testing of Portland 
Cement and Concrete.” issued by Messrs. G. and T. 
Earle, Limited, Hull (10s. net) a useful addition to 
those already in existence. The book deals more 
particularly with the methods and the products of 
Messrs. Earle, and gives details of cement manufacture 
and of testing. It is a plain account of the endeavour 
of this firm to secure good results. There is also much 
information from other sources relevant to the matters 
discussed. The making of concrete is treated in some 
detail, and useful information is given relating to the 
influence on strength, of washing the sand or aggregate, 
the desirability of grading the aggregate, and the value 
of the “ fineness modulus”” method. The importance 
of using the correct percentage of water is well brought 
out. Percolation tests for water tightness are dealt 
with and it is shown how greatly initial leakage falls 
off as complete hydration of the cement ensues. 
Tests relating to paraffin oil are also given. The action 
of oils, whether mineral, animal or vegetable, on con- 
crete, is treated on the basis of Messrs. Earle’s experi- 
ence of the matter, hints are given on the artistic 
treatment of concrete surfaces, and methods of prevent- 
ing the “ dusting ” of floors. A chapter on the analysis 
of Portland cement concludes the book. 








THE PREVENTION OF THE FORMA- 
TION OF BOILER SCALE. 


In the issue of ENarnEERING of May 9, 1924 (vol. 
cxvii, page 623), a description was given, with illus- 
trations, of the apparatus known as the Filtrator, which 
is now being used on a considerable scale to prevent the 
formation of boiler scale and for the removal of old 
deposits. The process consists in introducing a water- 
soluble constituent of linseed into the water which is 
fed into a boiler, in such a way that no oil enters with it. 
The apparatus employed is provided with a cylindrical 
perforated container, partly filled with linseed, into 
which steam is introduced and in which it is condensed, 
resulting in the formation of an emulsion, which is 





allowed to pass into and mix with the water in the 





boiler. Air cooling was used in the apparatus, formerly 
dealt with in our columns, to keep the Filtrator at a 
sufficiently low temperature to permit of condensation 
taking place. This has proved to be quite successful, 
wherever a free current of air could be brought in 
contact with the gills on the container. In our previous 
article reference was made to a test in which the marine 
boilers in the S.S. City of Cambridge were fed with sea 
water when the Filtrator process was in use. After 
this test, it was found that the metal was perfectly 
clean below a very thin film of deposit, and that all 
the solids had come down in a non-adhesive and easily 
removable form. Excellent results on the plates and 
tubes have also been obtained with land boilers when 
air cooling has been used. 

Although the results obtained atsea with feed water 
containing large quantities of scale-producing substances 
were quite satisfactory, the air-cooled Filtrator had of 
necessity to be installed in the open air, and thus the 
use of long tubes was necessary to carry the emulsion 
from the top deck to the boiler. These tubes some- 
times choked and occasionally required attention to 
keep them free from obstruction. The firm introducing 
the system, Messrs. Filtrators, Limited, of Astor House, 
Aldwych, London, W.C.2, decided, therefore, to place 
upon the market water-cooled types of apparatus, 
which could be installed within the boilerroom. With 
these, the old trouble of pipe cleaning has been entirely 
eliminated. At the same time, it was thought desirable 
to modify the system so that the emulsion should not be 
passed directly into the boiler if it were possible to over- 
come the effects of the pressure in the Filtrator, so as 
to make it possible to introduce the emulsion into the 
hotwell or feed tank. This has been accomplished by 
introducing a thermostatic trap to the system, which 
permits the passage of the emulsion, but seals off the 
steam. Adiagram, showing the arrangementnow adopted 
as standard practice on steamships, is given in Fig. 1, 
while Fig. 2 shows a section through a water-cooled 
Filtrator, Fig. 3 showing the fitting in plan. The type of 
thermostatic trap used is illustrated in Fig. 4. 

Steam is taken to the apparatus from any convenient 
pipe. This steam is passed through the perforations in 
the linseed container, extracts the useful constituent 
from it, and the emulsion so formed is passed through 
the regulating trap into the feed tank, flowing, on its 
way, through a sight feed, installed for the purpose of 
giving the engineer direct information that the appara- 
tus is working regularly and satisfactorily. Cooling 
water is taken from any convenient sea cock and is 
passed from the bottom to the top of the jacket of the 
Filtrator, before it is discharged into the bilges. This 
water-cooled apparatus has been subjected to thorough 
tests on a number of vessels, with the results that all 
chipping away of old scale has become unnecessary, 
previously coated tubes having been freed from the 
danger-producing scale by the natural action of the 
emulsion. It may now be said, also, that the old 
trouble experienced through the stoppage of the long 
pipes to the boiler has been completely overcome. 

One size of water-cooled Filtrator is shown in Figs. 2 
and 3. It consists of an outer cast-iron shell and a 
concentric cylindrical liner, also made of cast-iron, an 
annular chamber being left between the two as the 
water jacket. The linseed container is inserted inside 
the liner. It is a perforated sheet metal cylinder with a 
perforated pipe passing through it. Steps are provided 
to support the container in the liner. The entire 
system is closed by a cast-steel cover, which is pressed 
down upon a packing ring by means of a heavy screw 
passing through a steel hinged strap. The emulsion 
produced by the condensation of the steam in the 
linseed falls to the bottom of the liner through the 
lower perforations, and is drained away to pass to 
the pipe systems. Being extremely simple and sub- 
stantial, there is nothing to give trouble in the emulsion 
generating equipment. The cast-iron liner and casing 
are subjected to hydraulic tests before being passed. 
In the model illustrated the test and working pressures 
are 400 Ib. per square inch and 100 lb. per square inch, 
respectively. The steam connection ison the side of the 
liner near the top, while the water inlet is at the foot of 
the jacket, and the outlet is at the extreme top. 

The regulating device is a simple thermostatic 
valve, and is shown in Fig. 4. It consists of a central 
tube, into which the emulsion is introduced, having a 
valve seat at the top. Above the tube is mounted a 
hand-regulated valve which may be opened to any 
desired extent. Should any high-pressure steam pass 
right through the Filtrator, and thus reach the regula- 
ting valve, the temperature effect on the inner tube 
would be such as to cause it to expand, and, since the 
valve, is normally kept open to only a small extent, 
would result in the seat being pressed up against the 
valve, thus closing it and preventing high-pressure 
steam passing through into the feed tank. By being 
supplied to the feed tank, complete mixing with the 
water is ensured, before it enters the boiler. In a vessel 
fitted with this type of Filtrator, experience has proved 
entirely satisfactory, the formation of new scale being 
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dome. As in the case of marine boilers, it is possible 
to introduce the emulsion directly into the boiler, 
or through a trap into the feed water tanks. Provision | 
for the use of both of these methods of working is | 
shown in the illustration, there being two inlet pipes | 
for the case of direct admission into the boiler, in order | 
to ensure complete mixing of the emulsion with the | 
water in the boiler. | 

There are, of course, other cases of water usage, in | 
which encrustation is experienced, if hard waters have | 
to be used, such as in surface condensers, making use of | 
canal or river water for cooling purposes or even town | 
supply, when it is very hard. A solution for troubles 
of this character has been found in cases where tests | 
have been made, by the installation of a Filtrator, feed- | 
ing emulsion into the inlet water on the suction side of 
the circulating pump. This is now adopted in some of | 
the large power stations, making suitable for cooling | 
purposes water, the use of which would otherwise | 
result in frequent and costly de-scaling operations on | 
the tubes. Economisers can be treated in like manner | 
and satisfactorily kept free from scale. | 








| 
THE STOBIE CONCRETE POLE. | 
An important item in the cost of an overhead dis- | 
tribution system is that of the poles, and as alterna- | 
tive materials are available, the selection of the most | 
suitable for a given locality requires careful considera- | 
tion. Although concrete poles have been employed | 
to some extent, and lattice-steel structures are exten- | 
sively used on the Continent, wood is still probably | 
the most commonly-employed material. 
countries, however, the supply of suitable timber, | 
particularly for large poles, is rapidly diminishing. | 
In addition to this disadvantage, in certain climates | 
such poles have a very short life. A typical case is | 


bilities of employing alternative materials. 
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their lines to some of the principal towns in the Lower 
North, such as Balaklava, and are at present extend- 
ing still further northward to Jamestown, and also 
southward to Willunga. The total length of trans- 
mission line from Adelaide, through Gawler, Templers, 
and Balaklava, to Jamestown will be 160 miles. The 
first portion, from Adelaide to Gawler, is double 
circuit on wooden poles, and operates at 33,000 volts. 
At Gawler the voltage is stepped up by means of 
transformers to 66,000 volts, but there is a branch 
line from Templers to Angaston which operates at the 
lower voltage. 
of these lines is very light, it is anticipated that these 
arrangements will prove adequate for many years to 
come. 

Wooden poles were originally ased by the company, 


but were found to be unsatisfactory. The local timber | opposite. v 
In many | is unsuitable for the purpose, and all the poles had | tions given in Figs. 1 and 2. Fig. 3 shows a 42-ft. 6 in. 
pole in position on the double-circuit transmission line, 


the pole spacing in this case being 200 yards, and the 
| conductor centres being 5 ft. apart. Fig. 4 shows two 
of the poles carrying a 66,000/7,600 volt, 300 kilowatt 
the district round Adelaide, and the supply authorities | with protective compounds proved of little value, and | substation, with an air-break switch at the top of the 
have been led for these reasons to investigate the possi-| an alternative material for use on the extension lines | poles. 


to be brought by sea from New South Wales. They 
were therefore relatively expensive, but apart from 
this, their average life was only 15 years, due to dry 
rot and to the activity of white ants. 
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prevented, while the old scale has been gradually | : 
removed. ' 
In the case of locomotives and of steam tractors the | H 
designs commonly used are such that de-scaling is even | 
more difficult than with marine boilers. In such 
connections an efficient system of preventing scale | : 
formation would prove of considerable economic value. | na 
Some of the British railway companies have at the} ~ 
present time a number of Filtrators in service for | 
extended trial in an experimental way. Colonial and | \ 
foreign railways are also making tests, some of which | Outlet omend S 
have proved satisfactory, while the results of others ! ees: 
are awaited with interest. As extended experience | ; 
is necessary before definite conclusions can be arrived | , =“ ~ H 
at, some time must elapse before these results are | (9753 8.) Steam Inlet’ eon j 
available. In the meantime we can only refer to the | %4 Gas eye 
means adopted to treat the feed water for scale pre- | 
vention, The outline in illustration, Fig. 5, shows a | Valve N°2 7 Steam Pipe 
Filtrator mounted on a locomotive boiler behind the | + geld j N° ere 
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Before describing the pole in detail, it may be men- 
tioned that it has been used for the lines from Gawler 
to Balaklava and Angaston already mentioned, and 
also on a branch line to Kapunda, the total length of 
line in these three cases being about 70 miles. A part 
of this line, between Gawler and Templers, is double 
circuit. The poles are also being used for a 33,000 
volt line from Adelaide, through the Mount Lofty 
Ranges, to Mount Barker. The total length of line 
under construction by the company, on which the new 
poles are being utilised is 130 miles, and tests are being 


As the present and prospective loading | made with light 30 foot poles, of the same type, for 
distribution lines, with a view to discarding wooden 
poles entirely. 


Various views of the Stobie pole, together with test 


curves, are given in Figs. 1 to 10 on pages 420 and 


One of the poles is shown in the two eleva- 


As will be clear from Figs. 1 and 2, the pole 


was therefore decided upon. Mr. J. C. Stobie, of the | consists essentially of two rolled-steel sections, bolted 


The district is served by the Adelaide Electric Supply | company, designed a new type of steel and concrete | together, and filled in with concrete. The two members 
Company, who have, in the last few years, extended | pole, which was finally adopted after exhaustive tests. | are preferably of I or channel section, and are generally 
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THE STOBIE STEEL AND CONCRETE POLE. 
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bent at a point which will be about 6 inches below the 
ground surface when the pole is in position. The pole 
is thus pointed at each end, and has its maximum width 
at the point of greatest bending moment. The distance 
between the bolts decreases from top to bottom of the 
pole. The whole of the space between the joists and 
around the bolts is filled in with cement concrete, 
except where holes are left for fixing the crossarms, 
brackets, and similar fittings. 

The poles can be manufactured in depots at con- 
venient points, and can be transported by rail or road 
with the same facility as wooden poles. That there 
is no danger of damage in transport is shown by the 
case of the Mount Barker line, where it was necessary 
to drag many of the poles into position with horses, 
jolting them over rocks and stumps. It was found 
that none of the poles had sustained the slightest 
injury in this operation. 
shipped to the depot in bundles weighing about a ton. 
They have frequently to be straightened on arrival, 
and this is usually done by means of a half-moon 
dollie and a 14-lb. sledge-hammer. The joists are 
next run on to trestles, provided with a roller at 
the top, over which the joists are run under a 
punching machine. On leaving the machine, the 
joists are supported on similar rollers carried on 
wooden rails, and provided with a check bar. A series 
of checks stop the joist in the correct position for 
punching. When all the holes for the bolts have been 
punched, the joist is run into position under a bending 
machine, shown in Fig. 6. This machine is of the 
Jim Crow type, but is supported in the wooden 


frame visible in the photograph, by hinges at one end, | 
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the fact that the span adopted on the Mount Barker 
section of the system gave only nine poles per mile. 
The cost was thus reduced to the low figure of 300/. 
per mile for 66,000 volt single-circuit lines, complete 
with 7/0-094 aluminium steel-cored conductors on 
pin-type insulators, the load capacity being 2,000 to 
3,000 kv.-a. The estimated life of the Stobie pole 
under Australian conditions is 45 years, without any 
maintenance other than recoating the steel at the ground 
line with bitumen at suitable intervals. Experience in 
Australia with poles made up from rolled-steel sections 
has shown that corrosion proceeds very slowly, and in the 
case of the Stobie pole only one side of the steel is 
exposed. It is therefore considered unnecessary to 
paint the steel above the ground line, except in the case 
of poles erected near the sea coast, or in other places 
where the atmosphere is specially corrosive. 

Turning now to the actual strength of the poles, the 
steel-beam sections take the greater portion of the 
stresses, but the beams are of such light section that 
they would have little strength without the bracing 
given by the bolts in conjunction with the concrete 
filling. It can be demonstrated by calculation, and it 
has been confirmed in tests, that the stress on the com- 
pression side of the pole under loaded conditions is less 
than that on the tension side, due mainly to the concrete 
assisting the steel to resist the compressive stresses. 
Numerous tests have been carried out, and in all cases 
failure has resulted from the steel on the tension side 
being loaded beyond its elastic limit. 

Space does not permit of our describing the tests 
at any length. Direct bending tests in both directions, 
and also torsional tests, have been carried out, and have 
shown the pole to be amply strong enough to carry any 
load that it can be called upon to take. In one test 
carried out by Professor R. W. Chapman, of the 
University of Adelaide, a 30-ft. pole was selected. 
The pole was built up of two 3-in. by }-in. joists, the 
maximum width being 8 in. The method of testing 
adopted is shown in Fig. 8, the height of application 
of the pull, which was approximately horizontal, being 
24 ft. Extensometers were fitted on both sides of 
the pole. 

The results of a test in the stronger direction 
are shown in the form of graphs in Figs. 9 and 10, 
from which it will be seen that failure occurred with a 
load of 1,100!b. Shortly before this point was reached, 
the load was 1,040 lb., the compressive stress, 17-14 
tons per square inch, and the tensile stress 18-44 tons 
per square inch. This test was followed by one in 
which a pole was tested transversely. In this case the 
pull was about 25 ft. above ground level, the tension 
extensometer was mounted about 18 in. above ground 
level, and the compression extensometer 2 in. higher. 
The results are given in the following table :— 











|the girders being inserted with the longer unbent 

portion at this end. The machine is free to move 
upward at the other end about this hinged centre, 
| the object of this arrangement being to allow the 
girders to pass through the machine after they have 
been bent. For the same reason the loops which 
hold the girder against the pressure of the screw are of 
unusual depth, the space being made up by a detachable 
distance piece on the end of the screw. The passage of 
the bent girders through the machine is further facili- 
tated by the fact that the holes through which the 
hinge pins are inserted are slotted, so that when the 
distance piece is removed, one of the loops falls lower 
than the other. 

After being punched and bent, the joists are set up 
on plain wooden forms, covered with galvanised iron. 
The forms are 1} in. thick, and a little wider than the 
poles. They are clamped on to the joists by U-bolts 
provided with wing nuts. The ends of the U-bolts 
pass through a hole in one end, and a slot in the other, 
of a wrought-iron strap which bears on the top flanges 
of the joists. After the latter have been set up, the 





The rolled steel joists are | full shank in shear at every second bolt. 





bolts are inserted from each side alternately, giving a 
The concrete 
is run in as a stiff mixture, and is well rammed before 
being trowelled off. The bolt holes for attachments 
are located by template, and made by inserting well- 
oiled pieces of iron of the shape and section required. 
After filling, the poles are left for 48 hours, when the 
forms are removed, the bolts tightened, and the poles 
stocked on their narrow edge. They are then seasoned 
for three weeks before removal and use. Fig. 5 shows 
poles being filled in. The cross arms and insulators 
are put in position before the poles are erected. The 
latter operation is carried out with a pole-erecting 
machine, of which a photograph is reproduced in Fig. 7. 
Only a single plain sling is used at the centre of gravity 
of the pole. 

An indication of the strength of the poles is given by 


Dynamometer Compressive Tensile Stress 
Reading in Lb. Stress. Tons/Square Inch. 
Tons /Square Inch. 

0 0 0 
70 3°83 10-32 
160 8-17 19-31 
200 10-53 above elastic limit. 

250 12-15 — 
290 14-02 











The pole failed by the joists bending at ground level, 
thus separating from the concrete. To overcome this 
defect. an extra bolt is now placed just above the 
ground line. The manufacture of the poles in 
Australia and New Zealand has been undertaken by 
the Hume Pipe Company (Aust.), Limited, who have 
just manufactured special poles, 99 ft. long, for the 
South Australian Railways Commissioners. The poles 
were manufactured on the site, and were erected by 
Messrs. Parsons and Robertson, of Adelaide. The 
initial pull on the lifting tackle was approximately 
9 tons, and it took two hours to lift each pole into 
position, with the crab winch fitted at the bottom ot 
the derrick pole. These poles carry Pyle National 
Floodlight Projectors for the lighting of the Mile End 
goods yards, and are generally similar in construction 
to those already described. On account of their 
great length, however, they are built up in three sec- 
tions of girder, which are bolted together, and after- 
wards run in with concrete to form a continuous 
structure. The lowest section is 34 ft. long, and is 
made up from 15 in. by 6 in. by 45 lb. B.S. joists. 
The middle section is 35 ft. long, made up from 12-in. 
by 34-in. by 32-88-lb. joists; and the top section, 
30 ft. long, is composed of 6-in. by 3-in. by 14-45-1b. 
joists. 








ELectrIcAL PowER IN THE UNITED States.—According 
to a statement issued by the United States Geological 
Survey, the total electrical power produced by public 
utility power plants in that country, during May of this 
year, was 5,806 million kilowatt-hours. Corresponding 
figures for April and March were, respectively, 5,774 





million, and 6,149 million, 
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LAUNCH OF THE MOTOR LINER 
“ ALCANTARA.”’ 


A successFuLt launch took place on September 23 
last, at the Belfast yard of Messrs. Harland and Wolff, 
Limited, of the new large motor liner Alcantara, built 
to the order of the Royal Mail Steam Packet Company. 
Few vessels in recent years have aroused such interest 
as her sister ship the Asturias, and this ship, the latest 
addition to the R.M.S.P. Company’s fleet, will attract 
scarcely less attention. The principal dimensions of 
the new vessel are: length, 655 ft. 8 in.; breadth, 
78 ft.; depth, 45 ft.; and the gross tonnage will be 
over 22,000. She is fitted with 11 watertight bulk- 
heads and a double bottom arranged for the carriage of 
fresh water and water ballast. The propelling machi- 
nery consists of two Harland—Burmeister and Wain 
eight-cylinder, four-cycle, double-acting Diesel engines, 
developing a total of 20,000 h.p.; forced lubrication 
is fitted throughout, and the cylinder-jackets are cooled 
with water, oil being used for the pistons. The power 
is transmitted to two shafts, thus enabling the usual 
arrangement of twin screws to be adhered to. The com- 
pressors are situatedin tandem at the forward end of each 
engine, being driven off the crank shaft. Mancuvring 
air is stored in six steel reservoirs which are charged by 
electrically driven compressors. The electrical installa- 
tion of the vessel is very compiete, power being supplied 
by four Diesel-driven generators with a combined 
capacity of 1,600 kw., the deck and the engine-room 
auxiliaries all being electrically driven. The accommo- 
dation, which provides for 1,800 passengers and crew, 
has been furnished on a very luxurious scale. There 
are eight artistically decorated public rooms grouped 
together on the “ E ” and “ F ” decks, and, in addition 
to a lift, there is a wide staircase forward, extending 
through six decks to the dome over the “ F” deck. 
The first-class dining saloon is a striking apartment 
on “A” deck, 94 ft. long and 74 ft. broad, with a 
central hall 60 ft. by 40 ft. and 17 ft. A swimming 
bath, 29 ft. by 17 ft. by 8 ft., is situated on the Orlop 
deck. 








ENGINEERING TRAINING AND 
EDUCATION. 


Advanced Lectures in Engineering.—A course of 
eight lectures on ‘‘ The Interaction of Pure Scientific 
Research and Electrical Engineering Practice” will 
be given at the premises of the Institution of Electrical 
Engineers, Victoria-embankment, London, W.C.2, by 
Professor J. A. Fleming, F.R.S., on Wednesdays and 
Fridays, October 20, 22, 27 and 29, and November 10, 
12, 17 and 19 next. The lectures will commence on 
each day at 5.30 p.m. The syllabus includes such 
subjects as *‘ Electric Insulation and Conduction ” ; 
** Ferromagnetism ” ; ‘‘ Thermionics ” ; ‘‘ Telephony”; 
‘** Electrochemistry and Metallurgy’; and ‘ Electric 
Measurement.” At the first lecture the chair will be 
taken by Professor E. H. Lamb, Dean of the Faculty 
of Engineering of the University of London. At the 
last lecture the chair will be taken by Lieut.-Colonel 
W. A. J. O'Meara, C.M.G., R.E., Chairman of the Board 
of Studies in Electrical Engineering. The lectures, which 
will be illustrated by lantern slides, are addressed to 
university students and to others interested in the 
subject. A detailed syllabus will be available at the 
lectures, or may be obtained from Dr. E. Deller, 
Academic Registrar, University of London, South 
Kensington, London, 8.W.7. Admission to the course 
is free; no tickets are necessary. 

The Westminster Technical Institute.—The prospectus 
for the 1926-27 session of the London County Councii 
Westminster Technical Institute, Vincent-square, 
Rochester-row, London, 8.W.1, contains particulars 
regarding the civil, structura), heating, and gas engineer- 
ing courses held at the Institute. Evening classes 
provide opportunity for systematic and progressive 
courses of study, in preparation for the joint examina- 
tions of the Board of Education and the Institution of 
Gas Engineers, and the examinations of the Institution 
of Civil Engineers, the Institution of Structural 
Engineers, and the City and Guilds of London Institute. 
The day classes for gas apprentices are an integral part 
of the apprentice scheme of the Gas Light and Coke 
Company. Instruction in architecture, construction 
surveying and valuations is also provided. The first 
term of the coming session will commence on 
September 27 next. 

University College of Swansea.-The prospectus of 
the department of engineering of the University 
College of Swansea, for the session 1926-27, gives full 
particulars concerning the degree and diploma courses 
provided at the College in each of the three main 
branches of engineering, namely, civil, mechanical, and 
electrical engineering. The courses occupy, normally, 
three years. Afternoon visits to surrounding works are 
arranged at frequent intervals throughout each session 
and occasional lectures on the business, administrative 
and managerial sides of industrial undertakings are 


delivered by members of the Council of the College, the 
Engineering Advisory Committee, and others. The | 
Michaelmas term will commence on October 5 next, | 
when the deans of faculties and the heads of all depart- | 
ments will be in attendance at the College, Singleton | 
Park, Swansea, in order to advise students concerning | 
their proposed schemes of study. 


| 
| 
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Mathematics for Engineers. By Raymond W. Dull. 
London: McGraw-Hill Publishing Co., Ltd. [Price 
258. net.] 

Pitman’s Engineering Educator. Part I. Edited by 
W. J. Keartron, M.Eng. To be completed in 30 
fortnightly parts. London: Sir Isaac Pitman and 
Sons, Limited. [Price ls. 3d. net.] 

The Use of Power in Colliery Working. A Treatise on 
Mining Costs and Machinery Designs and Management. 
By Joun Kirsorp, M.I.M.E. London: H. F. and G. 
Witherby. [Price 40s. net.] 

Where to Buy Iron and Steel in Belgium, France and 
Luxemburg. Compiled by W. L. Strernet. Brussels : 
W. H. Smith and Son. [Price 20s. post free. ] 

Statische Probleme des Tunnel und Druckstollenbaues und 
thre gegenseitigen Beziehungen. By Dr. sc. TECH. 
Hanns Scumip. Berlin: Julius Springer. [Price 
8-40 marks. ] 

Elektrische Ziindung, Light und Anlasserder Kraftfahrzeuge. 
By Dr. Inc. E. Semer. Halle (Salle): Wilhelm 
Knapp. [Price 7-60 marks. ] 

The Journal of the Iron and Steel Institute, Vol. cxiii., 
1926. Edited by George C. Lloyd. London: Offices 
of the Institute. 





Contracts.—Messrs. Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester, have 
received an order from Caledonian Collieries, Limited 
New South Wales, for a large electric winder with Ward- 
Leonard control, for installation at the Aberdare Central 
Colliery. The set is required to wind a net load of 7} tons 
of coal from a depth of 1,260 ft. at the rate of 490 tons 
an hour. The winder will be driven by two D.C. motors 
having a combined capacity of 4,500 h.p., and will be 
capable of dealing with a maximum load of 11,250 h.p. 
The motors will operate at 57 r.p.m., and will be direct 
coupled to a cylindrical drum of 14 ft. diameter. 


THE PRopucTION oF ZINC IN AMERICA.—Statistics 
compiled by the United States Bureau of Mines show 
that the production of slab zinc at smelting plants in the 
United States amounted to 611,645 short tons in the year 
1925. The 1924 production amounted to 552,825 short 
tons. Of the 1925 output, 572,946 tons was primary 
production, 555,631 tons being from domestic ores, and 
17,315 tons from ores imported from Canada and Mexico. 
Redistilled secondary production amounted to 38,699 
tons. The chief smelting centres are situated in the 
States of Oklahoma, Illinois, and Pennsylvania. The 
total production of rolled zinc in 1925, amounted to 
142,263,945lb., an increase of 17 per cent. over the 
previous year. This output consisted chiefly of strip 
and ribbon zinc, and of sheet not over one-tenth of an 
inch thick. Only a small fraction of this material was 
exported, the remainder was available for home con- 
sumption. 

Tue Proressionat Ciasses Arp Councit.—Founded 
in October, 1914, the Professional Classes War-Relief 
Council dealt with some 12,000 applications for help 
during the six years which followed. Distress among the 
professional classes did not end with the war, however 
and the Professional Classes Aid Council was formed as a 
permanent benevolent institution. The annual report 
of the Council for the year 1925-26 bears witness to the 
continued need for an organisation of this kind. The 
total number of applications during the year was 712, 
and the Council has given financial assistance to 166 
families (16 more than during the previous year), thus 
benefiting 351 individuals. In additicn to those finan- 
cially assisted, 315 were advised where to apply for help, 
as were also many of the 151 inquirers whose needs were 
not found to come within the scope of the Council. 
Applicants included clergymen, doctors, engineers, 
architects, journalists, teachers, lecturers and secretaries. 
The chairman of the Council is Major Sir Maurice A. 
Cameron, K.C.M.G., and the offices of the organisation 
are at 251, Brompton-road, London, S.W.3. 

** PARAFFIN-BASE”’ AND ‘‘ ASPHALT-BASE”’ OILS.— 
A circular issued recently by the United States Bureau 
of Mines called attention to the somewhat loosely- 
applied terms “‘paraffin-base”’ and ‘“‘asphalt-base ” 
crude oils. The author, Mr. A. J. Kraemer, states that 
there seems to be a great deal of confusion due to the 
use of the term asphalt-base, which usually, though not 
always, signifies naphthene-base. Naphthenes are a 
class of hydrocarbons which have the property of re- 
maining liquid at much lower temperatures than corre- 
sponding members of the paraffin series of hydrocarbons. 
These naphthene compounds seem to predominate in 
the crude oils usually designated as asphalt-base oils. 
The asphalt content of a crude oil has no apparent rela- 
tion to the content of naphthene compounds, although 
the two types of substances, naphthenes and asphalts, 
usually oceur together. So-called paraffin-base crude 
oils are those in which the paraffin series of hydro- 
carbons seem to predominate. This series of hydro- 





carbons is solid at temperatures at which the corresponding 











naphthene compounds are liquid, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Customers are experiencing 
difficulty in securing supplies of Cleveland pig-iron. 
No. 3 quality cannot now be purchased for delivery 


| before late in October, and the quotation has advanced 


to 102s. 6d. Merchants have none of the ruling quality 
to offer, and Messrs, Bolekow, Vaughan and Co., the 
only producers at present manufacturing, are under- 
stood to have fully sold their limited make over the 
next week ortwo. No. 1 has been sold at 105s. Foundry 
No. 4 is put at 101s. 6d., and No. 4 forge at 101s, All the 
foregoing quotations are for home consumption. There 
is no export business passing. 


Hematite.—Output of East Coast hematite is confined 
to one furnace, and makers’ stocks have almost dis- 
appeared, but demand is only very moderate with so 
many consuming works closed and quotations, though 
slowly moving upward, are still on a comparatively 
very low level. Nos. 1, 2 and 3 are 85s., both for home 
purposes and for shipment overseas. 


Foreign Ore.—There is complete stagnation in foreign 
ore. Dealers have ceased to quote. 


Coke.—There is little change in the coke situation. 
Supplies are short and consumers forced to buy have 
to pay high figures. 

Manufactured Iron and Steel.—Values of manufactured 
iron and steel tend upward, and for some descriptions of 
material 30s. per ton above pre-strike quotations is 
reported to have been realised. Prices are largely a 
matter of individual negotiation and producers readily 
obtain considerably above recognised market rates for 
the small parcels of various commodities they are in a 
position to offer. The Cargo Fleet Company are, chiefly 
by the use of foreign fuel, maintaining a daily output 
of some 300 tons of rails and sections, and another 
firm is producing about 300 tons of plates per day. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The measure of activity in the fine 
steel and engineering trades is remarkable, considering 
the difficulties with which production is encompassed. 
In most cases costs are so badly swollen as to eliminate 
all possibility of profit. Such material as is obtainable 
is necessarily dear, while the current price of fuel adds 
as much as 6l, per ton to the ordinary cost of steel 
products. Yet in face of these drawbacks the number 
of operatives employed again shows an increase and, 
judging from the state of order books, a further 
substantia! absorption may be looked for if an early 
settlement of the coal dispute is reached. The damage 
inflicted has, however, been so widespread that doubts 
are expressed whether the losses incurred will ever 
be recovered. There is no change to report in the 
condition of the bulk steel trade. A few furnaces are 
being run at heavy cost to supply urgent needs, but 
the big open-hearth plants continue idle. A compara- 
tively small quantity of crucible steel is being supplied 
from furnaces operating on foreign coke. Electric 
plants maintain steady deliveries of stainless steel for 
the engineering and cutlery trades. Rolling mills, 
forges and foundries are operating at less than half 
capacity. Re-rollers of foreign billets have partially 
offset the increased burden of fuel costs, rates, and 
taxes, &c., by improving their mechanical equipment. 
Patchy conditions obtain in tool manufacture. On 
the whole, the lighter trades have not suffered to any- 
thing like the extent experienced in other branches of 
manufacture, having benefited from their greater 
dependence upon local gas and electricity services, 
which have been splendidly maintained. 


South Yorkshire Coal Trade.—The tonnage of “ free ”’ 
coal on offer in this area tends to become more restricted. 
With the advent of colder weather and the depletion 
of stocks, preference is being given to the growing needs 
of essential services, upon which not only the lighting 
and tramway departments depend, but which, to a very 
substantial measure, serve local manufacturing require- 
ments. Gas coke for steelmaking is 5s. per ton dearer. 
Best qualities are now double the price obtaining before 
the stoppage. House-coal prices vary greatly according 
to quality. Best grades are making as much as 66s. 
per ton. Less coal is available from the Continent. 
Distributors are anxious to avoid being landed with 
useless reserves. The full output of outcrop fuel finds 
a ready market at slightly advanced rates. 











“Seva” SotpERING IRon.—A new electric soldering 
iron has recently been put on the English market, under 
the name of the “Seva.” This iron is manufactured 
by Messrs. Ernst Johansson, of Stockholm, the sole agent 
for Great Britain being Mr. G. H. Hadley, Norwich 
Union Chambers, Congreve-street, Birmingham, The 
special feature of the tool is that the resistance 
wire is in a hermetically-sealed chamber to prevent 
oxidisation of the wire. This practice results in a great 
extension of the life of the unit, 5,000 effective working 
hours being quite normal. When required, the unit 
can be replaced without trouble at a small cost. The 
iron is made in various shapes and weights to cover all 
soldering requirements from small telephone connections 
up to heavy plates } in. in thickness. It can be supplied 
to"suit any voltage up to 250 on either A.C. or D.C. 
circuits. We understand that it is being extensively 
employed by the Post Office Authorities, 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade—Another week gone, no signs 
of any settlement of the dispute in the coalmining 
industry, and as a consequence, there has been no 
change in the state of the Scottish steel trade. Busi- 
ness is practically at a standstill, as dealings in plates 
and sections are of little moment. In the black sheet 
trade, the whole of the current output, which is fairly 
good, is readily disposed of against contract, and fresh 
orders can only be accepted for delivery in rotation. 
Prices rule firm and the current market quotations are 
as follows :—Boiler plates, 111. per ton; ship plates, 
7l. 17s. 6d, per ton; sections, 7/. 7s. 6d. per ton, and 
sheets, under 7 in. to $ in. up to 12/. 5s. per ton, all 
delivered Glasgow stations. 


Malleable Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland are very poor at 
present. Dealing is very limited, and is mostly con- 
fined to re-rolled steel bars, of which a moderate amount 
is being turned out. Prices are easier, with ‘‘ Crown ” 
bars quoted at Ill. 5s. per ton, delivered Glasgow 
stations, 

Scottish Pig-Iron Trade.—No change of any kind falls 
to be recorded in connection with the Scottish pig-iron 
trade. Stocks continue to decrease, and sellers’ quota- 
tions have an upward tendency. The intimation that 
the Dalmellington Iron Company intend dismantling 
their blast furnaces is just another instance of how 
managements view the future. The prospect of any 
substantial improvement in the iron industry in Scot- 
land seems far off, and unless conditions get very much 
better and the general outlook improves considerably, 
the manufacture of pig-iron in Scotland will be on a 
small scale when the coal position permits of the re- 
lighting of furnaces. Current prices are unchanged at 
82s. 6d. per ton for hematite, delivered at the steel 
works ; 95s, per ton for No. 1, and 90s. per ton for 
No. 3 foundry pig-iron, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, September 25, amounted to 823 tons. 
Of that total, all but 5 tons went overseas. For the 
corresponding week of last year, the figures were 2,053 
tons overseas, and 100 tons Soastwise, making a total 
shipment of 2,153 tons. 

Wages in the Iron Trade.—Sir John M. MacLeod, 
Bart., C.A., Glasgow, has intimated to the joint secretaries 
of the Scottish Manufactured Iron Trade Conciliation 
and Arbitration Board, that he has examined the em- 
ployers’ books for July and August, 1926, and certifies 
that the average net selling price brought out is 111. 16s. 
1-32d. This means that there will be an advance in 
the wages of the workmen, 


Pictor1aL Roap Pxians.—The seventh and conclud- 
ing volume of the Dunlop pictorial road plans 
been issued. The motorist is conducted by clearly- 
printed “strip maps” from London to Cambridge, 
King’s Lynn, Norwich, Cromer, Yarmouth, Lowestoft, 
Felixstowe, Ipswich, Harwich and Clacton. There are 
47 of these strip maps in the volume and, as has been 
the case in previous issues, neat little sketches, which 
include everything of note upon the way, are placed on 
each side of the highway in the plans; the position of 
milestones and the height above sea level of various points 
along the route are also included. Town plans of Cam- 
bridge, Norwich, Colchester, Ipswich, and a small-scale 
map of London are given. The title of the book is 
“On the Road”; it is published by Messrs. Ed. J. 
Burrow and Co., Limited, 43-47, Kingsway, London, 
W.C.2, and the price is 6d. net. 





Stream Pottution By Acip MINE DratnacE.— 
During the past few years the pollution of streams by 
acid mine drainage has become of great importance in 
certain regions of the United States. The examination 
of a great number of analyses of mine water in Pennsyl- 
vania indicates that they contain an average of 200 
grains of sulphuric acid per gallon. It would, therefore 
appear that upwards of 9,000,000 tons of sulphuric 
acid are being dumped annually into the streams of 
Pennsylvania alone. Drainage from the other States 
on the Ohio river watershed would double this figure. 
A report issued by the U.S. Bureau of Mines (Serial No. 
2725) states that few attempts have been, or are being 
made, to prevent acid mine waters from entering streams. 
A few mines have, however, installed some sort of equip- 
ment in which the free acid is neutralised by contact 
with limestone, lime or marl. Barium chloride or 
hydrate have been suggested as precipitating agents, 
and have been used to some extent where local conditions 
permit ; so far, however, the cost is prohibitive. It is 
pointed out in the report that conditions in Europe are 
quite different. To begin with, most mines are from 
1,000 to 4,000 ft. deep, moreover, they are often dry ; 
in Great Britain the coal is low in pyrites and sulphur 
and often occurs in contact with limestone. In France 
the chalk deposits overlying most of the coal beds 
probably prevent the formation of acid waters. The 
only solution to the problem in America lies in the 
neutralisation of the drainage wastes by some means 
or other. This will undoubtedly require the expenditure 
of large sums of money, and the cost of neutralisation will 
necessarily be added to the price paid by the consumer 
for the coal. It has been suggested that the use of lime- 
stone for stone dusting, to prevent coal-dust explosions, 

have a considerable effect in neutralising the acidity 
of water within the mine, This seems to be a very 
logical conclusion. 


SOUTH-WEST. 
CarpirFr, Wednesday. 


The Coal Trade.—Following the withdrawal of the 
Government from the coal dispute, there has been an 
important development in South Wales. Some 400 men 
employed by the Ocean Coal Company in the Rhondda 
Valley have signed on to restart work while negotiations 
are proceeding between individual colliery companies 
and their workmen for a resumption. These develop- 
ments have occurred despite the activity of the Federa- 
tion leaders and extremist strikers and their wives to 
prevent a breakaway, and it is generally believed that 
the men will filter back to work. It is officially 
announced that nearly 15,000 men are already working 
in South Wales, and there are optimistic hopes of a 
considerable increase in the near future. ‘The great loss 
inflicted on the docks traffic will, however, be realised 
when it is mentioned that in the past eight months 
exports of coal and coke amounted to only 10,000,000 
tons, compared with 18,000,000 tons in the corresponding 
period of last year, while imports of foreign coal reached 
over 425,000 tons against nothing last year. In the past 
week 56,480 tons of American and Continental coal 
were brought into South Wales, 45,930 tons being 
received at Cardiff, 1,210 tons at Newport, 7,840 tons at 
Swansea, and 1,500 tons at Port Talbot. Of the total 
imports 40,110 tons came from America, 5,970 tons from 
Germany, 2,840 tons from Holland and 7,560 tons from 
Belgium. The Great Western Railway, however, are 
bringing on another 176,000 tons of American coal. 


Ship Repair Contract Lost.—Considerable surprise has 
been evinced in shipping circles at the failure of the 
Welsh dry dock companies to obtain the contract to 
put the Cardiff-owned steamer Tuskar Light, 6,600 tons 
d.w., through her second No. 2 survey. The job was 
put out to tender, and though the vessel was at Cardiff 
the Middle Dock Company, South Shields, secured the 
work at a price under 4,000/., which was no less than 
2,0001. below the lowest Welsh tender. 


Salving the Valsesia.—During the past week unsuc- 
cessful efforts were made to re-float the after end of the 
Italian steamer Valsesia, which stranded on Friar’s 
Point rocks, Barry, at the end of August, with a cargo 
of 7,700 tons of American coal. The vessel broke her 
back and split in two. Three tugs were employed to 
try and tow her off, while a battery of pumps were erected 
on the deck to keep the water from filling the holds. 
The tugs, however, failed to tow her off, though the 
vessel floated, and it is believed that a projection of 
rock prevented the tugs from pulling her away. Further 
efforts are to be made on the next spring tides which 
occur early next month. 


NOTES FROM THE 











Launcw oF THE S.S. “ Nmparngs.”—On Tuesday’ 
September 21, the ss. Nidarnes was successfully launched 
by Messrs. Swan, Hunter and Wigham Richardson, 


has | Limited, from their Wallsend Yard. The vessel is a 


single-screw shelter deck cargo steamer, designed to 
carry about 2,200 tons d.w. She is 248 ft. long, and is 
rigged as a two-masted schooner; a steel house on deck 
amidships provides accommodation for the officers’ 
berths and the chart-room. The propelling machinery 
consists of triple-expansion engines fed by two single- 
ended boilers working at 180 lb. pressure. The cargo is 
carried in two large holds, served by four hatchways, 
six derricks and six steam winches being fitted for rapid 
handling. The steamer has been built to the order of 
Rederi. Akt. Nidaros, Oslo, Norway. 





TrenpEers.—The South African Railways are inviting 
tenders, to be ptesented by October 28, 1926, for the 
supply and delivery only of structural bridgework for :— 
M’Kuzi River Bridge, Umsindusi River Bridge, and the 
first and second crossings Hluhluwe River. Local 
representation is in practice essential. Quote Ref. 
A.X. 3651.—The South African Railways and Harbours 
invite tenders for the supply and delivery of one electri- 
cally-operated 40-ton Goliath crane. Local representa- 
tion is essential. Sealed tenders must reach Johannes- 
burg before noon on Thursday, November 4, 1926. 
Quote Ref. A.X. 3657.—The Department of Works of 
the City of Toronto invite tenders for the supply, 
delivery and erection complete of an “ unchokeable ” 
centrifugal pump. Tenders, by registered post only, 
to reach Toronto by noon on Tuesday, November 2nd, 
1926. Quote Ref. A.X. 3661.—The South African Rail- 
ways and Harbours are inviting tenders for the 
supply and delivery of ten locomotive superheater 
boilers for class 10 engines with smoke boxes. (Tender 
No. 809). Tenders to reach Johannesburg not later than 
noon on Thursday, November 11th, 1926. Local repre- 
sentation is in practice essential. The Specification 
and Drawings may be seen at the Department of Over- 
seas Trade (room 30) until October 8th. Ref. A.X. 3663. 
—The State Electricity Commission of Victoria call for 
tenders for the manufacture, testing, supply and delivery 
complete, for the superintendence and erection, testing and 
putting into service at the site, and maintenance, of 
one high pressure water tube boiler with superheater 
economiser, step grates, piping, valves, dampers, plat- 
forms, ladders, mountings and fittings, &c., to make a 
complete unit. (Specification No. 26/82). The specifica- 
tion may be seen at the Department-.of Overseas Trade 
(room 50) until October 8. A copy will be sent on loan, 
in order of application, to firms unable to arrange for an 
inspection in London. Tenders close on December 15, 
1926. Ref. A. 3660.—Further particulars, regarding 
the above tenders, may be obtained at the Department of 
Overseas Trade, 35, Old Queen-street, London, S8,W.1. 





NOTICES OF MEETINGS. 


Tue Farapay Socrety.—To-day at 2.30 p.m., at the 
Chemical Society’s Rooms, Burlington House, Piccadilly, 
W.1, General Discussion on “ Physical Phenomena at 
Interfaces, with Special Reference to Molecular Orienta- 
tion.”” Introductory Address by Dr. E. K. Rideal 
‘* Electrification at Interfaces,’”’ by Professor H. Freund- 
lich and Mr. R. K. Schofield. ‘‘ Adsorption on Solids ” 
by Dr. W. E. Garner. “‘ Orientation in Solids,” by Dr. G. 
Shearer, At 5p.m. “Insoluble Films on Liquid Sur- 
faces,” by Mr. N. K. Adam and Mr. G. Jessop. “‘ On the 
Spreading of Proteins,” by Prof. W. Ramsden. ‘‘ The 
Arrangement of Molecules on the Surface of Pure 
Liquids.” by Dr. S. Sugden. 

THe Juntor InstiTuTION oF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria Street, S.W.1. ‘“‘Notes on 
Transformer Testing and Test Plant Requirements,” by 
Mr. Leslie Smith. Friday, October 8, at 7.30 p.m. “A 
Survey of Modern Airless Injection Oil Engines,” by 
Mr. Norbert J. Griffin. 

Tue InstitTUTE OF British FOUNDRYMEN : LANCASHIRE 
Brancu.—Saturday, October 2, at 4 p.m., at Houlds- 
worth Hall, 90, Deansgate, Manchester. Presidential 
Address. ‘‘ Notes on Foundry Progress,” by Mr. 8. G. 
Smith. 

Tue Soctety or Enetveers.—Monday, October 4, at 
5.30 p.m., at the Geological Society, Burlington House, 
Piceadilly, W.1. ‘‘ The History of Artificial Lighting,” 
by Capt. W. J. Liberty. 

THe Braprorp Enetveertne Socrety.—Monday, 
October 4, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. Inaugural Address by the Presi- 
dent, Alderman J. W. Longley, “‘ The Evolution of the 
Factory Power Plant.” 

THE INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
October 4, at 7.30 p.m., at the Engineers’ Club, Coventry- 
street, W.1. ‘‘ The Problems of Rubber Latex Concen- 
tration and the Industrial Application of Concentrated 
Latices,” by Dr. Ernst A. Hauser. 


THe Institution oF HEATING AND VENTILATING 
EnGInEErRS.—Tuesday, October 5, at 7 p.m., at Caxton 
Hall, Westminster, S.W.1. ‘‘ Panel Heating,” by Mr. A. 
H. Barker, B.Se.Wh.Sce. 

THe Instirute or Merats: Nortu-East Coast 
Locat Section.—Tuesday, October 5, at 7.30 p.m., at 
the Armstrong College, Newcastle-upon-Tyne. “ Prepara- 
tion and Metallography of Metal Filaments,’”” by Dr. 
C. J. Smithells. 

Tue INstItTUTION oF AUTOMOBILE ENGINEERS.— 
Tuesday, October 5, at 8 p.m., at the Royal Automobile 
Club, Pall Mall, S.W.1, Presidential Address, “‘ The Debt 
of the Community to the Automobile,” by Mr. H. Kerr 
Thomas. 

THe InstiruTIon oF AUTOMOBILE ENGINEERS.— 
WESTERN CENTRE.—Wednesday, October 6, at 6.45 p.m., 
the Merchant Venturers’ Technical College, Bristol. 
Presidential Address: ‘‘ The Debt of the Community 














to the Automobile,” by Mr. H. Kerr Thomas. 


Tue Royat Institvure or British ARCHITECTS.— 
Thursday, October 7, at 7.30 p.m., at 9, Conduit Street, 
W.1. Informal Lecture on Architecture (for Workers 
in the Building Trades). ‘‘ The Job,” by Mr. L. Sylvester 
Sullivan, 

Tue Royat AERONAUTICAL Soctety.—Friday, Oc- 
tober 8, at 8.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. Lecture, “Aero Engine 
Fuels: of To-day and To-morrow,” by Colonel the Master 
of Sempill A.F.C. 

Tue Hutt Association or ENGINEERS.—Saturday, 
October 9, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. Lecture, “Water Tube 
Boilers for Marine and Land Purposes,”’ by Mr. A. Spyer 





PERSoNAL.—Messrs. Constructors Steel Equipment. 
Limited, have removed from 4, Brook-street, St. Paul’s- 
square, to Imperial House, Charlotte-street, Birmingham, 
They have extended their plant for the manufacture of 
steel racks, lockers and other office and shop equipment, 
and are now in a position to offer more extensive 
facilities for meeting the requirements of their clients.— 
The Railway Club, the address of which has hitherto 
been 65, Belgrave-road, London, 8.W.1, has been 
removed to new premises at 25, Tothill-street, 8.W.1.— 
Mr. A. W. B. Wilson has resigned his position in the 
Fuller United Electric Works, Limited, of Chadwell 
Heath, where he was the London Sales Manager, to take 
up an appointment as Sales Manager to the London 
Battery and Cable Company, Limited, of Hesketh-road, 
Forest Gate, London, E.7, from October 1, 1926.— 
Becco Engineeering and Chemical Company, Limited, 
whose address hitherto has been 158-160, City-road, 
London, E.C., has now moved to “ Fitzalan House,” 
Arundel-street, Strand, W.C.2.—Messrs. Robert Jenkins 
and Co., Limited (Engineers), Rotherham, have closed 
their London office at 15, Victoria-street, Westminster, 
but continue to be represented by Mr. C. Jenkins, of 
“Ivanhoe,” Swanley, Kent.—The Council of the Uni- 
versity of Leeds at its meeting on Wednesday, tbe 
29th September, appointed Mr. E, L. E. Wheatcroft, 
M.A. (Cambridge) to the newly created chair of electrical 
engineering.—The Manchester Ship Canal Company, 
Secretary’s office, 41, Spring Gardens, Manchester, in- 
form us that Mr. William Fox, the Company’s Chief 
Mechanical Engineer, has resigned his position after 36 
years service with the Company, and Mr. W. G. Smith, 
M.I.Mech.E., A.M.LE.E., Assistant Mechanical Engineer, 
has been appointed Chief Mechenical Engineer in his 
place, 
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THe Coventry Pusiic Lipraries.—The 1925-26 
| report of the committee of the Coventry public libraries 
shows that the stock of volumes owned, on March 31, 
1925, was 98,264; during the succeeding twelvemonths 
| some 9,000 volumes were acquired, and the stock on 
| March 31, 1926, after allowing for replacements and 
| withdrawals, amounted to 104,093. In the commercial 
|and technical department, about 5,000 volumes are 
| available for instant reference, together with 400 com- 
|mercial and technical periodicals. The report also 
| includes a selection from the many inquiries dealt with 
| by the staff during the year. Among the technical 
| inquiries are the following : What is the specific gravity 
|of Tantalum? Give the translation into German of 
| “‘deceleration.”” What are the effects of nitrogen on steel 
| at high temperatures ? The method adopted in Coventry 
| for filing technical periodicals is also indicated in the 
| report. Instead of displaying the journals on tables, as 
| is usually the case, these are placed in specially-prepared 
| covers, which allow the title to be read easily when the 
| periodical case is standing like a book on the shelves. 
| Next to each number of the current periodical, in its own 
| case, stands a large filing box containing the back numbers 
| of the journal covering a period of from three to six 
| months. It is noteworthy that the collection contains 
| no fewer than 52 periodicals on automobile engineering, 
| of which number 20 are published outside England. 
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BRITISH RAILWAY ACCIDENTS. 

‘THERE exists in the United States a very admirable 
and responsible body known as the American 
Railroad Association. Composed, at least so far 
as its engineering sections are concerned, of emi- 
nently practical men, we have on many occasions 
had pleasure in commenting on the valuable work 
which has resulted from its efforts in civil and 
mechanical engineering matters, as applied to 
railway practice and operation. Unfortunately, we 
cannot hold all its activities in the same high 
esteem. Some time ago the association added to its 
organisation a “‘ Safety Section,” of which we must 
admit we have only a little knowledge. Such as 
we have, however, suggests that its ideals are 
anything but high, and that regard for the truth 
is not givenin this section, the place which we believe 
is accorded to it in the work of the other branches 
to which we have referred above. 

A few weeks ago we had sent to us a copy, in 
pamphlet form, of an address delivered before this 
“Safety Section’ of the Association on April 27 
of this year at St. Louis. As this contained in the 
printed text one or two minor hand-written correc- 
tions, we take it to have been addressed to us by 
the author or by some one on his behalf, especially 
for our notice and probably for editorial comment. 
The author was a certain Mr. Charles Frederick 
Carter, who set out by means of his address to 
explode what he termed a venerable myth. The 
subject dealt with was the comparative safety of 
British and American railway operation, and in his 
opening remarks the speaker referred to a Press 
cablegram from England, widely circulated in the 
United States about February 20 last, to the effect 
that in this country only one passenger was killed 
in a train accident in 1925, in something like 
1,700,000,000 passenger journeys. 

Before settling seriously down to his task of 
disproving this statement, Mr. Carter indulged in 








the fantastic statement that this “tribute to 
British perfection,” as he facetiously called it, 
appeared in our contemporary The Railway Gazette 


5!of June 12, 1925, or, to quote Mr. Carter, ‘‘ 202 


days before the end of the year to which the 
statistics quoted in the press cablegrams referred,” 
and he made some play upon the enterprise of our 
amateur prophets who put such things up to 
Providence on the chance that in the future it 
might substantiate them. Before we leave the 
‘‘ lucubrations of these volunteer soothsayers ” and 
turn to official reports with Mr. Carter, we may as 
well point out that our esteemed contemporary, in 
the article quoted, made no reference whatever to 
the year 1925 and hazarded no prophecy as sug- 
gested. The figures dealt with related to the “ last 
five years.” In actual fact the passage was an 
extract from a statement made by the Minister of 
Transport in the House of Commons to the effect 
that in the five previous years only one passenger 
had been killed for every 1,650,000,000 passenger 
journeys made. Our contemporary went on to 
point out that in two recent years, 1901 and 1908, 
not a single fatality had occurred to passengers in 
accidents to trains, while in 1909 the figure was one 
only, and in 1916, 1919, and 1923 only three. 
So far as this part of his self-imposed task, therefore, 
is concerned, we are afraid that Mr. Carter has 
exposed himself as given to making statements of 
considerable inaccuracy. 

As the official returns are now available for 1925, 
having been published in the course of the past 
few days, we can appeal to them with regard to the 
truth or otherwise of the cablegram which filled 
Mr. Carter with such concern. We quote as follows*: 
**2. In respect of passenger fatalities by train 
accident, the record for the year 1925 (Centenary 
of British Railways) has been good. In the only 
instance recorded, death, which occurred 10 weeks 
after the accident, and was due to fatty degeneration 
of the heart, was stated to have been accelerated 
by shock received in the accident.” This quota- 
tion, it will be seen, effectually disposed of the 
question as to how many fatalities actually occurred. 

Mr. Carter’s next point was that the figure of 
1,700,000,000 passengers was an exaggeration, the 
number being nearer, in his opinion, to 1,235,802,000. 
Unfortunately, our critic has stumbled again here, 
for while the official returns give 1,236,200,000 as 
the passenger journeys for 1925, this is clearly 
stated to be exclusive of the journeys by season- 
ticket holders. It is more than probable that 
Mr. Carter is innocent of the meaning of this phrase, 
since it is not one in use in his country. In fact 
in many of his references to British railway opera- 
tion, this gentleman has shown either an amazing 
ignorance of our conditions, or else is guilty of a 
desire to misrepresent them. However, as the 
official estimate of the journeys taken by season- 
ticket holders is 510 millions, and the actual booked 
number of journeys in 1925 is recorded as 1,232-6 
millions, the total appears to be in the neighbour- 
hood of 1,742,600,000 passenger journeys, which 
makes the Press cablegram total, referred to above, 
err, if anything, on the side of moderation. 

We do not propose to follow Mr. Carter all through 
his discourse. The serio-comic manner adopted 
was, we hope, suited to the particular circumstances 
of its delivery. We can scarcely believe that he 
intended many of his statements to be taken as fact, 
but, if so, it may well be asked whether such treat- 
ment was worthy of an association which in other 
respects has won a wide-world reputation. If, on the 
other hand, his caricature of British practice was seri- 
ously intended, he must have been at once discredited 
as incompetent and ignorant by many members of 
that body, whose acquaintance with this country has 
been to our knowledge of a very different nature. 

In both passengers killed and injured in train 
accidents, 1925 came well below the average. On 
the other hand, accidents to employees in train 
accidents last year showed an increase in fatalities, 
but a decrease in non-fatal accidents, as compared 
with the average for 1914-1923. Of twenty-four 
train accidents inquired into, thirteen were due to. 
failure of the staff to observe signals or comply 
with regulations, and four were due to failure of 
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rolling-stock. It is notable that the report states 
that in only two instances can it be assumed that 
automatic train-control would have prevented 
collision, and “the case for the adoption of auto- 
matic control, regarded from the point of view of 
safety, is less urgent in character than it was when 
the committee issued their report.” 

The latest report will doubtless cause Mr. Carter 
further amusement. He pictured, in his address, 
shunting as done here by man-handled capstans, 
and possibly raised some merriment by the presenta- 
tion of his picture. We do not grudge this enter- 
tainment to railway officers in America, but we 
cannot think that it will enhance the reputation of 
the important Association concerned. We take it 
that the advance of railway operation is its real 
object, and not merely entertainment by linguistic 
artists, who, if many of them resemble the speaker 
whose effort has been brought to our notice, will 
only make it look foolish in the eyes of the world. 








THE MECHANISM OF FATIGUE. 


Tue ways in which practical work and scientific 
investigation may be co-ordinated are various, and 
nothing is more important to each class of work 
than that their relations should be intimate. They 
may often have to view the same subject from 
entirely different points of view, the practical man 
being compelled to conform to unavoidable works’ 
necessities, while for the time being the scientific 
investigator has to avoid all such complications. 
If, therefore, both classes of workers are to yield 
each other the greatest mutual assistance, it is 
indispensable that they should have periodical 
opportunities of facing each other’s point of view, 
and keeping themselves accustomed to meeting 
each other’s difficulties. Among the methods of 
attaining this end that should be the most fruitful, 
is the practice adopted in the National Physical 
Laboratory of undertaking both the routine work 
of testing, which keeps the staff in touch with the 
conditions under which industries are carried on, 
and special investigations on which important 
issues may turn. These may call for considerable 
judgment as to the manner in which the con- 
ditions of practice may be best represented in 
experiment, and the extent to which the investi- 
gators should condescend upon the detail of their 
work. Here likewise there is the advantage that 
the work is done by a staff accustomed to con- 
sidering such questions, and intercourse between the 
two classes of workers should make it possible to 
define a satisfactory standard of the extent to which 
such investigations can be profitably carried. 
Beyond these two classes of work, it is however, 
necessary that institutions such as this laboratory 
should undertake what technically may be called 
research proper, so as not only to yield a fair 
quota of the new results that are the scientific 
man’s stock-in-trade, but also to fertilise the atmo- 
sphere of the place with whatever may be the 
most promising conceptions of the scientific day. 

Among the fundamental investigations of the 
third class, the last of a short series on the behaviour 
of single crystals of aluminium under reversed 
torsional stresses was communicated recently to the 
Institute of Metals at Liége, by Mr. H. J. Gough, 
Mr. 8. J. Wright, and Professor D. Hanson. We 
referred to this paper on page 320 in our report of 
the meeting in question. The work was part of a 
series of experiments performed for the Engineering 
Research Board of the Department of Scientific 
and Industrial Research in the interests of the 
Aeronautical Research Committee, and its purpose 
is—for it is not yet concluded—to obtain more 
definite knowledge regarding the changes of micro- 
scopical and mechanical properties of metals under 
static and repeated stresses. It began with some 
experiments by Mr. Gough and Professor Hanson 
in 1923 on crystalline metallic aggregates, such as 
are found in ordinary practice, the main purpose 
of the investigation being to study the causes of 
fracture under repeated stresses of relatively low 
magnitude. The results of their experiments were 
published in the Royal Society Proceedings A 
(vol. 104, p. 538), in 1923, and showed that, 


whether the range of stress was, or was not, within 





a safe range, strain hysteresis and slip bands 
were produced within practically all ranges. 
It was found, moreover, that up to a limit the 
action of slipping did not weaken the material, 
but, on the contrary, actually increased its resist- 
ance to further slip. Eventually, however, this 
strengthening action was exhausted, and when the 
range of stress was outside what was safe, a crack 
developed. It was not found possible to make 
sure whether, in fact, as was suggested, the failure 
occurred when the amount of strain-hardening by 
slip exceeded a certain limited amount, and it 
was thought desirable to institute experiments on 
specimens cut from single crystals instead of on 
crystalline aggregates. This had the advantage of 
eliminating the effects of the crystal boundaries, the 
nature of which is at present unknown, and offered 
the possibility of obtaining experimental verifica- 
tion of the usual assumption that slip bands 
represent the traces of actual “slip planes ” on the 
surface of the specimen, which could be related 
with the atomic structure of the material. A 
comparison, moreover, of the results of single 
crystals with those of crystalline aggregates might 
possibly throw light on whether the single crystal 
failed to produce results which had been found 
with the aggregate, and might, therefore, be 
attributed to an inter-crystalline material. 

The next series of experiments, reported on in 
1926,} was accordingly made with single crystals of 
aluminium, which, after being polished, were strained 
by reversed direct stresses, reversed torsional stresses, 
and single-blow tensile impacts. In the case of all 
these straining systems, a series of slip-bands was 
produced. The inclination of these was measured, 
and indicated traces of a system of planes. As will 
be remembered, the atoms of aluminium have 
been shown to lie most densely on octahedral 
planes, the distance between adjoining planes of 
the same order being greater for these octahedral 
planes than for others. It is accordingly along 
these planes that shear would be expected to 
occur, and by means of X-ray analyses it was 
found in each instance that the planes of which 
the slip-bands were traces corresponded with 
these octahedral planes. By measuring the slip- 
bands and the changes of shape of the specimen, it 
was shown further that the mechanism of deforma- 
tion was precisely the same, whatever type of 
straining was used, and consisted of a process of 
shear along the octahedral planes in the direction 
of the maximum resolved stress. It had been 
shown previously by Taylor and Elam that the 
same method of distortion occurs under static 
tensile loading; and accordingly it may now be 
concluded that the mechanism of deformation of 
aluminium crystals is the same for all types of 
straining. The well-known assumption that has been 
made for some time past is that slip-bands are traces 
of crystal planes, and an important consequence of 
this investigation is that the truth of this hypo- 
thesis has been demonstrated. Among other results 
is the fact that even under the smallest loading 
some degree of permanent set occurred, no com- 
plete primitive elasticity having been found. After 
successive repetitions of the strain, the material 
falls into a cyclic state, exhibiting strain hysteresis 
after each loading, a phenomenon which has been 
observed in previous experiments on crystalline 
aggregates. The observations also appeared to 
provide an explanation of the manner in which the 
first crack starts. As has been seen, the shear 
stress on the planes that slip actually increases as 
slipping proceeds, though the slip usually comes to 
a stop. The X-ray reflections seemed also to 
suggest that the slip plane is distorted locally, 
though retaining an average elemental flatness. It 
appeared, therefore, that the process of hardening 
which prevented further slip was attained by a 
series of local bucklings or ‘‘ rumplings” of the 
planes, which produce intense local stress. Under 
this stress inter-atomic breakdown may occur, thus 
starting a crack, or alternatively the single crystal 
may actually break up into a number of smaller 
ones. 

The next stage in the research, as recorded 








+t Philosophical Transactions, A, vol. 226, pp. 1-30 
(1926). In this and the two succeeding papers Mr. 
Wright was associated with the two previous authors, 





in the Institute of Metals’ paper referred to, con- 
sisted of further experiments on the behaviour of 
single crystals of aluminium under reverse torsional 
stress. Under torsional straining a very complex 
system of slip bands was produced, but although 
in general the number of planes entering into the 
distortion was greater than with direct or impact 
stress, the general mechanism of straining was the 
same. It was found, in fact, that the plane of slip 
and the direction of slip on the plane would change 
abruptly several times round the circumference of 
the cross-section, so as to confine the slip at every 
point of the surface of the crystal to one of the octa- 
hedral planes and to the direction of the most highly 
shear-stressed principal lines of atoms. A method 
described in an appendix gives, in fact, the stress 
analysis for calculating the variation of shear stress 
on slip planes in the direction of slip round the 
circumference of the cross-section. The actual 
system of slip-bands obtained is shown to have 
agreed with those calculated in this manner. 
Further study was also made of the progressive 
hardening during a long endurance test, distinguish- 
ing the phenomena of the last stages from those of 
the earlier stages. For this purpose, the surface of the 
specimen was polished at a number of stages during 
the test, and while in the majority of tests slip bands 
continued to be produced, it was found that, in the 
stage immediately before fracture, cracks appeared 
without further production of slip bands. These 
observations seem consistent with the previous 
hypothesis that the effect of slip, though it is essen- 
tially a hardening process, is to distort the planes 
of slip and set up high local stresses. In this way 
a stage appears to be reached at which, without 
further slip, the discontinuities caused by the effects 
of the previous slip form cracks, which under further 
repetitions of stress result in failure. An interesting 
series of tests traced the ball-hardness of a single 
crystal over its cross-section after it had been 
subjected to torsional straining, and showed that 
the degree of hardening, obtained at any point on 
the -cross-section, was proportionate to the shear 
stress at that point. 

The last series of tests, recently published in 
Aeronautical Research Committee: Reports and 
Memorandum Nos. 1024 and 1025,* dealt with 
reversed direct stresses, and showed that the 
orientation of crystals in relation to the direction 
of strain has a profound influence on their fatigue 
endurance. One of the test pieces in the former 
series was found to contain three crystals in its 
parallel portion, and was accordingly subjected to 
a series of torsional stresses at various ranges, with 
the object of obtaining preliminary information as 
to any effect of the crystal boundaries on the 
distortion or fracture of the specimens, and of 
suggesting lines on which the investigation of single 
crystals might be co-ordinated with similar work on 
crystalline aggregates. In general, the slip bands 
observed were similar to those obtained by straining 
single crystals similarly. Neighbouring crystals 
seemed to exert a ‘‘ shielding ’’ effect on the slip, 
which was not well marked when the crystals had 
nearly the same orientation. The final crack inter- 
sected the crystal boundaries almost orthogonally, 
and no evidence was found of inter-crystalline 
fracture. The opportunity was also taken in the 
earlier investigation to make accurate determinations 
of density, but failed to disclose any evidence of 
variation of density with strain within the limits of 
accuracy of the measurements (1 in 3,000). 

It will thus be seen that as the results of these 
investigations a considerable step has been made 
in the explanation of the important and difficult 
processes involved. The demonstration that all 
types of strain which have been tried operate 
similarly, introduces a valuable simplification in the 
conception of the mechanism of fatigue. Further 
experiments are now in hand on specimens contain- 
ing a few large crystals with a view to comparing the 
phenomena exhibited by the single crystals with 
those of these somewhat more complex structures. 
It is intended also to study the effect of varying 
grain size on the phenomena of fatigue. The few 
results obtained so far seem to indicate that 
ultimately it will be possible to revert to the 





* H.M. Stationery Office. 9d. net and 6d, net. 











OcT. I, 1926.] 


ENGINEERING. 


423 








study of the crystalline aggregate in the light of 
what has been learnt about the individual crystals. 
The enquiry has, in fact, revealed facts of funda- 
mental importance already, and seems to be in a 
fair way to accomplish work of practical importance 
as well as of scientific interest. 








NOTES. 
THe InstiTUuTION OF FuEL Economy ENGINEERS. 


Dr. A. E. Dunstan’s paper on “ Fluid Fuels,” 
which was read at the opening meeting of the 
Institution of Fuel Economy Engineers at the 
Royal Society of Arts, Adelphi, on September 24, 
dealt with petroleum and its products. Dr. Dunstan 
discussed the problem of obtaining oils from coal, 
referring to the work of Bergius and Fischer. In 
speaking of the latter, he concluded his paper by 
stating his opinion that it might be reasonably 
anticipated that coal-producing countries would 
ultimately not be dependent on mineral oils as 
the sole source of fluid fuels. In opening the 
discussion which followed, Admiral Sir Edmund 
Slade emphasised the importance of developing 
our internal sources by the conversion of coal, 
not only to meet the needs of normal life, but 
also because of its unquestionable value in times | 
of war. Several other speakers took part in the | 
discussion. The chair was occupied by Sir James 
Kemnal, who opened the proceedings by reading 
letters of apology for absence from the Right Hon. 
Sir Alfred Mond, President, who is abroad, and 
from Sir Hugo Hirst, Vice-President. Sir James 
Kemnal endorsed the policy of the Council of the 
Institution in adhering to their requirement of 
technical qualifications for corporate members, 
and expressed the hope that some means of 
combining with the Institution of Fuel Technology 
might yet be found. He concluded by pointing 
out that, as regards commercial use, raw coal had 
still a large margin in its favour now that inferior 
varieties could be consumed under boilers with a 
thermal efficiency of 85 per cent. Mr. P. C. Pope 
subsequently gave an account of the genesis and 
history of the Institution, in the course of which 
he stated that the Council were not aware that 
Sir Alfred Mond was President of the sister Insti- 
tution when it invited him to become President 
of the Institution of Fuel Economy Engineers. 
Mr. Pope also expressed the Council’s appreciation 
of the practical help received, Major Pirie having 
helped the Institution financially, Mr. Tomlinson 
Lee having provided office accommodation and 
personnel, while they were also indebted to Mr. W. 
Alderson Smith for assistance. 





TECHNICAL CoLLEGE LIBRARIES. 


It is probable that the average technical college 
student, especially if he is taking an evening course, 
and is engaged in the workshop, or office, during 
the day, has little leisure for general study. In 
many cases, no doubt, practically the whole of the 
time he has available is required to keep pace with 
his classes and to work through the text-books, 
which have been prescribed. It is clearly desirable, 
however, that, especially in the more advanced 
classes, students should endeavour to widen their 
knowledge on the subjects with which they are 
primarily concerned, and they should certainly be 
encouraged to consult standard works and keep in 
touch with current literature. Such reference need 
not demand a great deal of the student’s time if the 
means to it are readily available. Unfortunately, 
however, libraries are very infrequently provided 
in technical colleges, while the general reference 
library of most towns is certainly not well supplied 
with modern technical works. This subject was 
dealt with in a paper, entitled “The Distribution 
of Technical Literature,” read by Principal J. F. 
Hudson, of Huddersfield Technical College, before 
the Third Conference of the Association of Special 
Libraries and Information Bureaux, which was 
held in Oxford, from the 24th to 27th of September. 
The paper contained information referring to an 
enquiry on this subject, which was made by the 
Association of Technical Institutions, last March. 
The enquiry showed, as may have been expected, 
that the provision of libraries in technical institu- 

















tions is very limited and, except in the larger 
colleges, few technical works are available. The 
average number of books appears to be about 300, 
and in some cases these are too much out of date 
to be of value. Frequently, no sum of money is 
allocated for additions and renewals, so that some 
of the grant for apparatus has to be taken for books. 
Generally the average expenditure is between 201. 
and 301. a year. It will be admitted that this state 
of affairs is not satisfactory, and the author's plea 
for the building up of a library in all technical 
colleges may well be supported. He suggests that 
at least 1 per cent. of the annual expenditure of 
a college should be assigned to the support of the 
library. As Mr. Hudson points out, this procedure 
would lead to the building up of valuable specialised 
libraries, since most technical colleges already 
specialise on subjects bearing on the industries of 
the town in which they are situated. Such special 
libraries would not only be of great local value, but 
as the important work, for which the Association of 
Special Libraries has been formed, was carried 
forward, would form important specialised reference 
libraries for the whole country. 





WORLD-POWER CONFERENCE. 
SECTIONAL MEETING, BALE. 
(Concluded from page 380.) 


Section D.—ELEcTRIcITY IN AGRICULTURE. 


Two sessions were allocated to this subject, under 
the chairmanship successively of Mr. A. R. Angelo, 
Director of the Nordseelands Electricity and 
Tramway Company, Denmark, and Dr. M. Kamo, 
Professor of Mechanical Engineering, Tokio Uni- 
versity, Japan. The discussion justified an exten- 
sion, and a supplementary meeting was arranged 
under the latter chairman. The general reporter 
was Mr. F. Ringwald, Director of Central Swiss 
Power Stations, Switzerland. 

A contribution by Messrs. Petri, Pirrung, 
Riefstahl, Vietze and Kihnert stated that in 
Germany the agricultural land in cultivation had a 
total area of about 28,000,000 hectares (69,000,000 
acres), consisting for the major part of arable land. 
The population of the country was given as 
63,220,000 inhabitants, about 31-4 per cent. of 
whom were employed on land and forest work, 
according to the census of 1925. This proportion 
was gradually decreasing by migration to trade and 
industry. In the same year the total electric energy 
used in agriculture throughout Germany amounted 
to 670,000,000 kw.-hours, equal, in round figures, 
to 24 kw.-hours per hectare (9-7 kw.-hours per acre). 
Taking 65 per cent. as the efficiency ratio for the 
year, 2.¢., the ratio of the energy used on the land to 
that generated at the various sources, the figure for 


the latter worked out at Sh == 1,030,000,000 


kw.-hours. The total electric energy developed in 
power stations in Germany in 1925 having been 
approximately 13,000 million kw.-hours, the pro- 
portion consumed on the land for agricultural 
purposes was thus only about 8 per cent. of the 
total. The authors anticipated that in about ten 
years the utilisation of electric energy in agriculture 
would amount roughly to 80 or 100 kw.-hours per 
cultivated hectare (37 kw.-hours per acre), or to a 
total of from 2,250 to 2,800 million kw.-hours. 
Reckoning on an improved efficiency ratio of 70 per 
cent., these two last figures would correspond to 
3,200 and 4,000 million kw.-hours at the power 
stations. The various country districts were 
supplied by the generating stations with three- 
phase, 50-cycle current, the pressure of which was 
from 35,000 volts to 110,000 volts. The pressure in 
the overhead distribution mains proper was from 
3,000 volts to 20,000 volts. The low-tension systems 
with neutrals, to which were connected the various 
pieces of machinery, were at a pressure of 220 or 
380 volts between the outers, whilst for lighting, for 
1elatively small heating apparatus and the smaller 
motors, the pressure was 120 or 220 volts. The 
larger estates had a transformer installation for their 
exclusive supply, and in the case of estates of com- 
paratively small extent a transformer was common 
to a group of several, whilst in some cases portable 





transformers were resorted to. The motors were 
generally of a portable type for switching on at the 
spots where they were needed for the time being. 
By far the greater proportion of current was used 
for power purposes, followed closely by lighting. 
Electric heating had not so far been largely resorted 
to in the country districts in farms and dairies, but 
a great extension in the use of current for this 
purpose was anticipated. 

A paper on “Electric Ploughing,” by Mr. R. 
Borlase Matthews, reviewed in detail the question 
of the use of current on the land from the standpoint 
of the agriculturist and that of the electrical 
engineer. He stated that Continental countries 
were those in which the greatest progress in electric 
ploughing had so far been made. Different kinds 
of machinery were described, covering mainly 
ploughing; a selection amongst these depended 
upon particular circumstances. A number of sys- 
tems had proved both practical and economical. 
He advocated the equipment of the countryside 
with distribution lines ; when these were completed, 
farmers would be enabled to take advantage not 
only of a most efficient electric plough, but also of 
numerous other no less efficient electric implements. 
Further data on this same question will be found in 
the paper read by Mr. Matthews before the British 
Association, Oxford, on August 6, which we repro- 
duced on page 211, ante. 

Messrs. W. Rung and V. Faaborg-Andersen read 
a paper dealing with the 380-volt current system in 
the country districts of Denmark. That country, 
although it had only about 3 million inhabitants, 
was stated to be one of the leading agricultural 
countries of Europe. Practically every farmstead 
and dairy was electrified. Asa consequence, power 
stations were to be seen all over the land, put down 
by the inhabitants themselves acting in partnership. 
Owing to the wide areas served, it was decided from 
the commencement to use a three-phase current 
having as high a pressure as possible at the clients’ 
switchboards, and that of 220-380 volts was 
selected ; this pressure had been retained in all 
subsequent installations. The fact had been 
established that with suitable precautionary 
measures in the wiring system and at the machines, 
the risks could be overcome without any undue 
expenditure, whilst the life of the installations was 
notably increased, and repairs and maintenance 
costs correspondingly reduced. Since 1910, the use 
of lead-covered cables in wet or damp rooms had 
greatly developed ; the paper gave illustrations of 
connections for these cables and illustrations of 
other accessories and apparatus. 

The situation in Norway was described in a paper 
by Mr. N. Schulz, who stated that the electrification 
of rural districts in that country had greatly extended 
during the last 10 years. The water power which 
could be turned to account in Norway was capable 
of developing 10 million h.p., yielding about 80,000 
million kw.-hr. per annum and corresponding at the 
present time to 30,000 kw.-hr. per inhabitant per 
annum. Only a small proportion of this water 
power had so far been utilised for all purposes. The 
paper stated that 391 of the most fertile agricultural 
estates during the year 1924 utilised a total of about 
1,700,000 kw.-hr. Current was resorted to for operat- 
ing agricultural machinery in 80 per cent. of these 
estates. Current was largely used in Norway in the 
houses for lighting and heating purposes. 

Mr. Eschwege dealt with the application of 
electricity to agriculture in France, where it had 
for many years past received the attention of 
specialists and of the rural population. In France 
about 42 per cent. of the land was cultivated, and 
the constant decrease of manual labour rendered 
imperative the increase in the rational use of 
electric energy. The question in France had 
become one of national importance, which was 
receiving the attention of Government, agriculturists 
and electricians. One of the great difficulties had 
hitherto been that of finance; it was hoped, how- 
ever, that by taking the matter up in a spirit of 
close co-operation the problems would be solved 
much sooner than appeared at all possible a few 
years ago. 

Messrs. E. Jordi, A. Waeber and J. Bertschinger, 
after reviewing, from the point of view of agriculture, 
the productive and unproductive areas of Switzerland, 
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land, stated in general terms, in a long contribution 
which does not lend itself to abstracting, the 
advantages to be derived from the use of electricity 
in the Swiss farms, dairies and other estates. 

Farm electrification in Japan had recently 
become one of the current topics in the country 
for two reasons, according to Mr. S. Mayehara. One 
was the very great rate of increase in the popu- 
lation, which rendered necessary the reclamation 
of waste areas to make them available for rice 
growing. The area of land at present under culti- 
vation was about 15-6 per cent. of the total area 
of Japan, the arable part of Japan thus being 
by comparison less than that of other countries. 
The second reason was to compensate for the 
labour shortage of farms; during the latter part 
of the war, industry in Japan progressed very 
rapidly, and many young men left the farms for 
the cities. Many oil and steam engines, besides 
electric motors, were now used on farms, but the 
former engines would no doubt be replaced by 
electric machines as soon as distribution lines 
were extended, following the efforts now being 
made by the electric power supply companies. 

The Toho Electric Power Company, Limited, 
Tokio, gave information on electric farming in 
Central and Western Japan, and emphasised 
the necessity of electrifying rice farming, the 
treatment of the rice crops, and so forth. The 
electrification of the tea-producing districts also 
came in for consideration. The most important 
application of electricity on the Japanese farm 
was mechanical pumping for irrigation and drainage. 
The total power required for the irrigation and 
drainage of rice fields at present under cultivation, 
was estimated at 500,000 h.p. Steam, gas and 
oil engines were used in old pumping stations, 
but were far inferior to electric motors ; the number 
of these being put down was gradually increasing. 
Electric current for the treatment of crops was 
also being used to a larger scale year by year. 

In a paper entitled the ‘ Development of Rural 
Electrification in the United States,” Dr. E. A. 
White said that for the present electricity played 
only a minor part in the agriculture of the country. 
Only 7-8 per cent. of all the farms used electricity 
for other purposes than lighting. The average 
annual consumption of energy was about 300 kw.-hr. 
to 400 kw.-hr. perfarm. A national committee had 
recently been appointed with a view to considering 
the subject of the application of electricity to 
agriculture, and 20 out of the 48 States were, 
so far, supporting the efforts of this national 
committee. Of all States, California had done 
most to favour agricultural electrification ; in that 
State half of the energy used in agriculture was 
electric: energy, namely, for the working of pumps 
used for irrigation purposes. 

The general reporter opened the discussion with 
a summary of the leading points in the various 
reports. He called attention particularly to the 
Swiss report owing to the careful and extensive 
inquiries upon which the data quoted had been 
based. He considered the report furnished a 
faithful representation of Swiss conditions, and 
that it contained figures which could be safely 
used as a basis for estimating purposes wherever 
similar conditions existed. Although diversity of 
application marked the Swiss efforts, little progress 
had been made with electric milking owing to the 
extreme personal care lavished on the cows by 
the farmers. 

He had experienced severe difficulty in obtaining 
permission to demonstrate on live cows at an exhibi- 
tion held last year, until the value of the cows 
was guaranteed in advance. He desired to focus 
attention on the large number of unsolved problems, 
and mentioned those of a fair method of charging 
for current and plant, and those surrounding the 
use of light ultra-violet rays, and an intense electric 
field upon crop production. 

Data showing a marked decrease in the number 
of bacteria present in milk obtained by electric 
milking as against manual, the result of prolonged 
observations, were furnished, and further tests of 
ultra-violet ray treatment as a steriliser were given. 

The formation of committees of the various in- 
terests concerned, for the purpose of studying the 
subject of electricity in agriculture in each country, 





coupled with an international committee, was 
advocated, both by the general reporter and by 
several subsequent speakers, and a suggestion was 
finally put forward by the meeting to the Inter- 
national Executive Council formally to this effect. 
Another important point made by the general 
reporter was the need for experimental stations 
and model farms, where machines could be 
thoroughly tested under practical conditions, and 
where farmers could satisfy themselves by demon- 
stration regarding new machines. In Switzerland 
the power companies have co-operated in such 
action. Speakers from several countries developed 
the question of supply tariffs and the relative 
advantages of flat-rate and two-rate systems. 
Local usage played a large part in this matter, 
apparently. A German speaker considered that the 
want of a satisfactory practice held up progress. 
He also drew attention to the methods followed 
keenly in his country to provide farmers with 
machinery at reasonable prices on an easy-payment 
system. On the question of ploughing, a French 
speaker stated that a company was operating in 
France, contracting to do ploughing at a schedule 
rate depending on the soil, and it had completed 
some 7,400 acres during its first year. Electrical 
destruction of pests was also discussed. A Japanese 
speaker instanced the use of electric light to attract 
mosquito larve into traps, while Mr. A. E. Kitson 
(Gold Coast) referred to the use of ultra-violet rays 
for preventing and curing diseases of trees, and for 
destroying animal parasites, a field awaiting research 
and development. A speaker from the United 
States mentioned the employment of ultra-violet 
rays in another direction, namely, to treat food for 
animals, which was found, he claimed, as effective as 
treating the animals themselves. 


Section E.—RatLway ELECTRIFICATION. 


The 15 papers grouped under this heading 
occupied three sessions, the Chairmen being Mr. 
Roger T. Smith (Great Britain), Prof. A. Enstrém 
(Sweden) and Mr. Paul Dittes (Austria). The 
general reporter was Dr. E. Huber-Stockar (Switzer- 
land). The papers fell naturally into two groups, 
the majority being concerned in a descriptive 
manner with the progress of railway electrification 
in the countries of the authors, and three treating of 
branches of the subject in a general manner. Of 
the former, the reports submitted for Switzerland 
and Germany both contained such a comprehensive 
survey of the position in these countries, the com- 
bined work of a number of reporters, with tables and 
diagrams, that it is not possible to do them justice 
in the following summaries. There was no report 
dealing with the Italian railways. 

Considering the reports in detail, the Swiss 
Railways were reported upon by Dr. E. Huber- 
Stockar and collaborators. The first standard 
gauge electrified railway dated back to 1899—the 
Burgdorf-Thun, 25 miles—and now, chiefly due to 
the conversion of steam lines, there were about 
1,000 miles in operation, which by the end of 1928 
would become 1,400 miles. Of these, about 1,000 
miles would be standard gauge, representing 55 per 
cent. of the normal gauge railways, and 90 per cent. 
of this total would be operated by 15,000-volt single- 
phase current, 163 cycles. The choice of the system 
was based on past experience and full investigation 
by a technical committee. The report contained 
much information regarding the large hydro-electric 
stations, the property of the Swiss Federal Railways, 
who control most of the standard-gauge railways. 
In 1913 Parliament gave them powers to generate 
and distribute their own current, and they have over 
500 miles of transmission lines of theirown. They 
could generate a steady 74,000 h.p., which could be 
raised to over 300,000 if all plant were used simul- 
taneously. Transmission was by overhead 132,000, 
66,000 and 60,000-volt lines, except in narrow 
valleys, where underground cables were adopted to 
avoid interference with other services. The majority 
of the sub-stations were built in the open air and 
were found to give reliable service. Dealing with 
the overhead conductor lines, the authors stated that 
maintenance required on the average one workman 
to 4 miles of line : 286 locomotives or motor coaches 
were in service, of which 167 were express passenger 


engines, The number of types had been reduced to 





a minimum and standard parts utilised as far as 
possible. Complete costs, capital and maintenance, 
were included in the report, adjusted to present-day 
levels, as the war inflation prices ruling when the 
work was carried out did not admit of fair com- 
parison. About six million pounds were sunk in 
the main hydro-electric stations, or, including 
transmission and sub-stations, about 94 million. 
The running costs of steam and electric services were 
considered to be approximately equal at present, 
but as traffic increased on the electric service the 
advantage would be with that service. 

German railway electrification, according to 
Mr. W. Wechmann and his collaborators, covered 
over 500 miles, with a further 100 miles in process 
of conversion. Power was obtained from both 
steam and hydro-electric stations, the former con- 
taining Ruths steam accumulators. Very full parti- 
culars were given of the working of the different 
stations and of the cost of current at each. Power 
is transmitted at 60,000, 80,000 and 110,000 volts 
and reduced to 15,000 volts in sub-stations which are 
enclosed, although for the future open sub-stations 
would be used. The periodicity is 16%. The 
authors dealt very fully with design of conductor- 
wires along the track, analysing the stresses, such as 
wind stresses, &c. The locomotives, of which there 
were 250 to 300, excluding a few motor coaches, 
were also described in detail. Experience has shown 
in the matter of cost that the railway power stations 
were not higher than outside stations; and that 
repair costs on electric locomotives were cheaper to 
effect than on steam locomotives. In considering 
the future, the authors showed the balance of ad- 
vantages to be with a system whereby industrial and 
railway needs could be merged and the same distri- 
bution network made to do for both. The difficulties 
of this were also brought forward. 

The position of the French electrified railways 
was set forth in a report by Mr. H. Parodi. From 
the first France decided on transmission lines 
common’ to both railways and general consumers. 
a principle for which a saving of some 35 per cent. 
in transmission line costs was claimed. In general, 
generation, by steam and hydro-electric installations, 
was done privately, but in some cases railway 
companies own power stations. In the Western 
Pyrenees some 12 power stations, including several 
owned by a railway company, were pooled and 
run by a separate company. A unified system of 
current distribution was considered of prime impor- 
tance in France on the score of all-round economy. 
The railway load was claimed to be only 15 per cent. 
to 20 per cent. of the total power generated, and 
therefore not worthy of separate transmission lines. 
The voltage adopted was from 60,000 to 150,000 
volts and the current was transported as three 
phase, 50 cycle. The traction current was con- 
verted in sub-stations, in some cases automatically 
operated, to 1,500 volt direct current, which was 
fed to the locomotive by overhead catenary, or in 
some places, third rail conductors. A word of 
warning was given against the use of the mercury 
arc rectifier in hilly country where regeneration of 
current may seriously affect the voltage. Altogether 
about 450 locomotives, chiefly of 1,000 to 3,000 h.p., 
were in use on the main French railways. The 
author gave a formula determining, for given coal 
and current prices, the traffic density at which a 
given return on capital would be forthcoming. 
No account was taken of rolling-stock costs for 
either steam or electric tractors in this formula, 
as he considered that for equal power initial outlay 
and maintenance were about the same, in so far as 
two such different machines, judged on performance, 
were comparable. 

A summary of the activities in this field in Japan 
was provided in three short papers contributed by 
Messrs. S. Mayehara, I. Inouye, and T. Ohmura. 
The papers dealt chiefly with tramway systems 
and suburban lines, as comparatively little main line 
work has yet been carried through. About 156 
miles of the Japanese Government Railway has 
been electrified, including 60 miles in and around 
Tokio. Power was generated in both Government 
and privately-owned stations, chiefly hydro-electric, 
supplemented with steam power stations. Trans- 
mission was at 11,000 or 22,000 volt, 50 or 60 
cycles, three-phase, along underground cables. This 
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was converted to 600 volt, 1,200 volt, and 1,500 
volt direct current by rotary converters and now, 
to a greater extent by mercury arc rectifiers. Direct 
current was decided upon because of the large 
number of telephone and telegraph lines carried 
along close to state lines. The narrow gauge (3 ft. 
6 in.) and small construction gauge, further, allowed 
little room for high-tension equipment. The 
privately -owned lines, including the Kongosan 
Railway in Chosen of standard gauge, now building, 
were all worked on direct current, the newer ones 
at 1,500 volts to conform to the Government Railway 
standards. 

The electrification of the Austrian Federal 
Railways was described very fully in three papers 
dealing, respectively, with power generation, 
transmission and locomotives, by Messrs. A. 
Hruschka, H. Luithlen and R. Lorenz. Electrifi- 
cation of trunk lines was decided upon by the 
National Assembly in 1920, for the important 
reasons, among others, that speeds and loads would 
be increased, resulting in keen competition for trans- 
European traffic. The present configuration and 
situation of Austria are such that only the most 
favourable terms will direct such traffic through 
Austria. It was claimed that a rise of 124 per 
cent. to 25 per cent. in train loads had been accom- 
panied by reductions in time of 25 per cent. to 30 
per cent., amounting in some cases to as much as 
2 hours for express trains and 3 hours for goods, 
which now climb gradients more rapidly than they 
descend. 

It was also stated that new construction would 
be cheapened by the increase in the allowable 
gradients in mountain country. Power would be 
generated in 6 water power stations, 5 running in 
parallel when the installations are completed in 1928. 
The installed capacity would be 164,000 h.p. to 
serve the 400 miles opened or under construction. 
Distribution was by 55,000 volt single-phase, 
16% cycle current, stepped down to 15,000 volts 
for the trolley lines, in 12 sub-stations, the older 
stations being in buildings but the newer of the 
semi-open-air type, 7.e., open air for the 55,000 volts 
and transformers (air cooled), but indoors for the 
15,000 volts switchboard room. 

Locomotive development had been handicapped 
by the low axle load of 14} tons. This would be 
increased to 16 tons, and a degree of standardisation 
adopted for auxiliaries for which a voltage of 200 
would become standard. About 60 locomotives were 
in service, with others under construction, the types 
being express passenger, passenger, goods and shunt- 
ing. Drawbar pulls up to 20 tons were obtained. 
Among interesting details it was stated that rotary 
air compressors for the brakes were being tried, and 
that on one class electric rheostat brakes, utilising 
the full engine weight, were being fitted. Various 
new types were being experimented with; such 
as locomotives with phase converters, and single 
phase to D.C. converters with separate excita- 
tion in which speed was altered by shifting the 
brushes of the converter. Another new type was 
the 2-8-2 type express locomotive in which each 
axle was driven through bevel gearing from its own 
motor arranged with the axis vertical. From the 
large bevel wheel to the concentric axle, drive was 
taken through a flexible linkwork. This disposition 
gave a high centre of gravity, accessibility to the 
motors and made the removal of the armature easy. 

Recent development in Sweden was covered in a 
paper by J. Ofverholm dealing with the Stockholm- 
Géteborg electrification opened this year. Up till 
then about 420 miles of main line were electrically 
operated on the 15,000-volt 16% cycle single-phase 
system, specially generated for the purpose. With 
a desire to utilise existing power transmission, 
and because of complaints of disturbance to tele- 
graph and telephone, very careful consideration 
was given to the matter before work was put in 
hand. 

As a result it was found possible to maintain 
the single-phase system without disturbance, and 
to make use of the 70,000 or 130,000-volt, 3-phase 
50 cycle supply already widely distributed. The 
resources of one thermal-electric and three state- 
owned hydro-electric generating stations, all inter- 
connected, assured continuity of supply. Five 
converter stations situated where existing lines 
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crossed the railway supplied the contact lines, 
divided into 12 isolated sections. The converter 
stations comprised open-air three-phase transformer 
installations feeding at 6,300 volts to rotary converters 
contained, with switch gear, &c., in a building. 

Feed points to the contact lines were found not to 
be necessary nearer than 65 to 100 miles apart. 
Steps to avoid disturbance consisted of (a) utilising 
underground cable, 6 ft. from the track centre, 
and 2 ft. down for railway communications, and 
another for State long-distance telephones carried 
along parallel highways as remote as possible. 
Suburban telephones and State telegraph lines were 
carried on posts, located at a safe distance from the 
railway, at least 150 ft.; (6) as the former was not 
completely successful a return conductor carried 
on the contact line masts on small insulators was 
connected to the return rails at intervals of a mile 
or 1} miles, and at points midway small booster 
transformers of ratio 1:1 were housed in small 
buildings. In this way induction effect was found 
to be largely compensated. A trenching machine 
drawn by a steam locomotive enabled the cable- 
laying along the track to be expeditiously performed. 

For lighting at stations and signalling a 10,000- 
volt, 50-cycle, single-phase circuit was carried 
on the track masts and gantries. So far 50 loco- 
motives had been provided of the 2-6-2 type of 
1,700 h.p. Passenger and goods locomotives were 
the same except for the gear reduction to the jack 
shaft, and this was made to be easily changeable, in 
a couple of days, so that changes of requirements 
could be met. 

Professor Ir. I. Franco contributed a report 
dealing with electrification in Holland, which had 
reference chiefly to the 50 miles between Amsterdam 
and Rotterdam so far decided upon. 1,500-volt direct 
current through overhead conductors was to be the 
system, the current being brought to and transformed 
from 10,000 or 6,000-volt 3-phase at seven sub- 
stations. The 20-mile stretch, Rotterdam to 
Scheveningen, had been changed from 10,000-volt, 
single-phase, 25 cycle to the same system as the rest 
for uniformity. For the present it was only intended 
to run motor coach trains. The decision to electrify 
had been taken solely for the improved service and 
not for economical reasons associated with natural 
power resources. 

Dealing with the United States of America, Mr. 
W. S. Murray considered that the time had come 
when co-ordination of system was far more important 
than the minor advantages of one system over 
another. He drew a picture of the condition of the 
industrial supply in the United States, over 8,000 
miles of lines in interconnected groups, handling 
3-phase, 60-cycle current at voltages of 100,000 to 
220,000 volts. Against this he quoted the five large 
electrified railway systems, the New Haven, 11,000- 
volt single-phase ; the Great Northern 11,000-volt 
3-phase, the New York Central 600-volt D.C., the 
Butte and Anaconda 2,400-volt D.C. and the St. Paul 
3,000-volt D.C. The supply companies had publicly 
expressed their desire to forward railway electrifica- 
tion by agreeing to supply current where required 
and in required quantities on long-term contracts, 
upon an agreed rate of return on capital and profit 
where extra capital cost was incurred on distri- 
bution lines. The author proposed, in view of 
the necessity for conversion, anyhow from present 
supply standards to suit traction purposes, that 
high-voltage direct current would prove the best 
all-round standard to adopt. He considered that 
without such standard, electrification would be 
constantly handicapped by the superior inter- 
changeability of the steam locomotive. 

Of the remaining papers, not national in character, 
Col. E. O’Brien (Great Britain) presented one upon 
the economic aspects of railway electrification, 
with special consideration of those which cannot be 
expressed numerically. Notwithstanding the title, 
the report contained much in the nature of financial 
justification of electric operation, and dwelt in 
particular upon the considerable influence that the 
reduction of footplate crew to one driver would 
have upon the economics of the subject. The 
advantages, both to the customers of the railways 
and from the electrical point of view, of more 
frequent and lighter trains was remarked upon. 





The attendant advantages which cannot be com- 
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puted, comprised reduction in track maintenance, 
station, &c.; painting and rolling-stock main- 
tenance in so far as smoke is responsible for 
deterioration ; diminution of fire risks, supplies of 
cheap current throughout the system, and the added 
comfort and speed of travel. 

Mr. E. Kurzel-Runtscheiner (Austria) contributed 
a report calling attention to the claims of the Diesel 
locomotive in some form as an aid to cheaper 
transport in countries where coal and water power 
were absent or insufficient. He covered the main 
points of the problem as it stands to-day with 
particular reference to the transmission difficulty, 
and the suggested methods put forward by various 
builders to meet the difficulty. Finally, Mr. H. 
Cohen (Denmark) presented a report upon the 
testing of porcelain insulators. He claimed that 
the evaluation of suitable mechanical strength tests 
(for which present electrical tests were no guide) 
would prove an important item in reducing main- 
tenance costs on electric railways. He gave results 
of his investigations upon the determination of a 
standard test bar for tensile tests, together with 
results of tests carried out on different porcelains, 
with different glazes, and he referred to the effects 
of repeated stresses. 

In opening the discussion, the general reporter, 
Dr. E. Huber-Stockar, made an interesting sum- 
mary of the reasons which can contribute to an 
existing steam line turning over to electricity. 
Where no special cause operated, such as smoke 
nuisance in tunnels, or exceptionally dense suburban 
traffic beyond the capacity of steam services, the 
reason for a line failing to electrify was financial, 
as there was now no technical difficulty to prevent 
it. The answer to “ Will it pay for the capital 
to be expended ?” was a very difficult one to find, 
owing to scarcity of comparable fundamental data. 
Having this in view, he had drafted a tabular sum- 
mary of questions to which the answers must be 
known and the missing data would be available. 
He thought the meeting might discuss this analysis, 
and he suggested the World Power Conference might 
seek the collaboration of the various institutions of 
railway engineers in the compilation of data upon 
these or similar lines. In subsequent discussion 
some criticism of the table arose, together with 
compliments on Dr. Stockar’s proposal and his able 
analysis. Dr. Wichert (Germany) drew attention 
to the difficulties of a fair comparison of the aggre- 
gate power of steam locomotives and of electric 
locomotives, due to the uncertainty of the proper 
rating for the former. He advocated recording the 
power characteristics of locomotives at a range of 
speeds. Mr. Jobin (Switzerland) stated that for 
electric motors the hourly basis was the correct 
one to consider, and added that the International 
Electro-Technical Commission laid this down as the 
important test for motors for locomotives. 

Mr. Rich (Great Britain) enquired whether any 
results were yet available of the Italian experiment 
of traction on 3-phase 50-cycle current, and whether 
trouble arose in sidings and yards with the two 
overhead lines. Mr. Jacobini (Italy) replied that 
trials were in hand on goods services and at 6,400 
volts, although ultimately 10,000 volts would be 
used. So far no serious trouble had been met either 
generally or in sidings. The system was, of course, 
rather complicated at such points, but was proving 
workable. Mr. Enstrém (Sweden) stated that 
where telephone or telegraph lines were involved 
sufficient trouble arose with low periodicity, and he 
thought 50 cycles would prove unworkable under 
such circumstances. 

Mr. Jobin, speaking of the Swiss report, said the 
cost estimates furnished were plain statements of 
fact which did not always do justice to the elec- 
trical case ; for instance, value of older steam stock 
was not strictly comparable. He considered the 
elimination of the second man on the locomotive 
would increase the earnings 1 per cent. on capital. 
An Austrian reporter questioned whether the time 
was yet ripe for standardisation of system in view 
of trials such as those of Mr. Verebély with phase 
conversion on the locomotive, which was proving 
successful, and which would alter values. At a later 
stage a discussion of systems arose and several 
speakers stressed the fact that each system of 
distribution and use had its advantages, and 








Hees ne 


426 


SM GANEE RIN G. 





[OcT. I, 1926. 

















whichever one suited any given set of conditions in 
a country best would probably be adopted for that 
country. Reasons other than technical, for instance, 
political reasons, played a large part in the ultimate 
choice. The case of our Southern Railway was 
explained by Mr. Rich. 

Colonel O’Brien spoke advocating the simplifica- 
tion, and consequent cheapening of electric stock 
by removing the bulk of the instruments in the cab. 
He thought these confusing to the drivers and in- 
stanced a case in which he had carried out such a 
case, leaving nothing but a pilot light to denote 
current “on” or “ off.” Dr. Wichert disagreed, as 
he considered a speed recorder and gauges essential 
to enable the men to get the best out of the machines. 
He claimed to have converted 200 steam train 
drivers in the Munich district, whom he described 
as no longer young, into satisfactory electric train 
drivers. 

On the Wednesday of the second week of the 
Conference the official Final Meeting was held, at 
which, in addition to the formal expression of thanks 
to Dr. Edward Tissot and members of the Swiss 
National Committee for the excellent provision they 
had made for the successful conduct of the Bale 
Meeting, a series of business resolutions was passed, 
six concerning Section A, and one each Sections B 
aud D. We have considerably abridged the resolu- 
tions which were probably of necessity, somewhat 
wordy. They were to the following effect :— 

Section A.—(1) The Council considers it advisable 
that experts of different countries should exchange 
experiences in connection with the erection of large 
dams and the operating experiences in connection 
with them, and is of opinion that this will be best 
carried out by appointing an International Com- 
mittee. 

It noted, with satisfaction that the French Govern- 
ment following a suggestion made by the “‘ Congres 
de l’Association Francaise pour l’Avancement des 
Sciences,”” at Grenoble, last year, is giving consi- 
deration to this matter with a view to submitting a 
report through diplomatic channels to other countries. 
It resolves to give consideration to means of consti- 
tuting an International Committee for the work. 

(II) As pointed out in the report presented by 
Mr. Neeser, Switzerland, different methods of 
determining water turbine efficiency are in use in 
Europe and in America, and it is desirable that the 
same methods be applied in both continents. The 
Council express the wish that the International 
Electrotechnical Commission pursue its work in 
this matter. 

(IIL) As pointed out in the report of Mr. Uytborck, 
Belgium, it is advisable to compile annually, on a 
comparative basis, statistics as presented for 
Belgium in Mr. Uytborck’s paper, dealing with the 
utilisation of power in all countries, and it is advis- 
able that this work be done in association with the 
“Union des Producteurs et Distributeurs d’energie 
électrique.” 

It resolves that steps be taken in this matter 
in co-operation with the ‘‘ Union des Producteurs 
et Distributeurs d’energie électrique.” 

(IV) As pointed out in the report of Messrs. 
Halter and Schaffernak, Austria, there is a lack of 
knowledge concerning the influence of dams and 
channels on the transport and deposit of solid matter 
by rivers, and it resolves to invite the National 
Committees of the World Power Conference to study 
the question and prepare reports to be presented 
at a subsequent session. 

(V) Uniform methods of determining the constant 
in Chezy’s formula of velocity of water in conduits 
should be arrived at ; it resolves to ask the National 
Committees of the World Pover Conference to con- 
sider the best method of determining this constant. 

(VI) As suggested by Mr. Cerny, Czechoslovakia, 
it is of general interest to collect information con- 
cerning the laws in force in different countries on 
water power development. It resolves that the 
Central Office of the World Power Conference invite 
the National Committees to prepare papers on these 
laws to be kept by the Central Office at the disposal 
of National Committees of the Conference. 

Section B.—{I) As suggested by the general 
reporter of the Section, Mr. Landry, Switzerland, it 
is advisable to compile statistics on a comparative 
basis dealing with the power resources of the world. 





Section D. —a As sialialdaen by the general 
reporter of the Section, Mr. Ringwald, Switzerland, 
it is useful to give further consideration to electro- 
farming and the exchange of ideas between coun- 
tries. It resolves to invite the Nationa] Committees 
of the World Power Conference to prepare reports on 
electro-farming or to complete the reports already 
presented for discussion at a subsequent session. 

Reference was made earlier to some of the enter- 
tainment provided for members, and the notice 
would not be complete without mention of the action 
of the Swiss Federal Railways, who planned a visit 
to Amsteg Power Station during the first week end. 
The party occupied two special trains which the 
Railways provided, the earlier one being timed to 
allow for a very complete inspection to be made of 
the plant in the power-station. The whole party 
was then conveyed on to Andermatt where a 
delightful al fresco picnic was given in the grounds 
of a hotel. 

Trains were provided to convey the party back 
to Lucerne that day and to Bale again on the 
Sunday. After the closing meeting on the Wednes- 
day the programme arranged for two days in 
Ziirich where a series of visits was paid to works in 
the vicinity on the Wednesday and Thursday, includ- 
ing the works of Messrs. Brown Boveri and Co., 
Baden; Messrs. Escher, Wyss and Company, Ziirich ; 
and at Winterthur, Messrs. Sulzer Bros., and The 
Swiss Locomotive Works. An alternative was 
a visit to the Wiiggital Power Station. On the 
Thursday evening the Conference concluded when 
the Authorities of the Canton and City of Ziirich 
entertained the members to a dinner. 





LITERATURE. 


An Introduction to Industrial Administration. By JoHN 
LEE. London: SirIsaac Pitman & Sons, Ltd. [Price 
5s. net.] 

Ir is as fashionable to-day to speak of the 

importance of industrial administration, as it was, 

during the war, to talk of welfare and, since then, of 
costing. There were people who were foolish enough 
to think that, if they had a welfare department, 
they had the key to the avoidance of industrial 
trouble ; others thought that, if they had a good 
costing system, they had the open sesame to success. 

Unfortunately, it is possible to have a welfare de- 

partment without the employees, or the firm, faring 

well and to know one’s costs to the nth decimal point 
and yet not be successful. After all, these are but 

two of many factors which go to the making of a 

works. 

True welfare must be accompanied by success, 
or it might be more correct to say that welfare 
is impossible without success. Welfare and costing 
may be, and probably are, steps on the road, right 
steps, but it will be found that they are but steps 
and can be of no avail if taken by themselves. 
Many firms haye gone far on the wrong road by 
allowing, comparatively speaking, undue emphasis 
to be given to matters which, by themselves, were 
of but secondary importance. 

For this reason we welcome this introduction to 
the subject by Mr. Lee. In this book, which certainly 
justifies its title, the treatment given is both broad 
and pertinent. Industry rather than capital is 
discussed and, amongst others, there are chapters 
dealing with Capital, the Expansion and Organi- 
sation of Industry, Training, Labour, Wages. The 
author does not seek to show how works ought to 
berun: rather he discusses the problems of industry 
with the idea of pointing out weaknesses and diffi- 
culties and how these can be avoided. In dealing 
with the question of admitting workers to the confi- 
dence of directors as regards the success of the busi- 
ness he makes a trite remark: ‘‘ As long as we— 
employees and employers—work in the dark, we 
shall fight in the open.’’ He indicates that, while 
he does not overlook the welfare of the workers, his 
outlook is wider than that associated with the special 
pleaders who make this work their business. ‘‘ We 
shall not realise the content of the successful manage- 
ment of industry until we hold in balance the eco- 
nomic as well as the psychological factors.” 

The author recognises that discipline in some con- 
cerns is, to-day, at a low ebb. This is undoubtedly 








true, and there are many works in which the term 
goodwill is such a fetish that control is of the 
flimsiest character, almost as flimsy as the actual 
good will. There is a tendency to treat goodwill 
and control together as being impossible to obtain. 

The author does not advocate “sloppiness,” 
“mere sentimentalism,” or “bland forgiveness.” 
He would rather advocate sternness but with 
justice. ‘‘ This man,” said the foreman, “is a bad 
lot.” ‘“‘ That,” said the manager, ‘“‘ does not prove 
that he broke the guiding rod.” One of the minor— 
but none the less real—troubles of industry to-day 
is the dependence of a man’s continuity of employ- 
ment upon the whim of some individual. The whole 
of Mr. Lee’s book is devoted to a better understanding 
of the needs of industry, not of capital only, nor of 
labour only. While some, perhaps, will not agree 
with him, he is not far from the truth when he says : 
“Tt is easy to write angrily in condemnation of 
industry. It is easy to use strong language and to 
describe man as the slave of the machine. That 
does not lead us far. What we have to yet learn is 
the true use of the machine as the servant of man. 
When we have learned it we shall have begun the 
science of industrial administration.” 

We recommend the book as one which well deserves 
to be read, and its modest price puts it well within 
the reach of worker as well as employer. 


Theory and Practice of Alternating Currents, By A, T° 
Dover, London: Sir Isaac Pitman and Sons, Ltd: 
[Price 18s. net.] 

Tue author of this book is of the opinion that a 
thorough grounding in the principles of alternating 
currents is essential before proceeding to the study 
of alternating-current machines and apparatus. 
This, to-day, is doubtless truer and of more import- 
ance than ever, and is not merely restricted to the 
student stage. It is quite as essential to successful 
work in later years, when the engineer has to apply 
what he has learned to the actual design and con- 
struction of machinery and apparatus. The simpler 
forms of these have now been developed to a stage 
where scope for improvement is rather in mechanical 
construction and workshop methods than in elec- 
trical design. There is, however, to-day more than 
ever before, a wide field for the development of new 
lines of manufacture and new methods of applying 
electricity, open to the engineer with a thorough 
training in theoretical fundamentals. This develop- 
ment is now mainly carried on in laboratories and 
research departments attached to the works of many 
large concerns, and these need an ever-increasing 
number of young engineers with a thorough theo- 
retical grounding. 

The author proposes to devote a subsequent 
volume to alternating-current practice, but the 
present book contains the general theory of alter- 
nating-current circuits and polyphase systems, with 
some chapters on instruments employed in alter- 
nating-current engineering and their application in 
alternating -current measurements. Particular atten- 
tion is given in this work to the circle diagram, which 
is developed for various general electrical circuits. 
In connection with this, the principle of geometrical 
inversion is used and explained. Such diagrams 
are now employed in actual practice in connection 
with the design of squirrel-cage induction motors 
specially constructed to obtain high starting torque, 
and for motors working on circuits with variable 
voltage. From this, it will be clear that students of 
Mr. Dover’s volume will be well repaid for their 
labour when dealing later with complex problems 
in connection with the development of electrical 
machinery. 

Further subjects to which particular attention is 
given are unbalanced polyphase circuits, wave forms, 
and magnetisation of iron by alternating current, 
while, in conclusion, there is a chapter on transient 
conditions in electric circuits, such as occur in 
switching, in short circuits and other disturb- 
ances. Considering the importance and complexity 
of the latter subject, the space allotted to it appears 
to be scarcely adequate, and the author will, pre- 
sumably, deal with these phenomena in more detail 
in the promised volume to follow. 

As is only natural, considering the subject, it 
is a book requiring close and rather laborious study. 
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It is intended and is particularly suitable for 
students, to whom it offers a concise and compre- 
hensive treatment of its subject, such as should give 
them, if followed conscientiously, the grounding 
the author so rightly advocates. 





LETTER TO THE EDITOR. 


STRESS AND STRENGTH. 


To THE Eprror oF ENGINEERING. 

Srr,—The writer has read the article entitled “ Stress 
and Strength” in your issue of July 23, 1926, with a 
great deal of interest. He feels, however, that there 
are several comments which should be made. 

It can now be generally accepted that the fatigue 
limit for most steels is more closely related to the 
ultimate strength than to any other value. While 
this, then, appears to be a general rule, there are 
many notable exceptions. If residual stresses are 
present in a steel, the elastic limit value is lowered, 
and in such cases the relation between the fatigue 
limit and ultimate strength no longer holds. This 
point was brought out in a recent paper* by the writer, 
and he has now given more data on the subject in a 
further paper.f In this latter contribution it is 
shown that a medium carbon steel when drastically 
quenched gave an ultimate strength of 225,000 Ib. 
per square inch, and a fatigue limit of only 81,000 lb. 
per square inch, whereas the same steel treated in 
a different manner and tempered gave an ultimate 
strength of 215,000 Ib. per square inch, and a fatigue 
limit of 98,000 Ib. per square inch. Further data 
obtained by the author on alloy steels, some of which 
are given below, confirm the above fact, that two 
different steels or even the same steel in two different 
states may possess the same ultimate strength but vastly 
different fatigue limits. Although working stresses 
for stress reversal conditions should be based on the 
fatigue limit, there is, therefore, some possible error 
in basing such working stress, in the absence of fatigue 
test data, on the ultimate strength for all cases. 




















Prop. Ult. Elong. | Red. of | Fatigue 

Material / jimit |strength Jon2in.| Area | Limit 

1 

Lb. .  {percent| percent | Lb. 
High Carbon | 111,000 | 207,000 7°6 21 j 89,500 
Cr-Va --| 181,0/0 | 240,000 9-6 36-8 89,000 
Si-Mng -| 185,000 | 244,000 7-2 26-2 | 66.000 
Cr-Mo -| 183,000 | 245,000 8-2 32 56,000 





Your criticism of the elastic limit as the criterion 
of working stress may also, in the writer’s opinion, 
lead to false impressions. Although the working stress 
for stress reversal conditions appears to be closely 
related, subject to the above reservations, to the 
ultimate strength, it is different for conditions where 
stresses alternate between zero and a maximum. In 
our recent publicationt it is advocated that in such 
cases the working stress be based on the fatigue limit 
for such stress conditions, but in no case should this 
exceed the elastic limit in tension. From data which 
has now been obtained by Mr. P. G. McVetty of this 
laboratory on the flow of material subjected to continued 
stress, there is evidently good grounds for such limita- 
tions. For instance the case of manganese bronze 
has been examined. This in a tensile test gave a 
proportional limit of 10,800 lb. per square inch, an 
arbitrary yield point of 27,000 lb. per square inch, 
which corresponded to the stress at 0-2 per cent. ex- 
tension, and an ultimate strength of 53,400 Ib. per 
square inch. This material, when stressed for 1,080 
hours at 23,000 Ib. per square inch, being lower than the 
arbitrary yield point, showed a stretch of 0-0064 in. 
per inch, which showed no sign of discontinuing, 
whereas when stressed at 15,000 lb. per square inch 
it only stretched 0-0014 in. per inch after 308 hours 
and stopped stretching. This shows that the nearer 
we approach the elastic limit less deformation is 
obtained. It is evident, then, that for such cases the 
elastic conditions control the deformation, and although 
this data was obtained statically, the conclusions 
could also be applied to those conditions where the 
stress was not reversed, i.e., it would be expected that 
the above manganese bronze, subjected to a fluctuating 
stress from zero to 23,000 lb. per square inch, instead 
of a static stress of 23,000 Ib. per square inch, would 
stretch the same as above. In such cases, therefore, 
it would appear dangerous to fix working stresses by 





* «‘The Elastic Limit in Tension and Its Influence on 
the Breakdown by Fatigue.” Proc. of Institute Mech. 
Engrs., 1924. 

+ ‘“‘Some Notes on the Fatigue Strength of Hard Steels.” 
Trans. of American Society for Steel Treating, Sept., 1926. 

t ‘Applied Elasticity.”” Timoshenko and Lessells. 
Wastinghaune Night School Press, 1925. 





ultimate strength values, but the elastic limit value 
would also have to be considered. It is, therefore, an 
open question whether such creep stress data, which 
is rapidly being obtained both in England and the 
United States won’t materially modify some of the 
specifications you mention. 

With regard to the point shown by Mr. Ragnar 
Lilzeblad of a sharp fillet not being as dangerous as 
theory would indicate, this is not a surprising result. 
The results of photo-elastic experiments obtained by 
Professor Coker, and in our own laboratory* indicate 
a certain stress concentration at fillets, but such 
measurements cannot give a measure of the effects 
of such stress concentration due to the réle played 
by the ductility of the usual structural steels in allow- 
ing these stress concentrations to be re-distributed 
over the section. Where materials have very low 
ductility, such as porcelain or tool steel, we would 
expect that this distribution of stress would be more 
difficult, and the reduction of fatigue strength would 
then be in good agreement with the results of photo- 
elasticity. 

Yours very truly, 
J. M. LEssELLs, 
Westinghouse Elec. and Mfg. Co., 
East Pittsburgh, Pa. 
Research Department, August 20, 1926. 


[In the article to which our correspondent refers 
we limited the conclusions reached to our ordinary 
materials of construction having particularly in mind 
ordinary structural steel. There is, however, a grow- 
ing body of evidence that even in the case of non- 
ferrous metals, the fatigue limit is more closely co- 
related to the ultimate strength than it is to the elastic 
limit. Thus in our issue of July 20, 1923, we described 
experiments which showed that the fatigue limit of 
Monel metal was closely related to its ultimate strength, 
whilst there was apparently no connection whatever 
between the fatigue limit and the “ proportionality ” 
limit. 

The figures now given by Mr. Lessells for alloy 
steels shows that here, too, the ultimate strength 
forms a better criterion than the elastic limit for 
estimating the endurance of an alloy steel. 

The figures also show, however, as has been repeatedly 
urged in our columns, that factors of safety cannot be 
fixed satisfactorily by purely a priori considerations. 
Experience forms the only sure guide. In a gun 
the factor of safety is about 2, and in a boiler, which is 
subjected to very steady stresses, it is about 5. 
Similarly, if a new material become available, or an 
old one is applied to a novel use, pioneers cannot 
avoid accepting risks of unknown magnitude. Our 
correspondent, whilst agreeing that the proportionality 
limit is unreliable as a guide to the endurance of a 
material subject to alternating stresses, suggests that 
it may serve as a criterion of strength when the stresses 
are merely pulsating. This view is advanced on the 
basis of static experiments on bronzes. On the other 
hand, the tests of Haigh and Wilson on the endurance 
of a steel bar pierced with a small hole (see ENGINEERING 
Sept. 8, 1922, page 309) were made under pulsating 
stresses, and seem to negative Mr. Lessell’s suggestion 
so far as structural steel is concerned. Bronzes, of 
course, may behave differently, but definite proof of 
this is wanting.—Ep. E.] 





NEW WATERWORKS FOR ABERDEEN. 


THE new water-supply works of Aberdeen, which 
were authorised by the Acts of 1916 and 1920, are now 
practically completed, and were inaugurated yester- 
day by H.R.H. Princess Arthur of Connaught. 
The new works include filters, a large reservoir, a 
new intake and intake conduit, and a new aqueduct, 
174 miles in length, from near Invercannie to Manno- 
field, Aberdeen. The Cults pumping station has also 
been renovated and a new pumping house provided. 
Other features are the construction of a service reservoir 
at Airyhall, Mannofield, and the organisation of a new 
supply for Hilton, which latter includes a covered 
service reservoir. The filters have been made of 
eoncrete ; the floors are reinforced and covered with 
asphalt. The Invercannie reservoir, which was com- 
menced in 1921, has a length of 660 ft., a breadth of 
390 ft., and average depth of just over 15 ft., and a 
capacity of 24 million gallons. It is built of concrete 
and the floor has a covering of asphalt ; the outlet and 
by-pass pipes have a diameter of 48 in. and are made 
of reinforced concrete. Built into the reservoir are three 
longitudinal baffle walls, which cause the water to take 
a devious course between the inlet and the outlet. The 
new intake and intake conduit at Cairnton were begun 
in 1924; the former consists of three openings, each 
8 ft. wide. The screening chamber is roofed over and 





* “Stress Concentration Produced by Holes and 
Fillets.’ ‘Timoshenko and Dietz. Trans. Amer. Soc. 


contains two sets of copper wire screens ; an engine is 
provided to pump water for washing the screens. 

The construction of the new aqueduct was commenced 
in February, 1922. It begins at the filters at Inver- 
cannie and ends at the Mannofield No. 2 service 
reservoir; the total length is 174 miles. The first 
portion, three-quarters of a mile in length, is made 
of concrete of horse-shoe shape ; it is 5 ft. 3 in. high 
and 3 ft. 8 in. wide. The next section, which is 
2 miles long,, is constructed of 48-in. diameter steel 
pipes. The section which follows, 9} miles in 
length, is built of 40-in. diameter steel pipes. 
Thence, for a distance of some 3 miles, 48-in. diameter 
cast-iron pipes are used. The last portions are con- 
structed of 48-in. and 46-in. diameter steel pipes. All 
the metal pipes are lined with concrete and are specially 
protected on the outside. The new Cults pumping 
station is electrically driven and comprises six centri- 
fugal pumps, all of which are direct-coupled to A.C. 
electric motors. The working capacity of the station 
is 5,650,000 gallons per 24 hours. The Airyhall service 
reservoir has a capacity of 7 million gallons; the roof 
is of reinforced concrete and is covered with 10 in. of 
earth. The new water supply of the Hilton district 
comprises 2 miles of 9-in. main, a covered service 
reservoir, and a 7-in. distribution main. The engineer 
responsible for the new works is Mr. George Mitchell, 
the water engineer to the City of Aberdeen. 





BROOKE SELF-CONTAINED PORT- 
ABLE PUMPING SET. 


For portable pumping sets a combination of centri- 
fugal pump and internal-combustion engine is becoming 
increasingly popular abroad. A set of this type recently 
supplied to the Water Works Company of Rosario, 
South America, by Messrs, J. W. Brooke & Co., Limited 
Lowestoft, consists of a 4-h.p. single-cylinder four- 
stroke Brooke engine, coupled to a Tangyro centrifugal 
pump, and mounted on a carriage fitted with road 
wheels. The set is capable of delivering 288 gallons 
per minute, against a total head of 25 ft., but by 
means of a dog clutch on the impeller spindle of the 
pump the engine may be disconnected, and is then 
available for driving agricultural or other machinery 
from a pulley on an extension of the crankshaft at the 
end opposite to the pump. From this it will be 
gathered that the engine is in the centre of the carriage 
with its crankshaft axis lying longitudinally. It 
stands on a deep bedplate bolted directly to the steel 
channels forming the framing of the carriage. The 
cylinder is 38 in. in diameter, with a stroke of 4} in. 
the full power being developed at a speed of 950 r.p.m. 
It is water-cooled, a radiator and fan being provided. 
The fuel tank is carried on a strong lock-up cupboard 
at the front end of the carriage, the shaft extension 
passing through this cupboard and the pulley, pre- 
viously referred to, overhanging the carriage. The 
pump is of the double-suction type with a cast-iron 
impeller and volute. The suction branch projects 
over the rear wheels, the delivery branch is vertical. 
The impeller cover is easily accessible from the end of 
the carriage. As mentioned above, the frame of the 
carriage consists of steel channels. The axles carrying 
the wheels, which are of light wrought iron construc- 
tion, are attached to cross pieces on the carriage by 
U-shaped clips and are thus readily detachable. The 
front axle is arranged to swivel and is provided with a 
draw bar. 








THE Rotor-Mororsurp ‘‘ BaRBARA.”—After the trials 
of the Buckau, converted into the rotorship Baden- 
Baden, the German Navy resolved to build three sister 
ships, one purely for motor propulsion, one for motor 
and auxiliary rotor propulsion, and a third for rotor 
propulsion with auxiliary motors, The state of the 
finances allowed only of carrying out the second part 
of this programme, and the Barbara was built by the 
Weser A.-G. of Bremen, forthe Navy throughthe Hamburg 
firm of Robert Sloman. The Barbara (length 89-5 m. ; 
beam, 13-2 m.; load capacity, 2,830 tons) resembles 
ships of her type, but is 0-5 m. broader. She carries 
two six-cylinder four-cycle engines, Weser/M.A.N., each 
of 530 h.p., coupled by Vulcan gearing with the pro- 
peller shaft for 80 r.p.m.; three rotors 4 m. diameter, 
17 m. high, are, like the other machinery, electrically 
driven. There is a Flettnerrudder. Theship was ordered 
in April, 1925; trial runs were made on four days of 
July last. In describing the boat and the runs, our 
contemporary, Schiffbau, of September 15, emphasises 
that the results are only preliminary, and do not yet 
admit of drawing definite conclusions, Running only 
on her rotor power in a moderate wind (wind force 4) 
the Barbara did 5-5 knots; with one engine running and 
no rotors, 7 knots ; with one engine and rotors, 9-5 knots, 
the rotor speed being 130 to 140 4 ot with both 
engines and no rotors, 9 knots; with both engines and 
rotors, 10:5 knots. In these runs the wind was athwart. 
Similar results were obtained with stronger (force 7) 
head winds. The Barbara is the first ship designed as 
a Flettner rotor boat, and the constructive detail given 
in the journal is due to Mr. Robert Otto, engineer to the 
Flettner Company. 








of Mech. Engrs., 1925. 
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LABOUR NOTES. 


A Nationat Delegate Conference of the Miners’ 
Federation, which opened in London on Wednesday, 
received and considered reports on the position in the 
various districts. No decision was arrived at regarding 
the further action to be taken, and the conference 
eventually adjourned until the nextday. The following 
official report was issued at the luncheon interval :— 
“‘ Reports were received from the various districts as 
to the position in those districts, The chairman, 
Mr. Smith, then reviewed the negotiations which had 
taken place with the Government since the last con- 
ference was held. This statement was supplemented 
by the secretary, Mr. Cook. There was a discussion 
upon these negotiations, after which a resolution con- 
firming the action of the executive was carried 
unanimously.” When the conference adjourned for 
the day, the following further report was given out for 
publication :—‘‘ The whole afternoon was occupied in 
discussing the Government proposals. The Conference 
adjourned until Thursday morning, when the discussion 
will be resumed. No motion was put. There was 
just a general discussion of the Government’s pro- 
posals.” Unofficially, it was stated that the resolutions 
proposed revealed a sharp conflict of opinion as to what 
should be done, and that the outcome of the business 
would probably be a reference to the districts of the 
Government’s proposals without a recommendation. 
As we go to press, it is announced that this has been 
done. 





On Tuesday last week, the Miners’ Executive sub- 
mitted for the consideration of the Cabinet certain 
terms which, in their opinion, constituted a suitable 
basis for discussion. They were as follows :—‘‘ The 
Miners’ Executive are prepared to recommend the 
miners to accept wages not less than those payable 
under the terms of the 1921 agreement as a temporary 
arrangement for the immediate resumption of work. 
The terms of a national wages agreement shall be 
referred for decision to an independent tribunal to be 
agreed upon by the parties. The terms of reference by 
the tribunal shall be the consideration of an application 
to the mining industry of the recommendations of the 
Royal Commission. From the date fixed by the 
tribunal in respect of the matters referred to it every 
man affected by the award will be entitled by law to 
receive wages in accordance with the decision.” 





The following letter was sent to the Miners’ Executive 
on Friday evening by Sir: Ronald Waterhouse, the 
Prime Minister’s Secretary :—‘‘ I am desired by the 
Prime Minister to inform you that both the Coal 
Committee and the Cabinet have now given close and 
earnest attention to the proposals you submitted to him 
on Tuesday night, and which you have since made 
public. While recognising the advance which the 
proposals indicate, his Majesty’s Government do not 
feel that they afford the means of reaching an early 
or a lasting settlement of the present dispute. In these 
circumstances I am to say that the Government are not 
prepared to go beyond the maturely considered 
proposals conveyed to you in the Prime Minister's 
letter of the 17th inst. These proposals cannot, of 
course, remain open indefinitely, but your Federation 
are still free to avail themselves of them by taking the 
practical step of ordering district negotiations to be 
set on foot, subject to the subsequent review of an 
independent tribunal where any departure from the 
old hours is involved.” 





At the time this issue of ENGINEERING went to press 
an agreed national settlement of the dispute looked less 
likely than ever. The terms submitted by the Miners’ 
Executive represented, it was agreed, a distinct 
advance from their side of the controversy; but the 
coalowners made no secret of their hostility to them. 
As Mr. Evan Williams and his associates were known to 
be opposed to the Cabinet’s idea of a National Tribunal, 
the chances of agreement along that line also appeared 
to be hopeless. The marked increase in the number of 
men returning to work against the Federation’s wishes 
suggests, however, that the trouble is settling itself. 





The Ministry of Labour recently received a request 
from a number of manufacturers and distributors for 
tables showing the course of unemployment from week 
to week, or from month to month, in each town or 
area served by anemployment exchange. Ina circular 
letter to manufacturers the Director of Publications, 
Stationery Office, points out that to satisfy this demand 
it would be necessary to print a special four-page sheet 
for restricted circulation, and that the Stationery Office 
is prepared to institute a subscription service of this 
kind provided there is a prospect of its paying. Each 
county would be treated in detail in the tables. It is 
stated that the subscription rate would be about 51. 
a year for a monthly series, or 201. yearly for a weekly 
series of tables. 











Some time ago the joiners employed on a Corporation 
housing scheme at Liverpool ceased work on instruc- 
tions from their union not to handle “‘ Woco ”’ doors— 
which are made in the United States under trade union 
conditions. The union embargo has now, however, 
been removed, and the men returned to work on 
Tuesday last. Another conference is to be held at an 
early date to discuss the question of the entire removal 
of the national embargo on doors of this type. 





In his report for the second quarter of the current 
year, Mr. William Lorimer, the general secretary of 
the Associated Blacksmiths’ Forge and Smithy 
Workers’ Society, says that the branch returns reveal 
the unpleasant fact that the number of unemployed 
members has considerably increased. No fewer than 
2,915 members are idle—an increase of 812, as compared 
with the position three months earlier. The figures 
are regarded as disappointing in view of the fact that 
the financial returns for the two previous quarters 
seemed to indicate an improvement in the trade out- 
look. On its trade union side, the Society had an 
income of 4,538/. 4s. 8d., while it expended 8,0621. 
10s. 14d. The income of the Political Fund was 
401. 15s. 7d., and the expenditure 46]. 6s. 9d. From 
the Ministry of Labour 15,5691. 17s. 9d. was received, 
and 16,7131. 15s. 4d. was paid out in benefits, while 
2,628]. 2s. 2d. was received from the Board of Health 
and 2,599/. 7s. 9d. paid out in benefits. On these 
figures there is an excess of total expenditure over 
total income of 4,644/. 19s. 94d.; but Mr. Lorimer 
points out that since the closing of the accounts “ the 
bulk of the difference ”’ shown in the Ministry of Labour 
figures has been received from the Department. 





Mr. Lorimer refers at some length to the report of 
the Joint Committee of Inquiry into the state of the 
shipbuilding industry. The report was again, he 
says, considered by his Board and, later, at a joint 
meeting of the several unions whose members are 
employed in theindustry. ‘‘ Your Board,” he proceeds, 
‘were under no illusions as to the difficulties which 
would be experienced in securing agreement among 
the several unions on the question of continuity and 
interchangeability of work. Nevertheless, they con- 
sidered the present lines of demarcation between craft 
unions, and their consequent losses to the unions and 
the industry, indefensible, and in view of the facts 
that the higher wage would be paid irrespective of 
which craft undertook the work, and the written assur- 
ance of the employers that apprentices (wood and iron) 
would in future get a wider training—which, besides 
maintaining and developing their skill as craftsmen, 
would enable them to carry through such continuous 
operations—they decided to accept the report. The 
joint meeting of executives, however, after considering 
the report, were unable to reach agreement, and the 
Conference stands adjourned until September 23, to 
enable the several executives to reconsider the whole 
matter. The difficulties arose over interchangeability 
and demarcation, one view being that machinery for 
adjusting differences on demarcation of work would 
meet the case, and the other that the question of inter- 
changeability should be left to the individual trades 
affected by its application; but it is hoped that a 
common understanding will be reached at our next 
meeting.” 

The common understanding reached at the further 
meeting in York of executive representatives was, 
unhappily, not very favourable to the report. By a 
narrow majority it was decided that the conference, 
‘“‘ while approving the general principles contained in 
the report of the joint inquiry, recommend that the 
question of interchangeability and demarcation should 
be referred to the trades concerned. We cannot admit 
the arbitrary right of the employer to reallocate the 
work of craftsmen without joint consultation and 
agreement between the parties.’’ A copy of the reso- 
lution was sent to the Shipbuilding Employers’ Federa- 
tion with, it is understood, a request for a conference at 
which the trade union representatives would explain 
the meaning of the decision. Until the parties have met 
again and discussed the matter, it would not be helpful 
to express an opinion on the new phase; but it is 
obvious that the reservation which the unions make in 
their acceptance of the report robs the document of a 
great deal of its value. Unconditional acceptance of the 
report by the unions would not, of course, have given the 
employers power arbitrarily to re-allocate the work of 
craftsmen. The document itself makes that perfectly 
clear, and it is a pity that it has not been somebody’s 
business to emphasise the fact that it does. 





The report which the executive of the Labour Party 
have prepared for submission to the annual conference 
at Margate on October 11 contains documents which, 
according to the organisation’s central body, “‘ afford 














clear evidence of an organised and financed conspiracy 
to honeycomb our Labour Party organisation by the 
Communist Party and its allies, the Minority Movement, 
the Left. Wing groups, and the National Unemployed 
Workers’ Committee, in pursuance of a definite policy 
to sabotage the movement from within.”” These efforts, 
the executive adds, have failed except in a few isolated 
instances. 





The new chairman of the General Council of the 
Trades Union Congress is Mr. George Hicks. The 
general secretary of the Amalgamated Union of Building 
Trade Workers, Mr. Hicks belongs to the Left Wing of 
the movement. 





“For patriotic reasons,’ the Fascist engineering 
trade unions at Turin have renounced an increase of 
wages on behalf of their members. Signor Mussolini 
has sent a message to them expressing his approval of 
their action and praisingitas a “‘ gesture of renunciation 
which is a warning to the undisciplined egotists of all 
parties.” 





The executive committee of the National Union of 
Railwaymen have had under consideration suggestions 
sent in by the Essex District Council and 38 branches 
that a levy of members should be made in aid of the 
funds of the organisation. They appreciated the object 
and intention of the appeal, it was stated ; but, bearing 
in mind the union’s experience of levies in the past and 
the large number of members who are on short time, 
they decided that, in the circumstances, a levy might 
do more harm than good. 





The Ministry of Labour states that on September 20, 
1926, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,532,400, of whom 1,160,600 were men, 44,200 boys, 
283,600 women, and 44,000 girls. Of the total number, 
78,000 were ‘“‘ persons normally in casual employ- 
ment.” On September 13, 1926, the number of 
unemployed persons was 1,551,924, of whom 1,170,227 
were men, 47,081 boys, 288,077 women, and 46,539 
girls; and on September 21, 1925, it was 1,311,958, 
of whom 1,043,558 were men, 38,801 boys, 198,236 
women, and 31,363 girls. The total of 1,532,400 on 
September 20 does not include “‘ persons who ceased 
work in the coal-mining industry on account of the 
dispute.” 





The report of the Associated Blacksmiths’ Forge and 
Smithy Workers’ Society, already mentioned, contains 
a further interesting article by Mr. A. Browning, a 
member who was one of the Daily Mail’s Industrial 
Mission to the United States. In the course of it, 
Mr. Browning says that for a number of years past 
British trade unionists have so mixed politics with 
industry—politics not unseldom predominating—that 
the time is overdue to take stock and strike a balance 
as to their gains and losses in their dual activities as 
politicians and trade unionists. ‘“‘ That I do not stand 
alone in this regard,” he proceeds, “‘ is evidenced by the 
fact that, approximately, about one-third of our 
members claim exemption from payment of the political 
levy, and we may take it that those who do so are out 
of sympathy with us in that part of our movement, 
although with us in other respects as trade unionists. 
Are there not many of us who believe that the time 
has arrived when we should accept a given situation and 
deal with facts as they are, and recognise that the present 
industrial system is a fact? Is there not a growing 
feeling amongst us that to promote co-operation and 
harmony between employers and employees might be 
a better investment of time and effort—and inciden- 
tally our contributions—than this fatuous policy of 
‘ pull Devil, pull baker ’ that is at least partly to blame 
for the deplorable situation in which, at the moment, 
British industry finds itself ? ” 





““No member of our Society,” Mr. Browning goes 
on to say, “‘ is more conscious than myself that harmony 
and co-operation cannot be the accomplishment of one 
side only, and from what I saw in America I am more 
convinced than ever that the initiative rests with the 
employers. There, perhaps, the difficulty lies. We 
have behind us a long record of broken faith on the 
employers’ part that leads us to look askance on any 
approach to amity that may come from that quarter, 
and that must be dissipated before we can enter a new 
era. Further, we have men on both sides of the 
conference table that must be eliminated before we 
can hope to attain that,confidence and security so 
essential to co-operation and harmony between manage- 
ments and workers. The stormy petrels must be 
replaced by men on both sides who are out to secure 
the best for industry with a due regard for the equitable 
distribution of the fruits.” 
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FATIGUE TESTS OF CAST IRON.* 
By Professor C. H. BuLuEr. 

A GREAT deal of work has been done on the fatigue 
of steel and of various other metals, but there seems 
to be very little information available about the fatigue 
of cast iron. The object of this paper is to supply 
information on this point. It is recognised that cast 
iron is an alloy of very varied composition, and the 
conclusions come to in this paper should not be applied 
too widely or to irons differing greatly from that tested. 
Preliminary experiments showed that the results would 
be somewhat irregular, and that it would be necessary 
to test a considerable number of specimens to eliminate 
casual variations. 

In order to enable such tests to be carried out in a 
reasonable time, a special type of Wohler reversed bend- 
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record until their respective specimens broke. The 
speed of revolution was 1,000 per minute, and the 
machine ran from 9 a.m. to 9 p.m. daily, except 
Saturdays; thus a specimen could be run to infinity 
(10,000,000 revolutions) in about two and a-half weeks. 

At the outer end of the specimen, a Skefko self- 
aligning ball bearing was placed, and from the housing 
of this the load was hung, thus eliminating any uncer- 
tainty as to the point of application of the load. To 
eliminate any inertia stresses due to eccentricity or 
vibration, the loads were suspended from the housings 
by helical springs, so that the period of oscillation of 
the load was very long compared with the time of 
revolution of the specimen. The springs extended 1 in. 
for 10 lb., and hence an extreme eccentricity such as 
75 in. would only have caused a variation of 1 Ib. 
in the load. Owing to the manner in which the 




















from the centre of the ball race to the actual point of 
fracture, y and I being calculated from the actual 
diameter at the point of fracture. The expression for 


the stress reduces to tons per square inch, where 


V. 
220d5 
W = ‘he total load in pounds, A = the length of arm 
in inches, and d = the diameter of fracture in inches. 

Of course this formula does not give the actual 
stress above the elastic limit, and, in particular, it 
gives much too high a result for a fracture in bending 
under a dead load, viz., 22-4 tons pers quare inch, 
whereas the direct tensile test only gave 11-4 tons 
per square inch. This is the well-known phenomena 
of the beam paradox. No other simple means of 
calculating the stresses is possible, and no error need 
arise if it be remembered that the stresses given in the 





paper are conventional stresses calculated as described. 





x 50. 











Fig. 1. RepeateD-Loap Trestine MACHINE. 
ing machine was designed. A photograph of the machine | 
is reproduced in Fig. 1. It consists of a box casting | 
through which pass the spindles, each carrying a collet | 
chuck at each end. Inside the casting these spindles | 
carry gear wheels keyed to them, and idle wheels | 
running on short axles between the spindles transmit | 
the motion from one to another. The main driving | 
pulley is keyed to a shaft carrying a wheel gearing | 
into one of the idle wheels. At the back of the machine, | 
three 100: 1 worm-wheel reductions cause a drum to, 
revolve at one-millionth the speed of the driving pulley. | 
The drum is 4 in. in diameter, and as there is a 3 to 4 
ratio between the driving pulley and the specimens, | 
1 in. on the drum corresponds to 106,060 revolutions of | 
the specimen. 

The machine was made self-recording, and the | 
necessity for stopping when a specimen broke was| f } 
obviated by attaching a string to the end of each| specimens are machined and held, however, the eccen- 
specimen, passing it through a ring above the drum | tricities were very much smaller than this. Any 
and leading it down to a weighted pencil, the point of | tendency for the weights to work up a steady free 
which bore on a paper attached to the drum. When| oscillation was prevented by a strip of paper threaded 
a specimen broke, its pencil was thus withdrawn and | through the coils of the spring. This introduced enough 
the recorded line ended, its length indicating the | friction to damp out any free oscillations. 
number of revolutions needed to cause fracture. The| The stresses were calculated from the formula 
machine continued to run and the other pencils to| B _ 7 M being found by multiplying the total load 


Stress in Tons. 
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|¥ , . ‘ 
* Paper read before Section G of the British Association | (= weights + hanger + spring + ball race and housing 


at Oxford, on August 11, 1926. + half the weight of the specimen) by the distance | 


Fig. 3. UNETCHED SPECIMEN SHOWING GRAPHITE. X 50. 


To ensure a sufficient number of specimens of the 


| same composition, 36 bars were cast horizontally in 
| one box, parallel to one another. The bars were fed 
| other end to another gate terminating in a riser. 
|The analysis of the metal was :— 


at one end from a long gate and connected at the 


Silicon 2-42 per cent. 
Sulphur 0-112 ~=C, 
Phosphorus .... 1-379 a 
Manganese 0-65 Pe 


|Microphotographs of an etched specimen showing 


pearlite, and of an unetched specimen showing graphite, 


|are given in Figs. 2 and 3. 


Each specimen was centred and turned to }-in. 


| diameter at one end for a sufficient length to fit the 
| CO 


let chuck and allow for grinding at the neck, and 
also for a short length at the other end to take the 
ball race. It was then ground at the neck so as to 
make the distance from the centre of the ball race 
to the centre of the neck 6 in. The plane of the 
specimen was in the plane of the grinding wheel and 
the specimen was rotated comparatively slowly so that 
all grinding scratches were in the axial direction and 
therefore did not form starting points for fatigue cracks. 
The experiment was commenced by determining the 
load needed to cause fracture when the specimen was 
stationary. This was done by putting a specimen in 
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the machine and loading it gradually by hand. It 
broke with a load of 45 lb., giving a stress-of 22-4 tons 
per square inch. This is in excess of the true tensile 
strength as previously explained. 

A difficulty arose in tests with loads near the static 
breaking load. It was found that if such a load were 
put on while the machine was at rest, the specimen 
broke at once on starting up. A few points on the 
curve corresponding to high stress and few revolutions 
to fracture were therefore determined as follows :— 

Specimens were put in the machine, which was 
started up, and they were then loaded up rapidly 
until they broke. The stress was calculated from 
the load at fracture and the revolutions by timing. 
This gives a figure for the reversals which is somewhat 
too high, as part of the test takes place under a lower 
load. 


The remainder of the points were determined by 
putting on a load calculated to give the desired stress, 
and then runnjng the machine till fracture occurred. 
The actual stress was then calculated on the measured 
diameter at fracture and the actual length of the 
arm from the centre of the ball race to the fracture. 

The results are plotted in Fig. 4, in which the arrows 
indicate specimens which withstood 10 million reversals, 
It will be observed that whilst the higher stresses give 
rather irregular results, the lower stresses indicate a 
definite limiting stress at 9-7 tons per square inch ; 
also the fracture occurs practically at once for the 
reversal of a stress of 14-5 tons per square inch. 
Two specimens which broke after a very few revolutions 
at low stresses are omitted. The curve shown is 
drawn through the cluster of points, but might have 
been made to pass through either the highest points 
or the lowest points without altering its form or the 
position of the horizontal asymptote marking the 
limiting stress. 

The irregularity in the results is no more than was 
to be expected in such a heterogeneous material as 
cast-iron. A chance cluster of graphite plates near 
the surface at the point of fracture would obviously 
form a starting point for a fatigue crack giving a low 
result. Whilst the experiments were in progress, 
various curves connecting stress and number of 
(106)t 

Nn” 
and log S/log N. Owing to the irregularity of the 
results at high stresses, none of these diagrams showed 
any advantage over the simple S/N curve reproduced 
in Fig, 4. 

From the above results it is clear that, for so variable 
a material as cast-iron, conclusions from tests on one 
sample must be made with due caution. It would 
appear that, for the material used in these tests, the 
phenomenon of fatigue, when caused by the simple 
reversal of a bending stress, is not essentially different 
from that in other metals, such as steel. If the 
transverse stress determined by dead loading be 
denoted by 100, fracture will occur almost at once 
with a load of 65, and a load of 43-5 will be endured 
for 10 million revolutions. I have to acknowledge the 
valuable assistance of a student, Mr. Almond, in 
carrying out this work. 


revolutions were plotted, viz., S/N, S/log N, S/ 





ELECTROCHEMICAL POTENTIALS OF 

CARBON AND CHROMIUM STEELS.* 

By Professor C. BeNnepIcks and R. SuNDBERG. 

THE aim of the present paper is exclusively that of | 
giving some trustworthy data concerning the electro- | 
lytic potential. In this connection, the clear under- | 
standing of the influence of oxygen, resulting from 
recent work, inspires investigation along two parallel 
lines : 

I. The potential of a metal in a solution which is 

entirely devoid of free oxygen ; 

II. The potential of a metal inva solution containing 

oxygen. 

In other words, the programme for the present research 
is the determination of the potential in an aqueous 
solution—(1) in presence of free hydrogen; (2) in 
presence of free oxygen. So far as present knowledge 








goes, the electrolytic tension of a metal, say iron, must | 
be referred to a given liquidy say water, written as H — | 
OH, and the potential then obtained must be due | 
to a compromise, or to an equil’brium, either between | 
iron as Fe ions on the one side and hydrogen as H ions | 
on the other, or between iron as Fe ions on the one side | 
and some oxygen compound as OH ions.on the other. | 
Probably both cases are equally important. For the | 
sake of convenience, it is proposed to use the expression | 


H-Potential, Ey, for case 1, and O- Potential Eo, for case 2. | contact. 


a sufficient quantity of the oxygen-free solution of fer- 
rous sulphate, an improved procedure was introduced 
permitting of more rapid work without impairing its 
quality. The solution was prepared by dissolving 
crystallised ferrous sulphate (Kahlbaum) in distilled 
water which had been freed from air by boiling. Some 
sulphuric acid and filings of electrolytic iron were then 
added in order to reduce any ferric ions present. This 
reduction, however, being very slow on account of the 
low speed of diffusion, a stirrer provided with a mercury 
lock was introduced in the form of an iron propeller, 
the blades of which could be folded so as to permit its 
introduction into a large bottle. When rotating, the 
propeller blades were adjusted to the horizontal plane, 
thus producing an effective stirring. However, a very 
long time is needed to get rid of the last trace of acid, 
this being consumed only by the iron filings, This 
trouble was overcome by the addition of barium 
hydroxide to the solution after its complete reduction 
(absence of ferric ions proved by means of the sulpho- 
cyanide reaction). As a matter of fact, the addition of 
barium hydrate produces strict neutrality, and the excess 
barium hydrate and the barium sulphate quickly sink 
to the bottom. Naturally the strict neutrality of the 
solution is indispensable, as otherwise free hydrogen 
as well as hydrogen ions will be present, which does 
not correspond to the desired equilibrium. The solu- 
tion was prepared and kept in an atmosphere of hydro- 
gen, which had been washed with an alkaline pyrogallic 
solution, and passed through a tube containing glass 
fibre. 

Apparatus Used.—In order to permit of carrying out 
a number of determinations simultaneously, a glass 
vessel was used as shown in Fig. 1. A glass cylinder 
(height, 70 mm.; diameter, 135 mm.) was provided 
































Fig.1. APPARATUS FOR POTENTIAL 
DETERMINATIONS. 
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with a hard rubber cover, B. carefully ground on to the 
upper edge of the cylinder. In B, 10 holes (10 mm. in 
dia.) were drilled in a circle. In these the cylindrical 
specimens (diameter, 8mm.)C,; . . C, . . C,, were fixed 
by means of short rubber tubing. The cylinders pro- 
jected 20 mm. below the cover. A thin coating of 
Chatterton compound was used, so as to avoid anv 
contact between the liquid and the rubber, the presence 
of which in the solution was found to influence the 
potential values. The plane surfaces of the specimens 
were also covered by a layer of Chatterton compound. 
The specimens C having been mounted in this way, 
hydrogen was supplied through the tube D; the 
hydrogen escaped through the tube E provided with a 
water-trap F. After about 20 minutes, the hydrogen 
supply was replaced by the ferrous sulphate solution 
This entirely filled A and mounted into E. By means 
of an inverted U-tube G, which could be filled with 
1—N potassium chloride solution, E communicated 
with a vessel, H, filled with 1—N potassium chloride 
solution, into which the free end of the calomel electrode 
J dipped. 

This was a 1—N potassium chloride electrode, pre- 
pared according to the prescription of Ostwald-Luther.* 
From time to time it was checked against a similar one, 
used only for comparison. 

The potential measurements were made according 
to the Poggendorff compensating method, using a 
sensitive moving-coil galvanometer (1 mm. at 1 m. dis- 
tance = 3-8 x 10-7 volt) as zero instrument. A 
resistance of 10,000 ohms being used in series, no polari- 
sing influence was traced from the adjusting of the 
The readings are accurate to + 0-5 millivolt. 


The determinations were carried out on two series of | The procedure for obtaining the O-potentials will be 
carbon steels, and also on a series of “ stainless” steels. | described later. 


Preparation of a Solution devoid of Free Oxygen.—In | 


Steels Used—Analyses—Electrical Resistance.—The 


the previously rather tedious method of preparation of | carbon-steel material was that used previously by 





* Paper presented to the Iron and Steel Institute, 
Stockhclm Meeting, August 27 and 28, 1926, Abridged 





Fourth edition 


* “ Physico-chemische Messungen.” 
Leipzig, 1925. 


Benedicks,* comprising steels prepared in the Kjellin 
induction furnace at Gysinge, and some open-hearth 
steels from Fagersta. To these were added a remark- 
ably pure ‘“‘ Swedish Armco” iron from Domnarfvet 
(marked 0), and a number of stainless steels. The 
latter were kindly presented by the Avesta Jernverks 
AB., and from them 8-mm. cylinders were turned. The 
specimens, as a rule, were in the primary forged state, 
annealed state, and hardened state. The stainless 
steels were tested in the primary condition as rolled, 
and again after a normalising annealing during fifteen 
minutes at a temperature of 780 deg. C., followed by 
air cooling, and also in the hardened state, obtained 
by heating for 15 mins. at 975 deg. C., and subsequently 
quenching in water at room temperature. 

Influence of Size of Exposed Surface.—In order to 
ascertain if the absolute size of the surface of the speci- 
men had any influence on the results, some comparative 
tests were made on two different steels. Of each steel, 
three cylinders were tested: one was covered with 
Chatterton compound, except on the plane end surface ; 
the other two were both covered on the plane surface, 
but were left exposed for a length of 10 millimetres and 
30 millimetres, respectively. The potential registrations 
continued during forty hours, and showed no charac- 
teristic difference, the deviations in no case amounting 
to more than + 3 millivolts. Notwithstanding this, 
a constant free cylinder length of 20 millimetres was 
used throughout. 

Influence of the Grade of the Grinding Paper.—For the 
investigation of the possible influence of the condition 
of the surface, three specimens of the same Fagersta 
steels A and B were chosen. They were ground with 
Hubert emery-paper Nos. 1, 00, and 0000, respectively. 
A length of 1 centimetre of the cylinders was then 
exposed to the ferrous sulphate solution. No serious 
difference could be traced in the final values, so that the 
grade of the paper used may be immaterial. It was 
found, however, that the time necessary to reach the 
final equilibrium was rather shorter for No. 1 than for 
the others. No, 1, as well as 00, is decidedly preferable 
in comparison with 0000, apart from the question of 
the greater labour involved in the use of 0000, on account 
of the fact that the primary value obtained with 0000 
is considerably lower than with the others. This is 
probably due to a higher amount of oxygen being bound 
to the surface in that case. 

Influence of Hydrogen in the Ionic and in the Gaseous 
State-—As already pointed out here, the equilibrium 
potential of iron in an oxygen-free aqueous solution 
must depend on the potential of hydrogen as well as 
on that of the iron itself. If this view is correct, the 
addition of free hydrogen to the surface of the iron 
should render the potential value more negative.t This 
was actually found to be the case for an iron with only 
0:02 per cent. carbon. When equilibrium had been 
attained in the oxygen-free solution, which likewise 
contained no visible free hydrogen, a slow current of 
pure hydrogen was introduced near the specimens. 
Its potential then rose from —0-706 to —0-713 volt 
(referred to 1—N calomel electrode). Similarly, the 
potential, in some cases, was found to be higher than 
might be expected, due to the adhesion of hydrogen in 
the gaseous state to the surface of the specimen, and 
it was found to be essential for obtaining correct values 
that the surfaces should be entirely freed from hydrogen 
bubbles. 

On the other hand, an increase in the concentration 
of the hydrogen ions must lower the hydrogen potential. 
This was likewise found to be the case, an equilibrium 
potential of —0-°71 volt being observed on the same 
iron as before; a small addition of sulphuric acid, 
which had been freed from air, caused the potential 
value to fall to about —0-59 volt. 

Method of Determining O-Potentials—In order to 
arrive at a satisfactory determination of the O-poten- 
tials, which was one of the chief objects of the present 
work, the direct supply of air to the oxygen-free solu- 
tion was first tested to determine the change produced 
thereby. The air, which had been purified of carbon 
dioxide, was blown through a capillary sealed to the 
bottom of a test-tube containing the solution. 

In the case of an experiment made on a 0-16 per 
cent. Fagersta carbon steel, it was noted that under a 
constant air supply (corresponding to 45 to 50 bubbles 
per minute in a wash-bottle) a fairly constant value, 

—0-636 volt, was obtained after seven or eight hours. 
After another four hours, during which this value 
remained constant, the speed of the air current was 
increased up to 220 to 240 bubtles, causing at first a 
decided lowering of the potential; after 14 hours, 
however, the potential returned to its previous value. 
Later, a change of the air speed to 52 to 53 bubbles 
per minute caused a rise in the potential, but after 14 





* C. Benedicks: ‘‘ Recherches Physiques et Physico- 
Chimiques sur l’Acier au Carbone.’ Thesis. Upsala, 
1904, K 
+ In the present work a raised or increased potential 
value signifies that. this has become more negative; 4 





lower potential is a more positive one. 
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hours, it practically regained its original value. Hence 
the value of —0-636 volt seemed to correspond to 
some state of equilibrium, which, however, was reached 
but slowly when atmospheric air was blown through. 

The addition of a definite amount of an oxidising 
reagent more effective than gaseous oxygen was then 
tried, care being taken not to introduce any foreign 
ions which would remain in the solution. A solution 
of hydrogen peroxide, as proposed by Sederholm, was 
found to answer the purpose, if added in a quantity 
beyond a definite limit. Immediately after the addi- 
tion of the peroxide, which gave a dark red colour, 
the potential was found to decrease to a value between 
—0-63 and —0-64 volt, and it soon continued to 
decrease rather quickly down to about —0-59 volt, 
which corresponds with a precipitation occurring in the 
solution, After this, however, the potential rose again. 

In consequence of these and other results obtained 
from stainless steel, the addition of hydrogen peroxide 
was adopted in the following work as being a practical 
and time-saving way of obtaining accurate potential 
values characteristic of the presence of oxygen, and 
designated here as O-potentials (Eo). 


EXPERIMENTAL RESULTS FROM CARBON STEEL. 


The final values of Eq and Eo, as read after the lapse of 
22 or 24 hours, all refer to a temperature of + 16+ 
2° C. and to the 1-N calomel electrode (E.). In order to 
obtain the corresponding values in the hydrogen 
scale (E,), use must be made of the formula 


Ex = Ec + 0+286 volt. 


Before entering upon a discussion of the figures 
obtained, it may be remarked that the specimens which 
had been immersed in the oxygen-free solution were 
entirely uncorroded. On the other hand, after the 
addition of hydrogen peroxide the exposed surfaces 
were visibly corroded ; thereby the hardened specimen 
showed fairly large characteristic curled stains, while in 
the unquenched specimens the corroded spots were much 
more localised. 

Unquenched Specimens.—(1) H-Potentials, Ha— 
There is very little difference between the annealed 
specimens and the specimens as forged, so that only 
the average figures need be considered. It was found 
that the H-potential decreased slightly with increasing 
carbon content, up to C = 0:90 per cent. For the 
purest iron tested (C = 0-02 per cent.), the H-potential 
value* found in 0-82-N FeSO, solution is Eq = 
— 0-711 volt, or, reduced to 1-N FeSO, solution, Eg = 
— 0-711 + 0-003 = — 0-708 volt. This value for 
pure iron decreases with increasing carbon content in 
the ratio of about 0-010 volt per 1 per cent. of carbon, 
so that the relation between Eg and carbon content 
C (in weight per cent.) may be expressed by the formula : 


Ex = — 0-708 + 0-010C volt, 
which is valid for C = 0-9 per cent. 


For carbon contents greater than 0-9 per cent., there 
seems to be a slight increase; the present determina- 
tions, however, do not permit of giving any definite 
figure. In spite of the fact that the steels are of quite a 
different origin, their potentials change in a rather 
regular way. In any case, the changes in Eg seem to 
correspond with the curves of the equilibrium diagram. 

(2) O-Potentials, Ho.—Between the annealed speci- 
mens and the specimens as forged, no sensible difference 
occurs, as was also the case for Ex. Eo is in every case 
found to be considerably “nobler” than Eg. An 
evident increase in Eo takes place with increasing carbon 
content, up to 0-9 per cent. Beyond 1-2 per cent. 
there is a considerable decrease in Eo. Taken as a 
whole, the Eo values are likewise found to stand in a 
definite relation to the equilibrium diagram. As a rule, 
the Eo values are “ antibate ’’—that is, are influenced 
in an opposite way—to the Ey ones. 

Quenched Specimens.—{1) H-Potentials, Ey.—The 
quenching is found throughout to cause a “ nobler” 
Ex than that of the unquenched specimens. The 
effect is considerably increased by an_ increased 
quenching temperature. Ey decreases, though in an 
irregular way, with increasing carbon content ; roughly, 
1 per cent. hardening carbon seems to lower Eg about 
0-025 volt. 

(2) O-Potentials, Eo.—Quenching throughout raises 
the Eo values to a considerable degree. With increasing 
carbon content, the Eo rises at first quicker, and then at 
a slower rate. This effect increases considerably with 
increasing quenching temperature. Eq and Eo seem tc 
depend on the quenching temperature still more than 
the electric resistivity (possibly due to the direct 
influence of y-iron). The effect of quenching at a 
high temperature is to bring Eq and Eo rather close 
together. The purport of this rather unexpected fact 
will be that a differential aeration, which otherwise 
strongly affects corrosion (Aston, Evans), will exert 





* The potentials,being,referred to the calomel electrode, 
might have been designated as E., and consequently as 
en — E.o, respectively ; the c has, however, been 

eft out. 





very little influence on the corrosion of a hardened 
object made of high-carbon steel. This seems to afford a 
plausible explanation of the remarkable resistance 
against rusting which is exhibited by, say, a razor blade. 
As in earlier work on carbon steels, no discrimination 
has been made between Ey and Eo ; no previous figures 
jend themselves to a comparison with those obtained 
in the present investigation. 


EXPERIMENTAL RESULTS FROM STAINLESS STEELS. 
INFLUENCE OF CHROMIUM. 

Unquenched Specimens. (1) H-Potential, Ey.—Ey 
first rises considerably with increasing chromium 
content. The specimen containing 8 per cent. chro- 
mium shows a maximum of — 0-745 volt. Very near 
13 per cent. chromium there is a sudden fall in Ex, 
down to about — 0-70 volt; after that there is a 
further increase in Ey. 

(2) O-Potential, Eo.—The values of Eo for the “as 
rolled” and normalised steels lie even closer together 
than do those of Eg. As a matter of fact, all the Eo 
values found lie extremely near the very low or “ noble” 
value, Eo = + 0-311 volt. This value approaches 
rather near to that found by Tammann and Sotter 
in a 0-1 — N sulphuric acid, viz., E = + 0-6 — 0-286 
= 0-314 volt. Similarly, Strauss found a potential 
value + 0-2 volt in 1 —N ferrous sulphate solution 
against a 0-1—WN calomel electrode; referred to a 1—N 
calomel electrode, this gives E = + 0-2 + 0-052 
= + 0-25 volt. If, consequently, the accord seems 
to be fairly good for Eo, the last-named author’s values, 
which are comparable with Eq, are fairly low: E = — 
0-6 + 0-052 = — 0-55 volt. This low value no doubt 
is due to the presence of some oxygen; this might also 
explain why Strauss did not observe the increase of 
Eg due to chromium, which actually occurs. 

Quenched Specimens. (1) H-Potential, Ey.—The Ex 
of the quenched specimens increases in a fairly regular 
way with increasing chromium content. The greatest 
value of this increase occurs, apparently, at a chromium 
content of about 8 per cent., giving Eq = — 0-745 
volt ; Eg, however, rises further to a value of — 0-759 
volt for 23-2 per cent. chromium. 

(2) O-Potential, EHo.—Eo suffers, for 8 per cent. 
chromium, a decrease to — 0-640 volt; for higher 
chromium contents the Eo rises very nearly to the 
value found for the unquenched specimens, with the 
exception of a steel containing 13-80 per cent. chro- 
mium. The reason for its deviating will be discussed 
later; the fact that this steel has a slightly higher 
silicon content than the steels containing about 13 
per cent. chromium hardly gives any explanation, 
although the hypothesis that silicon raises Eo might 
find some support also in the behaviour of some of the 
carbon steels. Of course, knowing the close connec- 
tion between the passive state and the oxygen content, 
the contrary would rather be expected. 


INFLUENCE OF CARRON. 

Unquenched Specimens. (1) H-Potential, Ey.—There 
are very irregular differences between the specimens 
as rolled and those normalised. On the whole, how- 
ever, the normalised specimens possess a slightly 
higher Ex value. For both, Eq is found to decrease 
considerably, though in an irregular way, with the 
increasing carbon content. 

(2) O-Potential, Ho.—There is practically no differ- 
ence between the Eo values of the specimens as rolled 
and those normalised, though the latter give the value 
+ 0-311 volt without any variation. In the same way 
as the Eo value (+ 0°311 volt) of the unquenched 
specimens containing 0-04 to 0-08 per cent. chromium 
is not influenced by the chromium content beyond 8 
per cent., so Eo is not influenced by the carbon content 
in a 13 per cent. chromium steel. 

Quenched Specimens. (1) H-Potential, Ey.—Ey is 
found to be lowered in a very conspicuous way, from 
a value of — 0-745 down to — 0-64, with an increasiug 
content of carbon. 

(2) O-Potential, Zo.—Certain irregularities also occur 
here; they are, however, found to correspond closely 
with the irregularities in Eq. 

Some additional light is thrown on the preceding 
discussion by an inspection of the specific volumes of 
the stainless steel specimens. For algebraical reasons, 
specific volume, of course, is much to be preferred to 
specific gravity for a rational discussion. It was found 
that there was no sensible difference between the 
specimens as rolled and as normalised. Much more 
important, however, was the fact brought out that 
there was practically no difference between quenched 
and unquenched specimens of stainless irons having 
a very low carbon content. This would hardly 


be the case if chromium did not form a solid solution 
after every heat treatment, when the carbon content is 
low. It was found that, at a constant chromium 
content of about 13 per cent., the specific volume 
was considerably higher in the hardened state. 
Furthermore, it was found that there was not much 
difference 


in electrical resistivity between the 





specimens as rolled and normalised. It is much more 
noteworthy, however, that the unquenched specimens 
possess practically the same specific resistance o a3 
the hardened specimens. The conclusion to be 
deduced is that chromium occurs in a dissolved state 
at a low carbon content, even after slow cooling. 
Unquenched specimens, containing about 13 per cent. 
chromium, were found to possess a resistivity as high 
as about 62 microhms per centimetre, at a very low 
carbon content. On increasing the carbon content, 
this resistivity value, however, was considerably 
lowered. The addition of an increasing amount of 
carbon apparently causes a part of the dissolved 
chromium to be precipitated. 





MOISTURE IN LIGNITE, 


WHEN coal and lignite are dried by exposure to the 
atmosphere they lose their free or adventitious moisture, 
but retain a certain amount of water which is distin- 
guished as the inherent or hygroscopic moisture. The 
analyst takes the coal either in the raw, natural moist 
condition, or as air-dried, or as artificially dried. The 
latter two terms are very indefinite. Heat has to be 
applied in artificial drying ; the process is slow, and it is 
doubtful whether even hard coal can be completely 
dried without undergoing partial decomposition. In 
the case of lignite it is scarcely possible, at any 
rate at the temperature of 105 deg. C. which is yet 
customary for ‘all kinds of coal. The heat, moreover, 
drives out adsorbed gases and the accumulated 
products of spontaneous decomposition and oxidation, 
so that the loss of weight should not be entirely ascribed 
to moisture. With air-drying, on the other hand, the 
amount of moisture retained will, of course, vary with 
the fluctuating humidity of the atmosphere in which 
the material is kept. It is further to be borne in 
mind that evaporation and adsorption are reversible. 
The loss of moisture by evaporation will continue until 
a kind of equilibrium between the moisture outside and 
inside the coal is established. Afterwards the dry coal 
will take up moisture from a moister atmosphere, 

In recent experiments* made in Canada with Alberta 

lignites, the material, both crushed and finely ground, 
was exposed to the indoor atmosphere under summer 
(high humidity) and winter (low humidity) conditions, 
either raw or almost dry. The dry state was produced 
by heating the lignite in an electric oven to about 
90 deg. C. for two or three days. Although a current of 
carbon dioxide was passed over the fuel, the finely- 
ground lignite sometimes caught fire, even when not 
yet dry, and the test was therefore modified ; the coal 
was heated, crushed and was ground afterwards. 
Variations of relative humidity, it was found, caused a 
considerable difference in the percentage to which the 
moisture content of a lignite will be reduced or in- 
creased, and after the initial drying or absorption had 
taken place, the moisture of the coal varied with the 
humidity of the atmosphere. Under similar conditions 
of humidity the minimum percentage of moisture to 
which a lignite would dry was greater than the maxi- 
mum percentage which it would absorb ; the difference, 
amounting sometimes to 5 per cent., was greater with 
very moist than with fairly dry coal. Finely-ground 
lignite dried (and adsorbed) more = than the 
coarse fuel, but the coarse lumps attained ultimately 
(in a few days, sometimes only after 20 days or more) 
nearly the same moisture content as the fines. The 
differences in the moisture remaining in the coal on 
drying at different humidities were not large after two 
days’ exposure ; but they became large after prolonged 
exposure. It appeared also that the grinding itself 
dried a coal of high moisture to a certain extent. 
The results throw considerable doubt on the value 
of the moisture tests, which were recorded in Canada 
up to 1924 without regard to the fluctuations in 
atmospheric humidity, for the classification of lignite 
into sub-groups. One rather questions the utility of 
such classification in view of the fact that more 
satisfactory methods have not stood the test of long 
experience. Some of the experiments were made with 
a new Stansfield apparatus which is not described. 





-¥ Propuction or Mica IN THE UniTEeD States.—The 
total quantity of uncut mica sold by producers in the 
United States in 1925, as reported to the Bureau of 
Mines, was 10,592. short tons, valued at 495,499 dols. 
Of this quantity 897 tons was sheet mica, the remainder 
being scrap mica. The material was derived chiefly 
from the States of North Carolina and New Hampshire. 
The average value, per pound, of sheet mica sold in the 
United States in 1925 was about 18 cents, and the 
average value of scrap mica was about 18 dols. per short 
ton. _ Imports of mica into America amounted, in 1925, 
to 2,450 short tons, valued at 1,798,827 dols, 











* The Effects of Exposing Canadian Lignite to At- 
mospheres i Different Humidities. By H. H. Nicolls, 
Canada, Department of Mines, Investigations of Fuels 





and Fuel Testing. No. 644. 
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ELECTRIFICATION. 


TuF electrification of Sydney City and suburban 
railways is one of the most important projects of its 
kind yet undertaken. Its inception dates from 1915, 
when the problem of providing improved transport 
facilities for a rapidly increasing population was 
thoroughly investigated by the New South Wales 
Railway Commissioners. A full report on the “ Pro- 
posed Electric Railways for the City of Sydney” was 
prepared by Mr. J. J. C. Bradfield, Chief Engineer of 
Sydney Metropolitan Railway Construction, after a 
serene study of the electric railways operating in 
Surope and America, and on the basis of this report a 
very comprehensive scheme was adopted. 

This scheme, which is illustrated by the map given 
in Fig. 1, provided for the construction of an under- 
ground loop railway for two-way service in the city of 


Sydney itself, for the construction of a number of new | 


lines into the outlying districts, and for the gradual 
electrification of practically all the railways within an 
area of about 20 miles radius, the total amount of 
electrification being about 400 track miles. The work 
is planned in connection with the new bridge now 
being erected across Sydney Harbour, and one of the 
most important railway extensions is a new section of 
line which will pass over the new bridge, forming a 
direct route from Sydney City to the north. 

The commencement of work was delayed owing to 
the war, and it was not until the year 1923 that the 
specifications were issued covering the rolling-stock 
and equipment for the first section to be electrified— 
the Illawarra line between Sydney Central station and 
Sutherland, to the south of the city. The main 
features of the original plan were adhered to, including 
the decision to adopt multiple-unit trains as being the 
most economical means of obtaining fast and frequent 


service on suburban lines, and also the decision to adopt | 


overhead trolley-line construction. In 1925, a contract 
was placed with the Metropolitan-Vickers Electrical 
Company, Limited, of Trafford Park, Manchester, for 
complete electrical equipments for 150 motor coaches 
and 150 trailer coaches. A considerable number of 
these coaches are now in service on the Illawarra line, 
on which a service, as far as Mortdale, was inaugurated 
in February last. An additional contract for similar 
equipments for 101 motor coaches and 101 trailer 
coaches has now been placed with the same company. 
One motor coach and one trailer coach constitute a 
train unit, and trains of one, two, three, or four 
two-coach units are made up as required. The coaches 
are 61 ft. 6 in. in length and have seating capacity for 
79 passengers in the case of motor coaches, and for 83 
passengers in the case of trailer coaches. 

The equipment of the motor coaches includes two 
motors, each of 360 h.p., foreach coach. These are 
probably the most powerful individual motors ever 
installed on multiple-unit trains. They are of the 


THE SYDNEY SUBURBAN RAILWAY 





commutating poles and are self-ventilated by means of 
a fan mounted on the motor-shaft. 

Multiple-unit control of the electro-pneumatic type 
is provided, the control gear being energised from a 
36-volt circuit, which is served by a motor-generator 
set and standby battery. The master controller in 
the driver’s cab controls, through small electro-magnets, 


tact with the windings, and the set thus has the output 
of a ventilated machine with all the advantages of a 
totally-enclosed machine. This arrangement is patented 
by the makers, as is also aspecial design of automatic 
voltage regulator which is used in connection with the 
motor-generator set. In addition to the motor coach 
control gear, a number of the trailer coaches will also be 
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Fie. 2. 
box-frame type, mounted on the axles of the rear 
bogie of the coach. They are wound for the line 
pressure of 1,500 volts, each pair of motors being 
controlled in series-parallel connection. A special 
feature of the motor design, patented by the Metro- 
politan-Vickers Company, is that, to provide for 
the large outputs required in the limited space available 
within the trucks, the armature slots are tapered, and 
armature coils wound of special strip are used. By 
this method a considerable increase in output for a 
given size of armature is obtained. The armature 
coils are insulated with mica and asbestos, and the 
builders’ new process of bakelising the coils at various 
stages of their manufacture is used. The motors have 


Moror-GENERATOR SeT witH VENTILATED FRAME. 





air valves connected with the compressed air supply 
which works on the pistons closing the main contactors. 
The contactors, with their operating pneumatic cylinders 
and magnetically operated valves, are assembled in 
switch groups, which are mounted under the cars in 
order to leave the body space of the coach as free as 
possible. The motor-generator set referred to above is 
also mounted under the car. It takes current at the 
line pressure of 1,500 volts and gives low voltage 
supply for lighting and for the operation of the control 
gear. The sct is provided with special ventilating ducts 
in the iron parts of the frame and armature as shown 
in Figs. 2 and 3, through which air is drawn by a fan 
on the rotor. The cooling air does not come into con- 





Fia. 3. Rotor anp Enp Saiectps ror Motor-GENERATOR SET. 


provided with driving cabs. It is interesting to note 
that in actual operation the trains already in service 
obtain an acceleration of 1-37 m.p.h. per second, which 
is about four times the acceleration of steam trains. 
Power for operating the Illawarra line is taken from 
the Ultimo power station near Sydney Central Station, 
and the White Bay power station about 3 miles to the 
east. The stations are indicated in Fig. 1. The 
Ultimo power station supplies the Prince Alfred sub- 
station with power at 6,600 volts, 25 periods, while 
the White Bay power station is connected by six 11,000 
volt, 50 period underground lines to the Meeks Road 
sub-station at Sydenham, whence duplicate 33,000 
volt and 11,000 volt overhead lines connect to the 
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sub-station at Hurstville. Rotary converter sets of 
exceptionally large size, equipped for semi-automatic 
control, have been supplied by the Metropolitan- Vickers 
Company for substations on this line. The two 4,500 
kw., 1,500 volt machines, shown in Fig. 4, are installed 


short circuits, and thus render the machines immune 
from damage under severe traction conditions. 


At the 


Hurstville sub-station, there are two 1,500 kw., 750 volt 
rotary converters of similar construction, connected 
in series to form a 3,000 kw., 1,500 volt set. 


These 

















Fig. 5. Contro~ Panet For 3,000-Kw. Rotary CONVERTER. 


at the Prince Alfred sub-station. These machines have 
16 poles and run at 187} r.p.m. They are each 
capable of carrying an overload of 25 per cent. for 2 
hours, and a momentary overload of 10,000 kw. Special 
fire proof insulating barriers are fitted in front of the com- 
mutator risers, and between adjacent pairs of brushes, 
to cool and deflect any arcs which may be produced by 


machines have 12 poles and operate at 500 r.p.m. The 
automatic contactor gear which controls the rotary 
converters in each sub-station is installed alongside 
the machines in a screened enclosure. The sub-station 
operator works outside this protected area and starts 
up the sets by a push-button which causes the main 
oil circuit-breaker to close. The steps of starting up 


the rotary converters, synchronising and correcting 











polarity then follow automatically, and the attendant 
has only to operate another push-button to close 
the direct current circuit-breaker. The control panel 
for the 3,000 kw. set at Hurstville sub-station is shown 
in Fig. 5. 

The high tension switchgear for the three sub-stations 
which are in commission on the Illawarra line has also 
been supplied by the Metropolitan Vickers Electrical 
Company. The 33,000 volt switchgear includes electric- 
ally-operated oil circuit-breakers of the outdoors type. 
each unit having a breaking capacity of 160,000 kv.-a, 
The 11,000 volt and 6,600 volt circuit-breakers are 
mainly of the semi metal-clad type, in which the circuit- 
breaker itself is built on metal-clad lines while the 
remainder of the apparatus is contained in a masonry 
cubicle. Provision is made in the switchgear layout of 
Hurstville sub-station for extension of the high-tension 
line to Sutherland sub-station, which will serve the next 
section of the line. Electrification of other lines is 
expected to follow in the order of Bankstown section, 
Sydney to Parramatta, Sydney to Hornsby via Strath- 
field, and Sydney to Hornsby via the Sydney Harbour 
Bridge. 








ABRASIVE WHEELS. 


In the report of the Chief Inspector of}Factories, 
to which reference was made on page 359 of our issue 
of September 17, some interesting information is given 
in regard to abrasive wheels, in particular in trades 
in which grinding was formerly done on grindstones. 
The Report on the Grinding of Metals and Cleaning of 
Castings* showed that the dust from artificial abrasive 
wheels was less malignant than that from grindstones, 
and was evolved in far smaller quantities, the wheels 
having a much longer life. A number of the largest 
firms making textile machinery and stove grates have 
entirely replaced natural grindstones by such wheels, 
with economic as well as hygienic advantages, and 
other firms in the engineering trades are following suit. 
In the cutlery and edge-tool trades, the use of a wheel 
of unsuitable grit and grade will draw the temper of 
the article ground, and considerable research has been 
required to define the wheels best suited for use on 
different work and in different conditions. 

The high speed at which artificial abrasive wheels 
are run, and the smaller experience of using them, 
call, therefore, for special attention in order to 
avoid bursting of the wheels and resulting accidents, 
and this report quotes a set of rules for mounting 
and running grinding wheels drawn up by an engi- 
neering firm after a large abrasive wheel had burst. 
A chart is kept up to date showing the position 
of every existing machine, and the dimensions and 
speeds of its wheels. They are mounted under the 
instructions of the foreman by a skilled millwright, 
with the assistance, if necessary, of an apprentice or 
labourer. The millwright is required to see that the 
correct wheel is drawn from stores, checking the 
machine number and wheel particulars on the stores 
requisition, ringing the wheel for soundness, checking 
all dimensions with the chart and the maker’s tag, 
making sure, with a speeaometer and watch, that the 
machine (running with the old wheel) does not run 
at a higher speed than recommended on the wheel 
chart and tag, and referring any discrepancy whatever 
to the foreman, to whom he will also submit any 
doubt as to the suitability of the machine, the securing 
flanges, or the wheels. He will be held responsible, 
moreover, for seeing the new wheels fixed, the belt 
put on the machine, the guard fixed, the rest put in 
position, the wheel trued up, and the machine running 
in perfect balance and without vibration. A standing 
overall limit of 5,000 ft. per minute is put on the speed 
of any wheel whatever. 

Attention is called to the inadequacy of many 
hoods placed over the wheels in connection with dust- 
exhaust plant. These hoods should not only conduct 
the dust into the exhaust flue, but should be so sub- 
stantial and rigidly anchored that they can serve as 
guards should the wheels burst. Often the only hood 
supplied is of thin sheet iron, and a home-made guard 
has also to be fitted, which is never as satisfactory as 
a single unit serving both as hood and guard. Imported 
machines are usually fitted with cast-iron guards, 
which have been found unreliable, but most makers 
in this country are now using steel in their latest 
designs, and steady progress has been made in replacing 
the cast-iron shields fitted in earlier years by steel or 
wrought-iron. 








University COLLEGE HospritaL ENGINEERING PLANT. 
—A public lecture on “The Engineering Plant at 
University College Hospital” will be delivered by Mr. 
A. H. Barker, B.A., B.Sc., at University of London, 
University College, Gower-street, London, W.C.1, on 
Wednesday next, October 6, at 7 p.m. The lecture is 
open to the public without fee or ticket. 





* See ENGINEERING, vol. cxvii, page 247, 
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BROOKS SAYERS ELECTRIC 
GENERATOR FOR AIRCRAFT. 


In our issue of January 16, 1925, on page 69, we 
illustrated an interesting and ingenious method of 
constructing the armatures of continuous-current 
generators and motors, which was the invention of 
Mr. W. Brooks Sayers, now of 23, Gorst-road, Wands- 
worth Common, London, 8.W.11. The armature, it | 
may be remembered, consisted of a cylindrical shell 
rotating about a stationary iron core, and formed of 
copper conducting strips with intervening strips of 
iron, both of which were bent to an involute curve, as 
viewed from the end of the armature, and to a helical | 
curve in the cylindrical surface, the commutator being | 
formed by the bare edges of the strips from which the | 
conductors were formed. A detailed description of 
the method of building up the armature will be found 
in the above-mentioned article, so that we need not 
repeat it now, our present purpose being to call atten- 
tion to the recent application of this system of construc- 
tion to the production of a light and efficient generator 
for use on aircraft. 

» Such machines are required to supply current, at a 
low voltage, for lighting, and other purposes, on aero- 
planes, and are usually driven by a small airscrew 
mounted directly on the armature shaft, the machine 
being located in some convenient position outside the 


fuselage, preferably behind the main propeller, so that | 


the small airscrew will be driven by the slipstream. 
A typical generator of the class referred to would have 
an output of 40 amperes at 12-14 volts, and would 
weigh about 13 lb. Jn the operation of such gene- 
rators, as usually constructed, a certain amount of 
ripple is produced by commutation, owing to the fact 
that the number of segments it is practicable to employ 
is small; about 34 segments are commonly provided in 
the commutator of a two-pole machine of the capacity 
mentioned above. This ripple is not of great import- 
ance, especially if it is not sufficient t> cause visible 
sparking, but when the aeroplane is fitted with 
apparatus for wireless telegraphy or telephony, it 
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causes considerable trouble by the production of 
parasitic noises in the telephones. With the Brooks 
Sayers generator, on the other hand, this trouble is 
pre ctiewlly eliminated, owing to the fact that a com- 
para. BY large number of commutator segments is 
employed: As previously stated, the edges of the 
conducting strips are used as commutator segments 
in this machine, so that the difference of potential 
between adjacent segments is quite small, and the 
self-induction of the individual sections of the winding 
is reduced to a minimum. 

he machine to which we are now referring has been 
s plied to the Air Ministry for use on aircraft, and has 
a capacity of 40 amperes at 12-14 volts when running 
at 4,000 r.p.m. Its weight, without the propeller but 
including the stream-line casing, is 11} lb., which is 
about 15 per cent. less than that of a machine of the 
usual design having the same capacity. As will be 
seen from the drawings reproduced in Figs. 1 and 2, the 
machine is of the four-pole type, the yoke consisting 
of a turned ring of soft iron to which the pole pieces 
are attached by screws. The ring, it may be mentioned, 
is only 43 in. in diameter externally, and the length from 
the screwed end of the armature shaft to the rear end 
of the casing is 114; in. The field system comprises 
a simple shunt winding, the arrangement of which 
calls for no special comment. 

The construction of the armature, however, is 
interesting, as will be seen on reference to Figs. 1 and 2. 
It differs from that of the larger machine described in 
our previous article in that the core is not stationary, 
but rotates with the conductors as a whole; the 
arrangement of the conductors and commutator, 
however, is generally similar. The conductors are 
built up with strips of iron and asbestos paper insula- 
tion intervening to form a cylindrical shell 2} in. in 
diameter, the shell so formed being supported at each 
end on rings of cast-aluminium alloy. At the propeller 
end, the supporting ring is pressed against a flange on 
the shaft and that at the rear, or commutator, end is 
secured to the shaft by a separate screwed ring. The 
iron core, which is located between the conductors and 
the shaft in the neighbourhood of the pole pieces, is 
built up of rudially corrugated laminations clamped 
between two rings on the shaft as shown in Fig. 1, 
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| than the others so that they extend radially inwards 
|from the cylindrical shell and fit into corresponding 
| grooves formed in the core with suitable insulation in 
| between; a positive drive is thus obtained between 
| the bush and the core. 

The armature shaft is supported in ball bearings 
fitted into a cast aluminium-alloy frame, which is 
screwed on to the field-magnet yoke. To this frame, a 
ring carrying the brush holders is secured by screws 
passed through slotted holes, as shown on the left of 
Fig. 2, so that the position of the brushes can be adjusted 
to give the best commutation. As shown in this 
illustration, the brushes are set at an angle with the 
shaft-axis, so that they make contact with the com- 
mutator surface in a direction parallel with the helical 
line in which the segments lie, the segments, as pre- 
viously stated, being continuous with the conductors 
themselves. Actually there are 127 segments in the 
commutator and twice that number of conducting 
strips, connected in series, are employed in the armature 
shell, two conductors being connected to each segment. 

The characteristics of a similar machine to that 
described above, but having 242 conductors instead of 
254, are illustrated by the diagram reproduced in 
Fig. 3. In this, Curve I shows the no-load voltage 
characteristic at 4,000 rep.m., while Curves II and HI 
show, respectively, the excitation current and the 
voltage at various loads, both at 5,000 r.p.m. It will 
be seen that with this machine the required voltage 
of 12 was not obtained at full load and at 5,000 r.p.m. 
when the armature was hot, although when the arma- 
ture was cold the voltage at full load was 13. A new 
armature shell was therefore constructed and this gave 
the results indicated by Curve IV, the full-load voltage 
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the arrangement giving a certain amount of resilience ; 
the corrugations ars indicated by the radial lines in | 
the half section on the right of Fig. 2. From this | 
illustration it will be noticed that the central holes in | 
the laminations are hexagonal and a split bush of | 
hexagonal form externally and tapered internally is | 
inserted between the correspondingly tapered shaft | 
and the laminations. This bush slides on a feather on | 
the shaft and, when pushed endwis: by the nut, 
expands the laminations, giving a positive drive oa 
ensuring a very solid constru.tion. Another point | 
shown in the same illustration may be referred to, | 
viz., that some of the conductors are made wider 





The machine, we understand, has been accepted by the | 
Air Ministry, who have expressed satisfaction with 
the results, and have also ordered another machine for | 


a higher voltage. 





at 4,000 r.p.m. being 13-5 with the armature hot. |. 
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CATALOGUES. 


Electrical Machinery.—Articles on direct-current con- 
trollers for electric locomotives having a drive on each 
axle, appear in recent issues of the house journal issued 
by Messrs. Brown-Boveri, Limited, Trafalgar House, 
Waterloo-place, London, 8.W.1. 


Electric Motors and Switchgear-—A number of new 
catalogue sections to hand from the British Thomson- 
Houston Company, Limited, Rugby, include two supple- 
mentary leaves for their catalogue of truck-type iron- 
clad switchgear; priced lists of motor-control pillars 
with drum starters and with face-plate starting switches ; 
and a new edition of their price list of small motors 
from $ h.p. to 4 h.p. 


Rotary Converters.—The Electric Construction Com- 


| pany, Limited, Wolverhampton, have issued a catalogue 
| of rotary converters for changing alternating to direct 


current for power, light or traction supplies. The prac- 
tical points are discussed and the essential parts are 
separately illustrated. The same firm has sent us a leaf 
catalogue of continuous-current electro-magnets for 
operating brakes, &c. 


Woodworking Machines.—Messrs. John Pickles and 
Sons, Limited, Hebden Bridge, have sent us a portfolio 
of leaf catalogues, illustrating some of their woodworking 
machines, and giving brief specifications and dimen- 
sions of each type. ‘These include band saws, bench 
saws, planing machines, and several machines for 
mortising, tenoning, sand papering, boring and cutter 
grinding. All these machines are strongly built and 
well guarded, and are designed for high-speed work. 


Power Hammers.—A new catalogue of pneumatic power 
hammers has been issued by Messrs. B. and 8. Massey 
Limited, Openshaw, Manchester, dealing with hammers 
of }-cwt. to 20-cwt.—these being the weights of the 
falling parts. Examples of forgings are shown, with 
dimensions to indicate the class of work for which 
hammers of various weights are most suitable ; diagrams 
and figures of power consumption are given for each. 
Recent improvements by this firm have brought the 
pneumatic hammer nearer to the steam hammer in 
flexibility, so that single blows can be struck without 
risk of an unintended blow following. This is effected 





CoMMERCIAL AVIATION IN Cutna.—A recent issue of the | without a timing mechanism and from the top or from 
Chinese Economic Bulletin contains the information that | any intermediate point of the stroke. The single blows 
the Canton authorities are planning the initiation of | and automatic successive blows, and the hold-up and 
aviation services for commercial purposes in Kwantung | hold-down actions, are all controlled by movements of 
province, With Canton as centre, four routes have been | a single lever. The catalogue includes an illustration of 
mapped out, namely, Canton-Swatow, Canton-Wuchow, | the largest pneumatic power hammer made, the falling 
Canton-Kiungchow (Hainan Island), and Canton- | weight being 30-cwt., and the carrying standard being 
Shiukwan. | of the arch type. 
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ELECTRIC BRAKING. — brig boner fain: Foi digerbhney; parts to rest : 
| with the second, there is little inertia as compare 
By W. Wuson, M.Sc., B.E., M.LE.E. | with the friction of the bearings and dete: an 
TuE question of arresting the motion of an | with the third, a stop within a definite period 
electrically-driven apparatus in the proper manner | is not needed. With others, such as reciprocating 
is frequently as important as that of setting it in| machine tools, however, the quick cessation of 
motion. Unlike some other prime movers, such as | movement when the working stroke is completed is 
the internal-combustion engine, there is very little | important from several points of view. Secondly, 
inherent friction in the moving parts of an electrical | the limitation of speed to a desired value is required 
machine, while there is a considerable amount of | for some pieces of apparatus during the light-load 
inertia. Under must circumstances, therefore, the | periods of their cycle. The lowering operation of a 


























Fie. 1. 





Fie. 2. Sotenorp SHOE BRAKE. 


armature or rotor will continue to rotate for quite a 
considerable time after the current has been cut off, 
rendering necessary someexternal means forchecking 
the motion when amoreor lessrapidstopisdem anded. 

Braking is desired for either of two reasons. In 
the first place, a quick stop is necessary for a number 
of loads which are not ordinarily brought to rest 
by their own power consumption or by inherent 
friction. There are, it is true, many cases where no 
braking is necessary, such as a pump, lathe or 
grinder. With the first the power consumed by the 





lift or hoist is a case in point, in which the energy 
given off by the descending load has to be used up 
in order to keep the velocity within safe limits. 
Braking can be automatically applied to an elec- 
trically-driven apparatus either by a mechanical 
brake which is operated by electrical means, or by 
one of the methods of electrically loading the motor, 
functioning temporarily as a generator, a type of 
retardation to which the general term of dynamic 





armature from the line and its reconnection to a 
resistance, through which it is made to generate 
current, and this restricted meaning will, for con- 
venience, be adopted herein. For regenerative 
braking the motor is not disconnected from the line, 
but the existing connections are so arranged that the 
motor operates as a generator, returning power to 
the mains. “ Plugging” is among the simplest 


of braking methods, consisting simply of reversing 
the armature connections, so that it endeavours to 
revolve in the opposite direction. 


ya 


Before proceeding to describe the details of the 
three methods, the requirements of an ideal _elec- 
trically-applied brake may be considered. The 
most important of these is that it must not be liable 
to get out of order, for, since it is a safety device, 
it must itself be thoroughly dependable. It must, 
therefore, be as simple as possible, and must no} 
be subject to any rapid loss of adjustment by wear. 
Secondly, the braking effect. must be decisive, since 
the inertia of the motor and the connected load is 
frequently great. This inertia must be quickly 
overcome in order to economise time, and for other 
reasons. Thirdly, the action must be uniform, in 
order that the moving parts may be brought to 
rest within the same distance and in the same 
period of time on every occasion. The reason for 
this will be realised if the action of such a load as a 
planing machine or a lift be considered, in which the 
motion is required to stop at a definite point at each 
travel. Fourthly, the method must be economical, 
in that it must not consume an appreciable amount 
of power, and must not involve any undue expense 
in other directions. Fifthly. the braking method 
must not cause any deteriorating effect on the motor. 
Mechanically, its action must be smooth, in order 
that the shaft and windings may not be damaged by 
sudden alterations of speed. Electrically, the 
passage of braking currents through the armature 
must not result in overheating. Finally, whatever 
additional gear is required to produce the braking 
must be compact, in order that its application to a 
piece of plant may not seriously increase the bulk 
or floor area of the latter. 

Solenoid Braking.—The mechanical brake operated 
by a solenoid may first be dealt with on the score of 
its simplicity. This 1s generally a band brake, which 
is pulled either on or off by a solenoid. Such a 
brake might be arranged with the plunger of the 
solenoid directly attached to the brake itself, so 











braking has been given. The word is, however, often 
applied especially to the disconnection of the motor 


that it could be pulled on by the passage of the 








current through the coil, the amount of braking 
being controlled, if desired, by means of a rheostat. 
It could then be used not only for sudden stopping, 
but also for speed control during periods of negative 
load ; but it would become inoperative if the power 
were cut off. The action is therefore practically 
always reversed, in that the brake is applied by 
spring pressure or by weights, this mechanical force 
being held off by the pull of a solenoid, which is 
continuously energised while the potential is 
applied. When, however, the motor, and with it 
the brake solenoid, is cut off from the line, the mecha- 
nical force is released, and the brake is applied auto- 
matically. An example of such a mechanism is 
shown in Fig. 1, on page 435, which illustrates a 
hoist fitted with a solenoid band brake by the 
Witton-Kramer ‘Electric Tool and Hoist Works, 
Witton. Birmingham. In this, the brake is applied by 
two adjustable springs, one of which is seen at the 
extreme right of the illustration. The weights are 
frequently made adjustable, and take the form of 
thick discs of cast iron, termed cheese-weights 
from their form, and are added one by one to a 
supporting hanger when the apparatus is first 
erected. They may be housed in a vertical drum 
- containing sufficient oil to cover them, acting as a 
dash-pot and damping their movement. 

The shoe-type of brake also is easily adapted 
for electric operation, and in this form it is especially 
suitable for machine-tool control and for situations | 
where head-room is limited. A typical arrangement 
is shown in Fig. 2. in which the power is again 
applied by means of a solenoid, this being now 
situated behind one of theshoes. The example illus- 
trated is by the Igranic Electric Company, Limited. 
A short but powerful spring is fitted inside the same 
enclosure, which is kept compressed by the solenoid 
while it is excited. Adjustment of the spring 
pressure is readily effected by means of the nut at 
the back of the solenoid casting. 

The examples hitherto given have been constructed 
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switching off of the exciting current. The plunger | wound, but it may be connected in series with the 
is retained for the longer time after the cessation of | armature, the brake then being held off by the 
the magnetising current the stronger the magneti- | actual load current. In this case, it is good practice 
sation that has been induced, and care should be | to design the winding for either half-hour or one 
taken that the latter is not greater than is necessary | hour duty, with a strength sufficient to pull off the 
for the task of opposing the mechanical force that | brake at 40 per cent. and to hold it off down to 
holds the brake off. The current required to lift|/10 per cent. of full-load current. Shunt-wound 
the plunger from the “off” position is, however, | coils may require to be designed for continuous 
a relatively large one, and a considerable advantage | duty. They should, in any case, pull off at 80 per 
can be gained by the weakening of this current | cent. of the rated voltage. It is the general rule to 
just before the plunger has reached its final position, | give any type of solenoid brake a retarding torque 
through the automatic insertion of an economy | equal to the normal full-load torque of the motor. 
resistance reducing the magnetising force to that | and this can be readily obtained from the formula : 











for use upon D.C. circuits, and the design of the 
solenoid will require modification if it is to be ener- | 
gised by alternating current. In the first place, | 
the iron circuit, including the plunger and the whole | 
of the magnet, must be built up of laminations in | 
order that eddy currents may be avoided; and | 
this enforces a rectangular shape for these compo- | 
nents. Secondly, the solenoid will emit a continuous | 
and unpleasant buzzing noise unless it is made poly- 
phase, or a split-phase arrangement is adopted, such 
asa “shading ring” encircling rather more than 
half the flux at the air-gap. The characteristics of 
the alternating-current pattern are also rather dif- 
ferent from those of the direct current, owing to the 
reduction of the reactance as the plunger moves 
out and increases the air-gap. This causes a very 
heavy current to flow at the instant of closing the 
circuit, and brings about a suddenness of action 
without the need of economy switches or series 
resistances. The initial current peak (of about 
four to eight times the normal) may, however, be 
troublesome in exceptional cases. 

A radically different method of dealing with 
alternating current working is illustrated in Fig. 3, 
where a similar brake to that in the previous 
figure, also by the Igranic Electric Company, 
Limited, is operated by a small induction motor, 
the simple gearing being so designed that two 
revolutions of the rotor are required for the complete 
travel of the brake shoes. This type of motor 
has practivally no time-lag and needs very little 

_ attention, and its use for such a device is thus quite 
satisfactory. 

In addition to the adjustment of the spring 
pressure, compensation for wear of the rubbing sur- 
faces must also be provided for. It is most impor- 
tant that the adjusting screws or nuts for this pur- 
pose should be placed in an accessible position, and be 
attended to with sufficient frequency, as a relatively 
small amount of wear is often enough to decrease 
the braking effect very considerably. The means 
of adjustment in the examples illustrated can easily 
be distingujshed, and will be seen to comply with 
this condition. 

In carrying out the electrical design, due regard 
should be had to the considerable delay in braking 
to which large direct-current units are liable through 
the slow decay of the magnetic flux following the 





just required to hold the plunger. Two forms of | 
switch suitable for this purpose are illustrated in | 
Figs. 4 and 5,and 6 and 7. Of theses that shown 
in Figs. 4 and 5 is suitable for use with a large | 
solenoid, and consists of an auxiliary switch | 
that cuts in and out resistance by means of 4 
contactor, while Figs. 6 and 7 show a switch | 
for handling the whole of the current, which | 
would be specially applicable to a comparatively | 
small solenoid. The former pattern is shown fitted 
to a prolongation of the plunger through the top 
of the solenoid pot, while the second pattern is fitted 
to the top of the pot itself, there now being no tail | 


Fig.4 
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rod, and the switch being opened as the plunger 
reaches the top of its stroke by means of a small 
tappet rod inserted through the casting. 

A simpler method of hastening the decay of the 
flux, and thus quickening the braking attion, is to 
reduce the relative amount of induetance in the 
coil circuit by means of a permanent series resistance. 
If the brake solenoid is simply connected across the 
line, it will possess the maximum inductance as 
compared with the inherent resistance of the coil ; 
but if external resistance is added in series with the 
winding, the desired result is obtained. For this 
reason, it is a common practice to design the coil 
for only one-half the line voltage, and to dissipate 
the remainder in a series resistor. 

On account of the considerable self induction 
possessed by such a cuil, a discharge resistance is 
usually necessary, especially if no series resistance 
is employed, in order that the terminals may never 
be open-circuited. This may be either permanently 
connected or switched in just before the circuit 
is broken, by means of contactors, or a direct 
acting switch. In further reference to the welfare 
of the coil, it should also be remembered that a 
metal pot is liable to sweat internally due to changes 
of temperature and atmospheric pressure, and the 
greatest care should be taken to drain and ventilate 
it efficiently ; otherwise there will be frequent 
breakdown of the insulation through dampness. The 
lead-in wires for the coil are preferably located at the 
top, as these form the weakest part electrically of 
the whole winding. If they are situated at the bot- 
tom, they will not only have to sustain the whole 
weight of the coi!, but will also be exposed to any 
moisture that may condense and find a lodging 
there. 

Hitherto the coil has been assumed to be shunt | 








H.P. x 33,000 = H.P. x 5252 The die- 
R.P.M. xX 27 R.P.M. ~ 
diameter of the drum is regulated largely by the safe 
rubbing speed, which should not exceed about a 
mile a minute. The safe speed in R.P.M. is thus 
given by: Max. R.P.M. = Toes 

Since this form of braking is brought into action 
by cutting off the voltage, its effect is not liable to 
cease through the accidental failure of the supply, 
the operating of a fuse or circuit breaker. or through 
a bad or broken connection. Thus this pattern is 
the most reliable form of electric brake, and is 
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frequently used as a stand-by when other patterns 
are in use. 

Dynamic Braking.—The principal advantages of 
the dynamic brake are its strength, its simplicity 
and its uniformity. The same addition to the 
motor is employed for applying it as for obtaining 
a creeping speed, taking the form of a resistance 
in parallel with the armature that diverts a certain 
proportion of the current when the line is con- 
nected, and forms a load upon the armature when 


| the line is cut off. It is most conveniently applied 


in an automatic control installation by means of a 
double-throw pattern of contactor. The connec- 
tions are indicated in Fig. 8, in which it is shown con- 
necting one end of the armature to the line when the 
contactor is closed by the coil, and completing the 
connection for the braking resistance, while cutting 
off the line, when the contactor armature is released. 
Since the lower contacts have to carry the whole of 
the heavy current from the armature during braking. 
it is essential that there should be a greater pressure 
between them than that due to the mere weight of 
the armature. A series coil is therefore used with 
most forms of braking contactur, which is energised 
as soon as the braking current flows and exerts 
a strong pull on the armature in this position, 
forcing the contacts firmly together. The attraction 
of this series magnet also prevents the contactor 
from closing while the motor is rotating, even if 
the normal operating coil is excited, and thus it 
fulfils a further very useful function as an electrical 
interlock, preventing the line contact from being 
made for a reversing installation until the motor has 
ceased revolving in the original direction. The 
connections for a reversing scheme are indicated 
in Fig. 9, in which two pairs of double-pole con- 
tactors are shown, each with a single back contact, 
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the braking resistance being, in this case, connected | order to keep the current peak within safe limits. lit is only necessary to leave the motor simply 
between the two lower fixed contact pieces. | This method is especially useful for robust motors, | connected to the line, to enable a heavy load to be 
A drawback to the simple form of dynamic | connected to loads that require sudden reversal, | lowered with an increase of speed of only a few 
brake that has been described, is that the braking | such as those operating rolling-mill auxiliaries; | per cent. above the normal. 
effect ceases if the voltage fails. There are two | and also for machines that are commonly reversed; Turning now to the D.C. case, the shunt motor 
methods of countering this defect which merit a | at or near the no-load point, such as those operating |runs at almost constant speed. whatever the 
brief description. The first method consists of drilling and tapping machines. Curves, taken by| load, and when mechanically driven in the same 
fitting a special series field to the motor, connected | means of a recording ammeter, showing the fluctua- | direction, it functions as a generator at a speed 
by means of a reversing double pole and double- | tions of current with one of the latter type of | which is not greatly increased above the normal. 
throw contactor in the appropriate direction for | machine, of a capacity of 5 h.p. at 220 volts, when | Moreover, the speed can be modified as desired by 
self-exciting the fields for either direction of running ; | being reversed in this manner, are given in Fig. 12. 








the manipulation of a field rheostat, and thus the 


it will be remembered that a series machine | 
requires the reversal of the field flux when it is 
changing its function from that of a motor to «| 
generator. This principle is illustrated by the| 


The smaller detached peak corresponds to starting | rate, not only of lifting but also of lowering, can be 
from rest, and is given for the sake of comparison. | varied as desired, by virtue of the appropriate 


The normal full-load current for this motor is 2] | 


amperes. 


design of the field cireuit. The same, however, is 
not true with the series motor, which is charac- 


It is worth while to consider briefly what happens | terised by a very variable speed and rotates in 


connection diagrams in Fig. 10, which show the pro- 
cess in the case of a Metropolitan-Vickers planes | during plugging, as in spite of the similarity of this 
equipment, there being not only a series stabilising | procedure to regenerative braking, the action is| generator. Since this form of motor is that most 
field, but also an extra series winding controlled by | not the same. The net result of reversing the | largely used for hoisting in crane operation. the 
the reversing contactor. The latter requires four controller is that the motor armature functions in| point is of importance. The difficulty is satis- 
separate coils te operate it, two being closing and} a generating capacity in series with that in the | factorily overcome by converting the winding from 
two holding coils. The second method is to employ | power station, and the voltages of both combine series to shunt during lowering. To do this, the 
a no-volt switch, which connects the existing shunt | to force current through the added resistance, which | field coils are connected across the line in series 
field in parallel with the armature if the voltage | must therefore be made high enough to restrict the | with a resistance. An effective development of the 


| the opposite direction when it is made to act as a 
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goes off, thus converting it into a self-excited shunt | 
generator. The connections for accomplishing this | 
are indicated in Fig. 11. 

Plugging.—It is convenient to refer next to the 
form of reversal of the functions of the motor known 
as plugging, which constitutes one of the most 
effective means of bringing the armature to rest, 
especially when the rapid reversal of the rotation 
is to follow. It consists of the re-connection of the 
machine to give reverse running as a motor, and this 
is accompanied by the simultaneous insertion of 
resistance in the armature circuit. In the case of 
a hand-controller, the handle would be placed in the 
first reverse notch, which would reverse the motor 
in series with all the controlling resistance. With 
contactors, the master controller is simply thrown 
to the reverse position ; or if there be several speed 
steps, it may be moved to the first reverse step, as in 
the case of the manual starter. In the former case, 
the current-limit relays will hold open the accelerat- 
ing contactors, thus inserting the full control 
resistance, which is not cut out until the current 
falls in the ordinary course as the motor accelerates 
in the reverse direction. In applying this method, 
care is necessary that the current peak is not too | 
great for the safety of the motor, and special 
attention should be directed to ensuring that the | 
mechanical strength of the winding and the shaft | 
is not overtaxed. It is usually necessary to add 
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3 method is shown in Fig. 13, in which the armature 
3 ; peg ; : 3 
>= is tapped off this resistance in potentiometer fashion, 
affording an additional means for controlling the 
10 speed. The arrangement also lends itself to the 
change of function, since the modification required 
| in the connection is a comparatively simple one. 
| The simple scheme that has just been given is 
a, tre a cae een dey ee basis of the very valuable form of power- 
Ti in S 1 patie lowering known as potentiometer braking. It is not 
(9705.1) —— oe ii proposed to proceed to greater detail in the matter 


current to a safe value. It is then the negative 
torque of generation that constitutes the braking 
effect, and the fact that a voltage approaching 
twice that of the line is momentarily applied to the 
total resistance in circuit enables the magnitude 
of the plugging resistance to be simply calculated. 

Regenerative Braking.—Regenerative braking is 
typically employed to control the speed without 
bringing about an absolute stop, such as in the 
lowering of the load on an electric crane. The 
principle can be most simply explained by reference 
to A.C. equipment, since it is well known that, the 
induction motor runs normally at slightly below the 
synchronous speed when developing its normal full 
horse-power, the slip being then somewhere in the 
vicinity of 2 or3 per cent. If, however, mechanical 
power is applied while the motor is connected to 
the supply, it now runs as a generator slightly above 
synchronous speed, returning power to the line. The 
great advantage of three-phase electric traction is 
that the trains are able to descend steep inclines 
at practically constant speed without any additional 
braking other than that inherent in the motor itself, 
and in so doing they return much of the power to 


at this juncture, as the developments of the method 
have given rise to somewhat elaborate diagrams 
that would require considerable space to describe, 
but the effect of lowering in accordance with this 
principle can be deduced from what has been 
said. At each position of the controller, the motor 
lowers the load at a given speed, almost irrespective 
of the weight. If the load be light, such as the 
empty hook, the motor supplies power to overcome 
the friction of driving it down, while if it be 
heavy, the machine is driven as a generator, still at 
practically the same speed, absorbing power. 





TRIALS OF THE M.S. ‘“‘ Accra.”—The twin-screw motor 
passenger liner Accra, the launch of which was mentioned 
on page 574 of our issue of April 30 last, recently under- 
went trials at sea. Built by Messrs. Harland and Wolff, 
Limited, to the order of Messrs. Elder, Dempster and 
Co., Limited (British and African Steam Navigation 
Company), the vessel is intended for the owners’ West 
African service. She has a gross tonnage of 9,336 tons, 
an overall length of 468 ft. 9 in., a breadth of 62 ft., 
and a depth of 35 ft. The propelling machinery consists 
of two Harland-Burmeister and Wain six-cylinder, four- 
cycle, double-acting Diesel engines, each of which has 
a normal rating of 3,750 h.p. The engines have forced 
lubrication throughout, and oil is also used for piston 
cooling. The cylinder jackets and covers are cooled by 





extra resistance to that provided for starting, in| the line that was absorbed in the ascent. In general, | fresh water. 
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Engines of High Output. By H. R. Ricaxpo. London: 

Macdonald and Evans, [Price 7s, 6d, net.]} 

TxHosE of our readers who are interested in the 
design of internal-combustion engines, will probably 
remember that a series of articles, from the pen of 
Mr. H. R. Ricardo, appeared in The Automobile 
Engineer in 1916, under the heading of “ Engines 
of High Output.” These articles have now been 
revised and amplified by the author, and reprinted 
in a short demy-octavo volume. It is perhaps a 
trifle unfortunate that the title bears such a close 
resemblance to that of the second volume of the 
author’s recent work on “ The Internal-Combustion 
Engine.” The latter volume carries the sub-title 
of ‘‘ High-Speed Engines,” and it may, therefore, 
be advisable to state that the author has treated 
his subject in the two volumes from markedly 
different aspects. The larger work was reviewed 
on page 680 of our issue for May 23, 1924, and we 
there stated that the problems of mechanical 
design occupy about two-thirds of the available 
space, the remainder being devoted to fuels, detona- 
tion, distribution of heat, and kindred subjects. 

In “Engines of High Output,” the subject is 
treated almost exclusively from a thermo-dynamic 
standpoint. There have, of course, been many text- 
books published on internal-combustion engines 
which open with a few chapters on thermo-dynamic 
considerations, but the application of the various 
formule deduced to actual engine design is usually 
left very much to the reader’s imagination. Apart 
from this, the mathematics employed are generally 
beyond the scope of the average reader, and the 
net result is that many people regard thermo- 
dynamics as a hobby of the professor, which can be 
neglected without any serious loss of personal 
efficiency. This is certainly to be deplored, and not 
the least value of Mr. Ricardo’s work is that it 
should go far to dispel this view. It is difficult to 
say why this reprint is so eminently readable, but 
the fact remains that the author has succeeded in 
infusing interest into what is generally regarded as 
an exceedingly dry subject. No doubt, his horror 
of mathematical calculations, to which he pleads 
guilty in the preface, enables him to visualise the 
feelings of the average reader, but probably a fact 
which has a more important bearing on the matter 
is that Mr. Ricardo is himself called upon to base 
practice upon theory to probably a unique extent 
in his research laboratory and works at Shoreham. 

Possibly, owing to the form in which they were 
originally published, the various chapters read more 
like a lecture than a typical text-book. By this, 
we do not wish to suggest that the author has taken 
advantage of the facilities afforded by the former 
method of exposition to avoid difficulties, or to 
present his subject in a superficial manner; but 
rather to indicate that he has concentrated on those 
considerations which are essential to his subject, 
and has made no attempt to deal with kindred 
problems arising in other types of engine. The only 
deviation from this course which he has permitted 
himself is a consideration of the constant-pressure 
cycle. There is ample justification for this depar- 
ture in the efforts which are now being made to 
utilise this cycle in aero and commercial vehicle 
engines, and apart from this, as the author pertin- 
ently remarks, all practical working cycles are to 
some extent compromises between constant-volume 
and constant-pressure limits. 

The first chapter is devoted to a consideration 
of these two cycles, and to the air cycle as a stan- 
dard of efficiency. In the remaining chapters the 
various ways are tabulated in which the actual 
cycle in the engine deviates from the ideal, and 
consideration is given to the effect of each point 
in turn on the design of the engine. It is probable 
that engineers as a whole will appreciate the author’s 
method of introducing specific figures to bring out 
the relative importance of the various factors 
under consideration, although, as some of the 
values taken represent uncertain qantities, it will 
possibly fill the pure physicist with indignation. 
We have not space at our disposal to enter at any 
length into the various theories discussed by the 
author, some of which we have not previously 
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seen brought forward. A particularly interesting 
example is that dealing with the fall in volumetric 
efficiency as the compression is raised. It is 
suggested that this is due to heat exchange between 
the gases and the cylinder walls during the early 
period of the induction stroke. It is usually 
assumed that the whole exchange of heat takes 
place between the residual charge and the incoming 
gas, but Mr. Ricardo points out that, in practice, 
heat is also given up to the cylinder wails before 
the new charge enters the cylinder. This will 
result in a reduction in the volume of the residual 
gas, and a corresponding increase in the volumetric 
efficiency. When the compression is low, both the 
volume and temperature of the residual gas are 
greater, with the result that the loss of heat to the 
cylinder walls is doubly effective. The author 
states that this suggestion was first made by one 
of his assistants, Mr. J. F. Alcock, and it certainly 
seems more feasable than any other that has yet 
been put forward to account for a phenomenon 
which has given rise to considerable discussion, 





By L, SantTaRELLa 
[Price 


Ponti Italiani in Cemento Armato, 
and E, Mozrzzr (3 vols.). Milan: Ulrico Hoepli, 
110 lire.] 

CompRISING three volumes, this work describes in 
varying detail, fifty-seven bridges constructed of 
reinforced concrete in Italy. No attempt at the 
general treatment of bridge design or construction 
has been made, the whole of the three volumes being 
devoted to the description and illustration of the 
bridges mentioned above. It would appear that the 
selection given is representative of this branch of 
Italian engineering ; in fact, the authors state in 
their preface that they have not tried to impress the 
reader by illustrating only large works, but that they 
have aimed at being useful. Therefore, they state, 
bridges of limited importance are referred to more 
often than larger structures. 

The first volume is devoted to written descriptions 
and photographic plates, most of the fifty-seven 
bridges being thus illustrated, sometimes in succes- 
sive stages of construction, which makes these 
illustrations in themselves useful records of the 
methods used and results obtained. The written 
matter is subdivided for each bridge under some of 
the following heads—General Data, Loads, Calcu- 
lations, Quantities of Materials, Tests, Ornamen- 
tation, Foundations, and Costs. The second and third 
volumes contain folded plates (90 in number) cover- 
ing the general arrangements for each bridge, to- 
gether with any special details of interest, such as 
arch hinges, &c. The temporary staging employed, 
in many cases, is also fully detailed, and this alone 
makes the work of practical value to both bridge 
engineers and contractors. The bridges selected 
embrace almost every type, comprising, as the 
authors state, single and continuous girder and 
arch bridges, hinged and cellular construction, 
bowstring bridges, aqueducts, railway bridges, &c. 
Some of these examples are many years old, 
and date from the early days of the material. 
Others are recent, being, in some cases, the replace- 
ment of bridges destroyed during the war. 

So far as design is concerned,the most noteworthy 
structures are the high-level arch bridges, such as 
the Ponte Di Pinzano Sul Tagliamento and the 
Ponte Viadotto della Valdassa, but the usefulness 
of such examples to engineers in this country is 
reduced by the absence here of natural conditions 
where such road or railway bridges are likely to be 
required. These bridges, and others of their type,. 
are audacious in conception, and the value of the 
authors’ work would have been considerably en- 
hanced had a short, description of the present 
condition of these structures been included. Pro- 
bably the most important structure described is 
the Ponte del Risorgimento at Rome, which is an 
arch bridge crcssing the River Tiber in a single 
span of 100 metres. This bridge was constructed 
in 1910, and was for many years the largest of its 
kind ; for this reason it is well known throughout 
the world. 

The more orthodox examples of arch and girder 
bridges, spanning river or railroad, do not appear 
to be in advance of similar work to be found in 
Great Britain ; in fact, taken generally, there would 
seem to be a superiority in the design of such bridges 








and in the care given to detailed ornamentation, 
however, the advantage is certainly with the Italian 
bridges, and itis in this respect that the book should 
be found of value to British engineers and archi- 
tects specializing in reinforced concrete. Many 
of the parapet and approach details illustrated in 
this work, although occasionally over elaborate, are 
worthy of emulation, and may be found of assistance 
to those administrative engineers who are striving 
to improve the appearance of our concrete bridges. 

In a number of the bridges illustrated, certain 
portions of the structures appear to be unneces- 
sarily complicated in design. This is particularly 
the case with some of the abutment supports, 
there being intricate arrangements of thin reinforced 
concrete members, sometimes in deep excavations 
where pumping must almost certainly have been 
resorted to. In such circumstances, it is difficult 
to understand, with the information given, why 
mass concrete construction was not adopted, as 
would have undoubtedly been the case in Great 
Britain. Owing to most of the bridges being the work 
of different engineers, there is a noticeable variety 
in the method of reinforcement employed. In most 
instances, the arrangement of the steel reinforcement 
is in accordance with current practice in European 
countries, but in a few cases the methods introduced, 
even in structures erected recently, can only be 
described as bizarre. 

A great deal of interest lies in the methods of con- 
struction employed for the large bridges, and these 
are most admirably illustrated by the photographic 
plates in volumeI. Outstanding in this respect is the 
last of the series, namely, the Ponte della Vittoria 
over the Pioverna at Cremeno. This is an arch 
bridge, with a span of 53-5 metres, over a deep 
ravine. The very ingenious manner in which 
this bridge was constructed is clearly shown 
in twenty-three photographic plates. Whatever 
justification there may be for criticism of some 
of these Italian bridges, nothing but praise can 
be given to the authors for the discrimination and 
choice of descriptive and diagrammatic detail, 
which must have demanded from them the greatest 
care and thoroughness in the preparation of this 
very interesting book. It can be recommended to 
form a useful complement to other and more general 
works on reinforced-concrete construction, and, 
owing to the number of illustrations contained, will 
be found to make no serious linguistic demands 
u, Cn its British readers. 





The Modern Soap and Detergent Industry including Glycerol 
Manufacture. By Grorrrey Martin, D.So., ¥.I.C. 
Vol. III.—The Manufacture of Glycerol. (Containing 
Index to the Complete Work). London: Crosby 
Lockwood and Son. [Price 30s. net.) 

This third volume completes Dr. G. Martin’s 

work on the modern soap industry, the first two 

volumes of which we noticed in our issues of 

August 8, 1924, page 189, and August 14, 1925, 

page 205. General materials having been dealt 

with in the first volume, this volume is entirely 

devoted to glycerol, which is still essentially a 

by-product of soap manufacture, and is likely to 

remain so. During the war several new methods 
of preparing glycerol were worked out, especially 
in Germany, and particularly by the fermentation of 
sugar solutions and molasses in the presence of 
soda (5 per cent. gradually added), alkali sulphite 
or other salts, at temperatures between 30 and 

40 deg. C. By the distillation of distilling residues 

Barbet obtained glycerol in 1904, and several 

similar processes were developed in France and 

elsewhere during the war. But these war-products 
hardly survived the war, and the same remark 
applies to most of the glycerol substitutes (esters 
of phthalic acid, lactates, &c.), except to ethylene 
glycerol, which is still used in dynamite manu- 
facture, and is also employed to prevent the 
freezing of the water in radiators. Dr. Martin’s 
review of these novel processes does not contain 
many references later than 1919, because there is 
little of more recent date to mention, and the 
third and fifth sections of his volume, on miscel- 
laneous methods of producing glycerol and on its 
substitutes, only make up 21 pages together. 

In general one may distinguish crude glycerol, 
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or glycerin, derived from soap lyes, and glycerol 
obtained in candle manufacture by the hydro- 
lysis of fats in autoclaves. The former product is 
much more impure and richer in mineral matter 
and ash (of which it may contain 10 per cent., 
largely sodium chloride) than the latter containing 
only 0-4 per cent. of barium or calcium sulphate. 
Although the higher impurity of the soap-lye 
product calls for greater caution, both glycerols are 
generally distilled in apparatus of the same type. 
Dr. Martin states, in a footnote, that glycerol is the 
correct term for the pure chemical product, while 
the impure commercial product is called glycerine ; 
the Chemical Society, it may be mentioned, omits 
the final “e.” Although stating that he would 
only use the scientifically correct term glycerol, 
the author actually makes use of both these terms. 
The footnote seems to be an afterthought, as also 
appear to be some of the unnecessary sub-divisions, 
the matter of which might have been incorporated 
in existing chapters. There are altogether six 
sections in the volume, four on the manufacture of 
crude undistilled glycerol and of distilled glycerol ; 
on properties, applications and statistics of glycerol ; 
and on commercial valuation and analyses of 
glycerol, in addition to the two short sections 
already mentioned. Each of these sections has, as 
we pointed out in the review of the first volume, its 
own pagination. In the two indexes, of names and 
subject-matter, now given for the three volumes, 
entries such as 3.6.16 signify that the respective 
name or subject is mentioned in volume 3, section 6, 
page 16. This may seem satisfactory, but when the 
reader endeavouring to turn up the reference finds 
a page 16, there is nothing to show him to which 
section that page belongs. This minor circumstance 
adds to the impression given of a certain patchiness 
in the treatment, which is detrimental to an other- 
wise undoubtedly useful and commendable book on 
a subject which certainly required to be dealt with 
again. 


Be’ 
Appireillage LHlectrique. By P. Maurer. Paris: 
= et Cie. [Price 55 francs + 20 per 
cent.]. 


THE scope of this treatise can perhaps best be 
indicated by the author’s definition of appareillage 
électrique. This term is intended to cover all appa- 
ratus employed for the connection and disconnection 
of generators and motors, for the protection of 
machinery and complete installations, including 
transmission systems, and all regulating devices. 
There is no very large amount of literature devoted 
to these electrical engineering productions that can 
be described as being rigidly technical, because the 
subject is not adaptable to those rigid applications 
of mathematical principles which underlie the 
design of electromagnetic machinery, transmission 
systems and measuring instruments. There is so 
much in switchgear practice, for example, that is 
empirical, and dictated solely by the lessons enforced 
by practical experience, that a text book on the 
subject is almost compelled to be mainly of a descrip- 
tive nature with tables of. data derived from the 
results of tests and illustrated by examples from 
standard engineering practice. 

The present volume is no exception in the large 
amount of non-mathematical, detailed description 
accorded to the commonest types of apparatus. At 
the same time, unless the object is to present a com- 
plete encyclopedia, it is scarcely necessary in a work 
intended for engineers, to fill up whole pages with 
illustrations of electric lighting switches and fuses, 
of standard lines of switches by numerous manufac- 
turing firms, which differ only in the current rating, 
and with other illustrations which convey nothing to 
the reader beyond showing him the appearance of 
the case. This procedure gives much of the present 
book the aspect of a collection of advertising pam- 
phlets, especially as each picture includes in the 
legend the name of the manufacturer. 

The book is divided into three principal sections : 
apparatus for breaking circuit, protective devices, 
and regulating mechanism.’ In the first part, an 
account is given of the general properties of the 
materials used in switches and fuses, the forms of 
contact for slow and for quick-break switches, and 
switch-operating mechanisms illustrated by typical 
examples of medium and high-voltage switchgear. 





Fuses, automatic switches, systems of remote control, 
protection by reverse power, overload and leakage 
relays, balanced method of protection, and lightning 
dischargers are the subject matter of the second 
part. These séveral items receive very unequal 
treatment, which does not accord with their relative 
importance in large undertakings. While relatively 
simple switch details are described fully and 
profusively illustrated, such important protective 
equipment as current-limiting reactance coils are 
mentioned only to be dismissed in a few lines. 

The ring-main system of high-voltage trans- 
mission lines, the inter-linking of generating station 
and power areas have been possible on a large scale 
only since the introduction and subsequent stan- 
dardisation of balanced protective gear such as 
the current balancing or Merz-Price, and the Merz- 
Hunter or split-conductor systems. An account 
of these systems is given only in an outline extending 
to less than four pages, but descriptions and data 
referring to lightning arrestors and other high- 
voltage dischargers occupy just ten times as much 
space. 

In the third part, which covers regulating appara- 
tus, the calculations of starting resistances for 
direct-current series and shunt motors, motor speed 
regulators and field regulators for alternators, follow 
conventional lines. Exception, however, must be 
taken to the diagram of the shunt motor field 
rheostat on page 254, in which the shunt field is 
shown open-circuited. This section concludes with 
controller diagrams and notes on automatic starters 
for direct and alternating current motors. Switch- 
boards for generating stations, sub-stations and 
transformer groupings are described in a short final 
chapter, in which such switchboards are classified. 
General conditions such as ease of operation, 
simplicity, economy and safety are enumerated, 
and a few typical examples of Continental practice 
illustrated. The get-up of the book and the repro- 
duction of photographs and line diagrams are not 
all that could be desired, though the work may be 
useful to those who mainly derive their information 
from descriptive matter. 








THE HYDRAULIC LABORATORIES 
AT VERKSTADEN, KRISTINEHAMN, 
SWEDEN. 


By Hapar Linn. 
(Concluded from page 407.) 


As the tendency of a runner for cavitation 
depends on the shape, length and peripheral speed 
of the blades and the cavitation limit cannot be 
calculated beforehand, each new runner type 
must therefore be examined by cavitation tests, 
if one desires to avoid disagreeable surprises in 
the actual installation. 

As the Kristinehamn turbine works had already 
installed a testing station and a laboratory for 
examining the output and efficiency of turbines 
under conditions of flow that are prefectly free 
from disturbance, it was considered in 1923 that 
the time had come to build a cavitation laboratory. 
where the new high-speed type turbines could be 
examined within sufficiently wide limits of head 
and suction height to permit the above described 
cavitation phenomena to be created. 

This laboratory is an enlargement of that already 
described, and was completed early in 1924. The 
water used in this laboratory circulates in a 
completely closed system, and the head can be 
varied up to some 11 m.tol2m. At the same time 
an arbitrary suction height can be obtained, 
amounting to a maximum of | m. less than the 
head, i.e., the pressure height must never be less 
than 1 m., because the upper water level in the 
pressure tank of the system must be at least 1 m. 
above the delivery pipe from the pressure tank, 
leading to the turbine, as otherwise air might 
flow out with the water. 

An open conduit system with free upper and 
lower water levels has not been used in this case 
for the following reasons, apart from the question 
of convenience. 

In order to obtain a natural static suction height 
of +10 m. it is necessary that the tail-water 
level should be lowered to 10 m. below the runner 


of the turbine. If it must be possible to vary this 
suction height arbitrarily between the limits 
+ 10 m. and, for instance, — 3 m., which some- 
times may be desirable, and it is necessary that the 
pressure height, at —3 m. suction height and 
12 m. head, be 15 m. For a turbine with free 
head and tail-water levels to have a maximum 
head of 12 m., with the possibility of varying 
the suction height between — 3 m. and + 10 m., 
a height difference of 25 m. between the highest 
upper and the lowest water levels is required. 
A laboratory with such possibilities would be 
very costly. It was, therefore. necessary to choose 
a closed system inside which absolute pressures 
would not be influenced by the atmospheric 
pressure. Figs. 17 and 18* page 440 show 
schematically the arrangement of the test unit 
in the cavitation laboratory. 

From the suction tank, arranged under the 
suction pipe of the turbine, the water.is pumped 
by a 100-h.p. motor pump to a pressure tank 
where the flow of the water is first equalised by 
a strainer of perforated plate placed around the 
outlet of the pipe. The upper part of the pressure 
tank is filled with air, the pressure of which can 
conveniently be varied by supplying or letting out 
pressure air, which is obtained from the factory’s 
compressed air mains. Somewhat below the water 
level in the pressure tank a strainer of perforated 
plate is placed for reducing the surges of water level, 
and further the tank is provided with a water-level 
gauge for reading the water level, which is usually 
kept 1-0 m. to 1-2 m. above the centre of the 
discharge pipe. This discharge pipe leads the 
water to the turbine. Before entering the pipe 
the water passes through a stilling rack which 
equalises the flow. The pipe is formed into a 
Venturi meter which is used for measuring the 
water quantity ofthe turbine. In the testing station 
laboratory and cavitation laboratory different 
arrangements are thus used for water measure- 
ment, and in each place the most suitable method 
has been chosen. The last-mentioned method 
can be considered as the most difficult to check 
regarding the absolute value of the water quantity, 
but for obtaining the comparative values which 
are necessary for cavitation researches the method 
can be considered as quite satisfactory. 

To the outlet of the Venturi meter is connected 
an ample casing for leading the water to the guide 
wheel of the turbine, which latter is provided as 
usual with pivoted guide blades, adjustable from the 
outside by means of a spindle with indicator and 
graduated scale for reading the guide vane openings. 
For the erection of runners, or adjusting of movable 
runner blades, all the parts which have any connec- 
tion with the turbine shaft are mounted on the same 
bedplate, which is in reality a sliding part, the 
cylindrical sliding surface of which is concentric 
with the turbine shaft. Both the guide wheel cover 
and the turbine bearings are mounted on this part. 
When a few screws and nuts have been loosened, the 
slide with the parts fixed on it can conveniently be 
pulled out on to the supporting bracket, the sliding 
surface of which is fitted to that of the slide, and the 
runner becomes accessible for adjustment or 
dismantling. (See Fig. 19.) The turbine shaft on 
which the brake pulley with the brake is placed runs 
on three bearings. The bearing next to the runner, 
which is not exposed to any radial forces to speak of, 
is a plain bearing arranged in the turbine cover for 
dealing with vibrations in the runner. Outside the 
bearing housing is arranged a labyrinth box with 
water supply in order to prevent air leakage. On 
each side of the brake the turbine shaft is guided by 
ball bearings, one of which is combined with a ball 
thrust bearing for taking up the thrust acting upon 
the runner, which at high heads may be rather 
considerable, amounting to about 500 kilos. The 
brake is of American construction, known as the 
Alden brake, the pulley of which is lubricated by 
circulating oil. The steel pulley, keyed on the 
turbine shaft, the machined sides of which are used 
as friction surfaces, rotates between two thin brass 
plates, which are pressed against the pulley by 
water pressure on the outside. By means of inlet 





* Previously shown in FE. Englesson’s article, 
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and outlet valves the pressure of the water flowing 
through the water chamber of the brake can be | 
regulated and thereby also the brake power ~_ 
the cooling. 

The supply of pressure water takes place through | 
a pair of nozzles, in line with each other, placed | 
outside the shaft end with sufficient clearance to | 
avoid contact, which might affect the accuracy of 
the brake. The two nozzles are surrounded by a 
hood, to collect the unavoidable leakage water 
which runs away through an outlet pipe. The 
pressure water is taken from the water main, the 
pressure of which amounts to about 4 atm. and the 
pressure variations which are unavoidable in such 
a main are equalized by a special air chamber. At 
the end of the brake arm is applied a dash pot for 
damping the movements of the arm, and a valve 
working without friction, which, within certain 
limits, regulates the water pressure acting upon the 
brake membrane. In this way an automatic 
regulation of the brake power is obtained, so that it 
corresponds with the load on the balance, which 
acts upon the end of the brake arm, where also the 
brake band is fastened. The latter, which is of thin 
steel wire, runs over a pulley with double ball 
bearings and carries at its other end a balance with 
weights. 

Fig. 17 shows also the arrangement of the different 
instruments for measuring the suction head, pressure 
head and water quantity. These instruments are 
placed together on a common instrument board near | 
the turbine. Mercury manometers are used, the | 
scales of which are graduated in metres of water | 
column or litres per second respectively. When | 
graduating the scales it was necessary to take into | 
consideration also the unavoidable variations of | 
the internal diameter of the glass tubes. In addition 
to the above-mentioned instruments, the cavitation | 
laboratory is provided with a mercury barometer | 
for reading the atmospheric pressure, as this of | 
course influences the results of the tests, as does | 
also the temperature of the water, which is read from | 
a thermometer placed on the pressure tank. | 

Owing to the unavoidable eddy and frictionflosses | 
the water is gradually heated during the circulation | 
through the closed system, and to avoid consequent | 
errors the water must be changed after about two | 
hours’ running. The warm water, by means of | 
pressure air, is then forced out into the large reservoir | 
of the other laboratory, and fresh water is after- | 
wards pumped into the system. This operation | 
requires about 10 minutes. From the suction pipe | 
of the turbine, which is directly connected to | 
the bottom part of the guide wheel, the water | 








runner and conical in the continuation towards the 
bend. 

In this way the blades on the runners which have 
no outer rim can also be observed from the side, 
which is especially valuable for locating the cavita- 
tions occurring with higher heads and suction 
heights. With ordinary illumination these cavita- 
tions appear as a mist, ring shaped, or as a line, 
depending on whether the runner is observed parallel 
with, or at right angles to, the shaft. Because of 
the rotation of the runner it is thus difficult to decide 
with ordinary illumination exactly at what part 
of the blade the cavitation occurs. In order to be 
able to make such exact observations the laboratory 
has been provided with an “oscilloscope” of 
Elverson’s design which operates in the following 
manner. = 3 


To the end of the turbine shaft is coupled a | 


contact which can be adjusted so that it closes a 
circuit once, twice or four times for each turbine 
revolution. The arrangement is connected up 
with a Neon lamp, which thus receives a current 
impulse each time the contact is closed. The 
periods of illumination of the lamp are so short 
that the blades of the runner appear to be stationary 
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and are quite sharp even at speeds of 2,000 r.p.m. 
or more. 
Because of the extremely small air bubbles which 





to Automatic 


‘range of these turbines far above what one dared 


to hope a couple of years ago. 

The arrangements for turbine tests described 
above are exclusively intended for reaction turbines, 
and are not suitable for the testing of impulse tur- 
bines. The Kristinehamn works supply, however, 
this type of turbine in considerable numbers, 
mainly for export to countries which are more 
favoured with high heads than Sweden, and for 
the examination of such turbines a special testing 
room was installed in 1917, which is called “the 
high pressure laboratory”’ (see Fig. 20), and is 
arranged as follows :— 

From a reservoir under the floor an electrically- 
driven pump forces the water into a large pressure 
tank, of which the upper part contains air for 
equalising the pressure. The net head on the turbine 
is normally about 60 metres, and this pressure is 
measured by means of two precision manometers, 
by cocks, these can easily be put into communica- 
tion with different measuring points on the inlet 
pipe of the turbine, on the needle nozzle, &c. The 
manometers are checked by means of a mercury 
manometer. The water quantity consumed by the 
turbine can be intercepted under the runner by a 
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| Water. | 
flows to the large suction chamber, where it again | accompany the water, one can clearly see the water 1 | ee (Nozzle forPressure 


passes a stilling grid before it goes on to the | flow through the apparently motionless runner and 









pump. |can further closely study the whole cavitation ne 
For equalising the pressure, the upper part of | Phenomenon. The collections of vapour which 
the suction chamber forms an air chamber, as a form the cavitations follow the blades during the a ot 
rotation. Small bubbles are continually torn Water Pipe 


certain quantity of air is left in the annular space 
around the discharge pipe of the turbine. For 
adjusting the head to the desired figure, a throttle 
valve is placed on the pump discharge. When the 
valve is fully open, the turbine works with its 
greatest head, about 11 to 12 m. This can be 
reduced at will by throttling the valve. With a lift 
of 12 m. the pump can supply about 450 litres 





away from them, but this loss is continually made 
good, which proves that the cavitation is a station- 
ary phenomenon. The cavitation appears mainly 
on the backs of the blades at the inlet edge, on the 
middle or at the outlet edge, according to whether 
the runner rotates at a high or at alow speed. At very 
high speed, cavitation may also occur on the front 


per second. The static suction height is regulated, | Side of the blade next to the inlet edge. The 
irrespective of the head, by means of pressure air, | STeat advantage of the oscilloscope over, for in- 
which is let into the pressure tank. If the pressure | Stance, the stroboscope or rotoscope amongst others, 
tank is put in contact with the surrounding atmo- | i8 that when using this method one can illuminate 
sphere, the suction head on the turbine becomes, as | the moving object from any side desired. 
mentioned before, about 1 m. less than the whole, From the above, it will be seen that in the 
head. By increasing the pressure in the pressure C@Vitation laboratory two kinds of research are 
tank it is possible to dimin sh arbitrarily the static carried out, which are independant of each other. 
suction head so greatly that negative values can be | By one of them the output and efficiency of the 
obtained, #.e., higher pressures than that of the) turbine with different combinations of head and 
atmosphere, which in some cases is desirable. |suction height are settled, and by the other one 
When examining Kaplan and propeller turbines, |the shape and place on the runner of possible 
a suction bend of Kaplan’s original type as shown | C@Vitations are at the same time disclosed. 
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swinging scoop, and as in the laboratory previously 
described, led to a measuring tank which is provided 
with a float mechanism showing the quantity run 
in during the measuring time. In order to obtain 
a more convenient method of measurement in pro- 
longed tests, the needle spindle of the Pelton nozzle 
has been provided with a scale, and the water quan- 
tities corresponding to different needle positions are 
determined by the above-mentioned tank method. 
This calibration is always carried out at normal 
head and normal speed of the turbine. The speed 
of the turbine is measured by a belt-driven tacho- 


in Fig. 18. is generally used. In the flat wall of The latter research is, of course, of great value | meter and the turning moment by a brake of the type 
the suction pipe is placed a large window of thick | when, by alterations of shape, the attempt is made | already described. The maximum output of these 
glass, and the guide wheel cover directly opposite | to improve the cavitation margin of a runner or of | test turbines amounts, at normal head to 35 h.p. 

is provided with a small window, so that the whole | the whole turbine. | In addition to the measurements which afe neces- 


runner and a part of the guide wheel can be illu-| The researches which have already been made in | sary for determining the output and efficiency of 


minated and observed when running. Further, the |the cavitation laboratory have also resulted in a| the turbine at different speeds and water quantities, 
straight part of the suction pipe between the foot |degree of certainty previously unknown when observations are also made regarding the flow of 
of the guide wheel and the bend is made of/| fixing the suction height for Kaplan and pro- | the water from the nozzle through the runner and 
glass of cylindrical or spherical shape around the | peller turbines, and have also extended the useful |to the outlet pit. The water flow through the 
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runner can be observed by illuminating it by the 
oscilloscope previously described, so that the rotat- 
ing wheel appears to be stationary, thus the relative 
movements of the water can be closely deter- 
mined. 

The observations and experiments which are 
carried out in the high-pressure laboratory have 
resulted in a steadily-improved shape and arrange- 


the number of wheels and nozzles, are necessary 
for preventing part of the water, after it has left the 
buckets being thrown back on the wheel and thereby 
causing losses. 

With the help of the testing station and the 
laboratories described above, intensive experimental 
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ment of all the parts of the impulse turbines, which | research work has been carried out by the Kristine- 
affect the flow of the water. Thus, the most suit- | hamn works, and very valuable results obtained. 
able type of bucket has been found by experiment, | 
and also the relation between the wheel diameter 
and the jet diameter and the best number of buckets. | Tue Propuction or Leap IN THE UNITED StaTEs.— 
The same appli i pe According to statistics compiled by the U.S. Bureau of 
- anne to the shape of the nee dle asd the Mines, the production of refined primary lead in the United 
nozzle, and to the placing of the nozzles in relation | states during 1925, from domestic ores, totalled 654,921 
to each other when several nozzles are used for the | short tons, valued at 113,956,000 dols. These figures 
same runner, and, finally, researches have also | represent the greatest quantity and the highest value for 
been made regarding the exrangement ut the canines | any year in the history of the lead industry of the country. 
- y ™ eS} 
which surrounds the runner or the runners. As part} in quantity and 26 per cent. in value. 











Compared with 1924, they show an increase of 16 per cent. 
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NOTES ON THE DEFINITION OF 
NET HEAD AS USED FOR THE 
EXPERIMENTAL DETERMINATION 
OF TURBINE EFFICIENCY.* 


By René NegsEr, Directeur des Ateliers des Charmilles, 
Genéve. 

i THE efficiency 7 of a hydraulic turbine is defined as 

B,’ where P,, is the useful power and P, the absorbed 


hydraulic power. Thus for the experimental determi- 
nation of efficiency it is nece to know the two 
quantities P, and Py. We do not intend to describe 
or criticise the methods employed in this determination, 
but merely to draw attention to the difference which 
exists between the American and European conceptions 
of net head which is used in the calculation of P,. 

As defined in Switzerland, and in Europe generally, 
the net head is the actual operating head on the turbine 
wheel. For a turbine of the enclosed type supplied 
by a pipe line and fitted with a draft tube, the net head 
is defined, according to the standards of our country, as 
follows :—The average hydraulic pressure head Hy, 
measured under working conditions, over an area S 
at the entrance to the chamber through which the whole 
quantity of water Q passes, to which is added :—The 
difference in level 4; between the horizontal plane 
serving as the origin for the measurement of H, and the 
level of the tailwater close to the turbine discharge, to 


which again is added :—The head at corresponding 


to the mean velocity of the water over the section 8, V,, 
being given by :— 


: Q 
Va" 3° 


This definition of net head, as accepted in Europe, may 
be represented by the equation 
Vin 
H, = H, + Qo - (DT 

It will be seen that by multiplying this net head by 
the weight of water passing the area S in unit time, the 
total hydraulic power Ppe=yQH, of the turbine 
referred to the tailwater level is obtained. 

The Standard Testing Code for Hydraulic Turbines 
(adopted by the Machinery Builders’ Society, October 11, 
1917), however, gives the following definition of net 
head as the one accepted by our American colleagues 
for enclosed turbines fitted with draft tubes :— 
“The effective head on the turbine shall be taken as 
the difference between the elevation corresponding 
to the pressure in the penstock near the entrance to 
the turbine casing, and the elevation of the tail water at 
the highest point attained by the discharge from the 
unit under test, the above difference being corrected 
by adding the velocity head in the penstock at the poiat 
of measurement and subtracting the residual velocity 
head at the end of the draft tube. The velocity head 
in the penstock shall be taken as the square of the mean 
velocity at the point of measurement, divided by 2 9; 
the mean velocity being equal to the quantity of water 
flowing, in cubic feet per second, divided by the cross- 
sectional area of the penstock at the point of measure- 
ment in square feet, The residual velocity head at the 
end of the draft tube shall be taken as the square of 
the mean velocity at the end of the draft tube, divided 
by 2g; the mean velocity being equal to the quantity 
flowing in cubic feet per second, divided by the final 
cross-sectional discharge area of the closed or sub- 
merged portion of the draft tube in square feet.” If we 
call Hg the net head as above defined, then 


Vm _ Vs 


290g 





Ha = H, +h, + = (11) 


- 


Vs 5 where Sg is the cross-sectional area at the 


end of the draft tube. 





2 
| The term > is usually too small; depending on 


|the distribution of velocity over the area S; this 
| term should be multiplied by a factor which usually 
| lies between 1 and 1-10. 

| The difference between the two values for net head 
is thus :— 


| He —_— Ha = Vs 


> 9 


(11) 


The net head H,, as defined in Europe, is thus greater 
| than the American conception of that quantity Hg. 





* Paper read before the World Power Conference, 
Sectional Meeting, Bale, September, 1926, 
2 
{ It is known that the expression aly does not 


necessarily give the value which should be inserted in 
the equation to give the exact value of the kinetic 
energy contained in the stream lines passing the section 


rh Van: ; - v2 
S, since y Q 7 is not necessarily equal tof y2zQ oy 
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The same will be true of the corresponding hydraulic 
power entering into the efficiency caleulations. Thus, 


Phe — Pha = Ps (1V) 
where P, = 7¥Q e represents the kinetic energy ap- 
pearing at the level of the draft tube. 


The effect of the two definitions on the efficiency is 
shown below :— 


Ne = Pu - . . (V) European definition 
Phe 

Na = Pu . . . (VI) American definition 
Pha 


r@Equations (IV), (V) and (VI) give an expression for 
the difference in efficiency, 


A =a— Ne = 1a Ps . (VII) 


i which is that part of the hydraulic 


energy given up in the form of kinetic energy at tail- 
water level. 

The following table shows the value of A for three 
different values of P, and two of 7. 


where p, = 








Ne = 0°80 Ne = 0°90 
P,=0°01 002 0:03 O01 002 0-03 


na = 0°808 0°816 0°824 0°909 0°918 0927 

A = 7a — ne = 0008 0°016 0°024 0°009 0°018 0°027 

When the working head exceeds 15 to 20 m., the value 
of P, is rarely greater than 0-01; hence, in this case, 
the difference in the efficiencies is less than 1 per cent. 
For heads exceeding 150 m., this difference is entirely 
negligible, being less than 0-1 or 0-2 per cent. With 
low heads, on the contrary, P,; may be as much as 0-02 
or even 0-03; the difference is then appreciable. 
Thus for the turbine at Chancy, the value of V, corre- 
sponding to the maximum efficiency of 88-9 per cent., 
at a net head of 8-87 m. is about 1-5 m/sec. (P, = 
0-013). Thus the efficiency of this turbine based on 
the same experimental results, would be, according 
to the American conception, 90-07 per cent. 

This difference increases as the head diminishes. 
Thus the “Aue” turbine at the Baden Electricity 
Works gives a maximum efficiency 7, = 92-17 per 
cent., with an output of 1601-3 H.P. at 125 r.p.m, 
under a head H, of 5-067 m.; the quantity of water 
passing was Q = 25-716 cub. m. per second, which, 
with an outlet area of 17-34 sq. m., gives Vs, = 1-48 | 
m, per second., or P; = 0-022. The difference A is | 
2-05 per cent., and the efficiency y, = 92-17 per 
cent., so that nq = 94-22 per cent. 

It follows from the above that according as the 
results of a same single test are interpreted according 
to one or the other definition, two values of efficiency 
Na and 7 will be obtained, the value 7q correspond- 
ing to the American definition being greater than Ne | 
given by the European definition. ‘The difference is | 
only important for low-head turbines. Nevertheless, 
whether this difference is negligible or not is only 
one side of the question. What appears to us to be of 
the greatest importance is to show that the difference 
exists, that the efficiency of a turbine does not always 
carry the same significance, and that American and 
European values may not be compared without making 
use of equation (VII). 

Now it appears to us quite wrong that there should 
be two different conceptions of such an important quan- 
tity as the efficiency of a turbine, and we therefore 
consider it essential to arrive at an understanding in 
this matter. In order to facilitate a discussion of this 
point we believe it will be useful to continue the com- 
parison of the two definitions, so as to lead to a clear, 
logical, and unambiguous conception of efficiency. 

1. As has already been said, the hydraulic power 
Phe = yQH,, according to the European definition of 
net head H,, is the total power, referred to the tail- 
water level, which enters the turbine through an inlet 
area S. The hydraulic power Pyg = 7 Q Ha given by 
the American definition is equal to the total power 
Pye entering the turbine, diminished by that which is 
still contained in the water on passing the outlet area 
8, of the draft tube. | 

The Standard Testing Code for Hydraulic Turbines | 
contains the following remarks on this subject ce} 
“ In computing the efficiency of the turbine, the losses | 
through the racks, in the intake to the penstocks, and | 
in the penstocks shall not be charged against the turbine, | 
nor shall the head necessary to set up the velocity | 
required to discharge the water from the end of the | 
draft tube be charged against the turbine.” And 
farther on:—‘‘Since the turbine cannot develop 
power without discharging water, a correction for the | 
velocity head required to discharge the water into the | 
tailrace shall be added to the tailwater elevation.” | 

Thus the American engineers consider that the 
kinetic energy corresponding to the exit velocity V; 
is a loss which chow 1 not be charged to the rec Fy 








because, they say, the turbine cannot develop power 
without discharging the water passing through it. 
This assertion, which is self-evident, does not appear 


to us to be a sufficient reason for including, in a 
calculation of efficiency, the loss of power corresponding 
to this velocity V; and the losses in the racks or 
pipes, for while the designer of the turbine has no 
control over the latter factors, which are not dependent 
on the turbine itself, he has a large say in the choice 
of the velocity V;, and hence in the losses to which 
it leads. In fact, it is the designer who fixes the 
shape and dimensions of the draft tube, including 
the outlet area S,; this could not be otherwise, seeing 
that the draft tube plays such an important part in 
the operation of the turbine. Moreover, the greater 
part of the losses in the turbine which affect the 
efficiency are, like P,, an inevitable consequence of 
the movement of the water passing through the 
turbine. It is not possible to imagine a turbine 
operating without these losses, or without the loss 
due to the exit velocity from the draft tube. Why. 
therefore, should the other losses be retained and 
only this eliminated ? 

2. If Hy is taken as the sum of all the losses, 
expressed in metres of pressure head, which have 
their origin in the turbine up to the end of the draft 
tube, including all losses in the latter with the 
exception of the loss due to the velocity at exit, 
then equation (V) gives the efficiency according to 
the European definition as follows :— 


V3 
7Q (He — Hp — 29 
y¥Q He 
H is the fraction of the net head H, 
e 


required to overcome the losses Hy. The above 
equation clearly expresses the fact that all the losses 
chargeable to the turbine and draft tube, including 
the loss P, due to the residual velocity, exert their 
full effect in reducing the efficiency. This is a logical 
consequence of the European definition of net head. 

The American value of the efficiency may be obtained 
from equations (VI) and (III), thus :— 


2 
7 Q (He — Hp — Vs 


z 


Vs 





% = 


ee — ges (VIL) 


in which yp; = =~ 





) 


(LX) 
where 
The last term pg in equation (VIII) has disappeared 


in equation (IX), which seems to prove that the result 
aimed at in the Standard Testing Code has been 


| obtained—that is to say, that the efficiency yq is 


independent of the velocity Vs of the water leaving 
the draft tube. This is not so, however, since this 
velocity enters into the denominator of p,’, into the 


2 
value of Ha = He — i and thus finally into yq. 


Thus we arrive at the paradoxical result that two 
turbines having the same total hydraulic power input 
Phe, and the same total loss Hy between the inlet 
area S and the outlet area §,, but which have different 
exit velocities at 8,, will have different efficiencies te 
even when, in compliance with the American standards, 
only the losses Hy, supposed to be the same, are 
considered, and in both cases the losses due to the 
exit velocity from the draft tube are deducted from 
the net head. 

As an example, suppose we have a turbine in which 
the water leaving the wheel has an absolute velocity 
corresponding to a pressure head of 20 per cent. of 
H,, and calculate the efficiencies yn, and 7yq for the 
three cases below, in which it is assumed that the 
wheel is successively fitted with three different draft 
tubes :— 

Draft tube with a recovery of— 


Case 1. Case 2. Case 3. 
100 per cent. 50 per cent. 0 per cent. 
(tube with in- (tube with (tube of 
finite flare ; slight flare). constant 
unrealisable). section). 


The exit velocities V, correspond to the following 

losses :— 

ps = 0 per cent. 10 per cent. 20 per cent. 
Assuming also that the other losses Hy have the same 
absolute value, e.g., 

pi = 10 per cent. 10 per cent. 
or what comes to the same thing, 
11-1 per cent. 


10 per cent. 


pi’ = 10 per cent. 


the following efficiences are obtained :— 
From the European definition, 


80 per cent. 


12-5 per cent. 


ne = 90 per cent, 70 per cent. 





From the American definition, 
na = 90 per cent. 88-9 percent. 87°5 per cent. 


It is seen from these figures that nq varies with p; and 
hence with V,, so tliat the three values of 1g are different, 
although the other losses have been assumed to be 
equal. The variation is nevertheless of slight import- 
ance; it is quite possible that the efficiency 7 In Case 3 
would in reality be ter than in the other two cases. 
It can, in fact, be admitted that in the third case the 
losses Hy, may be less than in the two others, owing to 
the constant section of me ant tube, ei gay be 
imagined as being very short and giving rise to m 
per or leer ee an in the other two draft tubes. 

In any case the turbine considered, when fitted with 
a draft tube giving complete recovery, as in Case 1, 
shows the same value for the two efficiencies 7, and 7. 
The power available is equal to 90 per cent. of the total 
power taken in. The same turbine, when equipped 
with a draft tube allowing no recovery (as In Case 3) 
has an efficiency 7, of 70 per cent., while ng = 87+5 per 
cent., although it is obvious that the power available 
at the shaft is not more than 70 per cent. of the total 

wer input as given by 7¢. ; 
as jolie aan thought of building a turbine 
with a draft tube as in Case 3; our object in choosing 
this example was to show that the American definition 
of net head leads to a conception of efficiency which 
does not, in our opinion, correspond to what one 
should expect of such an important characteristic, 
since a turbine might be fitted with a very badly 
designed draft tube without the waste of power, however 
great, caused by the same, appearing in the value of 
the efficiency. 

On the whole, the efficiency 7 given by the European 
definition is a clearly defined quantity which charac- 
terises the performance of the complete plant comprising 
turbine and draft tube; its physical significance is 
extremely precise, the efficiency 7- being the ratio 
between the power available at the shaft and the total 
power input to the turbine. : : 

The efficiency 7 depending on the American defini- 
tion of net head is not the efficiency of the whole plant 
with all losses fully represented, since the loss corre- 
sponding to the exit velocity is only represented by a 
very small fraction of its true value. It is not the 
efficiency of the complete plant excluding loss ps, since 
this loss enters all the same. Neither is it the efficiency 
of the turbine alone excluding the draft tube, seeing 
that a fraction of the loss pg is included and Hy contains 
the whole of the losses occurring in the draft tube from 
entry to exit. The efficiency 7q thus appears as a 
spurious and ambiguous characteristic to which a clear 
and precise physical definition cannot be attached. 

It must be acknowledged, however, that the American 
definition rests on a perfectly logical basis, since if in 
determining the efficiency of a turbine it is right to 
exclude the effect of losses occ in parts of the 
installation on the inlet side, it is equally right to exclude 
those due to parts external to the turbine on the dis- 
charge side, over the operation of which the turbine 
designer has no control. It may be easily understood, 
for example, that the efficiency could be improved by 
taking into account the power corresponding to the 
velocity V, of the water in the tail race after leaving 


Vi ‘ 
the draft tube. This power, Py = yQ Hr , is supplied 


from the total hydraulic power input Pp, entering the 
turbine in the same way as the useful power P,, and 
the total power absorbed by the losses in turbine and 
draft tube, but whilst these losses, with which we 
include that corresponding to the velocity of exit from 
the diffuser, must be charged to the turbine, the power 
Py should not be so charged, since it is necessary for 
the operation of the tail race, that is to say of a part of 
the installation independent of the turbine in the same 
way as the racks, sluices and pipe line. ; 

We are therefore willing to admit the efficiency of 
the turbine as defined by 


‘oe wes x 
ied we = Ne + Pf (X) 


But how is py 


section of the tail race is Vy to be measured? This 
difficulty is all the more serious since that part of the 
tail race immediately following the draft tube is usually 
fixed as regards dimensions by the size of the latter, 
which in turn is more or less determined, as in S,, by 
the designer of the turbine. It is evidently most 
expedient to neglect this influence, that is to say, to 
remove py from equation X and to adopt a value 
7 ae Me 
for the efficiency, which is the one obtained using the 
European definition of net head. We consider this 
feasible, as py is necessarily less than, or at the utmost 
al to, Ps. 2 

“NN ow ns. seen that the effect of ps on the efficiency 
is not important with high heads and similarly for 
medium heads, that is to say for enclosed-type turbines 


= pt to be determined ? Over which 
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such as we are here dealing with. With low heads the 
value of py may admittedly reach 1 to 2 per cent., but 
in such cases the turbines will usually be of the open 
type, or supplied by a volute leading directly from the 
head race without any pipe line. In this case, the 
American and European definitions of net head are the 
same; the net head is the difference between the head 
and tail-water levels, measured, in the first case, close 
to the centre of the turbine or at the inlet to the volute, 
and, in the second case, as near as possible to the dis- 
charge. Contrary to the practice with closed-type 
turbines, no account has been taken of the power 
corresponding to the velocity V,» of the water in the 
head race. This velocity always differs but little 
from Vy. In any case, neither of these velocities has an 
appreciable effect on the efficiency, and since one tends 
to reduce and the other to increase the efficiency, their 
effect will be more or less completely neutralised if both 
be ignored. 

To conclude, may we be permitted to express the 
wish that there should be universal agreement, not only 
on the subject of the definition of net head and, con- 
jointly, of efficiency, but on the whole question with 
regard to the experimental determination of the 
efficiency of hydraulic motors. Such an international 
code could be largely inspired by the Standard Testing 
Code for Hydraulic Turbines which contains many 
excellent rules, particularly those concerning the carry- 
ing out of tests; the specifications of the Société 
Hydro-Technique de France, the Normes de Jau- 
geages de la Société suisse des Ingénieurs et des 
Architectes, and the Normen fir Leistungsversuche 
an Wasserkraftanlagen des Vereins deutscher Ingen- 
ieure, will also be found to contain valuable matter 
for the study of this question. 





LETTERS TO THE EDITOR. 


THE BILLINGHAM SYNTHETIC- 
AMMONIA PLANT. 


To THE EprItor oF ENGINEERING. 


Sir,—The writer of the article on pulverized fuel 
plant for Messrs. Synthetic Ammonia and Nitrates 
Limited, in your issue for September 24, page 381, is 
ill-informed, and has in consequence given in the first 
two paragraphs of the article a misleading account of 
the introduction of the Haber process into this country. 
I owe it to the memory of my friend Dr. J. W. Harker, 
F.R.S., who was the moving spirit in working out the 
process, and to the other eminent scientists and engineers 
who constituted the Nitrogen Products Committee of 
the Ministry of Munitions, to correct the writer. 

A small-scale plant between the laboratory process 
and the commercial plant was erected. The sneer 
about ‘an impatient Government department ”’ 
would not have been penned if the writer knew the 
position in which this country was for nitrates as the 
war lengthened out. The “ pause” referred to was 
due to the Armistice ; the project was not abandoned, 
and the works at Billingham were not derelict after the 
war. I will say nothing about the other statements 
made by the writer except that they are incorrect ; 
I hope the true facts will eventually be published 
officially. 

Tam, dear Sir, 
Yours obediently, 
H. W. Dickinson. 
Crieff, Riddlesdown Road, Purley, September 29, 1926. 

[The paragraph to which our correspondent objects 
appears to be quite correct. A commencement was 
made with large works before the process had been 
successfully operated on an industrial scale, and the 
project was abandoned, no doubt wisely, after the 
expenditure of over a million.—Ed. E.] 





THE HEAVISIDE LAYER. 


To tHE Epritor or ENGINEERING. 
Str,—I should be glad to know whether any of your | 
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jar in keeping the opposite charges separate.” 
Nothing could be clearer. 


attributed to Heaviside in the following passage :— 

‘* In the first place, as was suggested by Heaviside in 
1900, there must be at a high level a permanently 
conducting “ ceiling ’’ which, by its reflecting proper- 
ties, gives the two-dimensional propagation sometimes 
attained on quiet nights over the oceans. Such a 
ceiling could act as an electrical whispering gallery,” &c. 
Unless Heaviside’s suggestion dates earlier than 1900, 
as stated, it is antidated by Silvanus Thompson to the 
extent of 16 years at least. 

At the time of the publication of Marconi’s work, I 
put forward an explanation of the propagation of 
wireless waves based on the paragraph quoted from 
Silvanus Thompson above. Although this is some 
25 years ago or more, I have not seen it otherwise 
mentioned or published, and it seems to result in a far 
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simpler conception of the phenomenon of wireless-wave 
propagation than those usually offered. I venture to 
think it may be of interest to those who have to 
expound these matters to the uninitiated. 

The usual Hertz diagrams of waves leaving an oscil- 
lator, or the similar diagrams of wave systems being 
emitted by an aerial, are not at all easy to understand 








There is a similar difficulty in interpreting hydro- 
dynamic plottings in many cases, which at once dis- 
appears if the stream lines are superposed on a motion 
of translation. Likewise in the case of an aerial. If 





the surrounding space be filled with lines of electrical 
force, such as would define electrical stress between the 
surface of the earth and the conducting ceiling carrying 
negative and positive charges, respectively, in the 
manner set forth by Silvanus Thompson, the super- 
position of this field on the wave emission system 


In the * Dictionary of Applied Physics,” edited by ‘ n - ; 
Sir Richard Glazebrook, vol. ii, page 1043, the | Convenient static field may be assumed in relation to 


discovery of this permanently conducting ceiling is| the wave amplitude to give the best pictorial repre- 


owing to the looping and interlooping that takes place. | 





readers can say how it has come about that the per- | simplifies the whole aspect of the problem. In Fig. 1 
manently conducting ceiling in the upper regions of} we have the conditions when no waves are being 
the atmosphere, which forms the outer boundary to| emitted. In Fig. 2, the aerial has received a full 
the atmospheric shell in which wireless waves are | negative charge, and the neighbouring field of force is 
propagated, has become known as the “ Heaviside undergoing distortion. In Fig. 3, the aerial has received 
layer.” The existence of this conducting “ceiling” | a full positive charge, and the distortion is in the 
was well known in 1884. It is referred to in Silvanus | opposite direction. If the changes in the aerial were 
Thompson’s “Electricity and Magnetism” (new | slow enough there would be no appreciable radiation, 
edition) published by Macmillan and Company in 1885, | but where the changes are more rapid, the waves can be 
but as this is entitled “ Stereotyped Edition ”’ the first | represented by alternate crowding and separation of the 
publication is clearly of earlier date. Silvanus| lines of stress, showing alternates of stronger and 
Thompson’s preface bears the date 1884. I quote the | weaker fields. The figures given are merely diagram- 
following (page 258) :— | matic, but it would be quite easy to effect actual 

“In the upper regions of the atmosphere the air is | plottings on the basis stated, and by photographing a 
highly rarefied, and conducts electricity as do the | number of plottings the whole system could be repre- 
rarefield gases in Geissler’s tubes (Art. 292). The lower | sented by kinematograph with a clarity that would be 
air is, when dry, a non-conductor. The upper stratum | quite impossible without the super-position of the 
is believed to be charged with + electricity, while the! initial field. 
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| earth’s surface is itself negatively charged ; the stratum | Even were there no initial field, the use of an imagi- 
of denser air between acting like the glass of a Leyden | 24ty field would be perfectly legitimate as a means of 


demonstration, since the wave propagation does not 
depend in any way upon the static field superposed. 
Consequently, in making plottings on this system, any 


sentation of the electric waves. 
Yours faithfully, 
F. W. LANcHESTER. 
Dyott End, Oxford Road, 
Moseley, Birmingham. 
September 13. 1926. 





BRONZE WORM-GEAR ~~ BLANKS 
PRODUCED BY CENTRIFUGAL 
CASTING. 


To THE EprTor oF ENGINEFRING. 


Srr,—I have read with considerable interest the 
article on ‘‘ Centrifugal Castings”? on page 338 of 
your issue of September 10. As mentioned by Mr. 
Fitzpatrick, aluminium bronze has been rejected purely 
due to the high friction value this metal seems to have, 
and the increased oil temperature rise and subsequent 
damage to the worm. This has been very evident in 
parts of the U.S.A., where the normal temperature is 
high to begin with. I have had an experience covering 
many thousands of worm-gear sets, and have used 
nearly all classes of material, and consider that the most 
uniform results are obtained by what are termed pres- 
sure feed castings. These are castings having extremely 
large heads for the ultimate weight of wheel, which for 
automobile work, seldom obtains a value of more than 
70 Ib. casting weight. Castings produced by this 
method are very uniform throughout and free from 
the trouble of springiness. 

It is this trouble of metal segregation wherein lies 
the difficulty of producing the correct casting for 
worm gears. The specification given by Mr. Fitzpatrick 
as usual for U.S.A., is at variance with English 
practice, and I have found the following mixture to be 
the best :— 


Phosphorus 0-55 per cent to 0-6 per cent. 
Tin Pil .... 11 per cent to 12 per cent. 
Electro copper ..... The rest 


We do not allow that lead or zinc should be in 
evidence, and a very small amount of nickel, not more 
than 0-075 per cent., is allowed. With this mixture, 
the test figures are : 


Ultimate tensile stress... 23-4 tons per sq. in. 
Yield stress ei -. 16°8 ‘a i 


This metal is excellent for wear factor, and has 
exceptional load-carrying capacity when suitably 
designed. 

Undoubtedly, modern foundry practice and special 
manufacturing plants have placed the worm gear in 
the correct field for power transmission. I have had 
applications of worm gear at 6}-in. centres and r.p.m. 
of 760, giving 70 brake horse-power at an efficiency 
of 95 per cent. It is difficult to imagine that a gear 
giving such a performance as this should be regarded 
with the suspicion it is met with in some engineering 
circles, 

I beg to remain, 
Yours, 
FE. Grecory, A.M.I.Mech.E. 





98, Elford Place, 
Roundhay Road, Leeds. 
October 1, 1926. 





Farapay House Oxp Stupgnts’ AssociaTion.—The 
eighteenth annual dinner of this Association will be held 
at the Hotel Cecil on Friday, October 29. Mr. Laurence 
J. Kettle, M.I.Mech.E., M.I.E.E., City Electrical En- 
gineer of Dublin, President of the Association, will be in 
the chair. Members of the Association may introduce 
guests, who need not necessarily be Faradians. Early 
application for tickets, price 10s. 6d. each, should be made 
to ‘the Hon. Secretary (Mr. H. W. Fairman), Faraday 
House, Southampton-row, London, W.C.1. 


PreRsonAL.—Messrs. G. Cohen, Sons and Co., Ltd., 
have opened at Willesden-lane, Park Royal, London, 
N.W.10, what is probably the largest showroom for 
machine tools in the country. — Messrs. Wingrove 
Rogers, Limited, Mill-lane, Old Swan, Liverpool, have 
recently acquired the business of British Electrical 
Vehicles, Limited, Southport. The former company 
have been manufacturing controllers under their own 
patents for British Electrical Vehicles, Limited, since 
1919, and will now manufacture complete all standard 
B.E.V. trucks and locomotives at their Liverpool factory. 
A London office has been opened, under the charge of 
Major G. D. Ozanne, M.C., late manager of the broad- 
casting department of Radio Communications, Ltd,, and 
Mr. N. E. Bayliff, hitherto representative of B.E.V., 
Limited, at 63, Queen Victoria-street, E.C.4. An 
application has been made to the Board of Trade for the 
two names to be amalgamated thus: ‘‘ Wingrove and 
Rogers British Electrical Vehicles, Limited.” 
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THE MANUFACTURE OF B.T.-H. 
MAGNETOS. 

BEFoRE the war, as most of our readers will remem- 
ber, practically the whole of the requirements of this 
country for magnetos for the ignition systems of 
internal-combustion engines were supplied from the 
Continent, and the cessation of this supply on the 
outbreak of hostilities gave rise to one of the many 
difficult problems which had to be solved in order 
to bring the war to a successful issue. Prominent 
among the British firms who tackled and overcame 








ENGINEERING. 
magneto manufacturers, gives more reliable opera- 
tion when the sparking plugs are in a bad condition. 

It will be readily admitted that the higher speeds 
and compression ratios of modern car engines 
impose more severe operating conditions on the 
magneto than was formerly the case, although 
this fact is sometimes overlooked when comparing 
British magnetos with those of Continental manu- 
facture in use before the war. With a modern six- 
cylinder engine, for instance, the speed of an 
ordinary rotating-armature magneto, running at 
one and a-half times the engine speed, may be of 
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the speed of the rotating-armature type of magneto, 
which is essentially a two-spark machine. Other 
advantages of the polar-inductor type of magneto 
will be referred to later in this article, in which we 
propose to give a brief account of the production 
of this particular machine, as atypicalexample of the 
manufacturing methods of the Coventry works. 
It will be understood, however, that the production 
principles employed are, in general, similar for all 
classes of magnetos, as well as for the motor-cycle 
lighting sets and the motor-car lighting and starting 
sets which are also made in the Coventry works, in 





























Fia. 1. 


Srx-CyLtinpDER PoLaR-INDUCTOR MAGNETO WITH 


Automatic Timing DervIcr. 


the difficulties presented, was the British Thomson- 
Houston Company, Limited, who, at the end of 
1914, were commissioned by the Government to 
manufacture’a special type of four-spark magneto 
for six-cylinder and eight-cylinder aircraft engines. 
The work was carried out at the Coventry Works 
of the company, situated in Lower Ford-street 
in that city, and, during the course of the 
war, some 40,000 magnetos of various types for 
aircraft service were produced in the Coventry 
works. In 1917, the now well-known polar inductor 
type of magneto, which we shall refer to more fully 
later, was evolved, and subsequently, just prior to 
the cessation of hostilities, a specially light model 
of the same type of magneto was produced for 
nine-cylinder radial aircraft engines. 

With the termination of the war, the demand 
for aircraft magnetos naturally diminished, and 
although a section of the Coventry works was 
specially equipped for the production of magnetos 
for civil and military aircraft, attention was mainly 
concentrated on the manufacture of magnetos for 
motor-cars and motor-cycles. This involved the 
production of entirely new designs of rotating- 
armature magnetos, which, of course, occupied a 
considerable time, and it was not until 1920, after 
the new design had been thoroughly tested out, 
that the company were able to produce magnetos 
for road vehicles on a commercial scale. The 
factory organisation, at the same time, was adapted 
for mass production on efficient lines, and, in the 
six subsequent years, many thousands of magnetos 
in types suitable for three, four and six-cylinder 
engines, and others suitable for single- and twin- 
cylinder engines, have been produced. Many im- 
provements on earlier designs have been incorporated 
in these magnetos, resulting in greatly-increased effi- 
ciency and durability. The use of laminated magnet 
poles, for instance, gives good low-speed sparking 
characteristics, and a single-unit body casting 
provides increased strength and ensures accurate 
alignment of the bearings. The annular form of 
cam ring, used on magnetos producing two sparks 
per revolution, gives greater accuracy in timing, 
and the spark-gap type of distributor, first adopted 
for magnetos by the British Thomson-Houston 
Company, and now employed by most British 





Fic. 2. Four-Cytinprr Poiar-InpucToR MAGNETO WITH 
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Fic. 3. Components oF Four-CyLInDER PoLaR-INDUCTOR MAGNETO. 


the order of 4,000 r.p.m., whereas, in pre-war 
days, the magneto speeds rarely exceeded 3,000 
r.p.m. The high speeds, in conjunction with the 
increased electrical stresses resulting from the 
higher compressions used, naturally have an adverse 
effect on the life of the magneto. For these 
conditions, the polar-inductor type of magneto, as 
developed by the British Thomson-Houston Com- 
pany, and illustrated in Figs. 1 to 5 on this and the 
opposite pages, has many advantages over the rotat- 
ing-armature type, the chief among them being that 
the former can easily be made to produce four sparks 





per revolution, and can therefore be run at half 


addition to wireless sets and components such as 
head telephones, loud speakers, transformers, &c. 
We have already described the manufacture of 
head telephones in our issue of November 28, 1924, 
on page 747, and do not therefore propose to refer to 
this branch of the Company’s activities on the 
present occasion. 

The production of B.T.-H. magnetos has now 
reached a high figure, and, in addition, a considerable 
number of lighting and starting sets are also 
made. It will be evident, therefore, that very 
careful consideration must be given to the factory 
organisation to ensure efficiency of operation. In 
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addition to the obvious necessity for the eco- 
nomical lay out of machine tools and the 
reduction of machining costs to the minimum, 
the organisation must provide for the accurate 
synchronisation of the factory output with the 
future requirements of the sales department, and 
for rapid increases or reductions in production in 
accordance with the demand. For economic 
reasons, it is also essential that the time occupied 
in the conversion of the raw material into the 
finished product should be as short as possible, in 
order to reduce the ratio of tied-up capital to 
turnover to the minimum. These two fundamental 
considerations are fully provided for in the system 
in use at the Coventry works, so that a brief account 
of the system, known as the bulletin system, which 
we were able to see in operation during a recent 
visit to the works, should be of interest. 

We should first explain that the system is based 
on the theory that the time of manufacture of a 
complete article should not exceed that required 
for the production of the particular component 


Fig.4. SECTION C.D. 
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that occupies the greatest operating time. Safe- 
guards are, however, required against circum- 
stances, such as delays in purchasing, in material 
passing through the shops, and other adverse 
conditions. As a result of the introduction of this 
system, the actual manufacturing period, from the 
receipt of the raw material to the completion of 
the product, has been reduced to three weeks. In 
operating the system, each month a programme 
is obtained from the sales department, who 
take into consideration the actual sales during the 
previous period, the general state of the market, 
and the anticipated sales during forthcoming 
bulletin periods, the stock in hand, and the deficiency 
items (if any) still to be completed on previous 
bulletins. Master bulletins, prepared by the plan- 
ning department in accordance with the estimated 
requirements, are circulated to all departments 
concerned, and these constitute the authority for 
ordering material from outside manufacturers and 
also for the manufacturing departments of the 
factory. The purchasing department order the 
necessary material in accordance with a bulletin, 
one of which is available for every type of magneto 
or other product. These bulletins give all the 
information required and, of course, only need 
modification if the detail design is changed. 

The material ordered by the purchasing depart- 
ment is delivered to the material-control station, a 


Plate XXIII. As will be seen, the floor is divided 
into two sections, dealing with incoming and out- 
going material, respectively. While the material 
is collecting in the incoming section, the outgoing 
section, which has been filled during the previous 
week, is drawn on for supplying the various works 
stations in the manufacturing departments of the 
factory. The arrangement provides a certain lati- 
tude between the works’ requirements and the 
supply to meet them, but, apart from this, no 
stocks of materials are carried. An interesting 
feature of the material-control station is the 
indicator board, which we illustrate in Fig. 7 on 
Plate XXIII. From this board, it is possible to 
ascertain, at any moment, the material sent to any 
work station for that week’s work; any arrears of 
material, either from outside sources or inter- 
departmental ; and a true record of replacements 
required to cover wastage. The works stations 
are, of course, located in that part of the shops 
near which the initial operation is carried out, and 








photograph of which is reproduced in Fig. 6 on 


the operator takes the material from the works 
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the sides of a rectangular body of cast aluminium, in 
which are inserted two annular poles, one at each 
end, formed of soft-iron laminations. The ends of 
the magnets are in contact with these annular 
poles, one of which is of north polarity and the 
other south. Inside the body, mounted on a non- 
magnetic shaft of nickel steel which runs in ball 
bearings, are the inductors which are of soft iron, 
and are formed of two thick discs pinned to the 
shaft, each having two arms projecting in an 
axial direction towards the centre of the body. The 
complete rotor is shown near the bottom right- 
hand corner of Fig. 3, from which the arrangement of 
the inductors will be clear ; they are. also shown in 
section in Figs. 4 and 5. When the rotor is in 
position in the body, the end discs are only separated 
from the annular poles by a narrow air gap, and 
the flux from the bar magnets therefore passes 
through the annular poles, crosses the gap and enters 
the inductors through the end discs ; the two pairs 
of horizontally-projecting arms are thus of opposite 
polarity. Near the centre of the upper part of the 
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station as required. With regard to waste or 
defective material, it should perhaps be explained 
that, when any scrap occurs in the factory, a 
waste ticket is forwarded to the material-control 
station, and an equivalent amount of material is 
delivered to the factory to replace that spoiled, 
the quantity so supplied being noted in a 
separate column on the indicator board. The 
latter enables any interested party to see at once 
whether or not he is behind in the manufacturing 
programme, without making any enquiries of the 
material-control staff. One girl is able to keep 
the figures on the board up to date at all times. 

We propose to describe some of the manufacturing 
operations involved in the production of B.T.-H. 
magnetos, with reference to the firm’s C.E. polar- 
inductor machines, which are made in forms suitable 
for motor-car engines with four, six or eight cylinders. 
Fig. 1, on page 444, has been reproduced from a 
photograph of a six-cylinder magneto of this type, 
fitted with an automatic timing device, and Fig. 2 
is an illustration of a four-cylinder model with the 
top cover removed to show the armature windings 
and condenser. The whole of the component parts 
of a similar machine, in a dismantled state, can be 
seen in Fig. 3, while the transverse and longitudinal 
sections of the complete assembly, given in Figs. 
4 and 5, above, will serve to make the con- 
struction clear. In these machines, two flat bar 
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body casting are two poles of soft-iron laminations, 
best shown in Fig. 4, the ends of which project up- 
wards and are connected with the laminated core 
of the armature. This carries primary and secondary 
windings of coarse and fine wire, respectively, and the 
primary circuit is made and broken by a platinum- 
pointed contact breaker, operated by a cam on the 
end of the rotor shaft. 

It will be understood that the rotation of the 
inductors produces a cyclic variation in the flux 
in the armature core, the flux attaining its maxi- 
mum value when two inductors are opposite the 
ends of the laminations and falling to zero when 
one inductor is midway between the two ends, 
i.e, in the position shown in Fig. 4. There 
are thus four complete reversals of flux in the arma- 
ture core for each revolution of the rotor. The flux 
variations induce an E.M.F. in the primary winding 
and a current flows in this circuit, as long as it is 
closed by the contact-breaker, attaining a maximum 
when each inductor is just beyond the position for 
zero core flux. At this instant, the primary circuit 
is opened by the contact breaker, and the sudden 
collapse of the field associated with the current in 
the primary winding induces a very high E.M.F. in 
the secondary winding. To prevent the contact 
points from burning, and to give a more rapid 
break by the suppression of arcing, a condenser 
is connected across the contact breaker. This 
condenser can be seen on the right of Fig. 2, 





magnets of cobalt steel are fitted in recesses in 
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and is also shown in section on the left of Fig. 5. 
One end of the secondary winding is connected 
through a small spring-controlled carbon brush to 
the rotating distributor electrode, shown near the 
top right-hand corner of Fig. 5, and the other end is 
earthed through the primary winding to the frame. 
The distributor electrode, it should be mentioned, 
is driven from the rotor shaft by cut gearing, the 
pinion on the rotor shaft being made of a moulded 
composition known as “ Fabroil..”” 

Surrounding the rotating distributor electrode 
is the distributor proper, in which are inserted 
a number of nickel segments connected through 
terminals to the sparking plugs of the engine. 
The arrangements are such that the primary 
circuit is broken as the rotating point passes each 
of the nickel segments in turn, and a spark there- 
fore jumps across the small air gap separating the 
rotating electrode and the fixed segment, and appears 
at the same time at the sparking plug in the engine 
cylinder. Thespark is advanced or retarded by the 
partial rotation of the contact breaker in the primary 
circuit about the axis of the shaft, the short lever pro- 
vided for this purpose being clearly shown in Figs. 1 
and 2. To avoid the high electrical stresses that 
would be imposed on the insulation of the windings 
in the event of the gap in one of the plugs becoming 
excessive by burning away, or in the event of one of 
the connecting leads becoming detached, a safety 
gap is provided in the rotating distributor. This, 
as shown in Fig. 5, takes the form of two brass 
points, one of which is attached to the rotating 
distributor electrode while the other is screwed 
into the gear wheel. The gap between these points 
is, of course, greater than the combined length of 
the gap between the rotating electrode and the fixed 
segments and that in the sparking plug, but in the 
contingencies mentioned above, a spark will jump 
to earth across the safety gap, and by this means 
the potential is prevented from rising above that 
for which the insulation is designed. 

From the above brief description of the action of 
the polar-inductor magneto, it will be seen that, in 
addition to the advantages already mentioned, the 
fact that the armature is stationary eliminates the 
mechanical stresses to which the windings of a 
magneto ofgthe rotating-armature type are neces- 
raily subjected. Moreover, the complete armature 
assembly can easily be removed and replaced 
without disconnecting the magneto from the engine, 
and an additional advantage is that, since the contact 
breaker does not rotate, the contact rocker-arm 
bearing can be lubricated. 

Coming now to the manufacturing operations, we 
may first explain that from the designs prepared in 
the drawing office, the methods of manufacture are 


decided on by the planning department, and | 





screwed on to the opposite ends of these inserts. 
Assemblies built up in this way in the works are 
supplied to an outside foundry, where they are 
placed in the moulds and the aluminium is cast 
round them. When the complete castings are 
returned to the works, the base is milled on a Gould 
and Eberhardt miller, four castings being mounted 
on a mandrel above the cutter which rough mills 
the base and sides, The finish milling is carried out 
singly on a vertical miller. The boring of the rotor 
tunnel is done on a No. 4 Herbert turret lathe, the 
three operations of facing one end, rough boring 
and recessing, and finish reaming, being done at one 
setting ; the other end is faced and bored in a 
similar manner. The next operation is the milling 
of the laminations leading the flux to the armature 
core, these laminations projecting from the top of 
the housing, as is most clearly shown in Fig. 3. The 
vertical faces are milled with a straddle mill, and 
a face mill is used to finish the top surfaces. The 
only other operations on the housings are the drilling 
and tapping of the holes in the brass inserts for the 
fixing screws, the drilling of a number of small holes 
for attaching the distributor end plate, &c., and the 
milling of the recesses on the sides in which the 
magnets are fitted. 

The distributor end plate, shown in the centre of 
Fig. 3, is an aluminium die casting, and the first 
operations on it are the boring of the hole for the 
distributor bearing, the boring and facing of the 
recess for the distributor, and the facing of the edges 
of this bore. These operations are carried out on a 
64-in. Ward capstan lathe, the casting being held 
in a specially designed three-jaw chuck with soft 
jaws. In the next operation, the casting, mounted 
in a special fixture and located off the distributor 
bore, is bored on the opposite side for the reception 
of the ball race for the rotor-shaft. A brass ring is 
inserted in the casting, as shown in Fig. 5, to give a 
better support for the bearing. The recess is bored, 
the edge faced, and the spigot, which fits into a 
corresponding recess in the main housing, is turned 
at the same setting. Except for the drilling of a 
number of holes, the only other operation on the 
distributor end plate is the turning and boring of the 
recess for the contact breaker, for which purpose the 
casting is carried in a special fixture and located off 
the spigot surrounding the ball-race recess. Both 
the last-mentioned operations are carried out on a 
64-in. Ward capstan lathe. The bearing at the 
other end of the rotor shaft, 7.e., at the driving end, 
is carried in a circular hot pressing of brass, which 
has, of course, to be turned, bored, and faced. This 
part can be ween near the right-hand end of the 
housing in Fig. 3. 

The top cover is a simple aluminium die casting 
requiring two milling operations for finishing one 


operation sheets are prepared for each component. | end and the lower edges, in addition to the drilling 
From the operation sheets, a list of tools required is | of holes for fixing screws and for fitting a small 
made, and the jigs and tools are designed in the | hinged cover for the oil hole supplying the rotor- 
planning department, where estimates of the cost | shaft bearing, clearly shown on the left of Fig. 5. 
of the tools are also prepared. When these estimates | As already stated, the rotor shaft is of non-magnetic 
are approved by the engineer and manager, the tools | nickel steel, supplied to the factory in the form of 
are constructed in the tool room, a view of which is rods, which are cut to length, turned all over, 
given in Fig. 10 on Plate XXIV. Although, as/| screwed at one end for the nut which secures the 
might be expected, many of the appliances used are | driving gear wheel, and drilled and tapped at the 
of a particularly interesting and ingenious character, | other end for fixing the cam of the contact-breaker. 
the space now at our disposal prevents us from | The inductors are received as rough malleable-iron 
dealing with them in any detail. It will doubtless | castings of the form already described, and the 
be of interest, however, to refer to some of the | machining operations on these castings involve 
machining operations, which are carried out in the | boring the axial hole for the shaft, facing thecircular 
shops illustrated on Plates XXIII and XXIV. Of|end, turning the edge of the end disc and the 
these illustrations, Figs. 8 and 9 on Plate XXIII are | external surfaces of the projecting arms, and milling 
views of the machine shop for aeroplane magnetos, | the edges of these arms in an axial direction. A 
and Fig. 11, on Plate XXIV, is a view of the machine | hole is also drilled through the end disc for the pin 
shop for magnetos for use on cars and motor cycles. | by which the inductors are fixed to the shaft. The 
This shop is that in which most of the operations | two inductors are pressed on to the shaft, and after 
referred to below are carried out. The illustra-| the pins have been fitted and riveted, as shown in 
tions give some idea of the machine-tool equipment | Fig. 5, the external surfaces are ground so that they 
in use, which calls for no particular comment. |run accurately with the shaft. The ball-race 
Apart from the magnets, which are purchased | diameters of the latter are also ground to very fine 
in the finished state, the chief component of the limits, as also are the portion of the shaft on which 
polar-inductor type of magneto is the housing. the contact-breaker cam is fitted and the tapered 
This is an aluminium die casting, with the annular portion for the driving gear wheel. 
laminated poles, the laminations which conduct the | The contact-breaker base consists of a hot stamp- 
flux to the armature core, and brass inserts for | ing of brass, shown, in its finished form, to the left 


the fixing screws in the base, cast in. The brass | of the distributor end plate in Fig. 3. One contact is 


inserts are hot pressings, in the form of strips with | mounted on an insulated block, and the other is 
bosses for the screws, and the annular poles are | carried on the contact lever. 


A flange at the 
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back, part of which is cut away to clear the 
distributor gear wheel, is turned to fit the recess 
in the distributor end plate, and a cylindrical metal 
cover with a moulded composition top is fitted over 
the whole assembly. The moulded top is held in 
place by a movable spring, and the timing lever, by 
which the contact-breaker is rotated to advance or 
retard the spark, is clamped on to the cylindrical 
metal cover by a strap that can be tightened or 
loosened by means of a screw; the lever can thus 
be set at any convenient angle to suit the controls. 
The bearing for the distributor gear wheel is a 
casting, which also forms an oil reservoir, and is 
pressed into the distributor end plate, as shown in 
Fig. 5, and secured by four screws. In this bearing 
runs the hollow-steel spindle which carries the gear 
wheel and rotating distributor electrode, the latter 
being in electrical connection with the secondary 
winding through a carbon brush and brass rod 
passing through the axis of the hollow spindle and 
insulated from it by moulded insulation. The teeth 
of the gear wheel, it should be mentioned, are cut 
after it has been mounted on the hollow-steel spindle 
to ensure that the teeth are accurately centred with 
respect to the axis. 

The distributor is of moulded composition with 
recesses into which nickel segments are secured by 
screws. These segments communicate with external 
terminals, which are also covered with moulded 
composition to prevent the possibility of accidental 
shocks. After being fixed in position by the screws, 
the segments are turned and ground, locating off 
the spigot on the cover which fits into the distri- 
butor end plate; they are thus accurately centred 
with respect to the axis of the rotating distributor 
electrode, and the air gaps between the latter and 
the segments are the same in all cases. 

The armature core, which is of rectangular section, 
as shown in Fig. 5, is built up of laminations riveted 
together and milled at the ends to fit on to the 
laminations projecting from the housing. The core, 
which is held in position by two screws, is fitted 
with brass end plates riveted on the core and 
provided to keep the windings in position. The 
cores, in this condition, are sent to the winding 
department, a view of which is reproduced in Fig. 14 
on Plate XX VI. Here the first operation is the inser- 
tion of insulating fibre flanges, and the provision of 
layers of varnished cambric and varnished silk at 
the ends. Layers of silk and cambric are also 
wrapped round the core, the edges being left pro- 
jecting, after which the primary winding, consisting 
of four layers of 0-032 in. enamelled wire, is wound 
on. Layers of silk and varnished paper are wrapped 
over the primary winding, and the secondary wind- 
ing is then wound on top of the primary. The 
secondary winding consists of several thousand 
turns of very fine enamelled copper wire, about 
0-0036 in. in diameter, layer wound, with insula- 
tion between the layers. The edges of the silk left 
projecting from beneath the windings are then 
turned over on to the latter and bound down with 
silk strip and linen tape, the completed armature 
then being vacuum dried for several hours, dipped 
in insulating varnish and again baked, and finally 
given three brush coats of varnish with a baking 
between each coat. The secondary windings are 
tested for continuity at various stages and also for 
insulation. In the final test for insulation, a 
pressure of not less than 12,000 volts is kept on for 
5 minutes. 

In the winding department, the condensers used 
for shunting the contact breaker are also manu- 
factured. They are composed of alternate sheets 
of ruby mica and tinfoil, to give the required capa- 
city. The raw mica is split by hand with the aid of a 
steel knife into sheets of the required thickness, viz., 
about 0:04mm. Fig. 15, on Plate XXVI, illustrates 
this operation in progress and the dial gauges, by 
which the thickness of the sheets is tested, can be 
seen in this illustration, as also can be the small power 
presses by which the split sheets are cut to the 
required dimensions. The sheets of mica and tinfoil 
are assembled in a jig, the tinfoil being allowed to 
project at the ends to form the contacts. Thicker 
sheets of mica are placed at the top and bottom of 
the pile, and the projecting lugs of tinfoil are turned 
back over these. The condensers are compressed after 
assembly, and are then varnished and baked, after 
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which the capacity and insulation‘ of each is tested. 
They are then fitted with mounting clips at each 
end, and after again testing for capacity and insu- 
lation, are ready for assembly. 

Fig. 16, on Plate X XVI, is a view of the assembly 
shop for aeroplane magnetos, and Fig. 17, on the same 
Plate, shows the testing stand on which the tests are 
carried out. The polar-inductor magnetos for 
commercial work, described above, are run at 3,000 
r.p.m. for 4 hours, with spark gaps set to give a 
voltage of from 8,000 to 9,000, and are then 
tested for low-speed sparking by running at 50 
r.p.m. in the advance position, and at either 100 
r.p.m. or 150 r.p.m. in the retard position, the latter 
speed depending upon the timing range. 

In the above description we have referred to 
various parts of moulded composition, and we may 
well complete our account of the manufacture of the 
B.T-H. magneto by briefly describing the methods 
by which such parts are produced. The composition 
is known as Fabrolite, and it is used in the form of a 


powder, the chief ingredient of which is a synthetic | 


resin made by a chemical process, carried out in 
the works, from formaldehyde, cresol, &c. This 
powder is filled into moulds ef the required shape 
for the finished part, and the moulds, which are made 
of a special alloy steel and highly polished internally, 
are transferred to hydraulic presses with steam- 
heated platens, where they are subjected to the com- 
bined action of heat and pressure for a few minutes, 
the time depending upon the size and thickness of the 
moulded object. Figs. 12 and 13, on Plate XXV, are 
views of the shops in which the moulding operations 
are carried out, and in Fig. 12 some of the various 
forms of moulds employed can be seen. The parts, 
when taken from the moulds after removing the 


latter from the press, have an excellent surface | P® 


finish, and generally require no other treatment 
than the removal of the fin produced at the joint 
in the mould. Inserts of metal, and other materials, 
can be incorporated in the moulded parts, if required, 
and internal or external screw threads can also 
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| but, in the case of some small and comparatively 
simple objects, the moulds are designed to eject the 
part automatically when the pressure is released, so 
that the mould need not be taken out of the press. 

Finally, it is, perhaps, hardly necessary to point 
out that we have been unable to mention many of the 
features of the design and manufacture of B.T-H. 
magnetos which enable them to be produced at a 
reasonable cost without sacrificing the high degree 
of efficiency and reliability which are so essential in 
this small but important component of a motor car 
or aeroplane. For aircraft particularly, reliability 
is obviously of the utmost importance, and the best 
possible evidence that this has been attained to a 
remarkable extent is afforded by the fact that the 
B.T-H. magnetos used throughout Sir Alan Cobham’s 
recently completed flight to Australia and back were 
the identical machines employed in his previous 
return flight to Capetown. 





An ELEcTRICALLY-OPERATED FarmM.—Members of the 
Electrical Association for Women and of the Egyptian 
Club, recently paid a visit to Greater Felcourt, East 
Grinstead, to inspect the all-electric farm owned by Mr. R. 
Borlase Matthews. The residence is in process of being 
converted into an economical all-electric country house. 
The aim is to obtain the entire hot-water supply, 
central-heating, cooking, lighting, washing, and refrigera- 
ting, for a fuel cost of 12/. per annum, the central- 
heating and hot-water supply being chiefly derived from 
the waste heat from the electric generating set. An 
electrically-operated engineering workshop, in which 
experimental work and farm repairs are carried out, has 
been installed. Power for the workshop and electric 
equipment in general is provided by a hydro-electric 
plant located about a mile away. An ancient water 
wheel has been replaced by a modern turbine and the 
control house for the plant is near the workshop. This 
also contains oil engines which are used as a standby for 
riods of drought. Close to the power house is the 
80,000-volt high-tension plant forcroptreatment, There 
are some 67 different applications of electricity in the 
farm ; among these are included bottle cleaning, sterili- 
sing, and the making of hay without sunshine. Electricity 
is also used on the poultry farm for the operation of the 
fan-driven incubator, and for lighting the poultry 
house for the purpose of producing more winter eggs. 





be formed on them, if desired. When screw threads 
are formed it is, of course, necessary to rotate the | 
part by hand when removing it from the mould, 


The farm arrangements are, at present, in process of 
drastic re-organisation, with a view to demonstrating 
further the value of electricity to the average farmer. 
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A COMBINED GAS-PRODUCER AND 
LIME-KILN. 


TuE problem of how to utilise the surplus heat from 
the numerous industrial processes involving the con- 
sumption of fuel was one which engaged the attention of 
engineers at a very early date, as the employment of 
the Rastrick boiler on puddling and other ironworks 
furnaces testifies. These early attempts, however, 
yielded only approximate solutions, chiefly because 
the matter was handled in a manner somewhat 
savouring of empiricism, no data being forthcoming as 
to exactly how much heat was really lost. The advent 
of the gas and oil engine, however, with their regular 
discharge of calculable amounts of utilisable heat, gave 
another turn to the matter, and, of late years, the 
subject of the utilisation of waste heat has been 
studied, both in connection with them and with 
furnaces of various types, in a much more precise way. 
In spite of this, the interception of the so-called waste 
heat is often regarded as something of an unavoidable 
nuisance, and the results obtained from it are looked 
upon as a by-product. 

It would almost appear that the invention we are 
about to describe utilises heat, which was previously 
lost, to such an extent that there may be some doubt 
as to which of the two resulting products is the by- 
product. The installation referred to is that of a small 
lighting plant at Spring Bank Mills, Heathfield, Sussex, 
for the Southern Counties Electric Light and Power 
Supply, Limited, of Bournemouth. It consists of a 
37-40 B.H.P. gas engine driving a 25-kw. Crompton 
dynamo, and is equipped with the usual switchboards, 
accumulators, &c. The ordinary gas producer is, 
however, replaced by a lime-burning kiln, which, in 
addition to producing properly burned lime of good 
quality, supplies the engine with the necessary gas for 
full power operation. 

This process of manufacturing gaseous fuel from lime 
kiln gases is the invention of Dr. T. A. Reid, F.C.S., 
Chairman of the British and Foreign Lime and Power 
Corporation, Limited, of Birmingham, which firm con- 
trols the patents. As will be gathered from the size 
of .the engine, the producer-kiln is not a large one, 
being, as a matter of fact, only 3 ft. 6 in. in diameter 
by 8 ft. high. It is illustrated in Figs. 1 to 4, and con- 
sists of a steel casing with a firebrick lining, extending 
rather more than three quarters of the way down, while 
through the centre of the casing is carried a transverse 
cast-iron retort. The top of the casing forms’ the 
firing platform, on which is situated the charging hopper. 
The bottom part of the casing is closed in by a dished 
plate and containsacirculargrate. Airis admitted into 
this lower portion, and the gas is taken out through a 
pipe in the end of the retort. 

A mixture of coke and limestone, in the proportion 
of 24 ewt. of coke to 1 ton of limestone, is introduced 
into the kiln through the charging hopper, and, in 
the course of the combustion of the fuel, lime is 
produced from the limestone by the liberation of 
carbon dioxide, the volume of this gas being in- 
creased by contributions from the burning fuel. The 
only outlet for the gas is through the retort, the bottom 
of which is perforated, and the retort contains coke 
or anthracite maintained at a red heat by the combus- 
tion of the fuel in the body of the kiln. This has a 
reducing effect on the carbon dioxide, converting it to 
carbon monoxide. This gas is diluted by the nitrogen 
contained in the air for combustion, but the resultant 
gas contains 25 per cent. to 30 per cent. of carbon 
monoxide and burns quite effectively either in a gas 
engine or under a steam boiler. The fuel mentioned 
above is coke or anthracite, but, in tests recently carried 
out, the plant was run on bituminous coal which enriched 
the gas by the addition of hydrocarbons. As a matter 
of fact, this is probably the best way of firing the kiln, 
while chalk can be used instead of limestone. 
Referring to Fig. 1. It will be noted that the hopper 
is isolated from the kiln by a valve and is covered in. 
The charge, therefore, is introduced without admission 
of air with it. The stone is broken into pieces about 
3 to 4 in. in diameter before charging. The shape of 
the retort, which is of cast iron § in. thick, is seen very 
well in this view, and its length and the charging door 
appear in Fig. 2. It is perforated at the bottom and 
at the lower part of the sides with 72 holes, 1 in. in 
diameter, grouped as shown in Fig. 4. Air is drawn 
in by the suction of the engine, and enters chiefly 
through the centre opening of the fan shown in Fig. 1. 
This is a hand-operated fan used in starting up. The 
upper branch of the delivery pipe’on it is intended for 
the passage of warm air from the'‘annular space, between 
the lining and the casing, to the space below the grate. 
The opening admitting air to the annular space is 
closed when the fan is being operated. A reference to 
Fig. 3 will show that the centre portion of the circular 
grate is prolonged in way of the access door. In the 
actual apparatus this portion is hinged at the side 
remote from the door, and can be dropped in front 





The area of the whole farm is 600 acres. 


thereby giving more toom for the removal of the lime 
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The ashes of the fuel are, of course, mixed with the 
quicklime, but this is a common feature in lime burning, 
and the separation of the two presents no difficulties. 

The gas leaves the retort by the tee-piece, most 
clearly shown in Fig, 3, the descending pipe conveying 
it to a washer and cooler from which it passes to the 
engine. The ascending pipe is merely an escape to 
the atmosphere used when lighting up. At present the 
exhaust discharges into a silencing pit, but an arrange- 
ment will be made to dry the limestone with it, if found 
necessary in future. The amount of lime produced is 
about 1 lb. for 1-8 lb. of limestone, and about 1-25 Ib. 
per lb. of fuel. In comparing this latter figure with the 
output of an ordinary lime kiln, where the gases are 
going to waste, it must be remembered that, in addition 
to producing lime, the kiln in question is supplying gas 
to a 25-kw. lighting set, and that the fuel used in the 
reduction process has no effect on the lime output. It 
may also be noted that the hot gases discharged into 
the air and wasted in the ordinary open kiln, may 
contain 39 cwt. of carbon dioxide per ton of lime 
produced. 

The plant, as at present installed, is experimental 
only, in the sense that it is on a somewhat small scale. 
In a larger plant, a vertical firebrick chamber will be 
substituted for the horizontal cast-iron retort. It is 
claimed that, as limestone and coal are usually found 
close to each other in this country, by using the method 
described above, the production of lime in large quantities 
and the production of electrical energy can be carried 
on simultaneously on the one site. Granting then that 
a sufficient demand exists for lime for use in agriculture 
or for any other purpose, it is claimed that electricity 
can be produced at a cost far below that of any other 
method. The economic aspects of the invention hardly 
lie within the scope of this article, but that an apparatus 
had been produced by which it is possible to make 
effective use of the waste gases from lime-burning 
operations is clear. A subsidiary use may be found 
for the producer-kiln in steelworks, and so forth, where 
burned dolomite or magnesite is required, and where 
there is an outlet for the power, in electric current or 
otherwise, which can be obtained from it. 





ENGINEERING TRAINING AND 
EDUCATION. 


The Municipal College of Technology, Manchester.— 
The Faculty of Technology of the Victoria University 
of Manchester, at the Municipal College of Technology, 
provides numerous engineering courses. The session 
commenced on the 7th instant, and the prospectus just 
issued indicates the completeness of the facilities 
afforded for university degree or certificate courses. 
Particulars of halls of residence for students, and 
the accounts of the numerous students’ unions, 
show that the social side of collegiate life is well 
organised. A list of entrance, post-graduate and 
other scholarships is given, as well as full regulations 
and ordinances for the degrees of B.Sc.(Tech.) and the 
higher degrees. The descriptions of the laboratories, 
summaries of courses, time-tables, and syllabuses of 
classes are carefully detailed, and show that the culti- 
vation of thoroughness and a practical view is aimed at 
by the College Authorities. The mechanical engineering 
department is now under the superintendence of Pro- 
fessor Dempster Smith, and that of electrical engineer- 
ing remains in charge of Professor Miles Walker. The 
needs of engineer and other apprentices are met by 
evening classes, as well as by part-time courses for 
those whose employers permit them to attend classes 
for one whole day per week. 

University College, London.—A prospectus for the 
Faculty of Engineering of University College, for the 
session which commenced on Monday, October 4, has 
been received. This gives particulars of the diploma, 
degree, and post-graduate courses, as well as of the 
numerous exhibitions and scholarships available. As 
formerly, Professor E. G. Coker, F.R.S., of the Civil 
and Mechanical Engineering Department, is Dean of 
the Faculty of Engineering, the Vice-Dean being Pro- 
fessor M. T. M. Ormsby, head of the Municipal Engi- 
neering Department. The head of the Electrical 
Engineering Department is now Professor W. C. 
Clinton, and Professor J. A. Fleming, M.A., D.Sc., 
F.R.S., has been appointed Spscial Lecturer in Electro- 
Communications. The courses, as is well known, are 
very comprehensive, and the equipment of the engineer- 
ing laboratories is most complete. 

The Institute of. Transport.—The Council of the 
Institute of Transport has decided that the next 
graduateship and associate-membership examinations 
will be held on April 28, 29 and 30, 1927. If necessary, 
centres will be established in London, Birmingham, 
Bristol, Edinburgh, Leeds and Manchester. Provided 
candidates are forthcoming in sufficient numbers, the 
Council will be prepared to hold examinations overseas, 
particularly in South Africa, India, Australia, New 
Zealand and South America, Applications to sit for 


either examination must be made to the secretary not 
later than March 1, 1927, and for exemption not later 
than December 31, 1926. Examination syllabuses are 
now available. In the graduateship examination, the 
country selected in the subject, “ Transport Arrange- 
ments of a Foreign Country,” is Germany, and in the 
subject “‘ Economic Geography,” the country selected 
for detailed study, in addition to Great Britain, is also 
Germany. In the 1926 associate-membership examina- 
tion, subject No. 4 was ‘“‘ A further subject in ‘ Econo- 
mics’ or ‘ Operation’ not already taken.” For 1927, 
a definite fourth subject will be set, probably, “ The 
Economic Development of the Great Powers, with 
Special Reference to the Problems of Transport.” In 
the audit section, ‘‘ Accountancy and Audit of Port 
and Inland Water Transport,” will form one subject. 
The offices of the Institute are at 15, Savoy Street, 
London, W.C.2. 





THE LATE MR. FREDERICK JAMES 
WILSON. 


Tue death, at a.not very advanced age, of Mr. 
Frederick James Wilson, C.I.E., M.Inst.C.E., of Mead- 
hurst, Sidmouth, Devon, late Chief Engineer 
and Secretary to the Public Works Department of 
Madras, which took place suddenly on October 1, in 
London, removes another of the group of engineers to 
whose work India in the latter part of the 
nineteenth century, owed so much. 

Mr. Wilson was born on January 13, 1858, and after a 
sound general education, entered the R.I.E. College, 
Coopers Hill, in 1876. After three years’ technical 
instruction there, he became a pupil to Sir Alexander 
Rendel, and had some practical work in dock con- 
struction. In 1880 he entered the Public Works 
Department of Madras as Assistant Engineer in the 
Tinnevelly Division, where he had charge of the con- 
struction of irrigation works. This experience was 
extended by employment on the Birchingham Canal, 
a waterway 258 miles in length, from 1884 to 1887. In 
the latter part of this period, he was in full charge, 
and, in addition to the usual maintenance work of the 
canal, he superintended the construction of 20 flood- 
gates, about 30 miles of new canal, two bridges, spill- 
ways, &c. From 1887 to 1891, he was in charge of 
the West Coast Division, when works, such as the 
improvement of the Calicut Vythri roads by cuttings 
and new bridges, were carried out. For a short period, 
1891 to 1892, his services were lent to the Madras 
Harbour Trust for reconstruction work, such as that 
of the North and South breakwaters. The following 
years found him in charge of the Chingleput Division, 
and on the West Coast, while in 1896 he was appointed 
Assistant to the Chief Engineer for Irrigation and Under- 
Secretary to the Government. He also became, first, 
Local Consulting Engineer, and then Chief Engineer, 
to the Madras Port Trust, holding the latter office from 
1903 to 1906. The appointment of Chief Engineer for 
Irrigation and Joint Secretary in 1905, was followed, 
in 1906, by that of Chief Engineer and Secretary to 
the Government of Madras Public Works Department, 
which he held until his retirement in 1911. Mr. Wilson 
was also a member of the Legislative Council, and 
President of the Sanitary Board. He became an 
associate member of the Institution of Civil Engineers 
in 1895, and was elected a member in 1901. 





BOOKS RECEIVED. 


Memoirs of the Geological Survey. Wells and Springs 
of Dorset. By W. Wuiraxer, F.R.S., and WItFrRIp 
Epwarps, M.A. London: His Majesty’s Stationery 
Office. [Price 3s. 6d. net.] 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 989. An Investigation of the Flow of Air 
Around an Aerofoil of Infinite Span. By L. W. 
Bryant, B.Sc., and D. H. Witurams, B.Sc. With an 
Appendix by G. I. Taytor. [Price ls. 9d. net.] 
No, 995. The Behaviour of Single Crystals of Alumi- 
nium under Static and Repeated Stress. Parts 1, 2, 
and 3. By H. J. Goueu, B.Se., D. Hanson, D.Sc., 
and S. J. Wricut, B.A. [Price 3s. 6d. net.] No. 1015 
On the Drag of an Aerofoil for Two-Dimensional Flow. 
By A. Faceand L. J. Jones. [Price 7d, net.] London : 
His Majesty’s Stationery Office. 

Jane’s All the World’s Aircraft, 1926. Compiled and 
edited by C. G. Grey and LrEoNnarRD BRIDGMAN. 
London: Sampson Low, Marston and Co., Limited. 
[Price 42s, net. ] 

Tonalty. Its Rational Basis and Elementary Development. 
By Joun L. Dunx. London: John L, Dunk. [Price 
3a. 6d. net. } 

The Electrical Contractors’ Year Book. 1926-27. London: 
The Electrical Contractors’ Association. [Price 5s.] 





Tue DrarnaGE OF Ratnam, KEntT.—We learn that 
the Milton Rural District Council is considering the 
uestion of Main drainage for the parish of Rainham, 
ent, and has asked Messrs. W. Radford & Son, 


consulting engineers of Nottingham, to prepare a report 





on the subject, 





NOTES FROM SOUTH YORKSHIRE, 


SHEFFIELD, Wednesday. 

Iron and Steel.—The continued shortage of British steel 
and cheap fuel is reflected in the curtailment of produc- 
tion by several steel and engineering firms in this locality. 
One firm contemplates the early suspension of over 5,000 
of its employees, while similar action may be taken by 
comparable concerns unless the position shows immediate 
signs of improvement. The large open-hearth furnaces 
are still out of action, and are certain to continue so until 
fuel supplies are normal. A fair tonnage of outcrop and 
foreign coal is available, but the price is considered largely 
prohibitive. Rail mills are still shut down. Those 
departments manufacturing tramway rails, manganese 
points and crossings, and tramear gear and equipment 
are fairly actively engaged on contracts placed by foreign 
and provincial tramway undertakings. The railway 
equipment and furnishing departments maintain pro- 
duction at a fair level, despite the difficulties encountered 
by the dearth of home-made material. Prospects, 
however, are considered bright. Much work is likely to 
be placed locally in connection with big railroad schemes 
in othercountries. The es and armament branches 
continue depressed, but makers of automobile steel report 
a better demand in consequence of the construction of 
cars for the coming year. The tool trades are making 
substantial headway. Engineers’ tools are in active 
demand, on account of home purchasers equipping them- 
selves in readiness for the expected revival of trade when 
labour conditions return to normal. Quarry tools, picks, 
shovels, and saws are going away in greater quantities, 
while a slight expansion is recorded in the output of 
mining gear and equipment. Housing schemes in this 
district are calling for large supplies of light castings, 
stove grates and piping. 

South Yorkshire Coal Trade.—Though the tonnage of 
locally-produced coal is gradually expanding, it is 
quickly absorbed by essential services, and very little 
finds its way into the open market. As much as 65s. per 
ton is asked for best hand-picked branch, while best 
house coal realises from 55s. to 60s. perton. Large nuts 
sell at 45s. to 50s. per ton and best hards 50s. to 60s. per 
ton, while various grades of industrial fuel are quoted at 
from 40s. to 55s. per ton. Outcrop coal is easier, at from 
32s. to 35s. per ton. London and Southern merchants 
are big bidders for South Yorkshire house coal. 





ContRraActs.—Messrs. British Brown-Boveri, Limited, 
Trafalgar House, Waterloo Place, London, S.W.1, inform 
us that their associated company in Switzerland recently 
secured a contract for generators and transformers from 
the State Electricity Commission of Victoria, in connec- 
tion with the Sugarloaf-Rubicon hydro-electric supply 
scheme. The order comprises: (a) Two three-phase, 
vertical-shaft generators of the totally-enclosed pattern, 
each for an output of 7,560 kv.-a. at a power factor of 
0-9; (6) Three three-phase, oil-immersed, out-door 
pattern transformers for natural cooling through the 
medium of nests of radiators mounted in tanks. The 
continuous output, in each case, will be 9,000 kv.-a., at a 
power factor of 0-9, and a periodicity of 50 cycles; 
(c) Three three-phase, oil-immersed transformers, of 
the out-door pattern for external water cooling. Each 
will have a continuous output of 7,500 kv.-a., at a 
power factor of 0-9 and a periodicity of 50 cycles; 
(d) One automatic synchronising equipment for the 
Sugarloaf Power Station.—Orders recently received 
by the Electric Furnace Company, Limited, 17, Vic- 
toria-street, London, 8.W.1, include the following: A 
3-ton Heéroult electric furnace for H.M. Dockyard, 
Portsmouth ; a 95-kv.-a. resistance furnace for annealing 
for Japan ; and an Ajax-Northrup high-frequency furnace 
for South Africa.—The Council of the City of Coventry 
have placed a contract with the British Thomson-Houston 
Company, Limited, of Rugby, for the whole of the initial 
installation for their new electric power station, which is 
ultimately to contain five or six 18,750-kw. maximum 
continuous rating turbo-alternatorsets, with the necessary 
step-up transformers, switchgear, boiler-house equipment, 
coal- and ash-handling plant, buildings, &c. The first in- 
stallation will include two two-cylinder turbines, running 
at 3,000 r.p.m., designed for 325 lb. gauge pressure, and 
700 deg. F. temperature, coupled to alternators each 
having a rating of 23,400 kv.-a., 6,600 volts, three-phase. 
—An order has been received by James Gordon and Co., 
Limited, Windsor House, Kingsway, London, W.C.2, 
from a prominent industrial company, for 46 duplex mono- 
combustion recorders.—The Hastings and St. Leonards 
Gas Company, Hastings, have placed an order with 
Messrs. The Keighley Gas and Oil Engine Company, of 
107 and 108, Upper Thames-street, E.C.4, for a multi- 
cylinder, convertible-to-gas type, heavy-oil engine and 
electzie generator. The engine, which has three cylinders 
of the cold-starting, four-cycle type, develops 192 brake 
horse-powermaximum overload and 174 brake perenne 
constant working load, and it is direct coupled to a direct- 
current generator with an output of 100 kw. at a voltage 
of 450 to 500. The unit has a speed of 250 r.p.m.— 
The Ritchie-Atlas Engineering Company, Atlas Works, 
Temple, Glasgow, have secured a contract for the con- 
struction of all the mine-head rhe 3 and screening 
plant at a new iron ore mine in Spain. e plant consists 
of a series of long conveyors with the necessary support- 
ing structure, the final conveyor rising to a height of 50 ft. 
and discharging into a shuttle conveyor, which distributes 
the ore to the bunkers. The plant has a continuous 
capacity of 360 tons of ore per hour.—The Stream-Line 
Filter Company, Limited, 64, Victoria-street, West- 
minster, London, 8.W.1, have received an order for 
a separator capable of dealing with 150 tons of oily bilge 
water per hour, for use on the White Star liner Majestic. 
A description of the filter was given on page 607 of our 
issue of November 13, 1925. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Cleveland pig-iron has 
become almost unpurchasable, and quotations have been 
further advanced for the trifling parcels available for 
disposal. No. 3 quality cannot be bought for delivery 
before the end of the month, and the price of that grade 
has become 112s. 6d. No. 1 Cleveland is nominally 
115s. ; No. 4 foundry is put at 1lls. 6d. ; and No. 4 forge 
is quoted at llls. Continental iron can be purchased 
at about 30s. below rates ruling for Cleveland 
products, but supply is less plentiful than it has been, 

and delivery cannot be guaranteed within a month. 


Hematite.—Scarcity of East-coast hematite iron is 
acute, and quotations are difficult to fix. While demand 
is not heavy, owing to so many consuming works being 
closed, customers needing supplies now pay 85s. to 
87s. 6d. for Nos. 1, 2, and 3. Values are thus moving 
upward, but they are still on a very low level as com- 
pared with current rates for Cleveland pig. 


Manufactured Iron and Steel.—Producers of finished 
iron and steel materials readily realise well above fixed 
minimum rates for parcels they are able to offer. Prices 
are matters of individual bargaining. 


Imports of Iron and Steel.—Returns issued this week 
show that, for the eleven motnhs ending September 30 
last, there were imported to the Tees ports from Holland, 
Belgium, France, Norway, Sweden, India, Germany, 
and coastwise, 212,869 tons of iron and steel, as compared 
with 165,007 tons for the same time a year ago, and 
54,563 tons for the corresponding pre-war period of 
1913-1914. Pig-iron brought in during the past eleven 
months amounted to 60,010 tons ; unloadings of crude 
sheet bars, billets, blooms, and slabs from abroad for 
the same period, totalled 126,106 tons ; and imports of 
plates, bars, angles, rails, sheets, and joists, during the 
eleven months just ended, are given as 26,753 tons. 


Iron and Steel Shipments.—September shipments of 
iron and steel from the Tees totalled 22,075 tons, as 
compared with 22,043 tons during August. Last 
month’s loadings comprised 3,245 tons of pig-iron, of 
which 2,945 tons went to foreign destinations and 300 
tons went coastwise ; 1,925 tons of manufactured iron, 
of which 1,458 tons went overseas and 467 tons coast- 
wise ; and 16,905 tons of steel, of which 14,344 tons went 
abroad and 2,561 tons coastwise. Japan was the best 
customer for pig-iron, taking 600 tons; the Straits 
Settlements were the largest receivers of manufactured 
iron, accepting 421 tons; and India was the heaviest 
purchaser of steel, importing 5,139 tons. 


NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 

The Coal Trade.—A delegate conference of the South 
Wales Miners’ Federation has unanimously rejected the 
Government’s proposals for a settlement of the strike 
and adopted a resolution calling on the National Federa- 
tion to take drastic measures to bring the stoppage to 
an end, The resolution demanded that all safety men 
should be withdrawn from every colliery; that an 
embargo be placed on all foreign-produced coal; the 
cessation of outcrop working; and that speakers be 
sent to all the ‘‘ black areas.”” Coal market operators, 
while recognising that a return to work in South Wales 
will probably be retarded as a result of the policy of the 
extremists, do not attach a great deal of importance to 
the resolution which, after all, is a recommendation to 
the national conference. It is also regarded as significant 
that over 15,060 men have returned to work in the Welsh 
coalfield, and that, on the day the resolution was adopted, 
more men returned to work than on any day since the 
drift back commenced. It is believed that, so far as 
South Wales is concerned, there will be a steady but 
gradual daily increase in the number of men work- 
ing. In the meantime, foreign coal continues to reach 
the Welsh ports, and the Great Western Railway alone 
have steamers coming in with more than 200,000 tons 
of American coal. In the past week, 34,800 tons were 
imported, of which 15,660 tons came from America, 
10,130 tons from Germany, 1,680 tons from Holland, 
and 7,330 tons from Belgium. Arrivals at Cardiff 
amounted to 14,850 tons, at Newport to 5,800 tons, and 
at Swansea to 14,150 tons, while to-day 17 vessels were 
ee American and Continental coal at the Welsh 

ocks. 

Iron and Steel_—In the iron and steel trade, the coal 
strike is expected to terminate in the near future, and it 
is stated that, in consequence, substantial orders for oil- 
plates are pending. The question of costs is, however, 
causing manufacturers to hesitate to accept business, 
though it is stated that the Asiatic Petroleum Company 
has placed an order for 250,000 boxes of oil sizes for 
shipment to the East. This order will be distributed 
over the Welsh works. Tinplate prices are steady at 
228. to 23s. 6d. for this month, and from 2ls, 6d. to 
21s. 9d. for November. In the past week, 6,760 tons of 
iron and steel goods were exported, compared with 5,656 
tons in the preceding week. Shipments of tinplates 
and terneplates amounted to 2,601 tons, against 2,758 
tons ; blackplates and sheets to 71 tons against 372 tons ;. 
galvanised sheets to 3,532 tons against 611 tons; and 
— iron and steel goods to 556 tons against 1,915 
ons. 


Coal Exporters’ Association—Mr. John Powell, of 
Messrs. John Powell and Co., Cardiff, has been elected 
chairman of the South Wales Coal Exporters’ Association, 
in succession to Mr. C. L. Clay, of Messrs. C. L. Clay and 
Co., Limited, Cardiff, who has been appointed vice- 
chairman of the Federation of British Goad Mapestenn. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—No change of any kind can yet 
be recorded in the state of the Scottish steel trade. 
The outlook is stillias uncertain as ever, and, at the time 
of writing, it seems doubtful whether or not the miners wi 
decide generally to accept the latest offer of the Govern- 
ment fora basis of settlement. For five months now, the 
country has been disorganised through the coal strike, 
and it will take business concerns a long time to make up 
the great losses which have been incurred. Heavy steel 
manufacture is still at a standstill, but the black-sheet 
makers continue to do tolerably well. They have plenty 
of orders on hand, and could book many more if delivery 
could be guaranteed, but little that is definite can be 
promised. Prices keep firm, and all have a rising 
tendency, because of scarcity and high cost of production. 


Malleable Iron Trade.—In the West of Scotland 
malleable iron trade the position has not altered. Bar 
iron is not the subject of much demand, but a fair business 
is going through for re-rolled steel bars. Prices are 
nominally without change. 


Scottish Pig-Iron Trade.—What is perhaps the most 
notable feature of the Scottish pig-iron trade, is the 
length of time the stocks have lasted, and, at the present 
rate of demand, it would almost seem as if they would last 
out the coal strike. Of course, buying has been greatly 
curtailed, and consumers who might take more lots now 
are not keen to pay the high prices demanded to-day. 
They are rather inclined to curtail their requirements a 
little longer in the hope of easier quotations. The latter 
are considered too high meantime. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
rc from Glasgow Harbour for the week ending 
ast Saturday, October 2, amounted to 347 tons, all of 
which went overseas. For the corresponding week of 
last year the figures were 206 tons to foreign destinations 
and 26 tons coastwise, making a total shipment of 232 
tons. 


Shipbuilding.—Conditions in the Scottish shipbuilding 
industry continue to get worse, and the prospects for the 
winter months are far from good. If the coal trouble 
were over, & certain amount of work could be undertaken, 
but that would not give employment to more than a 
small percentage of the shipyard workers. The booking 
of new tonnage is very poor, and during the past month 
consisted mainly of a number of small craft, and two 
cargo steamers of 2,000 tons each to be built at Aberdeen 
by Messrs. John Lewis and Sons (Limited), for Colonial 
owners. The details of the launches for September, 
and the total for the year to date are as follows :— 











September. Nine months. 
Ships. Tons. Ships. Tons. 

The Clyde as 8 40,316 108 243,735 

The Forth 1 38 24 7,922 

The Tay xe Yor ee 150 9 9,000 
The Dee and Moray 

BE: | oss eee 550 14 3,091 

12 41,054 155 263,748 








TENDERS.—The Egyptian Ministry of Public Works 
invite tenders, to be presented by December 1, 1926, for 
the supply of 113 mild-steel regulating gates required for 
the Assiut Barrage, in accordance with drawing C.T.A. 
No. 3480. Local representation is essential. Quote Ref. 
A.X. 3672.—Tenders, to be presented by November 25, 
1926, are invited by the City Engineer’s Department, 
Municipality of the City of Port Elizabeth, for the supply 
and erection complete of duplicate, electrically-driven, 
automatic, float-controlled, horizontal, centrifugal pumps, 
each capable of delivering 400 Imperial gallons per 
minute of unscreened sewage (Contract No. 24, Mill Park), 
The contract also includes the supply of 2,097 lineal ft. 
of cast-iron rising main, bends, &c. Local representation 
is considered to be essential. Quote Ref. A.X. 3680.— 
Further particulars regarding the above tenders may be 
obtained on application to the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1. 





SwEDEN’s LarGEst SHIPYARD.—The importance of 
Gothenburg as a seaport is shown by the fact that the 
tonnage of vessels entered and cleared is larger than 
that of any other Swedish port, and this predominance 
is tending to increase. Moreover, some 40 per cent. of 
the engine-propelled mercantile marine of Sweden is 
owned in Gothenburg. It is, therefore, not surprising 
that A.-B. Gétaverken, the largest shipyard in Sweden, 
is situated in Gothenburg. The company was formed in 
1906, and since 1921 have specialised in the buildin 
of motor vessels, the last steamship having been finish 
in that year. The motors are made to the designs of 
Messrs. Burmeister and Wain, the Swedish rights for 
which were acquired by the company in 1915. Up to 
the present time 14 motor cargo vessels, with an aggre- 
gate deadweight capacity of 113,700 tons, have mn 
built. Eight motor vessels, having a total deadweight 
capacity of 70,100 tons, have been delivered to the 
Grangesberg Company for use in the transport of ore. 
Oil tankers, to the number of three, have been constructed, 
In the matter of motor passenger vessels, two, totalling 
7,300 tons gross, have been built for the United States. 
A third ship, of 5,500 tons gross, is under construction 
for Norway. Four other vessels destined for Norway 
are also on the stocks, in course of construction. A few 
other ships of a special nature have also been turned out. 
A considerable amount of ship-repairing, reconditioning 
and refitting is also carried on by the company, 


NOTICES OF MEETINGS. 





Tue Junior InstrrvTIoN oF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. “A Survey 


ill | of Modern Airless-Injection Oil Engines,” by Mr. Norbert 


J. Griffin. Friday, October 15, at 7.30 p.m. Lecture: 
“China from the Engineer’s Point of View,’ by Mr. 
R. L. Sarjeant, B.Sc. 


Tue Hovuwtt Association or ENGrveersS.—Saturday, 
October 9, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. Lecture: ‘“‘ Water-Tube 
Boilers for Marine and Land Purposes,” by Mr. A. Spyer. 


Tae Instirute or Transport: Mipnanp Loca, 
SEction.—Monday, October 11, at 6 p.m., at the Queen’s 
Hotel, Birmingham. Inaugural Address by the Chairman, 
Mr. O. Cecil Power. 


Tue Institute oF Metats: ScorrisH Locat SEcTIon. 
—Monday, October 11, at 7.30 p.m., at the Institution of 
Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. Chairman’s Address, by Mr. 8. E, 
Flack. 


Tae Institution ot AUTOMOBILE ENGINEERS: 
Scottish CeNTRE.—Monday, October 11, at 7.30 p.m., 
at the Royal Technical Calnes, Glasgow. Presidential 
Address: ‘‘ The Debt of the Community to the Auto- 
mobile,” by Mr. H. Kerr Thomas. 


THE InstTITUTION OF PETROLEUM TECHNOLOGISTS.— 
Tuesday, October 12, at 5.30 yy at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘ The Significance 
of Surface Oil Indications,” by Mr. A. Beeby Thompson. 


Tue Institute or Marine ENGINEeERS.—Tuesday, 
October 12, at 6.30 p.m., at 85-88, The Minories, Tower 
Hill, E.1. Double-Acting Oil Engines,” by Mr. W. 8. 
Burn, M.Se. 


Tue Institute or Merats: BIRMINGHAM LocAL 
Srction.—Tuesday, October 12, at 7 pim., at the 
Engineers’ Club, Waterloo-street, Birmingham. Chair- 
man’s Address, by Mr. Arthur Spittle. 


Tue InstrtuTION OF ENGINEERS-IN-CHARGE.—Wednes - 
day, October 13, at 7.30 p.m., at St. Bride Institute, 
Bride-lane, Fleet-street, E.C.4. Presidential Address, 
by Mr. Loughnan Pendred. 


Tue Institute or MetTats: Lonpon Locat SEcrtron. 
—Thursday, October 14, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders, Limited, 83, Pall Mall, 
8.W.1. Chairman’s Address, by Mr. A. H. Mundey. 

Tue INSTITUTION OF MECHANICAL ENGINEERS: YORK- 
SHIRE BrancH.—Thursday, October 14, at 7.30 p.m., 
at the Hotel Metropole, Leeds. ‘‘ Rails, Points and 
Crossings; a Century’s Progress in Permanent Way,” 
by Mr. Fred Bland. 

Tue INsTITUTE OF METALS : SWANSEA LOCAL SECTION. 
—Friday, October 15, at 7.15 p.m., at University aay 2 
Singleton Park, Swansea, Chairman’s Address, by 
Capt. L. Taverner. 





Exports of TIN FROM YUNNAN PROVINCE, CHINA.— 
According to figures published in a recent issue of the 
Chinese Economic Bulletin, exports of tin from Yunnan 
Province, South China, increased from 6,800 tons in 1924 
to 8,700 tons in 1925. 





Tus INSTITUTE OF TRANSPORT AND Str ALAN CoBHAM. 
—tThe Council of the Institute of Transport has decided 
to confer its Aviation Gold Medal (the donors of which 
are Sir Henry White-Smith, C.B.E., and the Bristol Aero- 
plane Co., Limited), upon Sir Alan Cobham, K.B.E., 
A.F.C., in recognition of his noteworthy services to 
the development of Empire communications. The 
presentation will take place at the meeting of the Insti- 
tute to be held in the lecture theatre of the Institution 
of Electrical Engineers, Victoria Embankment, W.C.2, on 
October 19 next, commencing at 5.30 p.m. At the con- 
clusion of the ceremony a lecture will be delivered by 
Captain F. L. Barnard, of Imperial Airways, Limited, on 
“Commercial Flying ’’; the lecture will be illustrated by 
lantern slides. A limited number of tickets will be 
available for visitors, and applications should be made to 
the Secretary, The Institute of Transport, 15, Savoy- 
street, London, W.C.2, 





Con¥rERENCE oN Brruminous Coau.—We have been 
informed that a conference on bituminous coal will be 
held at Pittsburgh, Pa., U.S.A., from November 15 to 
19 next, under the auspices of the Carnegie Institute of 
Technology. ‘The purposes of the meeting will be the 
consideration of new uses for bituminous coal. The 
results of recent investigations on improved methods of 
utilisation and combustion of coal will be presented, and 
the programme will include discussions on such subjects 
as: The manufacture of substitutes for petrol from 
coal, the complete gasification of coal, high-temperature 
distillation, low-temperature distillation, coal-tarproducts, 
power production, smokeless fuel, and fertilisers. Papers 
will be presented by a number of American and European 
technologists, and special attention will be devoted to the 
discussion of recently-developed processes which are 
in actual operation, Among those who have accepted 
invitations to be present, and to speak, are Dr. C. H. 
Lander, Director of Fuel Research, Department of 
Scientific and Industrial Research, London, and Dr. R. 
Lessing, Mr. G. M. Gill, and Mr. H. Nielsen, also of 
London, All correspondence and inquiries should be 
addressed to Professor 8. B. Ely, secretary, Conference 
on Bituminous Coal, Carnegie titute of Technology, 





Pittsburgh, Pa,, U.S.A. 
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THE DEBT OF THE COMMUNITY TO 
THE AUTOMOBILE. 


| ‘THe street arab who throws a brick at a stranger 
| reacts to a primitive instinct which sees danger in 
the unknown. This instinct has done much to 
retard the development of mechanical road trans- 
port. There is no record of the reception given 
by the public to Johann Haustach’s spring-driven 
chariot, which appears to have been the first horse- 
less carriage ; but when steam road vehicles were 
introduced in numbers early in the nineteenth 
century, the opposition was sufficient to lead to 





|transport, records that in 1832 no fewer than 
54 Bills were introduced into Parliament with the 
| object of making mechanically-propelled vehicles 
|subject to special taxation, but it was left to the 
Red Flag Act finally to paralyse the new movement 
| until the repeal of the Act in 1896. Apart from mere 
| prejudice, vested interests must have played a 
‘large part in the success of these misplaced agita- 
|tions, but no doubt also there were many people 
'who were sincerely convinced that the development 
of motor vehicles constituted a real menace to the 
| community. In spite of all resistance, however, 
| Roger Bacon has been proved a true prophet, as 
he wrote in 1300 ‘We will be able to propel 
carriages with incredible speed without the assistance 
| of any animal, and we will be able to make machines 
| which, by means of wings, will enable us to fly into 
| the air like birds” —that is, if he would have accepted 
|a speed of over 140 m.p.h., recently reached by 
| Major Seagrave at Boulogne, as incredible. 

| To such protagonists for a return to horse tran- 
| sport as still exist, we commend Thackeray’s story 
of Major Pendennis’ journey, or other contemporary 
‘accounts of travelling in “the good old days.” 


formless, prejudice against mechanical road tran- 
sport still exists in England, although rarely 
expressed in concrete form. One of its evidences 
lies in the fact that no vehicle using the roads may 
in law exceed a speed of 20 m.p.h.; and what is 
more rarely realised, a vehicle exceeding two tons 
unladen weight may not exceed a speed of 12 m.p.h. 
Speed limits, which, if rigidly enforced, would 
paralyse transport throughout the country. 

Any general dissertation on the beriefits conferred 
on the community by the development of the 
automobile is unnecessary. The vital position in 
the machinery of our civilisation which it has taken 
was sufficiently illustrated during the recent general 
strike. It is certain that without it modern industry 
would rapidly become paralysed, and as an instance 
it is difficult to conceive how the 1,600,000,000 
people who made use of the London ’buses last 
year could otherwise have gone about their lawful 
occasions. The British automobile industry alone 
gave direct employment to over 200,000 persons 
in 1925, and if to these we add the numbers who 
were indirectly employed in handling goods, or 
in meeting the needs of passengers, in connection 
with the 229,000 commercial vehicles registered in 
the same year, it is evident that the industry 
plays a vital part in our economic system. Mr. F. E. 
Bristow, general secretary of the Commercial 
Motor Users’ Association, stated a few days ago 
that the number of workers employed in the road 
transport industry was now more than 100,000 
in excess of the whole of the workers engaged on 
the railways of Great Britain. If we turn to the 
more indirect benefits, it has frequently been 
pointed out that the development of a light power 
unit for motor vehicles was the key to the solution 
of successful flight, and to the same source may 
be traced the numerous applications of internal- 
combustion engines’ which have done much to 
improve conditions in agriculture. Wherever, in 
short, a petrol engine is employed, the earlier 
stages of its development can fairly be credited to 
the road vehicle. 

There are other benefits resulting from the 
extended use of the automobile which are not so 
apparent, and it was to these particularly that 
Mr. H. Kerr Thomas called attention in his presi- 
dential address on “The Debt of the Community 
to the Automobile,”’ delivered to the Institution of 
Automobile Engineers on Tuesday last. The 
importance of a high power-weight ratio was 
recognised by automobile engineers from the first, 
and théir insistent demand for new materials com- 
bining lightness with high tensile strength led to 
the metallurgist investigating the result of alloying 
a variety of elements with iron and aluminium. 
Several of the new alloys appeared of great promise, 
but it was left to the motor manufacturer to try 
them out in practice, and it is mainly to their work 
that the engineering industry is indebted for such 








| Apart, however, from the extremists, wide, if 





alloys as nickel, chromium and tungsten steels, 
for Duralumin, and the simpler alloys of aluminium 


their almost entire suppression about the year | with copper and zinc. A typical example in which 
| 1840. Conradi, in his book on mechanical road | the industry is acting as a pioneer is the investiga- 


tion of the possibilities of magnesium as a material 
of construction. It is safe to say that if the 
increasing speed of automobile engines had not 
given rise to a demand for lighter and lighter 
pistons, this metal would never have received 
consideration as a structural material. It is true 
that many of the special alloys employed by the 
autoniobile engineer are not used in any other 
branch of engineering, unless it be in the allied 
branches of aircraft and light marine engines. This 
is mainly on account of the relatively high cost of 
these alloys, but it is also due to some extent to 
the lack of knowledge of designers in other branches 
of the advantages resulting from their use. An 
interesting case, quoted by Mr. Kerr Thomas, in 
which a metal developed for the automobile industry 
has been utilised for an entirely different purpose, 
is the employment of aluminium cables for the 
power-transmission lines across the Niagara at 
Buffalo, the span being too great for the employment 
of copper cables. It is not, of course, suggested 
that automobile engineers discovered aluminium, 
but it is certainly due to the price. reductions 
consequent upon its extended employment in 
motor-vehicle construction that its use for electric 
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conductors became commercially practicable. A 
similar argument holds good in the case of the 
domestic saucepan, though we imagine that few 
housewives sing a pean to Mercury when cooking 
the morning rasher. 

Another industry quoted by Mr. Thomas as 
having been created by the necessities of the motor 
vehicle is that of ball-bearing manufacture. These 
bearings are now so extensively used in all classes 
of mechanism that their origin is likely to be over- 
looked, but for many years their use was practically 
confined to cycles and motor vehicles, and it is 
almost entirely due to the necessity for producing a 
bearing which would not be subject to undue wear 
when lubricated spasmodically, or not at all, that 
the high-class modern bearing was evolved. Another 
case in which a mechanism developed for the 
motor vehicle has proved of value in a wider field is 
the flexible-disc joint, now used for a variety of 
purposes ; while it is certain that gear-cutting would 
not have reached its present degree of perfection 
if motorists had not been insistent in their demand 
for a silent transmission. At the present time, 
ground gears, which represent the greatest degree 
of refinement in this direction, are practically 
confined to car-work. 

Mr. Kerr Thomas closed his address by a reference 
to two other important industries which owe their 
development mainly to the growth of automobilism. 
These are the rubber and oil fuel industries. As 
regards the latter, the requirements of motorists 
converted what was practically a waste by-product 
into the main product of the producer, and it was 
due to the steadily increasing demand for motor 
fuels that the cracking process was initiated. It is, 
perhaps, not too much to hope that the future will 
see the development of a new British industry in 
the production of alcohol, on a scale adequate to 
the needs of motorists, from crops suited to the 
English climate. 





DISTRICT SETTLEMENTS. 

As far as current events justify a prediction, 
the coal miners will return to their work on the 
basis of district settlements, and the authority 
assumed by the Miners’ Federation to control 
these settlements will finally lapse. It was an 
experiment, begun only some five years ago, and 
in its short life it has done more mischief to the 
coal industry and the industries that depend on it 
than will be made good in a much longer time. 
The pretence that the Federation was endeavouring 
to protect some “‘ national” interest of the miners 
has unfortunately led outside bodies, including 
the Government, to endeavour, at various epochs 
in the struggle, to utilise the Federation for 
negotiating a national peace, and the prospect that 
a general peace might be so negotiated has led 
many miners to hold back from entering into the 
district settlements. Hundreds of millions of pounds 
have been squandered in the endeavour to 
perpetuate this redundant link in the mechanism 
of the coal industry’s organisation, and the only 
result has been to demonstrate by practical experi- 
ence that it is as unworkable as it is irrational. 
It is earnestly to be hoped that no further attempts 
will be made to exercise control over either the 
miners or the owners in each district in their 
endeavours to arrive at the arrangements that 
are best suited to their needs. 

It is, indeed, on the success of the district 
negotiations that the future working of the industry 
must depend. Each district has its own circum- 
stances, known both to miners and to owners 
as they cannot be known to the most national of 
outsiders, and the paramour.t interest, not only 
of the districts, but of the dependent industries 
and the country, is that the work shall be carried on 
to the satisfaction and advantage of the two parties 
that have to do it. This is by no means the easiest 
of jobs, but those who know best the actual relations 
between the parties are agreed that, though 
difficult, it is possible. Speaking generally, these 


relations enable the parties to come into the 
necessary discussions with mutual friendliness and 
confidence, knowing that each of them is familiar 
with the conditions that have to be met, and 
believing that neither of them has any interest 





to serve beyond the economic welfare of the 
industry on which both of them depend. When, 
however, the so-called national settlement is 
superimposed, this simplicity and directness 
disappears, and neither side can tell how far the 
supervisory control may be used for non-economic 
purposes. The pretext on which such control is 
demanded is to protect districts from each other, 
and when the actual effect of this desired protection 
is examined, it is seen to be an attempt to prevent 
districts from selling too cheaply. Those who seek it 
have repeatedly announced their reliance on getting 
better conditions for miners by raising the price 
of coal, and it is by measures leading to that end 
that they contemplate protecting the weaker 
districts from the stronger. This is the direct 
negation of the course that the interests of the 
nation demand, and even those of the districts. 
The owners of properties that can deliver cheap 
coal benefit not only the coal-using industries and 
the country in selling coal as cheap as they find 
profitable, but also serve their own interests and 
those of the miners who share profits with them. 
They are not likely to throw away any profit they 
can prudently retain, and seven-eighths of the 
profit they do retain passes automatically to their 
miners. If they raised the price artificially, they 
might indeed allow districts working poorer or 
more difficult seams to sell in competition, but 
they could do so only by narrowing the market 
of all of them. Economically the only sound 
course is for each district to do its best, the less 
favourably situated properties endeavouring by 
improved equipment and otherwise to put them- 
selves in a position to meet the conditions of their 
markets, whether local or international. Any other 
course is merely a subvention levied on the richer 
properties, whose markets are restricted, for the 
benefit of the poorer, with an enforced contribution 
from the dependent industries of which the effect 
will be even more serious. 

It is for the prospect of enforcing on the coal 
industry and the community these artificial and 
anti-economic restrictions that the trade of the 
country has been held up now for nearly six months. 
When, now some months back, it became apparent 
to the owners that no national settlement could 
be made, they tabled in each district the terms 
the industry could afford to give, provided the miners 
were willing to work as long as the shortest hours 
worked in other trades. The figures so disclosed 
showed how the interests of the vast majority of 
miners had been sacrificed to the fetish of the 
recently-established national settlements. With the 
exception of four districts, comprising less than a 
fourth of the total workers in the trade, the industry 
could throughout the rest of the country pay 
precisely the same weekly rates as were paid before 
the strike, and in some instances not even require 
the full eight-hours’ day. In spite, too, of the 
unpromising condition of the trade, these rates could 
be guaranteed for periods varying according to the 
district from three to twelve months. The reduc- 
tions required in the remaining districts were not 
large, and doubtless could have been arranged 
locally had not the prospect of a “national” 
settlement been held out. As it was, however, 
more than three-fourths of the miners were held 
back from returning to work without any reduction 
at all in their weekly earnings, through the influence 
of the “national” mechanism and its fatuous 
slogans. 

The present strike has been the most conspicuous 
example in recent years of the failure to meet a 
difficult position by artificial and indirect means. 
Left to themselves, the districts would have been able 
to recognise the force of circumstances well known 
to them, and to have devised terms of co-operation 
that would have inflicted no reduction of wages 
on the large majority, and very little on even the 
least fortunate. Of the surplus profits that revival 
of trade brought, the miners would have enjoyed 
their agreed fraction, the largest that has ever been 
dedicated to workers in any great co-operative 
scheme. The coal-using industries of the country 
would have been able to fit themselves for taking 
advantage of the likelihood of improved trade, and 
the coal industry itself would have been saved from 
the loss of markets that may take a long while to 





recover. That they have lost these opportunities 
is a serious handicap at a time when the unavoidable 
burdens of industry are sufficient without it. The 
one thing now to be hoped is that those influences 
in the State, whether the Government or others, 
that have at heart the material well-being of the 
miners, will cease to interfere with the district 
settlements on which their future prosperity and 
profits depend. 








SUBURBAN RAILWAY 
ELECTRIFICATION. 


THE tendency for practically all classes of workers 
in our large industrial areas to live in the surrounding 
country at some distance from their work, is un- 
doubtedly a growing one, and one which is to be 
encouraged from many standpoints. Transport 
facilities, for the daily journeys to and from the city, 
in the London area at all events, have been deve- 
loped considerably within recent years, although 
Mr. R. H. Selbie, in his inaugural address to the 
Institute of Transport, delivered on Monday last, 
expressed the view that some at least of the existing 
railway companies have not displayed the same 
foresight and enterprise with respect to suburban 
passenger traffic as has characterised their policy 
in regard to long-distance traffic. It has been 
thought by some of the companies that suburban 
traffic was best left to road transport methods, but 
for daily journeys exceeding about three miles, 
Mr. Selbie does not regard motor ’buses or tramways 
as at all effective competitors with an electric rail- 
way system. 

The advantages of electric working for suburban 
lines have been pointed out on many occasions in 
our columns and elsewhere, and the first portion 
of the address referred to was devoted to a recapi-’ 
tulation of them. The use of multiple-units trains, 
it was pointed out, is equivalent to an increase in 
the terminal accommodation, and it was also men- 
tioned that several important advantages accrue 
from the more rapid acceleration attained by 
electric trains in comparison with steam trains. The 
greater flexibility of the former, which enables them 
to be readily adapted to the hourly variations in 
the volume of traffic is, of course, another point in 
their favour. These and other advantages of 
electric working are well understood and generally 
admitted, but on the question of whether the 
capital expenditure involved in the conversion of 
a line from steam to electric operation is likely to 
be justified by the results obtained in working. 
there is more room for differences of opinion, Each 
case must, of course, be decided on its merits by 
those conversant with local conditions and capable 
of forming a reasonable estimate of the amount of 
traffic likely to result from the provision of improved 
facilities. The financial success of any electrifica- 
tion scheme must be largely dependent upon this 
last-mentioned factor, and this is probably the onc 
on which the greatest uncertainty still exists. 

On the cost of equipping a section of ordinary 
steam railway for electric working, and also on the 
subject of operating costs, some useful and interest- 
ing information was given in the address. With 
regard to construction costs, Mr. Selbie explained 
that he was considering any suburban main line 
used by passenger and goods trains, and pointed out 
that the increased service rendered possible by 
electrification would render necessary a revision 
in the signalling arrangements, and would, in some 
cases, involve the substitution of fly-over, or fly- 
under, junctions for the flat junctions which sufficed 
with steam working. With these qualifications, 
Mr. Selbie gave the cost of electrifying a 10-mile 
section of standard railway, including the provision 
of positive and negative conductor rails with the 
necessary bonding, the provision of high-tension 
and low-tension cables and of two complete sub- 
stations, as 22,5007. per mile of double track. For 
track circuiting and semi-automatic signalling 
equipment, he allowed an additional 2,500/., the 
total cost thus amounting to 25,0007. per mile of 
double track. This figure, he added, would hold 
good whether current was purchased from a supply 
company or obtained from the railway company’s 
existing generating plant, and no other capital 
expenditure need be incurred. This, at first sight, 
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rather striking statement, was explained by pointing 

-out that the purchase of electric motors and other 
equipment, and the adaptation of rolling-stock to 
receive them, could be provided for out of the 
renewal or depreciation fund set aside for the con- 
struction of new locomotives. Steam locomotives 
that had ended their official life and the value of 
which had been written out of revenue and stood 
in the renewal fund, could, he remarked, be renewed 
as electric motor coaches without any call on 
capital. 

To provide an accurate comparison between the 
operating costs of steam and electric traction is 
by no means so simple as might appear to be the 
case, aS many considerations, of which it is difficult 
to assess the monetary value, have to be taken into 
account. However, Mr. Selbie took the case of a 
seven-car multiple-unit train and a seven-coach 
steam train of about the same weight and seating 
capacity. Neglecting the costs connected with 
running rails, stations and signalling, which would 
be approximately equal in both cases, he took into 
account, for the electric train, the cost of the current 
delivered to the conductor rails and the cost of 
providing, maintaining and manning the train. The 
current he took at ld. per unit, and the consump- 
tion for a seven-car train, weighing 230 tons with 
the passengers, at 17 units per mile. The train 
expenses, including interest on cost of the train and 
its equipment, as well as their maintenance and 
depreciation, and also the wages of the motor-man 
and guard, he put at 2s. 11d. a mile, so that the 
total operating cost for the electric train came 
to 4s. 4d. per mile. Although it is difficult to arrive 
at a truly comparative figure for the cost of working 
a steam train, since the train units on which average 
costs are based by different companies vary con- 
siderably, Mr. Selbie found, from the results of recent 
tests, checked by average official figures, that the 
cost was much the same as that given for the electric 
train, z.¢., something over 4s. per mile. He pointed 
out, however, that even if the cost per mile for 
electrical working were greater, this drawback 
would be entirely outweighed by the numerous 
advantages of the system. 

The suburban traffic problem is certainly one of 
increasing importance in the great provincial cities, 
as well as in’ London, and it is a not unreasonable 
suggestion that, in many instances, it might be 
solved for some years to come, by the conversion 
of existing steam lines to electrical operation. 








THE CYCLE AND MOTOR-CYCLE 
SHOW AT OLYMPIA. 


IN commenting upon the last motor-cycle exhibi- 
tion, we referred to the outstanding lead held by 
British manufacturers over those of other nations. 
This position has not been seriously assailed in the 
past year, although the German machines entered for 
the Six-Day Reliability Trial performed more satis- 
factorily than they had done on previous occasions. 
The present position was summed up by Mr. A. M. 
Samuel at the annual banquet of the British Cycle 
and Motor-Cycle Manufacturers and Traders Union 
on Friday last, when he stated that one single 
British firm sold in one year, more motor-cycles than 
were turned out by the whole American industry. 
Mr. Samuel also mentioned that, notwithstanding 
the general and coal strikes, we had exported almost 
as many cycles and motor cycles this year as in the 
corresponding period last year. The magnitude 
of the export business is indicated by the fact that 
the value of the machines exported last year was 
6,000,0007. It is very certain that foreign manu- 
facturers will not always be content to allow British 
makers a virtual monopoly of the world’s markets, 
and it is satisfactory to note from an examination of 
the machines at the present exhibition, which 
opened at Olympia on Monday last, and closes 
to-morrow, that the British machines continue to 
show a progressive tendency. 

There are several entirely new designs among the 
exhibits, and some of these incorporate features 
which have appeared in former models, only to be 
subsequently withdrawn. The fact that such features 
did not meet with acceptance on their first appear- 
ance cannot, however, be taken as’evidence of 





their unsuitability. They may simply have been 
too costly to make any popular appeal, or they may 
have been what is usually termed in advance of their 
time. The expression is somewhat illogical, but 
the combination of circumstances which it suggests 
is recognised by engineers as an’ important factor 
in success or failure. Probably the most important 
of these circumstances is that the public are not 
educated as to the possibilities of the design, and the 
process of education may beinconveniently expensive 
to the firm embarking upon it. Another reason why 
designs which were sound in principle failed to find 
a market in the past has been that they contained 
small defects which militated against their success. 
An example in which both the factors to which we 
have referred played a part was the failure of early 
British designs of front-wheel brakes for cars. 
Perhaps a more apposite example is that of the 
Auto-Fauteuil motor cycle, introduced about 1908, 
which had a two-speed gear box, chain transmission, 
and several other features which were not generally 
adopted until several years later. 

The public have been justifiably annoyed in 
recent years at the noise made by many motor- 
cycles, and this feeling has now become so acute that 
the Home Office Authorities have issued instructions 
that silencing regulations must be strictly observed. 
The result of this action is reflected at the Show in the 
numerous claims made by makers regarding the 
superior silence of their machines. We suspect, 
however, that the actual modifications made in the 
majority of the new models to ensure greater silence 
are of a very trifling nature, and indeed, it may be 
safely said that so long as single or twin-cylinder 
air-cooled engines are employed, little more is 
possible. It is quite impracticable to set up a 
standard of silence in law, the degree of noise which 
can be regarded as offensive depending largely upon 
the pitch of the note produced, and upon the surroun- 
dings of the machine at the moment. Practically 
any machine at present on the market can be driven 
in such a way that the resulting noise appears 
excessive, but in the great majority of cases, the 
same machine would be quite inoffensive in the hands 
of a careful driver. The air-cooled engine is 
inherently more noisy than the corresponding water- 
cooled model, due to the absence of the blanketing 
effect of the water jacket, but the noise proceeding 
directly from the cylinders, together with that pro- 
duced by the valve gear, can be neglected in com- 
parison with that of the exhaust. The silencing of 
the latter is a difficult problem on account of the 
relatively high speed of the motor-cycle engine, and 
the short length available for the silencing system ; 
but given a silencer fitted with suitable baffles, 
which is not in itself resonant, the resultant noise 
need not be excessive on top gear up to speeds of 
about 35 m.p.h. It is noticeable at the Show that 
several makers are ribbing the exhaust pipe adjacent 
to the cylinder, presumably with a view to cooling 
the gases, but if the heat content of the latter is 
considered, it will be realised that the actual drop 
in temperature produced by such a device must be 
very trifling. Probably the best effect is obtained 
by fitting the largest practicable silencer, but in cases 
where this has been done, the lines of the machine are 
seriously affected. There appears to be a possibility 
of neater layouts than those so far adopted, and it 
would appear that the placing of a silencer above the 
wheel axis, as has been done in one or two cases, 
is hardly justifiable. 

Before dealing with the trend of engine design as 
typified at the Show, a few comments may be made 
on the machines as awhole. There appears to be 
an increasing tendency to depart from the diamond 
frame based on push-cycle practice, and duplex 
frames in which the redundant points are reduced 
to a minimum, are now common. The completely 
sprung frame following car practice has practically 
disappeafed, and, with the exception of a few 
machines in which leaf springing is adopted for the 
front forks, springing practice is generally similar 
in principle to that employed several years previous 
to the war. Many of the front forks incorporate 
shock absorbers, and steering dampers are usual on 
the faster machines. Internal-expanding brakes on 
both front and rear wheels are now almost universal. 
There are a few examples of band brakes, notably 
on the American machines, in which both brakes 





act on the rear wheels. Messrs. Rudge Whitworth, 
Limited, retain their well-known rim brake, oper- 
ating on special brake rims on both wheels, and 
practical experience shows that these brakes leave 
nothing to be desired from the point of view of 
efficiency. There is one example in which the 
early arrangement of brake blocks bearing on the 
actual wheel rim is retained. This is justified by 
the fact that the machine in question is alightweight, 
selling at 271. 10s. 

Turning now to the power units, an examination 
of the new models shows that the relative popularity 
of the single- and twin-cylinder engine has not 
undergone any material change since the last 
exhibition. The same may be said as regards 
engines employing the two- and four-stroke cycles. 
We described typical examples of the various types 
in our account of last year’s show, and subject to 
trifling modifications, these can still be regarded as 
representative of modern practice. There appears 
to be a slight increase in the number of machines 
incorporating overbead valves. In view of the 
divergence of opinion amongst car manufacturers 
regarding the relative merits of operating these 
valves by push rods or by overhead camshaft, it is 
interesting to note that the great majority of motor- 
cycle designers prefer the former arrangement. 
There are, however, three firms exhibiting engines 
fitted with overhead camshafts, and the machine 
shown by the Calthorpe Motor Cycle Company, 
Barn-street, Birmingham, offers a good example of 
this design. In this engine the drive from the 
crankshaft to the camshaft is through an enclosed 
vertical shaft, fitted with bevel gears at each end. 
The two-to-one reduction is given by the top pair of 
gears, so that the vertical shaft runs at crankshaft 
speed. The camshaft is enclosed in a casing which 
is held down to the cylinder head by screws passing 
through distance pieces. The object of this arrange- 
ment is to permit of the cylinder head being lifted 
a short distance after the distance pieces are 
removed, when it may be slipped out from under 
the camshaft casing, leaving the latter suspended on 
the vertical shaft casing with the timing undisturbed. 
Accessibility has received equally careful considera- 
tion in other directions, it being possible to remove 
either the camshaft casing or the vertical shaft as 
individual units without disturbing any other 
fitting. The vertical shaft is fitted with an Oldham 
coupling at each end, and these come away with the 
shaft. The engine is 84 mm. bore by 90 mm. stroke, 
giving a capacity of 498 c.c. and an R.A.C. rating of 
4-98h.p. Itislubricated on the dry-sump principle, 
the oil being circulated by a double plunger pump on 
the side of the crank-case. 

An entirely new design of twin-cylinder engine 
is fitted to the P. and M. Panthette, illustrated 
in Fig. 1, page 450. This is shown on the 
stand of Messrs. Phelon and Moore, Limited, 77, 
Mortimer Street, W.1. In this case unit con- 
struction of engine, clutch, and gear-box is em- 
ployed, the latter being of the four-speed type. 
The engine is a V-twin with overhead valve gear. 
The bore of the cylinders is 50 mm. and the piston- 
stroke is 62-5 mm., giving a capacity of 246 c.c. 
The machine is thus in the light-weight class with 
an R.A.C. rating of 3-2 h.p. The cylinders are 
arranged across the frame, and have cast-iron 
detachable heads. These are formed with casings, 
in which the valve gear is totally enclosed by 
aluminium cover plates. The valves are operated by 
totally-enclosed push rods from a camshaft mounted 
above the crankshaft, and driven from the latter by 
spur gearing. The valve springs are of the flat-leaf 
type, recalling the Lanchester engine. An interest- 
ing point is that the springs bear on the ends of the 
tappet rods instead of on the valves. This construc- 
tion involves a forked rocker arm, as the rocker 
moves the valve in both directions, but enables a 
very compact arrangement with short valves to be 
adopted. Roller-type big-end bearings are employed 
necessitating a built-up crankshaft. The pistons 
are of aluminium, the gudgeon-pin being clamped 
in the rod. The clutch is of the multi-plate metal 
type, arranged on the engine side of the gear-box. 
From the latter the drive is taken through spiral 
bevels to a cross-shaft carrying the chain sprocket 
for the final transmission. 

Another entirely new machine fitted with a 
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twin-cylinder two-stroke engine is being shown by 
Messrs. Francis and Barnett, Limited, of Coventry. 
We illustrate this machine in Fig. 2, page 450. The 
engine forms one unit with the clutch and gears, and | 
since the two cylinders are formed as a monobloc | 
casting. the whole job is exceptionally neat and free | 
from the numerous excrescences which still | 
frequently mar the appearance of motor-cycle | 
engines. The unit as a whole can be completely | 
detached from the frame by removing the two clips | 
and withdrawing the pin, which form the attachment | 
to the stays. The cylinders are 57-15 mm. bore by | 
67 mm. stroke, giving a capacity of 344 ¢.c. and an | 
R.A.C. rating of 4h.p. The engine is manufactured | 
by the Villiers Engineering Co., Limited, and has a 
detachable aluminium head, aluminium pistons, and 

a flywheel magneto. The lubrication is entirely 
automatic, the quantity of oil supplied to the 

bearings depending upon the pressure in the crank- 

case. This is effected by connecting the crank- 

case, through suitable ports in the crank-shaft 
journals, with the space above the oil in the tank, 

oi] being thus forced from the tank into a drip-feed 

lubricator, from which it is fed to the pistons and to 

the various bearings. Since the pressure in the crank 

case is dependent on the throttle opening, the oil sup- 

ply will be governed by the load, and when the en- 

gine stops, the flow will cease automatically. The 

primary drive is by worm gear, giving a 24 to 1 

reduction, and running in oil. The clutch is of the 

multi-plate type, and runs at engine speed. Three 

gears are provided, the top and bottom being 

engaged by dog clutches, while the middle gear is 

engaged by a sliding pinion. The final drive is by 

Renold 4-in. by 4-in. chain. 

A third machine incorporating a number of 
unconventional features is being shown by Messrs. 
F. E, W. Patents, Limited, Kew Gardens, Surrey. 
It is made as either a single or two-seater, as shown 
in Figs. 3 and 4, page 450. The design marks a 
definite attempt to secure reasonable protection for 
the driver, but perhaps the outstanding feature is 
that in the two-seater model accommodation is 
provided for a passenger immediately behind the 
driver. The engine is a V-twin manufactured by 
Messrs. J. A. Prestwich and Co., Limited, and as 
these engines are exceedingly well known, it is not 
necessary to describe it in detail. It is mounted 
well forward in the duplex frame of the machine 
with the two cylinder-heads facing the front wheel. 
The axis of the lower cylinder thus points towards 
the bottom of the front wheel, as shown in the 
figures. The engine can readily be removed from 
the frame, as the crank-case is hung from the top. 
Additional security is given by two plates at the 
bottom, but as these can be detached by slacking 
back two bolts, they do not interfere with the 
removal of the engine. The drive from the engine 
is by chain to a separate three-speed gear-box, 
from which the final drive is taken to the rear wheel 
by a second chain. The central portion of the 
frame is in the form of a box girder made up from | 
four stayed corner tubes, and this is connected at 
the front by a fully triangulated structure to the 
steering head. The frame also rises at the back 
to the luggage-carrier, which is in the conventional 
position, but instead of parnier bags carries twin 
fuel tanks suspended on each side of the rear wheel. 
The height of the central portion of the frame is 
only a little greater than that of the wheel axles, | 
and, as the seat or seats are carried on springs on | 
this part of the frame, a low riding position is | 
given, The lay-out gives a low centre of gravity | 
which should tend to make the machine unusually | 
stable. The whole of the mechanism is enclosed | 
by means of detachable aluminiuin panels, and this | 
not only ensures protection for the rider, but | 
renders the machine very easily cleaned. 

Supercharging has not made any great progress | 
in this country for either cars or mutor-cycles, and 
is generally only fitted to racing machines. It is | 
therefore somewhat surprising to find a machine | 
equipped with this fitting at the Show, and it will 
be instructive to see whether this is the fore- 
runner of other models. The machine in question is 











shown by Messrs. the Coventry Victor Motor 
Company, Limited, of 137, Cox-street, Coventry. 
The engine has the dimensions of the 499-c.c. 
standard Coventry Victor machine, but has been 
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strengthened up to meet the greater stresses imposed 
by supercharging. We are informed by the makers 
that by fitting the supercharger the output of the 
engine has been increased from 17-5 to 27 brake 
horse-power, and the speed of the machine from 
80 m.p.h. to over 100 m.p.h. The supercharger 
is of the ‘* Berk” type, on the Roots blower prin- 
ciple, and is mounted on the rear of the camshaft 
casing. It runs at approximately twice engine 
speed and is driven by gear wheels from the cam- 
shaft. The instrument is fitted with a clutch, so 
that it can be thrown out of action when not 
required. We hope to describe this machine more 
fully in a later issue. 
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AUTOMATIC PUBLIC WATER SUPPLY. 


THE first public water supply with automatic pump- 
ing plant in this country, was opened on Saturday, 
October 2, at Princes Risborough. Hitherto, the water 
supply of the town and district had been obtained from 
wells, a method no doubt also adopted by the Roman 
users of the Lower Icknield Way, which runs close by 
the site. The cost of a reservoir and the accompanying 
pumping plant is formidable enough for a small town, 
but such an undertaking is usually rendered prohibitive 
by the cost of the constant attendance required. If, 
however, a reservoir or water tower can be dispensed 
with and the labour costs cut down, the scheme of 
replacing the old shallow well system by a constant 
supply becomes practicable. Acting on the advice of 
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Fia. 4. Exterior oF ENGINE House sHOWING AUTO-PNEUMATIC TANKS. 
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their consulting engineer and managing director, 
Mr. D. F. Worger, M.Inst.C.E., M.I.Mech.E., the Rural 
Districts Water Company, Limited, Princes Risborough, 
have laid out their works on the “ Bruston”’ patent 
auto-pneumatic water-supply system, which will meet 
the requirements of the inhabitants of an area of about 
20 square miles, and will need the occasiona! attendance 
of one man only in the full day of 24 hours. 

The plant is illustrated in Figs. 1 to 5, and consists 
essentially of two sets of three-throw pumps, one 
driven by a petrol engine and the other by an electric 
motor, together with two cylindrical tanks, each 
5 ft. in diameter by 15 ft. long. These tanks are 
situated on the discharge pipes from the pumps to the 
water main, and are kept about two-thirds full of water 
against an air pressure of between 120 Ib. and 130 Ib. 
per square inch. Any drawing off of water in the 
mains naturally increases the air volume in the tanks 
and the pressure consequently falls. This operates the 
automatic mechanism on the switchboard and starts 
the pumps, which are, conversely, stopped when the 
pressure rises again to its upper limit. 

The water is obtained from a well 12 ft. in diameter 
and 20 ft. deep in the centre of the engine house, from 
which well a boring 10 in. in diameter extends through 
the chalk down to the greensand. The water thus 
obtained is naturally much softer than that from the 
shallow wells in the chalk, and as it is not exposed to 
the atmosphere, as in a reservoir or water tank, its 
purity should be ensured. The supply appears to be 
ample from the results of test borings in dry periods. 
The present machinery is capable of supplying 72,000 
gallons a day of 24 hours, against a working head of 
300 ft., even if only one pump is working. Provision 
is made for duplicating the entire pumping plant 
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when required, but it is anticipated that even the above 
output will be ample for some years to come. The 
main commences at the tanks outside the engine house, 
as will be clearly seen in Fig. 4. The tanks, valves, and 
a short length of the pipe are uncovered, but no difti- 
culties are expected to arise from frost. At present 
there are six miles of mains, 6 in., 5 in., and 4 in. in 
diameter. 

As will be seen in Fig. 2, there are two sets of three- 
throw pumps with a common driving shaft, formed of 
two parts connected by a coupling at the centre. 
Normally, this coupling is not bolted up, each pump 
having its own independent drive. It is, however, used 
if it should at any time become necessary to drive one 
of the pumps by the motive power of the other. The 
pump to be disconnected is thrown out of gear by sliding 
the driving pinion along the shaft with an ordinary 
striking device. A reference to Fig. 2 will also show 
that either pump can be arranged to discharge. to 
either or both tanks at will. A relief valve is fitted on 
the delivery of each pump to act as an unloader. The 
pumps are made by Messrs. Hayward-Tyler and Co.. 
Limited, Luton, and have each three rams, 4 in. in 
diameter by 6 in. stroke. Each has a capacity of 
3,000 gallons per hour. Their general construction will 
be gathered from Fig. 5. 

The Lister-Bruston automatic power plant which 
drives pump No. 1, consists of a two-cylinder 10 h.p. 
engine, having on its shaft a pulley with a centrifugal 
clutch at one end, the other end being coupled to a 
generator supplying current at 110 volts to a set of 
Tudor batteries consisting of 54 cells. A switehboard, 
seen in Fig. 5, carries the control gear, &c., and the 





plant functions as follows, neglecting for the moment 
No. 2 set :—A pressure gauge, graduated in pounds per 





square inch, is connected directly to the air space in the 
tanks. Its pointer makes contact with two adjustable 
stops set at the pressure limits desired, this contact 
operating a relay switch and either starting or stopping 
the engine according to the position of the pointer. 
Thus, if the pressure in the tank falls due to water 
being drawn off, the current from the batteries is 
switched on to the generator which functions as a motor 
and rotates the engine. The engine starts on no 
compression, the exhaust valves being kept open by a 
solenoid starter, and, moreover, the centrifugal clutch 
does not engage until the speed has reached a certain 
point. When this is attained, the valves are released, 
the engine works normally, and the motor is cut 
out, returning to its ordinary function of a generator. 
The current, in addition to starting, is used for station 
lighting. Stopping of the engine is effected by the 
pressure -gauge pointer making contact with the stop 
limiting the rise of presssre and throwing over the 
relay switch. 

Pump No. 2 is driven by a three-phase motor 
receiving current -at 380 volts from the Aylesbury 
Town power station. It has its own panel on the 
switchboard, which is provided with a pressure gauge 
coupled to the same pipe as that for No. 1 set, but with 
its pointer-stops set at different limits. Thus, if the 
demand for water has reached such a stage that the 
pressure continues to fall below the limit set for No. 1, 
the pointer of the gauge on No. 2 makes contact and 
throws in the switch which starts up the motors driving 
pump No. 2. Both pumps are then working, and the 
rise of pressure which naturally follows, eventually stops 
both the engine and the motor. This is not the only 
automatic device, however, for on both panels there is 
a further starting switch operated by what is virtually 
a governor. Failure in the supply of petrol to the 
engine, or of current to the motor, would result in a 
diminution of the speed of either motive power, and this, 
functioning through the governor, automatically starts 
up the other set as the one previously operating fails. 
No. 1 panel also carries a switch for determining in 
which order the sets shall run; that is to say, whether 
the petro] engine or the motor shall be the reserve set. 
Normally, the Lister-Bruston set is working all the 
time, and the 3-phase motor is kept as the reserve. The 
middle panel of the switchboard is occupied by fuses, 
&c., and the switches and meters for the lead-in from 
the town supply. The switchboard was supplied by 
Messrs. G. C. Pillinger & Co., 53, Victoria-street, S.W.1, 
who are the representatives of Messrs. R. A. Lister & Co., 
Ltd., Dursley, for the southern counties, and the 
patentees of the Bruston auto-pneumatic water supply 
system. The small air compressor, shown in Fig. 1 as 
being driven from the petrol set, is for the purpose of 
making good any pressure losses from the tanks due to 
air being entrained in the outgoing water. A water level 
gauge is fitted to each tank inside the engine house, with 
the limits of the water level marked thereon, and 
according to the readings from this, the compressor is 
made use of. As a rule it is only required to be run 
for a short time at intervals of three weeks or there- 
abouts. The level of the tanks relative to the pump 
delivery pipe is seen in Fig. 3. 

The engine house is 32 ft. long by 21 ft. wide, and 
contains foundations for a duplication of the petrol 
engine and motor. The additional pumps would be 
carried on the girders across the well already in place. 
The three new panels for the switchgear would be 
placed below those on the existing switchboard. 

It may be mentioned here that a small reservoir 
exists at Whiteleaf, near the present site, for serving 
a small group of houses, This has been taken over by 
the Rural Districts Water Company and coupled up to 
the mains of the automatic system. It will be kept as 
a reserve, and is in no sense an essential part of the 
system. 

The method of formally inaugurating the waterworks 
was novel. It was desired to demonstrate clearly to the 
guests the entirely automatic nature of the supply and 
at the same time the steadiness of the pressure. A large 
bonfire was lighted not far from the engine house, 
which was then left quite unattended. When the fire 
was well ablaze, the water from a fire hose connected 
to the main was turned on to it, and the height and 
steadiness of the jet showed very clearly the smooth 
working of the plant, while the promptness with which 
the pumps started ‘when the water began to flow 
indicated that the claims made as to wholly automatic 
starting were substantiated. 








Rapiw ENGINE EReEctIon aT A CoLuiery.—A notable 
feat in engine erection was recently carried out by Messrs. 
Worsley, Mesnes Iron Works, Limited, Wigan, and the 
engineering staff of the Cannock and Rugeley Company. 
A colliery winding engine, which had been in use for nearly 
forty-two years, was dismantled and new engines, weigh- 
ing approximately 75 tons, were erected on the existing 
foundations in five and a half days. Notwithstanding 
the extreme rapidity of assembly, there were no signs of 
overheating in any of the rotating shafts or sliding 
surfaces during the first day’s working. 
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BOILER-EXPLOSION INQUIRIES. 

In accordance with the provisions of the Boiler 
Explosions Acts, 1882 and 1890, preliminary inquiries 
have recently been conducted by Board of Trade Sur- 
veyors into a number of explosions. Of some of these, 
we give brief summaries below. 

Explosion of a Steam-Jacketed Mixing Pan.—An 
inquiry has been held into an explosion of a gas-heated 
steam-jacketed vertical mixing pan at the Golden Seal 
Works, Leicester. The pan which was used for the 
manufacture of confectionery, was a double-walled 
copper vessel having a cylindrical body and a hemi- 
spherical base. It was heated by a gas ring on the 
underside of the outer jacket and the apparatus was 
mounted on trunnions for tipping. On July 1, last, the 
pan exploded with great violence and the apparatus was 
completely wrecked. The accident occurred because 
of excessive pressure, the safety valve failing to act at 
the designed pressure. The safety valve, which was 
quite efficient in its design, was, from its small size 
and light proportions and its positjon, rather liable 
to derangement. It was placed on the side of the outer 
pan, at the level of the adjacent work tables, and the 
glutinous nature of the material boiled in the pan, 
which appeared to find its way over most of the lower 
part of the machine and the outside surface of the pan, 
probably rendered the small valve practically in- 
operative. 

Explosion of a Feed-Water Pipe.—A recent inquiry 
had reference to the explosion of a feed-water delivery 
pipe at a linoleum manufacturing works at Audenshaw, 
near Manchester. The mishap occurred on March 9 
last, and the pipe which failed was part of the feed 
delivery line, leading from the feed pump to a Green’s 
economiser. The explosion was due to the internal 
wastage of the pipe; at the point of rupture, it had 
been reduced to the thickness of paper. The pipe was 
made of wrought iron, of reasonably good quality, and 
had been in use for less than a year. The rapid 
deterioration of the material was attributed to the 
corrosive action of the supplementary feed water, which 
was obtained from the River Tame. This water is 
contaminated with the discharge from neighbouring 
chemical works, and analysis showed that it was 
unsuitable for boiler-feed purposes. 

Explosion of a Sulphuric-Acid Still.—An inquiry held 
in Liverpool dealt with the explosion of an acid still 
at Edge Hill, Liverpool. The still was a cylindrical 
cast-iron vessel of heavy section, 2 ft. 8 in. in internal 
diameter and 3 ft. lj in. in height. It was closed 
with a heavy cast-iron lid, and an iron back bar and 
screw held the cover in place. This back bar, which 
was over 40 years old, was lengthened some 20 years 
ago by welding pieces on to the ends. The still was 
used for producing sulphurous-acid gas. On April 15, 
last, a sudden explosion occurred ; the back bar failed 
in the vicinity of the old weld, and the iron lid was 
overturned. The explosion was due to over-pressure, 
brought about by a heavy fire, a partially choked outlet 
and the absence of efficient relief fittings for preventing 
the pressure from rising above the normal. 








Tue Evecrricat Contractor’s YEAR Book, 1926-27. 
—The organisation of the Electrical Contractors of 
England, Wales and Ireland, comprises The Electrical 
Contractors’ Association (Incorporated), The National 
Electrical Contractors’ Trading Association, and The 
National Federated Electrical Association. The Electrical 
Contractors’ Year Book, 1926-27, which has just been 
issued, contains full lists of members of the three associa- 
tions, together with various reports, memoranda and 
general industrial and commercial information for the 
guidance of electrical contractors. A large proportion of 
the book is devoted to working agreements and rules, and 
schedules of rates of pay and wages in the various dis- 
tricts. The year book is published by The Electrical 
Contractors’ Association (Incorporated), 15, Savoy-street, 
London, W.C.2., and the price is 5s. net. 





A G.W.R. Specrat Traty.—The Superintendent of 
the Line of the Great Western Railway, has sent us a 
log of the special train which conveyed the Australian 
cricket team on their return journey from Paddington 
to Liverpool on October 1 last. The train left Padding- 
ton at 9.5 a.m. and reached Birkenhead at 1 p.m., 
the distance traversed being 210 miles 32 chains, and the 
time occupied 3 hrs. 55 mins. The average speed overall, 
excluding stops, was 54:6 m.p.h,; the average speed 
between Paddington and Wolverham»ton was 60 m.p.h., 
and the maximum speed attained during the journey 
was 92 m.p.h. The weight of the train, excluding the 
engine, was 250 tons. From Paddington to Shrewsbury 
the train was hauled by locomotive No. 4082, ‘‘ Windsor 
Castle,” in charge of Driver Roberts. At Shrewsbury the 
train was taken over by locomotive No. 3811, ‘‘ County 
of Bucks,” in charge of Driver Jones, who completed the 
journey to Birkenhead. Ashendon Junction was 
passed at 9.51 a.m., at a speed of 75 m.p.h. ; Birmingham 
was passed at 10.51, 1 hr, 46 mins. after leaving London, 
at a speed of 63-6 m.p.h. Shrewsbury, which is over 152 
miles distant from Paddington, was reached at 11.45 a.m. 
The changing of the engine occupied 4 mins., and the 
final stage of the journey was via Gobowen, Ruabon, 
Wrexham and Chester. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “‘fine foreign’ and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin metal. 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Cleveland 
pig-iron. The prices given, in the case of steel plates, are for ship, bridge and tank qualities, and 
those for steel rails are for heavy sections. The pig-iron prices are for East-Coast hematite and 
Cleveland iron, both of No. 1 quality. The price of quioksilver is per bottle, the contents of 
which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in other 
cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the 
horizontal lines represent 11. each, except in the case of the diagram relating to tin-plates, in 





which they represent ls. each. 
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LABOUR NOTES. 


As this issue of ENGINEERING went to press before the 
decision of yesterday’s national delegate conference of 
the Miners’ Federation was officially made known, we 
are unable to give the exact form of it. Taking a line, 
however, through the unofficial accounts, which were in 
circulation, of Wednesday’s meeting of the executive 
committee it was, in effect to decline the Government’s 
offer. The districts had, it was stated, rejected the 
proposals by 737,000 votes to 42,000. Moreover, as 
nothing was said about them in any of the reports 
from the districts, the executives’ counter-proposals— 
which are understood to have found little favour 
with the last delegate conference—were presumably, 
ignored. In view of the decisive adverse district vote 
yesterday’s delegate conference could do very little 
to ease the deadlock, although the fact that, in spite of 
the ballot results, men were trooping back to work in 
thousands, gave it a first-rate opportunity. But 
neglect to utilize promising tactical openings has been 
the Federation’s failing all along. The executive and 
the national conference have repeatedly thrown the 
responsibility for decisions on to the rank and file, 
with the ludicrous result that the miners are now 
nominally opposed to an economic settlement, and 
are at the same time returning to work in thousands 
on district arrangements. 





On Wednesday night, the Prime Minister’s private 
secretary, Sir Ronald Waterhouse sent an important 
letter to Mr. Cook for submission to yesterday’s dele- 
gate conference. In the course of it, he said :—*I am 
to make it clear that the Government cannot consent 
to any further prolongation of the offer, which has now 
been before your Federation for nearly three weeks, 
but must ask the Conference to give a definite decision, 
either to accept it or to refuse it. If the offer is 
accepted by the Miners’ Federation, and an immediate 
and general resumption of work takes place in con- 
sequence of it, the Government will introduce the 
necessary legislation at the earliest possible opportunity. 
Otherwise, the offer, which will then have obviously 
failed in its primary purpose, must be regarded as 
withdrawn.” 





Addressing the annual convention at Detroit on 
Monday of the American Federation.of Labour, Mr. 
William Green, the president, said that with increased 
production Labour, would carry out its policy of 
demanding a shorter working week. Labour would 
not sacrifice wages, but would establish a shorter week 
as industry was ready for it. A five-day week seemed 
inevitable, because economically it was sound and 
profitable. It was profitable for the worker and the 
employer, and had been tremendously successful in 
numerous crafts in which already it was partially 
effective. The policy of Mr. Henry Ford, Mr. Green 
claimed, was a direct consequence of Labour’s fore- 
sight. Unnoticed by the public, they had established 
a five-day week for night printers, and in some of the 
garment trades. A shorter week was made necessary 
by the nervous tension under which industry was 
carried on. If a workman was to live at all, they must 
reduce the number of hours, to conserve his strength. 
Men would not remain in places of employment where 
they suffered physical degeneration and nervous 
exhaustion. 





The Ministry of Labour states that on September 27, 
1926, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,527,800, of whom 1,162,000 were men, 43,500 boys, 
279,000 women, and 43,300 girls. Of the total number 
79,400 were ‘‘ persons normally in casual employment.” 
On September 20, 1926, the number of unemployed 
persons was 1,530,884, of whom 1,159,058 were men, 
44,268 boys, 283,565 women, and 43,993 girls; and 
on September 28, 1925, it was 1,336,155, of whom 
1,068,948 were men, 40,358 boys, 195,867 women, and 
30,982 girls. The total of 1,527,800 on September 27 is 
exclusive of persons who ceased work in the coalmining 
industry on account of the dispute. 





A ballot on the question of continued affiliation with 
the Trades Union Congress is being taken by the Civil 
Service Clerical Association. “If,” Mr. W. J. Brown, 
the secretary, says in his monthly message to members, 
“the ballot result is unfavourable to continued affilia- 
tion we shall, of course, disaffiliate forthwith. If the 
result is favourable to continued affiliation, then there 
arises the question of how we are to act should the 
Government’s proposed legislation be carried. We 
cannot, whatever we may think of the proposed Bill, 
and however much we try to prevent its becoming law 
disobey it if it does become law. We should have to 
obey it while it remained in force, and the Trades 
Union Congress has been informed that, irrespective 
of the result of our ballot, our affiliation will cease as 
from the date on which the Bill—should it do so— 
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passes into law. Quite apart from the ballot, however, 
there is a clear duty resting on us all to prevent the 
passage of the Bill if we possibly can.” 





At a meeting in London on Monday of the National 
Wages Board for Railways, Mr. B. Wild submitted, on 
behalf of the Associated Society of Locomotive En- 
gineers and Firemen, an application from the drivers 
and firemen at Edinburgh (Waverley) station on the 
L.N.E.R. that certain shunting turns should be regarded 
as train turns of duty. The executive of the society, 
he explained, had reviewed the circumstances, and as 
the principle involved had been decided by the findings 
of the National Wages Board on August 25, 1925, he 
asked for an interpretation of that decision. He also 
asked for a similar interpretation in the case of Driver 
J. Barrett, Gorton, L.N.E.R. A discussion on the 
definition of “shunting turns” took place, and 
Mr. Clower, who represented the company, urged that 
the application was an attempt to destroy the system 
of classification. Mr. Wild said that that was not the 
case. They would be glad, he submitted, to wash the 
whole system out so far as the men were concerned, for 
they did not believe init. But they would not attempt 
to do it in the way Mr. Clower suggested. The Board, 
by a majority, decided that they had no jurisdiction to 
deal with the cases which, in their opinion, should come 
to the National Board, through the usual channel of 
the Central Wages Board. 





The report of the Railway Benevolent Institution for 
the year ended April 30, 1926, states that the revenue, 
apart from that of the Derby Orphanage, totalled 
110,586/., or 19,0317. more than in the previous year. 
The better result was chiefly due to the highly successful 
collection made in commemoration of the Centenary of 
Railways. Donations, which included 15,012/. from a 
‘Flag Day ”’ collection, were greater to the extent of 
14,2631. ; subscriptions were less by 3091., while 
legacies and interest showed increases of 3,230/. and 
1,7171. respectively. The increase in the amount of 
interest was helped by the receipt of 5311. 19s, 7d. 
compound interest in respect of a reversionary bequest, 
the payment of which was delayed through the Institu- 
tion not being properly described, and questions relating 
to the next-of-kin having to be settled by the Court. 
There was an increase of 1311. in the receipts of the 
New Year’s Day Collection for the Casualty Fund, 
from which, on an average, the cases of 117 widows and 
injured members were relieved weekly during the 
twelve months. The payments in relief of distress 
showed an increase of 8441. At the close of the year 
2,078 widows and members were in receipt of perma- 
nent annuities, compared with 1,965 in the previous 
year, and 1,021 applicants were awaiting admission 
compared with 1,065. The working expenses were 
less by 7751. than in 1925. 





The executive committee of the National Union of 
Railwaymen have had under consideration requests by 
several branches that they should take up the question 
of fusion with other railway unions. They appreciate, 
it is officially intimated, the anxiety of the branches in 
the matter. The members are assured that the 
Committee are at all times prepared to amalgamate for 
the common good of railway trade unionism, and “ will 
welcome the time when their aspirations can be given 
effect to.” 





At a recent meeting in Edinburgh of the Flax and 
Hemp Trade Board, consideration was given to a 
motion by the representatives of employers proposing 
to reduce all the existing minimum rates of wages by 
15 per cent., and to a motion by the representatives of 
workers proposing to increase them by 15 per cent. 
After prolonged discussion, both of the motions were, 
by consent, withdrawn, and it was agreed to propose 
to reduce all the existing minimum rates of wages fixed 
by the Board by 4 per cent. No change, it is officially 
intimated, can be made in the rates at present in 
operation until the Board have considered any objec: 
tions that may be lodged and the variation has been 
confirmed by the Minister of Labour. 





Senator Blomjous, who was technical adviser to the 
Dutch employers’ delegate at the first session of the 
International Labour Conference (Washington, 1919), 
recently addressed the following questions to the 
Netherlands Minister of Labour, Commerce and 
Industry, with reference to the prolongation of working 
hours in Italy :— 

(1) Is the Minister aware that a prolongation of hours 
of work has been authorised in Italy, thus permitting 
an increase of production in several industries and a 
consequent decrease of cost per unit ? 

(2) Is the Minister aware that the Italian Prime 
Minister, in an interview with the Daily Mail, indicated 
that the textile industry was one of the branches of 
Italian industry which had need of this prolongation of 
hours of work in order to meet foreign competition ? 
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(3) Is the Minister aware that the textile industry in 
Italy has arrived at a stage of great prosperity during 
the past year; and that it has become a serious competitor 
of the Netherlands textile industry on the world 
market ? 

(4) Referring to the passage in the report of the 
proceedings of the First Chamber of the Netherlands 
in 1921 relating to the effect of a prolongation of working 
hours by five hours per week on the cost of production, 
the undersigned begs the Minister to state whether he 
is aware that the prolongation of working hours officially 
sanctioned in Italy will result in a considerable decrease 
in the cost of production per unit for the industries 
affected, and that thereby the possibility of Italian 
competition with the Dutch textile industry will be 
proportionately increased ? 

(5) Is the Minister of opinion (as is the undersigned) 
that this new regulation of hours of work will affect 
adversely Dutch industry in general, and particularly 
the textile industry, and in this way contribute to an 
increase in unemployment ? Is the Minister prepared 
to take measures so that the cost of production per unit 
can be reduced, without causing any decline in the 
standard of living of the workers ? 





The Minister of Labour, Commerce and Industry 
replied in the affirmative to questions (1), (2) and (3). 
As regards questions (4) and (5) the answer was as 
follows :—‘* The Minister, like his two predecessors, has 
shown, by authorising over-time hours, that he wishes 
to make possible the maintenance of activity in indus- 
tries in which foreign competitors have a special advan- 
tage as a result of lower costs of production (particularly 
during periods of currency depression). They have 
pannus for the prohibition of imports and other 
methods of protection. In determining the importance 
and the duration of the authorisations for working 
overtime, he and his predecessors have always en- 
deavoured to militate as little as possible against the 
international introduction of the 48-hour week. It 
was for this reason that all the authorisations were 
granted ad hoc, and for such a period that they cannot 
be prolonged once the causes which led to their intro- 
duction no longer exist. The prolongation of hours of 
work in Italy may have such an influence on the Nether- 
lands textile industry that a prolongation of working 
hours in the Netherlands will be unavoidable in order 
to prevent or diminish unemployment. In this case, 
the Minister will act in the manner indicated.” 





According to an Act of August 11, 1926, amending 
Sections 64, 98, and 172 of Book II of the French 
Labour Code, it is now forbidden (says Industrial and 
Labour Information) to employ a foreign workman in 
France unless he is in possession of a foreigner’s 
identity card showing him to be a workman. The 
identity card must also bear the date of the labour 
contract in virtue of which it was originally issued. 
During the year following the issue of the card, it is 
illegal to employ the bearer in any capacity other than 
that stated on the card, unless the worker in question 
possesses a special permit issued by an employment 
exchange. In issuing these permits, the exchanges 
will take into account the state of the labour market 
and the qualifications of the applicant. Employers are 
forbidden to engage a foreign worker before the expiry 
of the labour contract in virtue of which the worker in 
question was first admitted into France, unless (1) the 
worker is in possession of a certificate from his previous 
employer to the effect that his contract has been can- 
celled, (2) a period of one year has elapsed since the 
admission of the worker into France, or (3) the worker 
is the bearer of a card of introduction issued by a public 
employment exchange after the necessary inquiries 
have been made from his previous employer. In order 
to facilitate the contro] of foreign workers, all employers 
are required to enter them, within 24 hours after their 
engagement, in a special register, which must be shown 
on demand to the representatives of the competent 
authorities. All persons contravening the above 
provisions are liable to a fine of from 500 fr. to 1,000 fr. 
for each offence, except in the case of omission to make 
an entry in the special register, which entails a fine of 
from 5 fr. to 15 fr. 





METALLURGICAL SoOcIETIES IN THE MIDLANDS.—A 
co-ordinating committee has been formed in the Bir- 
mingham district, comprising the delegates from each 
of the councils of the Staffordshire Iron and Steel Insti- 
tute, the Birmingham Metallurgical Society, and the 
Birmingham Local Section of the Institute of Metals. 
The function of this committee is to produce a unified 
programmme of lectures, discussions, &c., for the three 
societies mentioned, thus precluding the overlapping of 
meetings and the repetition of subject-matter at lectures. 
It is emphasised, however, that this procedure in no 
way interferes with the identity of membership of each 
individual society, and no attempt at any form of 
amalgamation, in a general sense, has been suggested or 
desired. The prospects, so far, are very promising, and 
an excellent programme has been published. 
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THE CONSTITUTION AND STRUC- 
TURE OF THE COMMERCIAL ALU- 


MINIUM-SILICON ALLOYS.* 


By A. G. C. Gwysr, B.Sc., Ph.D., and H. W. L. 
Puiturrs, B.A., A.I.C. 


With an Appendix upen ‘‘ The Properties of the Modi- 
fied Aluminium-Silicon Alloys.” By D. StockpaLe, 
M.A., Ph.D., and I. Witxrnson, A.M.C.T. 

In view of the increasing use of aluminium-silicon 
alloys in industry, it appeared to the authors, who 
have had occasion to investigate these alloys somewhat 
fully, that a paper dealing with their constitution 
and properties might not be without interest to the 
members. Alloys, as prepared by the dissolution of 
silicon in molten aluminium, are now very generally 
known as “normal” alloys. They form a simple 
eutectiferous series with a limited degree of solid 
solubility at either end. According to the early 
investigations of Fraenkelt and of Roberts,t and 
later confirmed by Rosenhain, Archbutt and Hanson,§ 
the eutectic point is at 10 per cent. to 10-5 per cent. 
of silicon and the freezing point 576 deg. C. to 
578 deg. C. A recent investigation by the research 
staff of the Aluminium Company of America|| places 
the eutectic composition at 11-6 per cent. of silicon, 
and their diagram is in almost exact agreement with 
that of the present authors, who find that the eutectic 
composition is 11-7 per cent. of silicon and the 
freezing point 577 deg. C. 

Alloys containing less than this percentage of 
silicon consist of primary aluminium together with 
eutectic ; the silicon in the eutectic is in the form of 
needle-shaped crystals. Alloys containing more than 
11-7 per cent. of silicon consist of primary silicon 
together with eutectic. The primary silicon usually 
appears in the microsection in the form of equiaxed 
crystals of regular outline, often associated with free 
aluminium, while the eutectic silicon possesses its 
characteristic acicular habit. 

Aluminium-silicon alloys as prepared in the electric 
furnace by electrolysis, or as prepared by direct 
fusion of the two substances, but treated while still 
in the liquid state with one of the patented so-called 
‘“‘ modifying agents,” are known as “ modified ”’ 
alloys. They differ from the “normal” alloys in 
several striking particulars. The most imnortant 
feature of the “ modified” alloys is the marked 
increase in the dispersion of the silicon, and in a 
microsection taken from a ‘ modified” chill-cast 
specimen it is no uncommon thing to find the eutectic 
so fine as to be resolvable only with the greatest 
difficulty. Jeffries,4, and also Edwards and Archer,** 
have shown that the X-ray spectrograph of the 
“normal” alloy shows the pattern characteristic 
of free silicon superimposed upon that of aluminium, 
and that an identical pattern is obtained from the 
‘* modified ” alloy. In other words, both silicon and 
aluminium are present in the same crystalline form 
in both “ normal” and ‘“ modified’ alloys, and no 
intermetallic compounds are formed. The ** modified ”’ 
alloys form a eutectiferous series, but the eutectic 
composition is altered by ‘ modification,” and in 
the authors’ experiments it was found that the 
all-eutectic ‘‘ modified’ alloy may contain as much 
as 15-17 per cent. of silicon. Further, the freezing 
point of the eutectic may be lowered by as much as 
18 deg. C. The extent of the eutectic displacement and 
of the lowering of the eutectic temperature is not, 
however, constant, but depends upon the conditions 
of “ modification’ and upon the rate of cooling 
employed. 

Modifying Agents.—At the time when this investi- 
gation was commenced the only “ modifying agent ”’ 
known to the authors was sodium fluoride, and 
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and their fluorides, it was discovered that a limited 
number of their compounds are capable of effecting 
“ modification’; in particular, the peroxides, hy- 
droxides, and amides. Lithium compounds seemed 
to be without effect. The metals of the alkaline 
earth group and their peroxides, and also magnesium, 
were found to be ‘“ modifiers,” and cadmium was 
mentioned in the Edwards, Frary and Churchill patent. 
Zinc, although chemically resembling both magnesium 
and cadmium in certain respects, exercised no 
“ modifying ” effect. Certain of the elements of the 
nitrogen group were found to function as “‘ modifying 
agents ”’—namely, arsenic, antimony and _ bismuth, 
and indeed the use of the two latter had been patented 
by Edwards,* although this was not at the time known 
to the present authors. Phosphorus and vanadium 
were without action. 

Theories of Modification—One of the earliest of 
these theoriest was that the ‘“ modifying agent” 
acted as a true flux in the chemical sense, removing 
alumina and silica, and thus bringing about a more 
intimate mixing of the alloying elements. While this 
theory offers a possible explanation of the improvement 
in mechanical properties brought about by the 
“‘ modifying” process, it is a little difficult to see 
how the very marked changes in microstructure 
would be caused thereby. The chief objection to this 
theory lies in the number and diversity of the substances 
capable of effecting ‘“‘ modification,” whilst other 
substances, such as sodium bisulphate, which is a 
known solvent for alumina, and sodium carbonate, 
which reacts with silica, are entirely without 
“ modifying ’’ action. Another theory, and one which 
was held by the present authors during the earliest 
stages of this investigation, was that there were in 
reality two systems of aluminium-silicon alloys— 
one stable, the other metastable. Subsequently, it 
was discovered that there was not an absolutely 
sharp distinction between ‘‘ normal” and “‘ modified ” 
alloys, but that it was possible to obtain a series of 
alloys showing a regular gradation in structure between 
fully ““normal” and fully ‘“ modified.” Conclusive 
evidence as to the absence of any metastable constituent 
—chemical compounds or allotropic modifications—in 
the ‘“‘ modified” alloys, as mentioned above, was first 
established by Jeffries,t who examined the alloys by 
means of the X-ray spectrometer, and was successful 
in showing that both ‘‘ normal” and ‘ modified ” 
alloys gave the usual diffraction pattern characteristic 
of a mixture of aluminium and silicon. In view of 
these facts, and of the thermal evidence, this theory 
was abandoned. 
| It is known that sodium and aluminium are almost 
| completely immiscible in the liquid state, and it is 
| therefore possible that in commercial aluminium- 
silicon alloys a separation might take place into two 
liquid phases. Here again the laws of heterogeneous 
equilibrium would postulate an invariant point, the 
alloy consisting of two solid phases, aluminium and 
silicon, two liquids, and vapour, and would further 
require constancy and coincidence of the melting and 
| freezing points. 

The * modified *’ structure is essentially a metastable 
one, and a crucible full of metal which would give a 
fully ‘‘ modified’ ingot on chill-casting, would, if 
stirred, give an ingot possessing a fully ‘‘ normal ” 
structure. It is therefore evident that the true 
explanation of ‘‘ modification’? would have to be 
|looked for in some condition of transient stability. 
| A series of articles by Jerome Alexander§—to whom the | 
/authors would acknowledge their indebtedness— | 
| furnished a clue to the required solution. A_ brief 
outline of the authors’ theory was included in the 
| specification of the British Patent 219346, and some 
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and, more especially, of the silicon, the molten alloy 
thus tending to become supersaturated with respect 
to the silicon. The finer structure of the eutectic 
in “ modified ” alloys is ascribed by them partly to 
the obstructing effect of the globules of sodium, and 
partly to the rapid formation of silicon nuclei in the 
undercooled, supersaturated liquid. According to their 
alternative theory, the growth of the silicon crystals 
is hindered, not mechanically, but by the adsorption 
of sodium, the latter functioning as a protective colloid. 
In their opinion, it is purely a matter of speculation 
which of these two theories is correct. 

The authors’ theory of “ modification” may be 
briefly stated as follows :—When aluminium-silicon 
alloy is molten, and at a temperature considerably 
higher than its melting point, it is probable that the 
silicon and aluminium are in true solution; in other 
words, both constituents exist in a state of atomic 
dispersion. When solid the greater portion of silicon 
is present, dispersed in crystals of size readily visible 
under the microscope. A small quantity, of the order 
of 0-5 per cent. at room temperature, remains in 
atomic dispersion in the aluminium in “ solid solution,” 
but this may be disregarded at the moment. In 
solidifying, the silicon and aluminium pass from 
atomic dispersion to the crystalline form, and it may 
be assumed, with Alexander,* that this transition is 
gradual. At some stage during the process, therefore, 
the silicon and aluminium aggregates will be of 
“colloidal dimensions,” and will therefore possess 
some, at least, of the properties associated with the 
colloidal state. It cannot be too strongly emphasised 
that, while originally the term “ colloid ” was retained 
for such substances as albumen, gelatin, casein, &c., at 
the present day, the term simply refers to a particular 
state of subdivision, and has no reference to the nature 
of the substance in question. Colloid chemistry is 
solely concerned with particles of such dimensions 
that surface effects, such as surface tension and 
electrical charges, cannot be neglected, and indeed 
play a greater part in determining the behaviour of 
the particle than other more intrinsic properties. such 
as chemical reactivity. Alexander gives the diameter 
of particles lying within the colloidal limits, and 
possessing colloidal properties, as 10-7 cm. to 10-5 cm. 
the largest being just beyond the limit of resolvability 
of a microscope. 

It is well known that the colloid state is an unstable 
one, and that the colloid particles tend to grow or to 
coalesce. Their rate of growth may be accelerated 
or diminished by the addition of appropriate reagents, 
and these are known as coagulants and protectors 
respectively. Having regard to all the facts which 
have come to light, not only in their own investiga- 
tions on these alloys, but also in those of others, it 
appears to the present authors that the most satisfactory 
explanation of the behaviour of ‘‘ modifying agents ” 
is to assume that they function as colloid protectors. 
They do not, of course, confer complete protection 
upon the colloidal silicon and aluminium, but simply 
retard their aggregation. 

Modification” without the Use of a Protector.—If it 
be assumed that the action of the “ modifier” is 
simply to stabilize, more or less completely, a pre-exis- 
ting colloidal state, then it should be possible to obtain 
some evidence of the existence of this state, or to retard 
the transition from colloidal to crystalline, by the 
employment of the common metallurgical device of 
quenching. in other words, it should be possible, by 
quenching alone, and without the use of a modifier, to 
produce modified alloys. It had been claimed by 
Archer and Edwards} that ‘‘ modified ”’ silicon alloys 
could be obtained by rapid cooling alone, and whilst 
the present authors were unable to confirm that chill 





|time after the filing of this application an article 
| appeared by Edwards and Archer)! showing that the 


‘casting brought about sufficiently rapid cooling, they 
| nevertheless found that complete ‘ modification 


attention was therefore directed to the problem of | research staff of the Aluminium Company of America | could be effected by drastic quenching. 


finding other, and possibly more suitable, reagents 
capable of bringing about the desired changes. Subse- 
quently, the issue of a patent to Edwards, Frary 
and Churchill disclosed the fact that the alkali metals 
sodium and potassium, and to some extent cadmium 
and bismuth, were capable of functioning as ‘* modifying 
agents,” and the use of sodium for this purpose was 
independently discovered by Curran.ft During the 
course of this investigation, the majority of the com- 
moner elements and their compouads, and some of the 
rarer elements, were studied from this point of view. 
In addition to the alkali metals soaium and potassium 


* Paper read before the Institute of Metals, Liége, 
on September 2, 1926. Abridged. 

} 4. anorg. Chem., 1908, vol. lviii, page 154. 

$ J. Chem. Soc., 1914, vol. cv, page 1383. 


jhad arrived at very similar conclusions. In this 
| publication, these authors put forward two theories. 
| According to their investigations, sodium is soluble 
| in molten aluminium to a very slight extent, and the 
| solubility decreases rapidly with falling temperature. 
|They assume that, when the “ modifying agent” is 
; added a certain amount of sodium is dissolved corre- 
| sponding with the solubility relations at the tempera- 
|ture; this sodium is thrown out of solution in an 
; extremely fine state of subdivision as the alloy cools, 
|and, according to one theory, is assumed to obstruct 
/mechanically the crystallisation of the aluminium, 





| * U.S. Patent 195048. Filed Feb. 14, 1923. 

| + Cf. Guillet, “Les Alliages Al-Si et leurs emplois 
| industriels,”’ Rev. Met., 1922, vol. xix, page 303, a transla- 
| tion of which, by R. J. Anderson, was given before the 


§ Eleventh Report to the Alloys Research Committee | American Foundrymen’s Association, October, 1924. 
of the Institution of Mechanical Engineers, 1921. 1 
i) Edwards, Chem, and Met. Eng., 1923, vol. xxviii, 
page 165. 
Chem. and Met, Eng., 1922, vol. xxvi, page 750. 
** Ibid., 1924, vol. xxxi, page 504, 
tt Chem. and Met. Eng., 1922, vol. xxvii, page 360. 


| See also ENGINEERING, 1925, vol. cxix, page 47. 
| t Jeffries, Chem. and Met. Enj., 1922, vol. 
page 750. 
§ Chem. and Met. Eng., 1922, vol. xxvi, pp. 54, 119, 
170 and 201. 
|| Zbid., 1924, vol. xxxi, page 504. 


Xxvi, 


| Thermal Analysis.—It was then decided to investigate 
the constitution of the ‘“ normal” and “ modified” 
| silicon alloys by the usual methods of thermal analysis. 
|A series of chill-castings was prepared containing 
from 0 to 20 per cent. of silicon, each ingot weighing 
| about 200 grm., and samples were removed for analysis. 
|The remainder of each ingot, weighing 180 grm. in 
each case, was melted and a cooling curve was taken. 
The rate of cooling in these experiments was approxl- 
mately 8 deg. to 10 deg. C. per minute in all cases. A 
platinum—platinum-rhodium thermocouple, which was 
calibrated against the freezing points of sodium 
chloride, aluminium (99-6 per cent.) the CuAl, —Al 
| eutectic, zinc, lead, tin, and the boiling point of water, 
was used in conjunction with a deflection potentiometer 
of the Carpenter-Stansfield type. After sectioning, 
the remainder of the ingot was remelted, heated 
to 750 deg. C., and treated at that temperature 
with 5 per cent. of sodium hydroxide; the alloy was 





* Loc. cit. sit 
+ U.S. Patent, filed Jan. 27, 1920. British Patent 


171,997. 
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then skimmed, replaced in the furnace, and a cooling 
curve was taken. It was found that ‘“ modified” 
structures always resulted, irrespective of the rate of 
cooling, provided that the alloy was entirely free 
from mechanical disturbance. Anything in the nature 
of stirring caused a reversion to equilibrium conditions, 
“normal” structures resulting, and “‘ normal” types 
of cooling curve being obtained. 

As a result of these and other experiments, the all- 
eutectic alloy of the “ normal” series was determined 
to contain 11-70 per cent. of silicon, and to freeze at 
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577 deg. C. The equilibrium: diagram, as determined 
by the present authors for the aluminium-silicon 
series, is given in Fig. 14, the determination of the 
extent of solid solubility at the aluminium end being 
carried out by prolonged annealings. 

The cooling curves of the ‘“ modified” alloys, as 
obtained with the above-mentioned rate of cooling, are 
preferably considered in three groups : 


(i) — alloys containing 0 to 11-70 per cent. 
n. 


con. 
(ii) Those containing 11-70 per cent. to 12-85 per 
__. cent. silicon. 
(iii) Those containing 12-85 per cent. to 18-77 per 
cent. silicon. 











Typical cooling curves of alloys in each of the above 


groups, together with two typical ‘‘ normal” cooling 
curves, are plotted in Fig. 15. If the cooling curve 
of the “ modified” alloy containing 8-91 per cent, 
of silicon be compared with that of the same alloy in 
the “ normal ” state, it will be seen that the temperature 
of separation of the primary aluminium is slightly 
lowered by “ modification.” At 574 deg. C. the 
eutectic commences to separate, but the amount of 
heat evolved by its crystallization is, under the con- 
ditions of the experiment, quite insufficient to com- 
pensate for the heat lost by the crucible and contents 





Fig. 18. 14:3 Per Cent. S1, 0°35 Per Cent. 
Fr. Curitt Cast. Unetouep. x 200. 





Fie. 20. 14°3 Per Cent. St, 0°35 Per Cent. 
Fr. Same Atboy as Fig. 18. TREATED 
with 0:05 Per Cent. Na at 750 Dua. C. 
Cum Cast. Ercuep HF. x 200. 


due to radiation. The temperature therefore con- 
tinues to fall, and instead of the definite arrest or 
horizontal which was obtained in the case of the 
“normal” alloy, the curve simply shows an in- 
crease in the time intervals for equal decrements of 
temperature. It is evident that the solidification of 
the eutectic is being hindered by the ‘“ modifying 
agent.” The rate of solidification increases as the 
temperature falls, the reason for this being the general 
one that the rate of transition from metastable to 
stable conditions is greater the farther removed the 
system is from the transition temperature, which, in 
this case, is the temperature at which liquid can exist 
in equilibrium with solid aluminium and solid silicon, i.e. 
577 deg. C. 

Provided that the quantity of liquid is sufficient, a 
temperature is ultimately reached at which the rate of 
evolution of heat due to solidification is equal to the 








rate of loss of heat by radiation, and the curve becomes 
horizontal. It is obvious that this temperature is 
lower the greater the rate of cooling employed. With 
rapid rates of cooling, it may happen that the whole 
of the liquid has solidified Ban this horizontal is 
reached. In this case, the time intervals continue to 
increase until the greater portion of the liquid has 
solidified, after which they decrease rapidly in the 
usual manner. This has happened in the case now 
under consideration. The curve shows a peaked arrest 
with a maximum at 564 deg. C., but no horizontal. 





Fie. 19. 14:3 Per Cent. S1, 0°35 Per Cent. 
Fr. Same Atuoy as Fig. 18. Treatep 
WITH 0°01 PER Cent. Na at 750 Dea. C. 
Cutt Cast. UNetTcHED. xX 200. 





Fig. 21. 14:3 Per Cent. 81, 0°35 Per Cent. 
Fre. Same Atboy As Fie. 18. TREATED 
witH 0°10 Per Cent. Na at 750 Dea. C. 
Cait Cast. Ercoep HF. x 200. 


It follows that the peak temperature would be lower 
the more rapid the rate of cooling. 

In the foregoing discussion, it has been assumed that 
the protector only reduces the linear speed of crystal - 
lization, and it has been shown that this explains the 
general shape of the cooling curves of the “ modified.” 
alloys. There is, however, a possibility which cannot 
be disregarded, and that is, that the protector may 
lower the power of spontaneous nucleus formation 
possessed by the constituent in question. 

The second group of alloys (11-70 per cent. to 12-85 
per cent. silicon) comprises those which, in the “ normal ” 
state, contain primary silicon, but which, in the “ modi- 
fied’ state, contain primary aluminium. In these 
alloys, and under the conditions mentioned, super- 
cooling takes place in the case of the silicon, and the 
aluminium solubility curve is crossed before any 
deposition of silicon occurs. 
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cent. to 18-77 per cent. 
silicon) contains those ys which, in both the 
“normal” and “ modified” states, contain primary 
silicon. In these alloys, silicon commences to separate 
at a temperature slightly lower than in the corres- 

ing “ normal ” alloy, and, as will be seen from the 
curves, Fig. 15, the separation is retarded by the 
protector, and instead of a definite break in the curve 
only a change of direction occurs. At about 575 deg. C., 
the aluminium solubility curve is crossed, and this 
constituent separates. It is invariably deposited on 
the existing silicon crystals, forming a complete 
sheath, and there is thus no free silicon in contact with 
the liquid to serve as nucleus for the deposition of the 
eutectic silicon; this is therefore supercooled just as 
in the case of the alloys on the aluminium side of the 
eutectic. 

The results of the thermal analysis have been collected 
together in the form of a diagram, Fig. 17, but it must 
be understood that this diagram only holds for the 
conditions of “ modification’ and for the particular 
rate of cooling employed. If the rate of cooling be 
varied, the general form of the cooling curves remains 
unaltered. The temperature of maximum heat evolu- 
tion is lowered with more rapid cooling, and approaches 
the true arrest temperature characteristic of the alloy 
in the “‘ normal” condition if slower rates of cooling 
are employed. 

Effect of Variation in the Quantity of ‘‘ Modifying 
Agent”” Employed.—In order to determine the effect 


The third group (12-85 


| 


structure of the alloy (Fig. 20). It will be seen that the 
eutectic is now of the “‘ modified ” type though some- 
what coarse, but that the silicon is considerably more 
massive than in Fig. 19, and is associated with dendritic 
aluminium. It would appear probable that the quantity 
of protector added was sufficient to stabilize part, but 
not all, of the colloidal silicon and aluminium, and that 
in places unprotected silicon and aluminium crystallized 
out. Alexander* obtained localized areas of this type 
in the crystallization of plaster of Paris in the presence 
of 0-01 per cent. of gelatin. With 0-10 per cent. of 
sodium (Fig. 21), the whole of the silicon has been 
protected and appears in the fine eutectic. This 
particular ingot was, in fact, almost completely eutectic, 
and the small aluminium dendrites photographed were 
the only ones on the polished section. 

With 0-20 per cent. of sodium, the crystallization 
is so far impeded that the aluminium supersolubility 
curve is crossed, and the aluminium appears as well- 
defined and numerous dendrites. At the same time, the 
eutectic is slightly coarser. A possible explanation 
of this coarsening lies in the fact that the protection 
conferred by the modifier is only partial, and that the 
subsequent growth of the silicon nuclei depends on their 
size and on the surface tension at the silicon-aluminium 
and silicon-liquid interfaces. Both of these factors 
would be influenced by the quantity of modifier added. 
A larger quantity of modifier would hinder the initial 








| coalescence of the colloidal silicon particles and so give 


a finer structure which would be more unstable ; 


of varying the quantity of “ modifying agent,” five | it would also, in accordance with the usual principles 


stock alloys 


were prepared containing, respectively, | of adsorption, increase the thickness of the adsorbed 


8-91 per cent., 12-40 per cent., 13-79 per cent., 14-3 | layer surrounding the silicon particles and reduce the 


per cent., and 36 per cent. of silicon. The first three of | surface tension. 


these alloys were intended primarily for purposes of 
thermal analysis, and 200 gramme quantities were, 
treated at 750 deg. C. with 1 per cent., 3 per cent., 5 per 
cent., and 10 per cent. of sodium hydroxide, and the 
cooling curves were taken. In the case of the alloy 
containing 8-91 per cent. silicon, the results were as 
follows :— 











Eutectic. 
Quantity of Primary _ a 
NaOH. Aluminium. Maximum 
Initial teat 
Deposition. Evolution. 
Per cent. Deg. ¢ Deg. C Deg. C. 
0 593 576 —_— 
1 590 574 571 
3 590 573 566 
5 590 574 564 
10 589 574 564 














This coarsening is associated with 
a deterioration in the mechanical properties. With 
still greater quantities of sodium, the dendrites of 
aluminium become more numerous and larger, and the 
eutectic coarser. At about 1 per cent. of sodium, a new 
constituent makes its appearance. This constituent 
is greyer in colour and softer than silicon, and is 
unattacked by the usual etching reagents. It is usually 
associated with unsoundness and is a marked centre 
for atmospheric corrosion. On heating in air to 





| 550 deg. C., this constituent darkens throughout its 
entire mass, and by these means can be readily dis- 


| tinguished. This constituent is not visible under the 
| microscope in alloys modified with the quantity of 
| reagents usual in commercial practice, and indeed has 


| 


only been detected when metallic sodium itself has 


| been used as the ‘‘ modifying agent’ and in excessive 


| quantities. 


| 
| 


Alexander} makes the statement that the presence 
of a colloid protector forces the crystallizing substance 


| to assume globulitic or dendritic forms. The dendritic 


These figures are particularly interesting as showing | habit of the aluminium in modified silicon alloys is 
that the various arrest temperatures reach steady values | very striking, and reference has also been made to the 
at about 5 per cent. of sodium hydroxide, and are not | globular form of the primary silicon in these alloys. 


further lowered by the use of larger quantities of 
“ modifying agent.” 


| 


| The series of alloys containing 36 per cent. of silicon, 


which concluded this phase of the experiments, proved 


In the case of the second alloy, containing 12-40 per particularly interesting in that, by the addition of 
cent. ofesilicon, the curves were somewhat difficult to | 1-0 per cent. of sodium, the silicon was thrown into 


inte 
together. Additional curves were therefore taken. 
In this series also the various arrest temperatures reach 
steady values at about 5 per cent. of sodium hy- 
droxide, and this is also confirmed in the case of the 
alloys containing 13-79 per cent. of silicon. 

It has been pointed out above that while supercooling, 
in the sense of suppression of nuclei until the super- 
solubility curve is crossed, is not essential for the 
production of a ‘‘ modified ”’ structure, yet supercooling 
does frequently occur in these “ modified” alloys. 
It will be seen from the diagram that in order to produce 
an all-eutectic ‘“ modified’ alloy it is necessary to 
suppress both aluminium nd silicon until the eutectic 
temperature is reached, and this proved impracticable 
with the rate of cooling adopted for the cooling curves. 
During the course of this investigation, however, several 
all-eutectic ‘‘ modified” alloys in the form of chill- 
castings have been prepared, and a list of these follows : 

13-23 per cent. silicon.—Modified with 0-2 per cent. 
of sodium ; this alloy was very slightly on the aluminium 
side of the eutectic, but the sample for analysis was 
taken by drilling from an area of the microsection 
containing eutectic only. 

13-40 per cent. silicon.—Modified with 5 per cent. of 
sodium fluoride. All eutectic. 

14-20 per cent. silicon.—Modified with 5 per cent. of 
sodium hydroxide. This alloy contained traces of 
free silicon at the top of the chill-casting ; the sample 


| 
| 


t, as the various arrest points lay very close the form of very well-defined dendrites. 
| (To be continued.) 








/'CARBURISATION AND DECARBURISA- 
TION OF IRON, AND SURFACE 
DECARBURISATION OF STEEL.{ 


| By Prorsssor A, JoHANSSON and R. von Sera. 
| Tue surface decarburisation of steel is a cause of 


much trouble both to the manufacturer and to the 
consumer. The steel is especially exposed to this 
|reduction of its carbon content when heated for 
rolling or forging, and also during its heat treatment, 
| as for annealing and hardening. In cases of tensile 
| deformation, the tension, as well as the formation of oxide 
| scale, may certainly often reduce the decarburisation 
of a surface section to a harmless minimum, and 
| decarburisation caused by annealing may, under favour- 
| able circumstances, be removed by mechanical working 
| with cutting tools, or by grinding the cold steel. Very 
| often, however, the working is not, or cannot be made, 
sufficiently extensive for this purpose, and it is there- 
|fore desirable that the surface decarburisation should 
| be prevented. 

For the purpose of making investigations regarding 
| the problem of surface-decarburisation, Jernkontoret, 
| two years ago, granted a subvention to the authors. 


for analysis was taken from an area consisting entirely | During the extensive studies of literature which pre- 


of eutectic. 

15-17 per cent, silicon.—Modified with 3 per cent. of 
sodium hydroxide. All eutectic. 

Fig. 18 shows the structure of the 14-3 per cent. chill- 
cast alloy in the fully “ normal” condition. Fig. 19 


represents the structure of the alloy as treated with 
0-01 per cent. of sodium. When the amount of | 
“* modifying agent ” was still further increased to 0-05 
per cent. of sodium, a striking change took place in the 


ceded the planning of the work, the previous investiga- 
tions regarding the influence of different gases on steels 
/were found to be very uncertain and partly contra- 
dictory as to their results. It was therefore necessary 
|to subject this question to repeated analyses. These 





* Loc. cit. 

t Loc. cit., page 121. 

~ Paper read before the Iron and Steel. Institute, 
| Stockholm, on August 28, 1926. Abridged. 


investigations are presented in the following, as well as 
an account of some direct researches concerning surface 
decarburisation. In this latter respect the work is, 
as yet, not concluded. 

1. The Carburisation and Decarburisation of Iron 
in an Atmosphere of CO,-CO.—The earlier experimental 
investigations on the reaction 3Fe + 2CO a Fe,C-+-CO, 
having been both incomplete and contradictory, 
it was deemed necessary to try to re-determine the 
equilibria of the reactioh. Determinations of this 
kind have generally been performed in such a way that, 
in a closed vessel, a reaction was brought about between 
a certain amount of finely divided iron or iron oxide 
and carbon dioxide or carbon monoxide at a certain 
temperature, the progress of the reaction being followed, 
to some extent, by observing the changes within the gas 
as well as those in the solid phase. The results obtained 
in this way are often very difficult to interpret ; 
besides, they are often misleading on account of the 
influence of the speed of the reaction. Further, this 
method of studying the carbide formation in iron is very 
complicated, and may even be rendered impossible 
by the process of oxidation which sets in at the same 
time as the formation of carbides. These difficulties 
are perhaps best of all evidenced by a paper just 
published by Schenck* as the result of about twenty 
years’ work on this subject. 

In order to avoid the difficulties mentioned above, a 
totally different method of procedure was adopted, 
viz. of following analytically the variations in carbon 
content of the solid phase during its heating in a current 
of carbon dioxide and carbon monoxide of constant, 
composition ; in this way, the stable state of the reaction 
3Fe + 2CO = Fe,C + CO, was approached from 
both sides. As the oxidation reactions might exert 
too great an influence, thus leading to faulty results, 
it was not deemed advisable to use a primary material 
consisting of finely: divided iron for the purpose of 
obtaining a greater reaction speed. Instead, thin, 
milled cuttings of pure carbon steels, with varying 
carbon contents and low percentages of manganese 
and silicon, principally consisting of Swedish acid 
Bessemer steel, were used for these investigations. 
The total partial pressure of the carbon monoxide 
and carbon dioxide has been kept at 0-4 atmosphere 
during all the investigations, by giving the gas mixture 
the composition of 60 per cent. nitrogen and 40 per 
cent. carbon monoxide plus carbon dioxide. The latter 
step was taken mainly in order to lessen the risks of 
precipitation of carbon. As will be seen later, a lower 
pressure also lessens the risk of formation of oxide 
in the iron. 

The required gas mixture, consisting of nitrogen, 
carbon monoxide, and carbon dioxide, was carefully 
mixed, cleaned, and dried. The experimental furnace 
consisted of a tube of fused silica closed at one end, 
with a length of 360 mm. and internal diameter 26 mm. 
The gas was admitted at one end of this tube, by means 
of a special supply tube. After the introduction of the 
| specimen, a glass stopper, provided with a plane ground 
| flange, was fastened by means of some easily fused 
| sealing-wax (Chatterton compound, Qual. 1) to the 
| open end of the tube, which also had a plane ground 
| flange. The gas was allowed to escape from the furnace 
| by a three-way cock. By means of this three-way 
| cock, the furnace could be placed in connection with a 
| vacuum tube which was attached to a mercury, vapour 
|pump. The heating was effected by means of a plati- 
/num-wound furnace of the Heraeus type, which could 
| be pushed backwards and forwards, so as to permit of 
|quickly heating and cooling the specimen. The 
| advantage of this was that no disturbing reactions had 
| time to take place during the heating and cooling of the 
specimen. The temperature was measured by means 
of a platinum-platinum-rhodium thermocouple placed 
outside the silica tube, with the hot junction just in the 
centre below the specimen. The free ends were kept at 
a constant temperature in a thermos flask. An investi- 
gation of the temperature-distribution in the furnace at 
800 deg. C., showed the temperature at the ends of the 
specimen to be 10 deg. below that at its centre. There- 
fore, during the trials at this temperature, the furnace 
was adjusted for 805 deg. C., the temperature of the 
specimen consequently varying between 795 deg. and 
805 deg. C. 

The preparation of the different steel specimens was 
performed with the utmost care on a slow-running 
milling machine, so as to avoid the possibility of the 
cuttings becoming oxidised. About 3 grammes of 
cuttings were weighed for each trial and placed in a 
magnesia boat 50 mm. long, 10 to 12 mm. wide, and 
6 mm. high. As the silica content of the magnesia 
boat amounted only to about 0-5 per cent., all dis- 
turbing reactions between the specimen and the boat 
can be considered as excluded. 

The trials were carried out in the following manner : 
After carefully weighing the magnesia boat alone, and 











* Stahl und Eisen, 1926, vol. xlvi, p. 665. 
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then together with the specimen, it was placed in the 
silica tube, which was then closed by means of the glass 
stopper, as indicated above. The tube was evacuated 
to a pressure of less than 1 mm. mercury gauge. Its 
tightness was then tested for a period of two minutes, 
after which it was filled with gas. After having been 
evacuated and refilled three times, the tube was 
considered, to be perfectly free from air and moisture. 
Some gas was drawn off and analysed, whereupon the 
furnace, somewhat overheated, was pushed over the 
tube, and the sample attained the desired temperature 
in 10 to 15 minutes. 

The gas current was turned on at once with a 
velocity of 1 to 3litres perhour. An accelerated speed 
was used in cases where a@ precipitation of carbon was 
expected. The temperature of the furnace was always 
regulated by hand, since preliminary trials in the use of 
automatic regulation of the temperature proved 
unsuccessful. The temperature variation was very 
slight; at the utmost 2 deg. to 3 deg. At the end of the 
experiment, the furnace was quickly pushed backwards, 
so that the specimen was cooled below red heat in a 
few minutes. When it was perfectly cold, the glass 
stopper was removed from the tube ; the boat was taken 
out and weighed together with the specimen, as well as 
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separately, after having been freed by means of a}brush 
from any small steel cuttings which might have adhered. 
It was thus possible to calculate the changes of weight 
of the specimen; no real accuracy, however, was 
attained, on account of the possibility of small cuttings 
remaining in the boat, and also of the boat getting 
damaged during the cleaning out. 

Two analyses of carbon of each specimen of the 
treated cuttings were made by combustion in oxygen 
and a subsequent weighing of the carbon dioxide formed. 
In certain cases, where there was a very slight change in 
the carbon content of the specimen, carbon analyses 
were simultaneously made on the primary material 
also. The accuracy of the carbon analyses proved 
very satisfactory; the results of duplicate analyses 
never varied by more than 0-01 per cent. Complete 
isotherms were determined at 1,100 deg., 1,000 deg., 
900 deg., 800 deg., 750 deg., and 710 deg. C., as well as 
the equilibrium iron-austenite at 850 deg. C. The results 
are shown graphically in Fig. 3. 

The horizontal lines to the left of Fig. 3 indicate the 
ferrite-austenite equilibrium of the lowest concentra- 
tion; those to the right give the austenite saturated 
with cementite, and the curves between show the 
equilibria of austenite with varying percentages 
of carbon. The isotherms for temperatures above 
point Ac3 for pure iron approach the ordinate axis 
asymptotically. The strange fact may be noted at 
once that the isotherm for 710 deg. C. bends upwards 
at a lower percentage of carbon instead of proceeding 
horizontally throughout its course. Theoretically 
the progress does not agree with the common view of 
the insolubility of carbon in ferrite below the Acl 
point ; no conclusions should, however, be drawn from 
this single curve. It would be desirable, in addition, 
to determine the isotherm for a lower temperature, 
pei instance 680 deg. C., but time has not permitted 
this. 


Based on the isotherms in Fig. 3, a comparison has 
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been made between the CO, content of the gas in 


equilibrium with the solid phases present at the 
temperatures in question. OnYplotting out the values 
found in a diagram with the temperature as abscisse 
and the gas composition as ordinates, the curve shown 
in Fig. 4 is obtained. For the sake of comparison the 
equilibrium curve FeO + CO S> Fe + CO, has also 
been drawn. Below Acl (720 deg. C.) a bivariant equili- 
brium is found, with ferrite and cementite as solid 
phases. Above this, two bivariant equilibria are 
found, given by the lines “‘ferrite-austenite” and 
“* cementite-austenite,” and between them an infinite 
number of equilibria for different percentages of carbon 
in the austenite, some of which are drawn in the figure. 
The ferrite-austenite curve asymptotically approaches 
the Ac3 temperature for pure iron. The different 
“lines of carbon percentages” intersect the ferrite- 
austenite line in points corresponding to the Ac3 
temperature for the carbon contents in question; 
accordingly an iron-carbon diagram may be drawn 
from these curves. It is also clear from Fig. 4 that, 
when FeO is reduced above 900 deg. C., the iron 
obtained must always contain some carbon, but when 
the reduction takes place below that temperature the 
product may be carbon-free iron. 

2. Decarburisation in Hydrogen.—The decarburisa- 











then which showed an increase of weight of about 
1 milligramme in fifty hours, which was considered 
to be quite satisfactory. The hydrogen, thus purified, 
was then admitted into the furnace, which was arranged 
in exactly the same way as described in Section I. 
The experiments included the heating in a current of 
pure hydrogen of thin cuttings of different kinds of 
steels at varying temperatures and for various periods. 
For each test 3 grammes of cuttings were weighed into 
a magnesia boatasdescribedabove. As it was expected 
that the speed of the gas current would influence the 
intensity of the decarburisation by the more or less 
rapid removal of the hydrocarbons formed, some 
experiments were made at a temperature of 1050 deg. C. 
to ascertain the gas speed beyond which no increase in 
the decarburisation was obtained. This speed was 
found to be about 200 bubbles per minute, correspon- 
ding to about 2 litres of gas per hour, and for this 
reason all tests were made with this gas velocity. It 
was further anticipated that the cuttings at the top of 
the boat might be decarburised to a greater degree than 
those lying at the bottom. Two tests were therefore 
made on samples of the cuttings from the surface and 
underneath, after decarburising a steel with an original 
carbon percentage of 1-13. One test gave a carbon 
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percentage of the surface cuttings of 0-50, and of the 
bottom cuttings of 0-51; for the other test, the figures 
(9792.6) were 0-34 and 0-35 per cent., respectively. Conse- 





__ TENGINEERING* 


tion of iron in hydrogen has been the subject of many 
investigations. Nevertheless, up till quite lately, 
opinions seem to have differed whether in reality 
hydrogen has any decarburising influence on iron or 
not. Cementation by means of hydrocarbons is a 
process which, for a long time, has been of practical 
importance, but the reverse action is considered by 
several investigators as improbable, at least at tem- 
peratures which are not too high. The question has 
lately been discussed on several occasions in the 
publications of this Institute, and the work of E. D. 
Campbell, J. H. Whiteley, C. R. Austin and others has 
received some attention. 

A series of tests, which have an important bearing 
on the question of the surface decarburisation of steel, 
have been carried out by the present authors. In the 
experimental arrangement used, the hydrogen, which 
was produced by the electrolysis of distilled water 
mixed with caustic soda, was taken from a cylinder 
furnished with a needle-valve to permit the regulation 
of the speed of the gas current. It was first dried with 
concentrated sulphuric acid, and then, to purify the 
gas from oxygen, it was through a glass tube 
with palladinised asbestos electrically heated to about 
300 deg. C. The water formed was absorbed by caustic 
soda, calcium chloride, and phosphorus pentoxide. In 
order to ensure that the gas was then free from 
oxygen, it was passed through still another heated tube 
with palladinised asbestos, and then through a remov- 
able (J-tube containing phosphorus pentoxide. If, 
before entering the second heated tube, the gas were 
entirely free from oxygen, the [J-tube would not show 
any increase in weight. Weighings were made now and 





quently there was no irregularity worth mentioning. 

The first series of tests consisted in heating a series 
of pure carbon steels at a constant temperature 
of 1050 deg. C. for various periods. The results are 
illustrated graphically in Fig. 9. The curve gives the 
decarburisation of carbon steels as a function of the 
time. From this it may be seen that when a steel of, 
say, 0-58 per cent. carbon is heated for eight hours, the 
carbon content will, within this time, decrease to 0-35 
per cent.; in sixteen hours to 0-21 per cent.; and in 
twenty-four hours to 0-13 per cent. 

The same tests were then made with silicon, man- 
ganese, tungsten, chromium, nickel, and chromium- 
nickel steels, in order to ascertain the influence of the 
alloyed elements on the speed of decarburisation. 
It was noted that the manganese, nickel, tungsten, and 
chromium-nickel steels showed about the same 
tendency to decarburise as the pure carbon steels, the 
percentage cf the alloyed element in several cases, 
however, being rather low. The silicon steel shows, 
on the other hand, stronger decarburisation, and the 
chromium steel considerably less. The stainless steel 
(No. 39) decarburised in sixteen hours from 0-42 down 
to about 0-37 per cent. only, but an ordinary carbon 
steel would, under the same conditions, have decar- 
burised to about 0-15 per cent. carbon. Even an 
ordinary ball-bearing steel decarburises considerably 
less than a carbon steel with the same carbon content. 

The second series of tests aimed at discovering the 
degree of dependence of the decarburising speed on the 
heating temperature. The specimens were therefore 
heated for a constant period of sixteen hours, and at 
temperatures varying between 600 deg. and 1,150 deg. C. 
As test material, two carbon steels (Nos. 18 and 3) with 
1-13 and 0-72 per cent. carbon, respectively, were used, 
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as well as a ball-bearing steel (No. 38) with 1-06 per 
cent. carbon and 1-29 per cent. chromium. Further, 
some tests were made on a soft silicon steel (No. 30) 
with 0-39 per cent. carbon, 1-75 per cent. silicon, and 
0-61 per cent. manganese. The results are given in 
Fig. 10. 

The decarburisation is already apparent at about 
600 deg. C., and then increases very quickly above 
650 deg. to 700 deg. C., reaching a maximum at about 
950 deg. C. The decarburisation speed is evidently 
less at 1,050 deg. C. than at 950 deg. C., but it appears 
to increase again at higher temperatures. It is difficult 
to explain the reason for this rather peculiar course of 
the curves, as the decarburisation speed, is dependent 
on many factors, as, for instance, on the equilibria 
of the reaction, on the reaction speed as well as on the 
diffusion s of the carbon and the hydrogen in 
the iron. The course, however, a mdiestiin 5 with the 
observation by Campbell,* that hydrogen decarburises 
most rapidly at 950 deg. to 1,000 deg. C. Fig. 10 also 
shows clearly the slighter disposition of chromium 
steels to decarburise in comparison with pure carbon 
steels. 

3. Decarburisation in Nitrogen.—The decarburising 
influence of pure nitrogen on iron has, in general, been 
studied by the same investigators as have examined 
the corresponding conditions with hydrogen. In fact, 
a study of the literature shows that the chief difficulty 
in the performance of these experiments lies in ensuring 
an absolutely complete purification of the nitrogen. 
In our method for carrying out this operation, the 
nitrogen was produced by the fractional distillation of 
liquid air, and contained about 3 to 4 per cent. of oxygen. 
It was admitted from a cylinder into a gasometer | 
system, consisting of two 10-litre glass bottles. From here 
it was first allowed to pass to a wash-bottle containing 
a 10 per cent. silver-nitrate solution for the absorption 
of any hydrogen sulphide or phosphide which might be 
present, and then to another wash-bottle containing a 
35 per cent. caustic soda solution for the removal of | 
carbon dioxide. Afterwards it was dried by means of | 
concentrated sulphuric acid in bulb-tubes, and calcium | 
chloride and phosphorus pentoxide in a U-tube. The 
bulk of the oxygen was removed in a furnace by means 
of a fine copper gauze, which was kept at a temperature 
of 700 deg. to 750 deg. C., after which the gas was 
further dried in another U-tube. The oxygen still 
remaining in the gas-was finally removed in a second 
furnace by means of cuttings of electrolytic iron, freed 
from carbon, and heated to a temperature of about 
800 deg. C. It is important that the iron should be 
entirely free from carbon, as the oxygen otherwise 
forms carbon monoxide and carbon dioxide, which 
would be present as impurities in the nitrogen. The 
electrolytic iron, which originally contained about | 
0-02 per cent. carbon, was therefore heated for a long | 
time first in moist and then in dry hydrogen, before | 
use. After leaving the second furnace, the gas was dried | 
once again by means of phosphorus pentoxide, and | 
was then considered to be entirely pure and ready for | 
use. The arrangements for heating the sample in the | 
testing furnace were the same as previously described 
in Section I, All connections, after the removal of the 
bulk of the oxygen, were made with vacuum wax, 
as rubber connections were considered likely to admit 
oxygen from the air. 

The gas was tested for any remaining trace of oxygen 
by heating cuttings of carbon-free electrolytic iron for 
several hours in a current of the gas at a temperature 
of about 1,000 deg. C. The cuttings showed no trace 
of being oxidised. Likewise the gas was tested for 
freedom from carbon: dioxide, carbon monoxide, and 
hydrogen by combustion with pure oxygen, and 
attaching absorbing vessels for carbon dioxide and 
water. No increase in weight could be detected. 

The first trials were intended as a re-testing for the 
formation of cyanogen found by Forquignon.t For 
this purpose, samples of both pig-iron and steel were 
heated for ten to twenty hours at a temperature of 
1,050 deg. C., the nitrogen being admitted at a speed of 
about 1 litre per hour. The samples which con- 
sisted of small pieces of pig-iron or of milled steel 
cuttings, were placed in a magnesia boat. The gases 
escaping from the furnace were passed through a 
bulb-tube containing a solution of NaOH and FeSO,. 
After the test, the solution was boiled and acidified | 
with hydrochloric acid, whereby Prussian blue would | 
form if any cyanogen were present. (Other reagents 
were also tested by means of gases containing cyanogen, 
but this one appeared to be the most reliable.) All 
the tests, however, gave an entirely negative result, 
and it was not possible to discover any trace of for- 
mation of cyanogen. 

Tn several subsequent tests, it was tried gravimetri- 
cally to determine the gases given off from the steel, 
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| different factors, which are all dependent on the 


which should have consisted of H,O, CO,, CO, H, and 
possibly CH,, by allowing the gases from the furnace 
to pass through a series of absorption and combustion 
apparatus, which was, however, very complicated, 
and, owing to the long testing periods (up to 65 hours), 
we did not succeed in reducing the blank tests of the 
apparatus so far as to be able to render any positive 
determinations possible. The percentage of carbon 
in the samples was determined before and after heating. 
It was then found that the decarburisation amounted to 
0-01 per cent. to 0-03 per cent., which we consider 
principally to be attributable to the influence of gases 
and oxide inclusions in the steel. 


II.—Tue Surrace DECARBURISATION OF STEEL. 

Many different factors co-operate in the phenomenon 
known as the surface decarburisation of steel. The 
first condition for decarburisation to take place, i.e., 
that the surrounding gas must have a decarburising 
influence, is evident from the foregoing. Another 
factor of great importance is the speed of reaction, 
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which is dependent not only on the temperature, but 
also on the deviation of the composition of the gas 
from that which it would have when in equilibrium, so 
that the higher the CO, or H, percentage is, the greater 
the reaction speed becomes. The reaction between 
the gas and the cementite or the austenite, obviously 
takes place in the outer layers of the solid steel piece, 
without, however, necessarily taking place at the 
surface itself, as the gases may be supposed to have a 
certain power of diffusing in the iron. The outer layer, 
which is then decarburised, strives again to absorb 
carbon from the inner parts of the steel piece by diffusion 
of the carbon in solid solution. The diffusion speed of 
this carbon naturally varies considerably at different 
temperatures, and the decarburised zone may thereby 
vary in character according to the temperature. 
Experience has also proved that the formation of an | 
oxide scale on the surface of the steel considerably | 
influences the course of the decarburisation, though the | 
reason for this is not quite clear. | 
Consequently, the occurrence of surface decarburisa- 
tion on annealing steel, or on heating it prior to working, 
principally depends on the following factors :— | 
(1) The equilibria of the carburisation and decar- | 
burisation of the iron. 
(2) The speed of the reaction. | 
(3) The power of diffusion of the gases in the iron. | 
(4) The speed of diffusion of the carbon in the iron. | 
(5) The formation of an oxide scale. 
The intention of the present investigation was to 
ascertain, in the first place, the combined effect of these 





temperature, when steel is heated in various gases and 
at varying temperatures. 

Testing Arrangement.—In a systematic investigation 
of the conditions which influence the surface decar- 
burisation of steel, it is, in the first place, necessary to 
determine accurately not only the real depth of the 





decarburisation but also its intensity at different 
distances from the surface. For this purpose, a micro- 
scopical investigation is not sufficient, and chemical 
analysis must be reso to as well. In order to 
determine the carbon content of various layers under 
the surface the following method was used. 

The specimens, the form of which may be seen 
from the upper part of Fig. 11, consisted of small 
cylinders with a diameter of about 12-5 millimetres, 
which were turned off in a small lathe. After the test 
they were again put into the lathe, and layers of 0-1 
to 0-5 millimetre thickness were filed off between the 
sections AA and BB. The thickness of the layers was 
so chosen as to yield about 1 gramme of filings from 
each layer, which is sufficient for an exact analysis 
by the combustion method. Any oxide scale which 
had formed on the surface was removed by means of 
emery-paper before filing. The diameter of the test 
cylinder was carefully measured by means of a micro- 
meter screw-gauge. The remaining piece of the 
cylinder to the left of the section AA was afterwards 
used for microscopic investigation. The testing arrange- 
ments, including apparatus for the preparation of the 
necessary gas mixtures, as well as for heating the 
sample, were the same as those described in Section I. 
In order to permit of a free gas supply around the 
cylinder in the fused-silica furnace tube, it was sup- 
ported on two pairs of iron feet as shown in the lower 
part of Fig. 11, so as to be held in the middle of the 
silica tube. The microscopic investigations have also 
proved that the decarburisation was equal all round. 
The weight of the test cylinders, about 47 to 48 grammes, 
was carefully determined before and after heating, the 
decrease in weight affording an approximate measure 
of the intensity of the decarburisation in the cases 
where no oxidation of the surface had taken place. 

Experimental Results.—The experiments have, so far, 
only comprised the heating of test-pieces in a stream of 
dry carbon dioxide and carbon monoxide, as well as 
dry air. Just as before, the gas mixture consisted of 
60 per cent. nitrogen, together with carbon dioxide 
and carbon monoxide in varying percentages, their 
quantities together, however, always amounting to 
40 per cent. The velocity of the gas was kept at 
2 to 5 litres per hour, and more at higher temperatures, 
when the reactions took place so quickly that it could 
be said that the back part of the test cylinder was 
surrounded by a gas poorer in carbon dioxide than its 
front part. The heating was performed at temperatures 
of 650 deg., 710 deg., 750 deg., 800 deg., 900 deg., and 
1,100 deg. C.; the experimental material consisted 
of two steels, one hypo-eutectoid and one hyper- 
eutectoid, of the following compositions :— 























° D> S- 
Steel. Carbon. —— Silicon. ites: Sulphur. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
5 0-81 27 0-06 _ 0-010 
17 1-11 | 0-43 0-13 | 0-030 | 0-017 








Both steels were annealed before the tests, and were 
turned down to 12-5 millimetres diameter in order to 
remove the surface decarburisation, which was checked 
by means of filing and analyses as mentioned above. 
The carbon content was thereby found to be constant 
all over the section. At 1,100 deg. C., the heatings were 
performed during a constant period of three hours 
in gas mixtures of varying carbon dipxide percentages, 
and also in air. The results are given in Table XIII. 


Taste XIII.—Time, 3 hours ; Temperature, 








1,100 deg. C. 
Caron ioe 
Dioxide. Steel. tion. Condition of the Surface. 
bird Per cent. 
cent. BES) 
5 5 0-55 Not oxidised. 
5 17 0-55 ie AS 
10 5 0-76 EA » 
10 17 0-78 = Pe 
15 5 0-75 Thin dark oxide layer. 
15 17 1-05 » ” 
15 17 1-05 i 
25 5 0-73 0-05 mm. dark oxide layer. 
25 17 1:10 0-02 re “ in 
40 5 0-7 0-04 5 
40 17 1-14 0-03 
Air 5 0-72 0-25 is a 














The degree of decarburisation given in the table will 
be explained later. Tests were also carried out at 
900 deg. C. with three as well as with six-hours’ heating. 
At 800 deg. C., some heatings were performed for six 
hours in a gas mixture which, according to Figs. 3 and 4, 
should have no decarburising influence, #.e., it contained 
somewhat more than 2 per cent. of CO,. The specimen 
also showed that neither decarburisation nor carburisa- 
tion had taken place. Other tests, in various gas 
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mixtures and in air, were also carried out with six hours’ | the very surface ; about the same results were obtained 
heating. At 750 deg. C., the heating was performed in | at 710 deg. C. No decarburisation took place in air, 
a gas with 25 per cent. CO, as well as in air. In the | but occurred when using gas mixtures of 15, 25, and 40 
former case, decarburisation was obtained, and in the | per cent.CO,, respectively. The greatest decarburisa- 
latter case no decarburisation could be traced, the | tion was obtained with a CO, content of 25 per cent. 
Specimens showing the original carbon content up to | Finally, heatings were also made at 650 deg. C. in a 
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gas containing 20 per cent. CO, as well as in air. | In 
neither case could any decarburisation be traced, the 
analyses showing instead a slight increase of the carbon 
content in the outer layers. 

Discussion of the Results.—Fig. 37 gives a diagram- 
matic view of the decarburisation curves obtained, with 
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the decarburisation depths as abscisse, and the carbon 

contents in the different layers as ordinates. The 

hatched area shows the amount of carbon removed on 

decarburising a piece of steel with a plane surface, 

and in the following this amount will be designated the 

degree of decarburisation. Its dimensions are “ per 

cent._mm.”” The same method of calculation has been 

applied in the case of the test cylinders, although it is 

not exactly valid for a cylindrical surface. The errors, 

however, are very inconsiderable for small decarburisa- | 
tion depths; besides, the main point is to obtain | 
comparable results. Consequently, if the corresponding 
areas in the decarburisation curves plotted are measured | 
as a means of determining the degree of decarburisa- | 
tion in the different tests, the values, as recorded in 

Table XIII, are obtained. The areas are always 

measured as if they were bounded at the top by the | 
horizontal line corresponding with the original carbon 

content. 

In Fig. 38, the degree of decarburisation is given as a 
function of the gas composition (CO, content) at 1,100 
deg.C. It rises, at first very rapidly, with an increasing 
content of carbon dioxide, reaching its highest value 
at 10 per cent. CO, for the hypo-eutectoid steels and at 
15 per cent. CO, for the hyper-eutectoid steels. It 
then seems to remain about constant at higher per- 
centages of carbon dioxide, although the reaction speed 
ought to have increased. The maximum degree of | 
decarburisation may possibly be determined by the 
cliffusion of the carbon; it should, however, be 
observed that the formation of oxide scale on the surface 
of the specimen sets in at the breaks in the curves. Itis 
also possible, therefore, that the oxide scale in some 
way re the decarburisation, presumably in such 
a way that it protects the underlying surface of the 
steel from the influence of the gases, rendering the gas 
diffusion more difficult. 

At 900 deg. C., the circumstances are analogous. The 
hypo-eutectoid steel reaches its maximum decarburi- 
sation at 15 per cent. CO, ; the hyper-eutectoid not until 
about 25 per cent. CO, is attained. The formation of 
oxide scale sets in at about the same percentages 
of carbon dioxide. The curve for the hyper-eutectiod 
steel at lower carbon-dioxide contents follows a 
somewhat strange course, a fact which will not 
be further discussed here, many of the influencing 
factors, as yet, being insufficiently investigated. At 
800 deg. C., the formation of the oxide scale has so great 
an influence on the degree of decarburisation that the 
latter, after having reached its maximum at about 
25 per cent. CO,, decreases considerably at higher con- 
tents. The hypo-eutectoid steel here decarburises 
more than the hyper-eutectoid, while the contrary is 
the case at 900 deg. C. and 1,100 deg. C. A somewhat 
stronger decarburisation is obtained in air than in 
gases containing 40 per cent. CO,. 

The facts brought out by the tests at 750 deg., 
710 deg., and 650 deg. C., are of great practical import- | 
ance, showing that no decarburisation takes place on 
heating in air at these temperatures. Practical use | 
has also been made of this circumstance, but the | 
explanation generally suggested—namely, that the | 
formation of oxide. scale should proceed pari passu | 
with the decarburisation, no surface carburisation thus | 
taking place—seems to be wrong. The oxide layer is | 
much too thin to be able to act in this way. Instead, | 
just as at higher temperatures, it appears simply to | 
form a protecting layer against the influence of the | 
gases. No detailed discussion on the course of the | 
surface decarburisation and the possible means of | 
suppressing it will be given here as the investigations | 
are not yet quite completed. 








THE WELLINGTON HarBour BoarD.—During the year 
ending September 30, 1925, 2,832 trading vessels, having 
a net tonnage of 3,080,340 tons, arrived at the Port of 
Wellington. The tonnage of all goods landed or shipped, 
amounted to 1,635,286 tons, an increase of 75,080 tons 
over the previous year. The annual report of the 
Wellington Harbour Board for the year ending September 
30, 1925, shows that the total value of all goods exported 
from Welli m, during the period under review, 
amounted to 16,131,6287. The principal items were wool, 
frozen meat, butter and cheese. The value of the 


imports during the same period was 14,969,2161. ; goods 
to the value of some 8,000,000/. were supplied by Great 
Britain. Under arrangement. with the New Zealand 


Governmént, the Board has acquired from the Admiralty 
a powerful tug, named the To.a, and is having it fitted 
with modern and salvage pumping appliances. The 
Board has arranged with Messrs. Fleming and Ferguson, 
Limited, of Paisley, to construct a floating self-propelled 
crane, which will proceed to New Zealand under her own 
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RETAINING WALL. 


A sImPLE form of reinforced-concrete retaining wall, 
recently developed by Messrs. J. C. Gammon, Limited, 
Goa-street, Bombay, is illustrated in Figs. 1 to 7, on 
page 463 and on this page. The illustrations show the 
form of construction very clearly. The wall consists 
of a _ series of horizontal arches built between 
skewbacks supported vertically by counterforts. 


|The arch wall is carried by a foundation beam, 


as shown clearly in Fig. 3, and is finished at the 
top with a second continuous beam, on which a 
parapet can be built. The skewbacks, one of which 
is shown in the open gap in Fig. 4, are supported 
by ties, strutted in the case of long members, all beicg 
carried back to an anchor beam some distance behind 
the wall. The skewbacks, counterfort and ties, and 
beam are all of reinforced concrete, Filling behind the 
walls loads the anchor beam and prevents movement. 
The general appearance of this type of wall is shown 
in Figs. 5 and 6. All the views we reproduce are of 
walls completed for an approach to a railway overbridge 
at Ahmedabad. Figs. 4 and 7 were taken before the 
back-filling had been placed in position. Fig. 6 shows 
how well a stairway has been worked into the scheme 
of construction, while Fig. 5 represents an archway 
carried under the road, with drainage culverts below. 

The bulk of the work consists of concrete-block walling 
of very lean mix, and run up without centring or 
shuttering. The heavier part of the reinforced concrete 
work occurs near to the ground, thus reducing shutter- 
ing costs and false work. It is stated that construction 
is very rapid, even under conditions obtaining in India. 
Commonly, in India, brickwork in retaining walls 
works out at about 6d. to 9d. per cubic foot, while 
reinforced-concrete retaining walls of ordinary design 
run out at about 4s. to 5s. per cubic foot. It is stated 
that costs, for the type of wall described above, work 
out from 10 per cent. to 15 per cent. lower than a 
gravity-type wall in masonry, while the rate of 
construction is said to be double. 





BIBLIOGRAPHY on Zinc RetTorts.—Compiled by Mr. 
B. M. O’Harra, of the United States Bureau of Mines, 
a “ Bibliography on Zinc Retorts and Condensers,” has 
been issued as a technical bulletin of the School of Mines, 
and Metallurgy, University of Missouri, Rolla, Missouri. 
The bibliography was prepared as a preliminary step 
in an investigation of refractory materials for the manu- 


It is expected that delivery will be made towards | facture of zine retorts and condensers, and of methods of | 
theend of thisyear. The Board is also having built a single- | manufacture, which investigation is being conducted at | 
screw pilot launch for the use of the harbour master’s | the Mississippi Valley station of the Bureau of Mines, | 
Among other works undertaken during the year, | in co-operation with the Missouri School of Mines and | 
a start has been made on the oil berth, which it is proposed | Metallurgy. The bibliography has been published in | 


| CATALOGUES. 


| Power Hammers.—A leaf catalogue of power-operated 
hammers of the spring type, in five sizes, with tups 
weighing from 66 lb. to 660 lb., is to hand from Mr. ©. N. 


Beck, 11, Queen Victoria-street, London, E.C.4. The 
machines are known as Kort forging hammers. 
Oil Engines.—From Messrs. Crossley Brothers, 


Limited, Openshaw, Manchester, we have received a 
sheet catalogue of small oil engines, developing 2 and 3 
brake horse-power, which they are making for stationary 
work, or in portable form mounted on a four-wheel truck. 
These engines have a totally-enclosed crankcase and 
automatic lubrication. 


Transformers.—Two new publications dealing with 
transformers are to hand from the English Electric 
| Company, Limited, Queen’s House, Kingsway, London. 
W.C.2. One is a descriptive catalogue of transformers 
for power transmission generally, and the other is a 
description of the 10,000-kv.-a., 33,000-volt transformers 
constructed for the Liverpool Corporation. 


Chemical Plant.—The Lennox Foundry Co., Limited, 
Glenville-grove, London, S.E.8, have issued a catalogue 
of chemical-works plant, made in special acid-resisting 
alloys. The appliances include vessels, pumps, piping 
and valves, as well as mixing, grinding, roasting and other 
apparatus. The variety is considerable, and the plant 
calls for much ingenuity in design, as well as great 
structural strength. 


Protection of Electric Plant.—A catalogue describing 
their gear (McColl’s patents) for the protection of elec- 
trical plant and feeders against overloads, reverse 
current, faults between phases and earths, failure of 
excitation, etc., has been issued by the General Electric 
Co. Ltd., Magnet House, Kingsway, London, W.C.2. 
Generators, transformers and feeders are dealt with in 
separate sections and the necessary apparatus is fully 
explained. 

Bitumen.—A pamphet dealing with a new preparation 
of bitumen, rendering it more stable in quality without 
altering the melting-point and also imparting increased 
elasticity, has been issued by Messrs. D. Anderson & Son, 
Ltd., 63§Fenchurch-street, London, E.C.3. From the 
tests described, it appears that, when applied as a paint 
or coating, the material resists weather and light much 
better than bitumen that has not been subjected to the 
treatment. It is supplied for resion with a brush 
and also in plastic form for application in a trowel. It 
is called ‘‘ Stablex” and the pamphlet is marked‘ price 
sixpence. 

Electric Power Plant.—A description of an electric 
power plant, installed as an auxiliary to a water-power 

lant, is given in a catalogue issued by Messrs. Crossley 

rothers, Limited, Openshaw, Manchester. The cost 
per unit generated, on test, was 0-65d., including attend- 
ance, renewals and repairs, depreciation, and interest on 
capital, in addition to fuel and lubrication. The instal- 
lation consists of three sets of 80 brake horse-power 
horizontal oil engines, burning residual or furnace oil, 
and capable of running continuously for spells of 130 











to erect along the Thorndon breastwork. The recon- the belief that it may be of interest to others who are} hours. This plant was decided upon after comparison 


struction, in reinforced concrete, of the Queen’s Wharf | carrying on similar investigations, and covers, it is| with steam engines and public electric supply. 


approach was practically completed during the year. | 
Extensive dredging work has also been carried out. 


thought fairly completely, the literature published 
during the past 40 or 50 years on the subject. 


The 
| installation is at the mills of Messrs. A. and R. Scott, 
| Limited, Colinton, near Edinburgh. 
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20,000-KW. IMPULSE. REACTION TURBINE AT THE VALLEY ROAD 
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CONSTRUCTED BY THE ENGLISH ELECTRIC COMPANY, LIMITED, ENGINEERS, RUGBY. 





(For Description, see Page 465.) 








oder aR am a 


~— iss 
eee 











Fig. 31. View or TURBINE AS ERECTED AT THE VALLEY ROAD PowER STATION, BRADFORD, 
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Fic. 32. Enp View oF TURBINE, SHOWING GOVERNOR AND HAND TrIppInc LEVER, TOGETHER WITH THE STEAM STRAINER AND MAIN GOVERNOR VALVE. 











(To face page 464.) 
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20,000-KW. IMPULSE REACTION TURBINE AT THE VALLEY ROAD 
POWER STATION, BRADFORD. 
CONSTRUCTED BY THE ENGLISH ELECTRIC COMPANY, LIMITED, ENGINEERS, RUGBY, 
(For Description, see Page 465.) 




















Fic. 34. TuRBINE IN COURSE OF ERECTION, SHOWING STRAINER AND GOVERNOR VALVE CASTINGS. 








(To face page 465.) 
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20,000-K.W. IMPULSE REACTION 
TURBINE AT BRADFORD. 


In our issue of November 20, 1925, page 650, we 
described briefly the large turbo-generator recently 
installed by Mr. Thomas Roles, M.I.E.E., at the 
Valley Road power station of the Bradford Corpo- 














been secured. An abstract giving some of the 
principal results will be found below, but Mr. 
Selvey’s report includes records of the pressures 
and temperatures at a number of points along the 
turbine, and also very complete figures having 
reference to the performance of the condensers, 
which were exceptionally good. 














improvement in efficiency took place at loads up to 
about 18,000 kw. 

The following test results have been abstracted 
from Mr. Selvey’s report :— 


Taste I.—Tests of No. 7 Turbine at the Valley Road 
Power Station, Bradford. 






















































































ration. This set, though designed to develop} The builders guaranteed an average steam con- Actual | Total St Steam Rate paar 
20,000 kw., has a normal running speed of |sumption of 11-2 lb. per kilowatt-hour when the | Tet No. “K.wW. |b. per hour. —— “guarantee 
3,000 r.p.m., and the construction of the turbine by | turbine was supplied with steam having at the conditions. 
the English Electric Company, Limited, at their |stop-valve a gauge pressure of 190 lb. per square 
Willans Works, Rugby, constituted, we believe, a|inch with a total temperature of 659 deg. F., 2 ne sreeee ee eA 
new record in the matter of high output combined | corresponding to a superheat of 275 deg. F. The 1605 rf 179,841 pS 10-954 
with high speed. At the beginning of the century | vacuum specified was 28 in., the station being 5 _— pe = 1. 
the standard speed for a 3,000-kw. turbo-generator | operated with cooling towers. The average con- 7 30164 Her 11-116 2 an 
was 750r.p.m. Other things being equal, the output | sumption above referred to was estimated in the} | 
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from a given weight of material varies nearly 
inversely as the square of the revolutions per minute, 
and the unit in question develops 1 electric h.p. per 
26 lb. of total weight, inclusive of the generator and the 
condensers. Its remarkable compactness is further 
illustrated by the fact that it takes up slightly less 
floor space than the 1,000-kw. reciprocator set 
which it has replaced, and it yields, in fact, 35 kw. 
for each square foot of area occupied. 

The set is notable for its high efficiency, in addition 
to its compactness. The contract specified that the 
acceptance tests should be made by an independent 
authority. The trials were accordingly carried out 
last autumn by Mr. W. M. Selvey, M.I.E.E., and were 
most exceptionally careful and comprehensive. The 
tests extended over four days. Special care was 
taken to calibrate all instruments both before and 
after the tests, and the records give, perhaps, the 


most complete set of carefully ascertained test | 


data for a large turbo-generator which have yet | that under the guaranteed conditions, a still further 





| following way :—The consumption at the maximum | 


continuous rating was multiplied by 3, the consump- 
tion at 80 per cent. of the above was multiplied by 4, 
and the steam rate at 60 per cent. of the maximum 
by 3. The resulting figures were added together and 
divided by 10, the value thus obtained being taken 
as the average steam rate. The tests reduced to 
standard conditions gave an average steam rate, 
| thus reckoned of 11-11 ib. per kilowatt-hour. The 
turbine proved capable of developing 22,000 kw. 
in place of the 20,000 kw. contracted for. Mr. 
Selvey states in his report that the efficiency ratio 
attained 81 per cent, which is, he adds, amongst the 
highest yet recorded, and is the best of which he has 
personal knowledge. In his report Mr. Selvey also 
gives steam consumption curves which indicate that 
the turbine was capable of carrying an output 
considerably greater than that specified, without 





the use of the overload valve. These curves show 








In the run at 18,000 kw. the thermal efficiency 
of the turbine was 26-1 per cent., but this was 
exceeded in another run in which the turbine was 
bled for feed-heating purposes; in this case the 
thermal efficiency reached 27-78 per cent. It 
should be added that the turbine is designed so that 
it can ultimately be worked with steam at 200 lb. 
pressure (gauge) and at a temperature of 700 deg. F. 
With this, a still higher thermal efficiency will, of 
course, be recorded. 

A longitudinal section through the turbine is 
represented in Fig. 1, Plate XXVIII. As will beseen, 
it is a two-cylinder machine, with the peculiarity 
that the high-pressure section, which develops 
60 per cent. of the total output, is constructed on 
the impulse system, whilst the low-pressure turbine 
is a double-flow reaction machine differing merely 
in detail from standard practice. The high-pressure 
turbine, on the other hand, is in some sense, a 
reversion to early impulse turbine practice, in that 
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20,000-KW. IMPULSE REACTION TURBINE AT BRADFORD. 


CONSTRUCTED BY THE ENGLISH ELEOTRIC COMPANY, LIMITED, ENGINEERS, RUGBY. 


Fig. 13. DIAGRAMMATIC ARRANGEMENT OF COMBINED 
EMERGENCY AND STOP VALVES. 
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it has numerous stages and moderate blade speeds. 
It is a matter of common knowledge that during 
recent years the designers of impulse turbines have 
favoured high blade speeds. This preference was 
in part due to the prevalent impression that nozzle 
efficiencies were higher the higher the steam speed, 
and in part because high blade speeds reduced the 
number of stages required, and therefore the overall 
length of the turbine, which, in its turn, led to a 
stiffer shaft and a higher critical speed of rotation. 
These advantages were not secured, however, 
without some accompanying drawbacks. The high 
blade speeds implied correspondingly high stresses, 
and the large diameter of the wheels made it 
necessary to run a considerable proportion of them 
with partial admission, and the idle buckets 
materially increased the rotation losses. Moreover, 
the high bucket speeds also implied a large pressure 
drop from stage to stage, and a corresponding 
increase in the leakage of steam through the 
diaphragm clearances, the area through which 
became a sensible fraction of the steam-way 
through the guide blades, particularly when the 
admission was partial, as it generally was at the 
stages at which the leakage was largest. 

The increasing cost of coal has, of recent years, 
led station engineers to demand, and to be prepared 
to pay for, higher efficiencies, and the Bradford 
turbine was designed by the English Electric 
Company, Ltd., especially to meet this new condition 
of affairs. The high-pressure turbine has accordingly 
been given a mean diameter of 34} in. only, and 
12 stages are provided to expand the steam from 
about 190 lb.-abs. down to atmospheric pressure. 
The heat-drop per stage is thus only some 
20 B.Th.U., and the maximum steam speed is 
of the order of some 950 ft. per second. At 
3,000 r.p.m. this high-pressure turbine has a 

d\2 /r.p.m.,\? 
total =3 (7) (ERG*) = 128.500. 

As shown in Fig. 1, the high-pressure rotor is 
a single forging, the wheels being machined out 
of the solid. This plan has two advantages. In 
the first place the fore and aft length required 
per stage is so materially reduced that, in the 
case of the Bradford machine, 12 stages are 
accommodated in a length which, with the usual 
system of construction, would only accommodate 
seven; and, owing to its moderate length, the 
rotor is so stiff that it is run well below its first 
critical speed. It should moreover be noted, that 
the wheels are not merely deadweights as they 
are as usually constructed, but contribute something, 
however little, to the stiffness of the rotor. In 
the second place, the wheels having no hubs, 
the diaphragms fit down on to the very shaft, 
which is only 10}. in. in diameter, instead of on to 
the wheel hubs, which have necessarily a diameter 
considerably greater than that of the shaft. The 
new arrangement, therefore, leads to a reduction 
in the loss by diaphragm leakage, which is, in fact, 
reduced to a figure corresponding to only 0-22 per 
cent. of the output of the complete unit at its most 
economical rating. This figure may be compared 
with the corresponding value of 0-7 per cent. give 
by Mr. Eskell Berg in a paper read before the 
American Institution of Electrical Engineers in 
1919. The turbine discussed by Mr. Berg developed 
21,000 kw. at its most economical rating. This 
machine, it should be added, had an exceptionally 
large number of stages, ranging in diameter from 
35 in. at the high-pressure end to 88 in. at the 
low-pressure. 

The small diameter of the Bradford rotor, and 
the fact that the admission is complete, involves 
also a reduction in the disc friction. This disc 
friction varies nearly as the fifth power of the 
disc diameter, and inversely as the density of 
the steam. In the case of the Bradford machine 
the loss thus arising is equivalent to only 0-21 per 
cent. of the total output. To ensure the soundness 
of the forging a 3-in. hole was drilled along the 
rotor axis, and its walls carefully examined for 
any indication of unsoundness as were also test- 
pieces from the wheels and the ends of the shaft. 
As shown in Fig. 28, page 468, the “wheels” range 
in diameter from 24% in. up to 32} in., and have 
a minimum thickness of § in. The diaphragm 
packings consist of four thin fins of copper 





having a very liberal clearance over’ the shaft. 
In the case of diaphragm No. 1, two shoulders 
are provided on the shaft as shown in Fig. 28, 
so as to prevent, in this case, a clear blow through 
of the steam which, at this stage, has a small 
specific volume, involving shorter guide blades 
than are necessary in the succeeding stages. 
A reference to Fig. 1 will show how gradually 
the blade height increases from stage to stage. 
This should ensure the maximum possible recovery 
of the “‘ carry over ” of kinetic energy from stage to 
stage, but this is probably never high with impulse 
blading, which necessarily “distorts” the path 
of the steam more than reaction blading does, 
with the result that the flow, as it leaves the 
moving blades, is probably very turbulent. 

The H.P. casing is built up of steel castings, 
details of which are illustrated in Figs. 2 to 5, 
Plate XXVIII. As aiready mentioned, there is com- 
plete admission at every stage, but the main steam 
belt from which stage No. 1 takes its supply is 
blanked off at the joint between the upper and 
lower halves of the casing. The two half-belts 
have independent branches (see Fig. 3) connecting 
them with the main governor valve. An automatic 
over-load valve supplies steam when necessary 
to a second steam belt between stages 4 and 5, 
as is perhaps best shown in Fig. 1. A section 
through this belt is represented in Fig. 4. The 
castings are all of simple form, and numerous 
cleaning holes have been provided in them to 
facilitate the removal of the sand or loam which 
is apt to adhere to the less accessible corners, 
and which, if not removed, gradually works loose 
in service conditions and causes damage to the 
blades. Two of these holes are shown at aa, Fig. 2. 
These also served for the passage of core supports, 
and were ultimately closed by screwed plugs welded 
into place. In other cases the cleaning holes were 
provided with covers bolted on. 

The guide blades are machined out of mild steel 
plate, and have a uniform angle of discharge of 
14 deg. They are cast into the diaphragm 
plates, which are steel castings. The halves of 
these diaphragms are supported only at the casing 
joint, but they fit into turned grooves, of which 
particulars are given in Fig. 5, Plate XXVIII. 
There are, moreover, guide keys at top and bottom. 
With this system of mounting the diaphragms are 
free to expand without straining or distorting the 
casing. 

The running blades are milled out of nickel steel, 
and are mounted in slots turned in the wheels as 
indicated in Fig. 28, page 468. The shrouding of 
these blades is edged with a thin copper strip as 
shown in Fig. 29, on the same page. Means, to be 
described later, are provided for easily adjusting the 
axial position of the rotor, which is thus located dur- 
ing erection, in such a way that these “ end tighten- 
ing” strips stand about -in. clear of the adjacent 
diaphragms. With this arrangement, the “ height 
at entrance’ of the running blades need be very 
little more than the height of the guide blades, 
from which they receive their steam, as the copper 
strip effectively prevents “ spilling.” The maximum 
blade tip speed in this H.P. turbine at 3,000 r.p.m., 
is about 572 ft. per second. A view showing this 
rotor in the act of being lowered into position in its 
casing is reproduced in Fig. 30 on page 468. 

As already mentioned, at normal full load, the 
steam is expanded in the H.P. turbine down to 
about atmospheric pressure. The exhaust steam 
is conveyed to the L.P. turbine through two 32-in. 
steel pipes. The rotor of this L.P. turbine is also 
machined out of the solid, and dimensioned details 
of it are given in Fig. 27, on page 468. In the case 
of this rotor not only were test pieces taken from the 
shaft and a hole drilled axially through the forging, 
but plates in the form of half-circles were cut from 
the lightening grooves which are machined in the 
rotor as shown in Fig. 1. These plates were tested 
by bending in order to ensure the absence of 
longitudinal flaws. This L.P. turbine has a K of 
about 168,500 at 3,000 r.p.m., and a maximum blade 
tip speed of 857 ft. per second. The blades are 
rolled out of mild steel with the exception of those 
for the last stage which, like the impulse blades, 
were milled out of the solid. The total steam way 





provided beyond the last rows of blading is 31 sq. 





ft., and at the specified 28 in. vacuum and full 
load, the throw away loss amounts to only 1-14 per 
cent. of the adiabatic heat drop. 4 = 

As best seen in Fig. 1, provision is made for 
bleeding this L.P. turbine for feed heating purposes, 
The two belts shown are coupled to a common 
main, to which also is connected the steam leaking 
from the pocket of the labyrinth gland provided at 
the governor end of the H.P. turbine. When 
developing 16,000 kw. the pressure in this steam 
belt is 6-3 lb. per sq. in. absolute corresponding to 
a temperature of about 160 deg. F. The quantity 
of steam tapped off under these conditions is 
12,300 lb. per hour, which is approximately +’; of 
the total steam entering the turbine. 

The L.P. casing is of cast iron throughout, and 
details of its construction are represented in Figs. 6 
and 7, Plate XXVIII. The exhaust passages are 
stayed by steel plate diaphragms and through 
bolts fitted with cap nuts as indicated in Fig. 8, 
Plate XXVIII. A guide plate shown by the dotted 
lines in Fig. 1 extends up the exhaust passage to the 
level of the horizontal joint and catches the steam 
discharged from the lower half of the rotor, thus 
reducing the tendency to form a “dead water” 
space in the exhaust passages where they bend most 
sharply. The turbine bearings have all cast-iron 
‘¢ brasses ”’ lined with white metal. An enlarged view 
of the bearing at the thrust block end of the L.P. 
turbine is represented in Fig. 11, page 465. From 
this it will be seen that the “ brass ’’ is supported 
on a very narrow band of its housing. From its 
seat it tapers away in both directions, This arrange- 
ment is practically equivalent to a spherical seat, 
and makes it possible for the bearings to take the 
extremely small tilt necessary to ensure an even 
distribution of the load. Spherical seats are, 
however, provided for the stationary collars of the 
Michell thrust blocks which take any axial load 
that may come on the turbine rotor. As shown 
in Fig. 12 the thrust block has eight pads on each side 
of theshaft collar. The bearing and thrust block at 
the governor end of the H.P. turbine are illustrated 
in Figs. 9 and 10, and are constructed on similar 
lines to those already described, but as has already 
been mentioned, means are provided for the easy 
axial adjustment of the H.P. rotor. To this end the 
thrust block and bearing are mounted in a sleeve 
which slides in a cylindrical guide. A nut, having 
a worm wheel cut on its outer periphery, engages with 
the worm, best seen in Fig. 10, and provides the 
means for sliding the sleeve along its guide. This axial 
adjustment of the rotor is made once for all when the 
turbine is erected, and is then maintained by the 
shims or packings shown in Fig. 9. The emer- 
gency governor is shown in position in Fig. 9. It 
consists of an eccentric ring, which in normal running 
is held concentric with the turbine shaft by a strong 
spring. In the case of an excessive rise of speed, the 
centrifugal forces overcome the spring pressure 
so that the ring protrudes from its shaft, and thus 
trips a trigger and opens to exhaust a valve on the 
oil pressure system, from which the relays operating 
the governor valves are supplied, as described in 
fuller detail below. 

The general arrangement of the governor and its 
accessories embodies some novel features. The stop 
valve and the emergency valve are combined 
into one, and a section through it is shown in 
Fig. 13, page 466. The valve is opened by the 
hand wheel shown which lifts the valve against the 
pressure of a helical spring. As will be seen the 
valve is of double construction, a central pilot valve 
being provided which has to be opened wide before 
the main valve begins to lift. In this way the 
pressure on opposite sides of the main valve is 
equalised and the load to be overcome in opening it, 
reduced. The spring shown abuts at its lower end 
ona screwed block, forming the nut with which the 
thread cut on the spindle engages. This nut in its 
turn, rests on the “‘ banjo ” which is shown separately 
in Figs. 15 and 16. As there represented, this banjo 
has three feathers which in the position shown in 
Fig. 15 catch under the nut and support it. When 
the emergency governor is tripped, the banjo is 
moved into the position shown in Fig. 16, so that the 
feathers pass through the slots provided in the nut, 
and the latter, carrying the valve spindle with it, 
moves down through the banjo, thus closing the 
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valve. This downward motion is controlled by the| | 4 \ \\ NV \\ NV . N i 
air dashpot shown in Fig. 15. The motion of the is \ NV NV \\ | N 8 
banjo necessary to release the nut, is provided for | 4 \ N NV y \ + 


by the spring in the small relay cylinder visible on | 
the right hand side of Fig. 13. In normal running | 
the piston of this relay is held down by oil pressure 
above it. When this pressure is destroyed, the 
piston moves up, carrying with it a slotted block 
with which the tail piece of the banjo engages. A 
section of the relay cylinder, with the piston in the 
tripped position, is represented in Fig. 14. 

To reopen the valve it is necessary to turn the | 
handwheel in the direction which would normally 
close the valve. Since, however, this valve has 
already been closed ,by the action of the relay, 
the effect of turning the handwheel is to raise the | 
nut under the helical spring. When this is clear | 
of the “banjo” the latter can be re-set, and this | 
done, the motion of the handwheel is reversed and | 
the valve lifted. The valve, which is actuated by | 
the emergency governor, is represented in its two 
alternative positions in Figs. 17 and 18, and as there 
shown is included in the same casting as the main | 
pilot valve. The trigger operated by the emergency | 
governor and the hand tripping gear, are both shown | 
in position in Fig. 21, which also shows the | 
arrangement of the main governor and how it is | 
coupled to the throttle valve. 

The main steam stop valve is followed by a) 
strainer, from which the steam passes to the main | 
governor valve, which discharges into three branches, | 
one of which feeds the bottom of the main steam | 
belt, the upper part of which takes its steam from | 
the second branch, whilst the third delivers steam 
to the automatic overload valve, a section through | 
which is represented in Fig. 23. 





out. 


use of an external spring, which involves an addi- 
tional and, of course, variable load on the governor | 


bearings. As shown in Fig. 21 the outer end of the | the main governor valve by the link and bell-crank 
floating lever is coupled to a sleeve, which can be |shown in Fig. 23. If the main valve spindle is 
|raised by the governor above a certain limit it 
opens the overload valve against the pressure of 
carries a toothed wheel c (see Fig. 21), which engages | the spring shown in Fig. 23. This overload valve, 
with the long pinion d. By rotating this pinion ' it may be added, is machined out of a solid forging. 


adjusted to different positions of the valve spindle. 


To this end the valve spindle is screwed and the sleeve 


|either by hand or by the motor shown in Fig. 22, 
The governor is fitted with ball bearings through- | the outer end of the floating lever can be raised 
Its sleeve has an exceptionally long travel, | or lowered and the speed of the turbine adjusted 
which corresponds, in fact, to a variation of 16 per| accordingly. The pilot valve, which admits or 
cent. in the turbine speed. This long travel is | exhausts pressure oil from the relay cylinder above 
utilised to provide the means for adjusting the | the throttle valve, is shown in position in Fig. 21, 
speed (in synchronising the alternator) without the | and sections through it are reproduced in Figs. 
19 and 20, and also in Figs. 17 and 18. 
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Fie. 30. H.P. Rotor serya LOWERED INTO PosITIon. 


Forgings are always more homogeneous and less 
liable to distortion than castings, and the English 
Electric Company are accordingly making extensive 
use of this method of constructing valves exposed 
to high pressures and temperatures. All the valve 
casings are steel castings, and special attention 
has been given to the matter of making them of as 
simple a form as possible so as to reduce the risk of 
wasters. 

As shown in Fig. 1, a flexible coupling incapable 
of transmitting end thrust, is used to connect the 
H.P. and L.P. shafts. The bolts uniting the 
halves of this coupling have their heads and nuts 
surrounded by a sheet steel guard, which is illus- 
trated in detail in Figs. 24 to 26, page 466. The 


The overload valve is coupled to the spindle of 
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object of this shield is to prevent the possibility 
of any lubricating oil which may impinge on the 
joint being beaten into a froth. 

Figs. 31 and 32, Plate XX VII, are reproduced from 
photographs taken at Valley Road, whilst. Figs. 33 
and 34, Plate X XIX showstagesin the work oferection. 

The machining of the H.P. rotor is represented in 
Fig. 35, page 480, whilst Fig. 36 shows the blading 
of the L.P. rotor in progress. A view of the H.P. 
rotor complete is reproduced in Fig. 37, whilst a 
corresponding view of the L.P. rotor is given in 
Fig. 38, on the same page. 








THE GERMAN ECONOMIC 
SITUATION. 


From every point of view the economic situation 
of Germany is of interest to this country. In the 
most general aspect it represents the change from 
a chaotic condition, which on the face of it looked 
as though it might end in actual bankruptcy, to a 
stabilised balance between incomings and liabilities, 
and a vigorous progress along practically the entire 
industrial line. To the countries that are expecting 
from Germany the much commuted sums at which 
her liability for reparations has been compounded, 
the evidence that these sums are well within her 
ability to pay must be welcome. The industries, 
such as those of the engineering trades, that meet 
German competitors in the markets of the world, 
are interested very directly in considering the posi- 
tion that those competitors have attained, the use 
they are likely to make of it, and incidentally the 
manner in which they have contrived to retrieve 
themselves so quickly in face of what to most nations 
would have been insurmountable obstacles. The 
disposition of all manufacturing countries nowadays 
is to search much more carefully than in the past for 
the interests they have in common, or alternatively 
for ways in which each can pursue its own interests 
with the least mutual interference. A necessary 
preliminary to such an examination is to realise 
the position of each party as accurately as possible, 
and in regard to the situation of Germany, much 
valuable information is to be found in the last 
report that Mr. J. W. F. Threlfall, with the assist- 
ance of Mr. C. J. Kavanagh, has made to the Depart- 
ment of Overseas Trade,* to whose Commercial 
Diplomatic Service, attached to the British Diplo- 
matic Mission at Berlin, both authors are Secretaries. 

In previous years similar reports have been 
esteemed not only for the fulness and accuracy of 
their information, but for the sound perspective in 
which it has been presented. The present document 
has an equal title to be admired on each ground, 
and, fortunately, the facts have warranted the 
authors in dealing less elaborately with the merely 
financial circumstances of the subject, which now 
seem to be not far from normal, and writing more 
definitely and in greater detail on the industrial 
and commercial aspect, which indeed is the most 
prominent at the present time. The many extra- 
ordinary conditions under which the country has 
had to work since the war have disappeared, and it 
is now possible to realise exactly what has occurred. 
The inflation of the currency, whereby what passed 
for money was put into circulation without the 
simultaneous creation of money’s worth, ended by 
depriving the currency of almost all its value, as 
compared with real commodities. The liabilities 
of industry were, however, expressed in terms of 
the currency, and while the real assets of industry 
retained their full real value, its liabilities were dis- 
charged by payment of their amount in the almost 
worthless marks. In one way and another these 
real assets had been greatly augmented, and with 
the help of the higher internal value of the mark 
than its exchange value, manufacturers could com- 
pete to advantage in foreign markets up to the limits 
set by their command of capital. This limitation was 
felt even while the currency was inflated, and when 
ultimately the process was stopped and transactions 
were confined to gold marks with a stable value, it 
became for the time being the dominant factor of 
the situation. Rich in real assets, manufacturers 
had relatively little or no working capital, and the 
simultaneous demand for it from all quarters raised 





‘ p. Report on the Economic and Financial Conditions 
in Germany, 1926. H.M, Stationery Office, 4s. 6d. net. 





the rate of interest up to fabulous figures. During 
1925, the banks asked and obtained rates that 
varied from 16 per cent. or more down to something 
over 13 per cent. The process, in fact, that had 
extinguished liabilities had also extinguished working 
capital, and fresh liabilities accrued much faster than 
goods could be produced and loans obtained by which 
liabilities could be discharged. The rate at which 
firms went into bankruptcy or secured a moratorium 
by placing themselves under Government control 
was almost four times as large in the fourth quarter 
of the year as it was in the first. 

With the turn of the year the rot began to be 
stopped. The figures of bankruptcies and control of 
firms fell steadily for the first four months of the 
year to substantially less than they were at the begin- 
ning of last year. Loans began to be procurable at 
rates of interest that were comparatively reasonable, 
and ceased to be as urgently necessary as they had 
been. The leaders of German industry had kept their 
heads and their confidence throughout these disturbed 
times, and had persistently improved the efficiency 
of their plant and organisation. The finances of the 
State had been placed on a sound foundation, and 
out of its improved resources it was able to come to 
the assistance of numerous industries. With the 
reduction in the amount of foreign loans the adverse 
balance of imports over exports, which had been 
about as high as Germany’s total foreign indebted- 
ness, changed into an increasing preponderance of 
exports. With the stringency of credit and working 
capital, the nation’s purchasing power had dimin- 
ished, and in addition to its effect in reducing imports 
this influence had also narrowed the home market, 
even for German manufacturers. Both they and the 
State were compelled consequently to attach the 
greater value to increasing the volume of exports, 
and from both sides, therefore, the balance of exports 
over imports is being urged to increase. 

The energies of German industry at the present 
time are, in fact, addressed to reinstating the 
working capital of which they were deprived by 
the same causes as relieved them of their mortgage 
and other liabilities. Manufacturers are doing it 
partly by increasing the efficiency and organisation 
of their plants, a process that has been going on 
more or less continuously since before the end 
of the war, and partly by extending their export 
trade. The present report contains a vast number 
of examples to illustrate how successful they have 
been, of which a few may be instanced from the 
engineering trades. Right and left they have over- 
hauled and scrapped inefficient plant, and shut 
down works when this was not practicable. As 
compared with 1913, barely more than a fourth 
the number of blast furnaces are in operation, but 
these are said to have produced more pig-iron than 
the United Kingdom, which had double as many 
furnaces in blast. Rebates are arranged to stimulate 
production for export, and transport arrangements 
revised so as to assist mass production. While 
vertical combinations, the failure of which was 
shown so conspicuously in the catastrophe of the 
Stinnes group, are thoroughly discredited, hori- 
zontal combinations are being sought to all degrees 
of intimacy, and as is now known, have been ex- 
tended to inter-European arrangements, of which 
the full effect has yet to be seen. The rise in the 
prices of iron and steel is kept everywhere below 
the level of the rise in the cost of living index, an 
indispensable condition for the prosperity of the 
engineering trades ; and although the iron and steel 
industries complain of the increase of taxation 
that has accompanied the reintroduction of sound 
finance, its burden in the opinion of the present 
reporters is no higher than is felt in Great Britain. 
During last year these industries attained, and 
possibly exceeded, the volume of their pre-war 
exports, and an examination of the prices at which 
finished steel was sold in May last shows that the 
rebates and other conditions enabled makers to 
supply at rates actually lower than pre-war stan- 
dards. Similarly, makers of small tools exported 
more last year than in 1913, and had Great Britain 
and the East Indies among their principal customers. 
The exports of cutlery were 20 per cent. more in 
weight. The state of shipbuilding exemplifies both 
the restriction of the home market and the in- 
sistency with which exports are sought. The total 





sea-going tonnage under construction for German 
account during 1925, including orders, was less than 
a fourth of the similar total for 1913, but the total 
for foreign account was over five times as large 
as the 1913 figure. The only conspicuous exception 
in all German industry to the double phenomenon 
of restricted home market and progressive exports 
seems, indeed, to be beer, of which home con- 
sumption increased in 1925 by nearly a third, 
while exports dropped by some 11 percent. Similar 
results are seen in respect to mined fuel. Exports 
last year, which were nearly five times as large as 
in 1924, were greater than imports for the first 
time since 1913, and examples are given to show 
that the work is being done with considerably greater 
efficiency. 

A like energy is being shown in the services 
auxiliary to manufacture and trade. The State is 
interesting itself with great activity in the develop- 
ment of electric supplies, and although the rates 
for small consumers are higher than before the 
war, most of them lie between 20 and 24 pfennigs 
(under 3d.) per kilowatt-hour, and few exceed 
34 pfennigs (4d.) Large consumers mostly pay 
between 3 and 4 pfennigs (under 4d.) per kilowatt- 
hour. The tonnage carried on the railways is 
nearly equal to that of 1913, and, by reason of the 
increased length of the average haul, the ton-kilo- 
metres are over 10 per cent. greater. Rates average 
42 per cent. higher than before the war, and are 
mitigated by some 200 special tariffs, on which 
over 60 per cent. of the freightis carried. Passenger 
rates, though something under a third higher than 
in 1913, vary from 3-3 pfennigs per kilometre for 
fourth-class to 10-8 pfennigs for first-class, or, say, 
from just over 3d. per mile to just over l?d. The 
State makes large advances to the railways. Wages 
have been advanced since 1914 only by two-thirds 
or less, but a system of bonuses has been introduced. 
Results no less remarkable have been attained, 
both in tonnage through the more important 
German ports, and in the growth of the German 
mercantile marine. The former is now larger than 
before the war, though freights at present are 
much lighter, while the mercantile marine, which 
war losses and treaty surrenders had reduced 
to 320,000 tons, has been increased by nearly 
3,000,000 tons, more than half of which has been 
built in German yards. The activity of the popu- 
lation is illustrated in another way by the postal, 
&c., services, in which as many letters are carried 
as before the war, and there is a waiting list of 
29,000 for new telephone connections. 

Industrial Germany will doubtless continue to 
have difficulties from time to time, but it is evident 
that the worst has been surmounted, and that the 
country is in a good position for meeting what may 
arise in the future. That this remarkable result 
should have been possible is due in some measure to 
the co-operation that workmen in all industries seem 
to have shown, both in abstaining from demands 
beyond the capacity of the industry, and in working 
for such hours as the work required, and with the 
diligence proper to the circumstances. The in- 
dustries are, in fact, in a fair way to attain and 
exceed the position they held before the war, 
where they have not already reached it. In one 
respect, however, they are said to have adopted a 
revised policy. Before the war it was the German 
practice to fight for markets and conquer them, 
but this tendency, according to the present report, 
has been replaced to a large extent by a strong 
* advocacy of international co-operation.” Not the 
least of the economies that can be made by the 
industries of all nations is the reduction of the 
waste of energy involved in competition. It is a 
good omen that in resuming its place in the markets 
of the world Germany has put the desire for such 
economy in the forefront of her policy. 








Tue Swansea Tin-Piate InpustRy.—A market 
report recently issued by the Incorporated Swansea 
Exchange, Royal Metal Exchange, Swansea, states that 
the tin-plate market continues to be quiet. No sub- 
stantial improvement can be expected until there are 
prospects of an early settlement of the coal stoppage. 
Several of the tin-plate works in the Swansea dis- 
trict are, however, operating most of their mills, and 
are relying on supplies of imported steel and coal to 
keep going. 
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PREDICTING THE DISTORTION OF 
HEAT-TREATED CASE-HARDENED 
RINGS. 

By Prroy J. Hauer, M.B.E., M.Sc. 

In engineering practice, one of the greatest 
drawbacks to the extended use of case-hardened 
parts is distortion. If the heat treatment subsequent 
to carburising is such as to develop the best physical 
properties of the core, then the distortion is generally 
aggravated. The subject has received the attention 
of metallurgists for a considerable period, and, 
from time to time, methods of case-hardening are 
devised which purport to do away with distortion ; 
but generally these claims are not founded on 
fact. Assuming that distortion is inevitable, it 
would be useful if simple laws were available 
which would make it possible to predict with 
accuracy the finished dimensions of case-hardened 
parts. Definite information is, however, still 
lacking, and amongst the many difficulties that 
of predicting the size that holes should be made 
before carburising and hardening, so as to allow 
for distortion before grinding, is the worst. A chart 
showing the minimum (graph B, Fig. 1) and 
maximum (graph A, Fig. 1) allowance which is 
to be left in the bore of mild-steel work that is 
to be case-hardened before grinding has been 
published by Messrs. Alfred Herbert, Ltd., Coventry. 

The graphs were prepared for the use of practical 
men, and it is therefore assumed that it was not 
necessary to give information with regard to heat 
treatment, the cause of local distortion and differ- 
ences caused by thick and thin shell walls or long 
cylinders, but experiments carried out independently 
by the author and Blue (“ Distortion Produced in 
Case-hardening,” American Machinist, August 12, 
1922), under varying conditions as to dimensions, 
heat treatment and material, show that the chart is 
reliable. Graph C, Fig. 1, is obtained from the 
two sources indicated. The results obtained from 
experiments on the 8-in. and 5-in. internal diameter 
rings were obtained by the author, and the following 
figures give some idea as to the distortion obtained : 


Thickness of in, in. in, in. in. in, 

ring ve 07) 087) 0-7) 7070-7 
Internal dia, 

of ring 5-0 8-15 8-15 8-15 8-15 8-15 
External dia. 

of ring... 7-25 10-4 10-4 10-4 10-4 10-4 
Temperature of 

quenching °C, 850° 850° 875° 900° 925° 950° 
Average change 

in diameter 

or enlarge- in, in, in, in. in, in. 

ment of bore -0076 -015 -0168 -02 +0247 -0333 


The 5-in. and 8-in. rings received the following 
heat treatment: the blanks were turned, bored 
to the approximate size, and then annealed at 
900 deg. C. They were then machined to the 
finished size and placed in cast-iron boxes surrounded 
by “ Eternite’’ case-hardening compound, left in 
the furnace for three hours at 900 deg. C., and then 
the furnace was cooled down all night; next 
morning the furnace was quickly brought to the 
desired quenching temperature. Care was taken 
to keep the rings horizontal during quenching, and 
the water in the tank was kept at a steady tem- 
perature.. Reference to the original paper written 
by Blue, will show that his discs were 1 in. thick, 
and had a different heat treatment. The minimum 
allowance to be left on the ring is given as 0°04 in., 
but at a temperature of 950 deg. C. the rings opened 
out 0-033 in. Care should be taken in interpreting 
the results. From 3 in. onwards, the rings are 
increased in internal diameter, whilst with smaller 
rings the holes get less, thus automatically providing 
the amount necessary for giinding. In hardened 
and case-hardened work in which the hole is less 
than } in., it should therefore be. bored or reamered 
to standard size, as there will be sufficient shrinkage 
when quenching takes place to provide a grinding 
allowance. 

It will also be noted that, on an 8-in. ring, 
if there is left 0-06 in. (or 0-03 in. per side) by 
the turner, then 0-045 in. (or 0:022 in. per side) 
must be removed by the grinder, whilst the 
minimum allowance only leaves 0-012 in. per side. 
If the quenching temperature is abnormally high 
at, say, 950 deg. C., the minimum margin left 
per side sinks to 0-0035 in., which will not provide 





any allowance for local distortion or out-of-roundness. 
The experiments show that there is less distortion 
at lower temperatures, but the quenching tem- 
perature depends upon the size of the piece to be 
quenched and the hardness required. 

When a cylinder is plunged vertically, the entry 
end comes out the larger in diameter as the following 
experiments show :— 








Increase or de- 

Original joan worm crease in outer 
diameter (# in. ‘wy enter | diameterof last | Length. 

hole.) one lien 40-4 

water. water. 

0°9001 +0°0016 —0°0003 0°525 
0°9027 +0°00135 —0°0008 1°0157 
0°9025 +0°0014 —0°0007 2°0026 














Fig. 2 shows that the 8-in. rings open out more 
the higher the quenching temperature. 

The commonly accepted theory that the best 
heat for hardening is just above the critical point 
is erroneous, since the most suitable temperature 
depends upon the size of the work and other 
factors. In some cases, depth of hardness is more 








The whole of the specimens were cased for three 
hours at 850 deg. C., and then allowed to cool, 
reheated to 750 deg. C. and then quenched, 
different quenching methods being thus the only 
variable. For the case represented by graph A, 
the specimens were plunged vertically and vigor- 
ously swished through the water on quenching. 
Graph B was obtained when the specimens were 
plunged vertically without lateral movement, with 
the consequent tendency of quenching through 
a ring of hot water. Graph C represents the results 
obtained when the specimens were plunged hori- 
zontally, whilst in the case of graph D the specimens 
were plunged horizontally and subjected to a 
swishing movement. In this case, the alteration 
in length showed marked instability, varying in 
the }-in. long specimen from a positive extension 
to an intermediate negative extension on the 4-in. 
test piece. In studying these different curves, it is 
advisable to remember that, in the customary 
methods of commercial treatment of small sections, 
the liquid is agitated. On the assumption that 
the rate of motion changes both the central and 
the peripheral cooling velocities, it is possible to 
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If the material quenched requires to have 
maximum hardness, Portevin and Berjot have 
shown that maximum scleroscope hardness of a 
0-9 per cent. carbon steel will occur when the 
quenching temperature is 740 deg. C., whilst 
McCance (Journal of the Iron and Steel Institute, 
1914) has shown that the maximum Brinell hardness 
of a 0-86 per cent. carbon steel occurs with a 
quenching temperature of 760 deg. C. and falls 
slowly as the quenching temperature is increased 
to 1,000 deg. C. 

Another point which causes difficulty is the | 
shrinkage or extension which takes place in length. | 
A large number of hollow cylindrical concentricity 
gauges had to be made, and a few were made with 
a taper piece fixed in position in the bore during 
the quenching operation. In this case, the length 
allowance just neutralised the shrinkage. In the | 
next batch it was found to be more convenient 
to leave the centre piece out and the bore free. 
All these gauges extended, in some cases causing 
the casing on the low step to be ground through. 
Fig. 3 gives the results of tests on a series of bars 
0-9 in. external diameter with a 0-375-in. hole 
through the centre and has a bearing on the point 
mentioned. It will be observed, in each case, that 
the graphs show that the alteration in length 
varies with the procedure followed. For these 
tests, the material was cut from the same bar. 








(9737.c) Length of Test Pieces.flnches). 


getta vahiety of cooling velocities with a conse- 
quent alteration in dimensions, as shown in 
Fig. 3. 

With a motionless coolant and a quenching 
temperature of 875 deg., it has been found that the 
cooling velocity at 720 deg. C. for rounds, can be 
expressed by the following formula*:— 

S\n 
a) x Cy 
where V = centre cooling velocity at 720° C, in degrees 
Cent per Sec. 
S = surface area in square inches 
W = volume in cubic inches 
n = constant (for rounds 1-75) 
C,= constant ( ,, 3°91) 

According to this formula, a test piece }-in. dia- 
meter and 4 in. long, has a cooling velocity of 165 
deg. C., whilst a bar, 1 in. diameter and 4 in. long, 
has a cooling velocity of 54 deg. C. per sec. at 
720 deg. C. The cooling velocity at the surface 
must always exceed the cooling velocity at the 
centre. ‘The larger the mass or the lower the 
conductivity, the more accurately will the hypothesis 


v= ( 


” 





* Initial Treatment and Muss Effects in Quenching 
French and Klopsch, Technical Papers, Bureau of 
Standards, August, 1925. 
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of instantaneous surface cooling apply when points 
in the vicinity of the centre are considered.”* A 
series of experiments is recorded in a paper on the 
cause of quenching cracks, by Honda and others, 
in which the rate of cooling of the interior and the 
surface were determined experimentally. The graph 
shows that a very rapid rate of fall of temperature 
occurs at the surface with a comparatively slow 
rate of cooling in the interior; even at the end of 
3-5 seconds there is a difference of 300 deg. between 
surface and centre. The final length of the piece 
must depend on the relative cooling velocities of 
the shell and core. 

Many researches have been carried out on the 
behaviour of iron and steel under tensile tests at 
high temperatures.{ In Carrington’s tests, it was 
found that, with a mild steel, of 0-19 per cent. C., 
the elastic limit fell continuously from 20 tons per 
square inch at 100 deg. F. to about 6 tons per 
square inch at 1,000 deg. F. 

It would be possible, with a 0-9 per cent. carbon 
steel shell, to have an ultimate strength of 90 tons 
per square inch, the shell being at first in tension 
with the core in compression. 

We often see the advice, ‘“‘ Do not harden on a 
falling temperature.” This advice is sound, for, 
under ordinary conditions, the shell of high-carbon 
steel has a cooling velocity much greater than that 
of the centre and the final length of the outside 
must depend upon the effect these relative cooling 
velocities have on the thermal stresses set up. 
Heyn and Bauer have shown that, with a 25 per 
cent. nickel steel, the internal strains are reduced 
from 3,510 to 3,810 atmospheres in cold-worked 
material to +- 200 to — 250 atmospheres, by anneal- 
ing the metal for 1 hour at 850 deg. C.§ 

To imitate a case-hardened piece, a cast-steel 
sleeve was forced on a mild-steel mandril. After 
hardening and quenching at 750 deg. C., it was found 
that the outer diameter had increased +- 0-0022 in., 
whilst the sleeve had shrunk — 0-00108 in. and the 





‘THE RELATIONSHIP OF THE PLAN- 
NING DEPARTMENT TO SHOP 
FOREMEN. 


THE centralised methods which the modern 
‘developments of manufacture are making more 
and more necessary in the shops, are not always 
easy to graft on to organisations which have grown 
| up in a different era. The introduction of, say, a 
planning department into a factory which has 
previously operated on the older system, in which 
much greater discretion is necessarily given to the 
shop foremen, may cause considerable personal 
dissatisfaction and yet may be justified on broad 
grounds. A foreman is, of course, not a fixed 
quantity, and while the majority will probably 
have honestly striven to do their best for their firm, 
and also for the workers subject to them, others 
will have developed into autocrats and petty 
tyrants. It is in the departments presided over 
by the latter that the changed relationship brought 
about by the advent of the planning department 
may cause the greatest difficulty, although it may 
be most beneficial to the workers. 

The autocratic foreman naturally resents any 
move calculated to restrict his power. Under a 
planning department he, in a sense, still controls 
the destinies of those under his authority, but he 
does not hold the licence that was formerly his 
of utilising every operator to suit his own ends. 
He may select the man to operate a certain machine, 
but he does not select the job to be handled on that 
machine. The planning department does this, and 
a good deal of tyranny is thereby frustrated. On 
the other hand, the unsatisfactory foreman is 
given a weapon which in the past he did not possess : 
the means of absolving himself from responsibility. 
In the past, no matter what act he committed, he 
had to accept full responsibility, for he was the 
undisputed head of his department, and issued his 
own orders. Now, however, he can pass respon- 





mild steel core — 0-0004 in. in length. 

Local distortion may be caused by unequal heat- | 
ing in the furnace or pieces of scale adhering to the 
piece during quenching. It will be noted that, 
although it has not yet been possible to give any 
definite rules governing alteration in length, it has | 
been shown that a case-hardened piece of steel may 
have an increase or decrease of length depending 
upon the rate of cooling. 

Various factors help to give rapid cooling, such as | 
high temperature of quenching, and the direction and 
rapidity of immersion with appropriate movement 
through the water. In the case of hollow cylinders 
with a small hole, the quenching water inside the 
hole is at a higher temperature than that outside ; 
therefore there will be a tendency for the hole to 
become smaller. This is analogous to the shop trick 
whereby rings slightly too large are brought to a 
dull red and then have the outer edge rolled in a 








sibility for many covert acts over to the planning 
department, and this may reconcile him to no small 
extent for the restrictions imposed upon him in other 
directions. 

The decent foreman, however, is not disposed to 
take advantage of such an opportunity, for it would 
be contrary to his principles, and while continuing 
to do his best, may feel that the advent of the 
planning department has inflicted upon him a loss 
of prestige. It may be contended that it eases his 
burdens in many respects, but against this it cer- 
tainly increases them in others. Under the older 
procedure, the foreman had to work to instructions, 
but these were outlined rather than detailed and 
he had plenty of scope for initiative. With a 
planning department, however, he has to act upon 
detailed instructions, the sequence of operations, 
time allowance, and the actual machine being 
determined for him. The operator’s attitude 


shallow trough of cold water. This brings them in| toward the innovation is governed largely by the 
sufficiently for grinding, but the final size is unre- | relations hitherto existing between the foreman and 
liable as it will tend to alter with time. | himself, and also by the material advantages that 





Etecrriciry 1s Satrorp.—The Salford Borough 
Electrical Engineer’s annual report shows that the revenue 
of the electricity department for the year ending March 31, 
1926, amounted to 287,899/., which represents an increase 
of 2-2 per cent. over the preceding year. The total 
working cost, including bulk supply purchased, was 
151,3641., a decrease, as compared with the previous 
twelvemonth, of 11-5 percent. After deducting interest 
and sinking fund, the net profit realised was 44,2361. 
Out of this total, a sum of 14,0001. was transferred to the 
district fund account in relief of the rates, andthe balance 
of 30,2362. was paid into the reserve and renewals fund, 
which now stands at 66,5827. During the year, numerous 
extensions of mains were made to afford supply to private 
houses, shops and industrial concerns. The lengths of 
mains laid aggregated 23-6 miles, and the total length 
of mains in use on March 31, 1926, was 258-4 miles. 
During the year under review, eight additional trans- 
former sub-stations have been connected up to the 
6,600-volt system, making a total of 58 sub-stations, with 
a capacity of 20,605 kv.-a. of static transformers for 
alternating-current supply, and 18,235 kw. of rotary 
converters for direct-current supply. : 





* Quenching: a Mathematical Study of Various 

ypotheses on Rapid Cooling. K. Heindlhofer, Physical 
Review, September, 1922, a J . 

t Jl. Iron and Steel Inst., May, 1921. -! 

t See Martins Proc. Inst. Mech. Engrs., June, 1922, and 
Carrington, ENGINEERING, January 18, 1924, page 69. 

§ Guillet and Portevin, Metallography and Macro- 
graphy. 





directly result. It is, of course, possible that the 
decent foreman has not always succeeded in satis- 
fying the earning desires of every man in his depart- 
ment, and if, as a result of the innovation, these 
desires are satisfied, it is only natural that the 
operator should give the change his support. 

Failing any material advantage, however, personal 
relations between the foreman and his subordinates 
represent the governing factor, and assuming other 
relations to be cordial, the advent of the planning 
department is not regarded with favour. There are 
many good foremen, and many good workmen, who 
sigh for the “ good old days,’’ when the foreman 
was indeed foreman, the undisputed head of the 
department, and the only power recognised. In 
those days, the workers of one department kept 
largely to themselves, and concerned themselves 
only with their own doings. In the modern factory, 
this family spirit has, for the most part, passed 
away, and the only department in which it may be 
said still to exist is the tool department; even 
here it is threatened with extinction. 

It is desirable that the spirit of this old relation- 
ship should not be allowed entirely to pass away. 
The planning department has probably come to stay, 





but it is possible so to arrange matters that the 


personal element is not altogether left out of account. 
It is no doubt true that, in the past, the foreman had 
too much responsibility, and too much power, and 
that abuse was often in evidence, but it is neither 
necessary nor desirable to take away from the fore- 
man the whole of his old’ responsibility and 
power. 

The greatest asset that ‘the old-time foreman 
possessed was the respect with which his position 
was regarded, and it is essential that this respect 
be retained. He made good headway in spite of 
adverse circumstances occasioned by faulty organi- 
sation, and given better organisation, he could have 
achieved much more. To-day, organisation has 
improved considerably, but, unfortunately, in the 
process, the foreman’s position has weakened, and 
although we have gained in some respects, we may 
have lost in others. 

The planning department is a recent innovation 
for the carrying out of a definite idea, but the 
“carrying-out”’ process is capable of a wide 
interpretation. Planning in itself is not new, for 
it preceded the erection of the first factory, and it has 
gone on, year by year, adapting itself to new circum- 
stances as they arose. Each phase has been brought 
to fruition by augmenting the adaption to what was 
already in existence, and although the process of 
necessity abolished the superfluous, it nevertheless 
retained, and made use of, the essentials of what 
already existed. Now that the modern specialised 
planning department, which has evolved from 
modern organisation, has been developed, there is 
no need that it should destroy the foreman, the 
pioneer of planning, setting in his place a depart- 
ment supervisor. Neither is it wise for such a step 
to be taken. The foreman is an institution, and he 
has a definite place in the British factory. Speciali- 
sation is necessary to ensure efficiency, but it must 
not be too fine. There can be one department for 
one specialised process, one for another, and so on, 
but there is no need for a number of specialist 
officials to control one department. The depart- 
ment, whether it be specifically designed to handle 
planning, progress, turning, capstan or automatic 
work, should have only one head. 

The modern trend is to plan down to the smallest 
detail, but there is no reason why the foreman should 
not occupy a place in the scheme of things. Granted 





| the desirability of pre-determined routing and time 


allowance, it can surely be left to the foreman to 
plan with a view to carrying these into effect. 
With his intimate knowledge of the constituent 
parts of his department, he is more likely to make a 
happy choice, and apart from this, the fact that the 
choosing is still in his hands ensures respect being 
paid to his position, and this is all to the good 
from the standpoint of efficiency. Planning con- 
ducted upon these lines would consolidate the fore- 
man’s position, whilst acting as a restraining 
influence upon any act of a tyrannical character. 
The native shrewdness of the foreman would be 
augmented by sound organisation, and the soulless- 
ness so often ascribed to the latter would be dissi- 
pated by the personal relationship existing between 
the foreman and his workmen. It is not good for 
industry that the family atmosphere which has 
permeated the department for so many years 
should be forcibly ejected, even though it is not 
always free from discord. The power conferred 
upon the planning department should not be used 
in an aggressive manner, but should be no more to 
the workers than was the person of the works 
manager in days gone by. It must be used, not to 
undermine the authority of the foreman, but to 
strengthen it, so that the foreman remains the head 
of the department. If this is the spirit in which the 
planning department is inaugurated, the relationship 
which has existed hitherto will not be dissolved, 
and the innovation will be found acceptable to 
every class of worker. 





THE SupPLy or READY-MIxED ConcrETE.—Centres for 
the sale of ready-mixed and unhardened concrete have 
been set up in 22 cities in the United States. According 
to information received from Chicago, the new industry 
has been founded in the interests of economy. The 
builder is saved the purchase and upkeep of expensive 
mixing machinery, and can obtain ready-mixed con- 
crete in much the same way as he obtains other 
materials. 
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NOTES ON NEW BOOKS. 


One of the great difficulties encountered in starting 
the study of the differential calculus is to know what it 
is all about. The opening chapters of Todhunter’s 
old treatise for instance, are perfectly clear and logical 
and the reader has no difficulty in working out correctly 
the accompanying examples. There is, however, a 
marked absence of any indication as to why anyone 
should wish to ascertain the rate of variation of a 
function. ‘‘ No sensible fish,” said the Mock Turtle, 
would think of going anywhere without a porpoise,” 
but the student who tackled the opening chapters of 
Todhunter found little or no clue as to any purpose or 
end to which the operations described were directed. 
To our mind Mr. Albert Eagle’s ‘* Practical Treatise on 
Fourier’s Theorem and Harmonic Analysis,” published 

Messrs. Longman at 9s, net, suffers from a similar 
drawback. No indication is given as to why it is 
necessary or desirable to express functions (often 
discontinuous) in terms of a trigonometric series. 
The ideal method of introducing the subject, is we 
think, that adopted in Byerley’s Spherical Harmonics, 
the opening chapter of which could hardly be bettered, 
and this chapter, has, we know, been read with interest 
and benefit by many who had no intention of pursuing 
the subject further. The sub-title of Mr. Eagle’s treatise 
is Harmonic Analysis, and his text is exclusively 
devoted to this. It is no doubt true that harmonic 
analysis of an elementary kind is useful in connection 
with alternating current problems, and also to those 
interested in detecting periodicities in meteorological, 
astronomical, or other natural phenomena. On such 
matters Mr. Eagles will be found a reliable and intelli- 
gible guide. 
present discontinuities. These arise in harmonic 
synthesis rather than in harmonic analysis, and 
it was in this synthesis that the whole subject of 
expansion in trigonometric series originated. Fourier 
thus showed how it was possible to build up, out of 
expressions which satisfied certain conditions in the 
interior of a body, a function which satisfied conditions 
at the surface. In the absence of this clue to the end 
in view the student is pretty certain to be mystified 
as to why there should « any advantage in finding a 
single expression for what Mr. Eagle calls “ artificial 
functions,” by which he means a function which is 
represented by different simple functions in different 
parts of the range investigated. Apart from this 
question of the method of presentation, Mr. Eagle’s 
book is both comprehensive and ingenious. He 
makes considerable use of the mathematical imagery, 
and is thus able to simplify many proofs. He 
shows clearly the different types of periodicity met 
with and explains very lucidly the shortest and 
most direct methods of determining the coefficients 
of the terms of the expansion. Many cases are worked 
out in detail, and numerous others are added as 
examples by which the student can test his compre- 
hension of the text. These examples, will, moreover, 
prove useful to many who have to make practical 
applications of the method, as they will be spared 
the necessity of calculating afresh the coefficients 
of a large variety of expansions, and avoid thus 
the ever-present risk of an arithmetical slip. A special 
chapter, very clearly written, is devoted to the question 
of determining the presence or absence of periodicities 
in a long series of observations. In fact, those who 
already have a fair knowledge of harmonic analysis 
will find Mr. Eagle’s book extremely useful for reference 
purposes, and will also be interested in the ingenuity 
with which a number of fundamental theorems are 
established. 





The Royal Sanitary Institute celebrated its Jubilee 
earlier in the year, and has taken occasion to issue a 
Jubilee Retrospect, compiled by Dr. Louis C. Parkes 
and edited by a Sub-Committee, together with special 
articles on Sanitary Progress during the Fifty Years, 
1876-1926 [Sanitary Institute, 90, Buckingham Palace 
Road, 2s. 6d. net]. The work will be found of consider- 
able interest to all who realise the true value of advance 
in sanitary practice. The little band of medical 
engineering and social missionaries who, in 1876, 
promoted the Sanitary Institute of Great Britain, 
ounded an institution that novv spreads itself over 
most parts of the Empire, and has been associated 
in one form or another with the considerable progress 
which has been made throughout its territory since its 
incorporation. The Retrospect notes down the chief 
points of this progress in the order in which they 
occurred, and gives a summary account of the lives of 
those who were associated with it most prominently. 
The special articles describe in more detail how the 
progress has been distributed over various spheres of 
action. They are short enough to be read with little 
trouble, and their respective authors write with an 
authority that makes the reading worth while. The 
points of view of preventive medicine, of sanitation, in its 
engineering and in its architectural aspects, its parlia- 


Such functions, however, seldom or never | Pa 





mentary and legal history, its public administration» 
its fate in overseas Dominions and Colonies, and the 
improvements effected in the health and sanitation of 
the Army and Navy are discussed respectively by 
Prof. Bostock Hill, Mr. Boulnois, Sir Henry Tanner, 
Mr. Macmorran, K.C., Sir William Collins, Sir John 
Cockburn, Col. C. A. Melville and Fleet-Surgeon W. E. 
Home, than who no writers have more intimate know- 
ledge of their respective subjects. It would not be 
quite true to say that there has been nothing sensational 
in the episodes of the progress, but with some brilliant 
exceptions, such as the control obtained over typhoid 
fever and cholera, the great structure of sanitary 
progress has been built up out of steady improvements 
in practice. This has become possible through the 
intimate co-operation of medical men and engineers, 
which the Sanitary Institute has done much to stimu- 
late. 





Part I of the fifth volume of the “‘ Z'ables Annuelles de 
Constantes et de Données Numériques de Chimie, Physique 
et Technologie” (Paris: Gauthier Villars et Cie, price 
560 fr. ; The Cambridge University Press, price 3/. each 
of the two parts, not sold separately), dealing with the 
years 1917 to 1922, follows the fourth, which covered 
the years 1913-16, and was published only in 1922, 
after an interval of nearly four years. With Vol. VI, 
which is soon to appear, Professor Charles Marie, of 
Paris, the secretary of the International Committee 
hoped to bring up arrears so that future volumes 
would be able to limit themselves to the scientific 
work of the respective year. We have noticed 
former volumes of these valuable tables, the fourth on 
ge 681 of our issue of June 1, 1923. More than half 
of the fifth volume of 804 pages is taken up by radiation 
and optical constants, especially spectroscopic tables. 
Meanwhile supplementary, not competitive, tables have 
made their appearance. At the organising meeting of 
the International Union of Pure and Applied Chemistry 
held in London in 1919, the compilation of ‘ Inter- 
national Critical Tables of Numerical Data of Physics, 
Chemistry and Technology” was approved, and the 
financial and editorial responsibility for the undertaking 
was assigned to the United States. The task was taken 
up by the National Research Council of the United 
States and the National Academy of Sciences in co- 
operation with the American Chemical and Physical 
Societies, The board appointed corresponding editors 
in the chief countries, who recommended contributors 
for the sections (about 300), from whom expert com- 
pilers were selected, drawn largely from the national 
scientific institutions. Professor Edward W. Washburn 
is editor-in-chief. Vol. I of these ‘ International 
Critical Tables ’’ is now before us ; four more volumes 
are to follow within eighteen months. They are 
published by the McGraw-Hill Publishing Company, 
Inc., of New York and London (for the National 
Research Council), at 12 dols. in America; outside 
America orders must be made for the complete set of 
five volumes, at 3/. a volume in this country. As in 
the French tables, the general introduction is given in 
English, French, German and Italian, but the body is in 
English (French in the other tables). The volume 
opens with comparative systems of weights and 
measures, which are unusually complete and notice all 
countries, including, for instance, China, the Congo, 
Costa Ricaand Morocco, There follow data on symbols 
conversions, laboratory technique, and tables on the 
physical properties of chemical substances (covering 
250 out of the 412 pages of the quarto volume), and on 
radioactivity, astronomy and geophysics. In order to 
condense information a peculiar system of classification 
has been adopted. Each chemical element is given a 
number, oxygen 1, hydrogen 2, carbon 16, lead 23, &c. ; 
the compounds are arranged as to their chief element, 
and each compound is given a number, running up to 
6175 for the carbon compounds, which have a special 
set of tables. In the other tables the compound is 
then quoted by its number. The consultation of the 
tables will require a preliminary study of the classi- 
fication. Such works cannot but be costly. A vast 
amount of time, care and labour has undoubtedly been 
spent upon the compilation by competent men; the 
proof revision alone must have been a very severe task. 





Messrs. A. T, Gilbert and H. B. Morris have compiled 
a completely revised edition of “‘ The Gas Engineer’s 
Pocket Book,” written by the late Mr. Henry O’Connor, 
of which the new volume (London: Crosby, Lockwood 
and Son, price 18s. net) forms the fourth edition. 
Mr. Gilbert is author of ‘‘ Gas Meters,” which is quoted 
in the pocket book, and was formerly on the staff of 
the South Metropolitan Gas Company and afterwards 
distributing engineer of the Nuneaton Gas Company ; 
Mr. Morris is on the technical staff of the Loughborough 
Corporation Gas Department. The authors acknow- 
ledge that their task was not an easy one, and the fact 
is obvious, A good deal of ballast has been taken over 
from the old book, and the notes on the useful tables, 





and on carbonisation, scrubbing, retorts, generator 
gases, &c., are disjointed and in many parts antiquated. 
The mathematical and engineering tables on strengths 
and weights of materials, pipes, bolts, &c., pay due regard 
to the special needs of the gas engineer. To prepare a 
standard solution of ammonia, however, the reader is 
advised to mix a gallon of water with 20 septems of 
strong ammonia. This is as instructive as are the 
tables on the latent heat of fusion, which gives for 
mercury the figure 2-8 without any definition or indica- 
tion of the unit, or the tables on the comparative power 
of solids for conducting heat (in which gold is 1,000 and 
silver 973) and on the relative heat conductivity (in 
which silver is 1,000 and gold 981). There are no 
explanations at all, and we do not know what the 
authors mean by distinguishing power for conducting 
heat from heat conductivity. The prescription for 
preparing ammonia is one of several quotations from 
specifications of the Metropolitan Gas Referees, who 
have not used the term septem for twenty years. 
References to Wombly or Lunge and Vivian Lewes as 
to carbonisation and water gas, and to Roscoe about 
fuel ashes, can hardly be called up-to-date. We 
discovered one mention of benzene in a tar analysis, 
after finding the one reference to it in the index wrong ; 
coal drying is not discussed. The gas engineer need 
probably not yet be worried about the pisain and 
clairain of modern fuel chemists, about which the 
authors say nothing in their Part IV on testing notes 
and water gas practice, but the engineer should not 
merely be referred to Campredon with respect to the 
coking of coal. 





Were a book by an English author to be published 
under the generic title of ‘‘ Machine Tools for Metal 
Working ”’ the reader might justifiably expect to find 
within its pages an account of the various types of 
machine tools in use. It is therefore as well to explain 
that ‘“‘ Macchine Utenseli per la Cawvorazione dei 
Materiali Metallici,’ by Ing. Angelo Ciniselli (Milano : 
Ulrico Hoepli, price 28-5 lire, net) does not contain 
descriptions of particular machines, but is devoted to 
a study of mechanisms, with particular application to 
machine-tool operations. Under these circumstances, 
it is somewhat surprising to find neither automatics nor 
special-purpose machines are included, as it is in these 
two groups that there is the greatest scope for ingenuity 
in the application of basic mechanical principles. The 
author approaches his subject with a distinct mathe- 
matical bias, and from this it will be gathered that the 
book is intended rather for the student than for the 
practical engineer. There is no doubt, however, that 
an impartial study of fundamental principles, as set 
out in works of this kind, which are more common 
on the Continent than in England, is of value to the 
designer. The contents are divided into three parts, 
the first two, which form the bulk of the volume, being 
devoted to kinematics and its application to machine 
tools. The third part deals with such points as cutting 
speeds, productive capacity, the power absorbed in 
cutting operations, tolerances, and gauging. Most of 
the information given could be found either in English 
text-books or in the proceedings of different societies, 
but this applies to the majority of technical works, 
and does not necessarily detract from their value. 
Few people have either the time or facilities to search 
through a wide range of literature for guidance on a 
particular point, and it is certainly useful to have the 
bulk of the information on a special subject collected 
together. Much of the matter in the book is of a very 
elementary nature, and in our opinion might with 
advantage have been omitted in favour of a summary of 
the latest researches on the nature of cutting actions, 
cutting temperatures, and kindred problems. 


British InpustRIes Farr, BrrMincHam, 1927.—In 
view of the continuous demand for additional space at 
the British Industries Fair, to be held in the Exhibition 
Buildings, Castle Bromwich, Birmingham, from Feb- 
ruary 21 to March 4, 1927, the Birmingham Chamber 
of Commerce has now found it necessary to make still 
further extension to the exhibition buildings. Plans have 
just been passed for the immediate enlargement of all 
the three main buildings, at a structural cost of about 
30,0002. An analysis of space-letting made recently 
reveals the remarkable fact that there is an increase in 
each of the eleven groups of exhibits constituting the Fair: 
these comprise, engineering, building, power plant 
machinery, hardware, ironmongery, and the “ heavy’ 
industries in general. In the hardware section, the 
Sheffield industries have, for the first time, taken space 
on a considerable scale. In 1926, there were only two 
Sheffield exhibitors in the Birmingham Fajr; for 1927 
thirty of the most important Sheffield firms have already 
taken space for the display of steel and edge tools, stain- 
less-steel turbine blades and boiler fittings, and other 
exhibits. The engineering section will also be much 
larger in 1927 than it was in the previous year. Further- 
more, extensive developments have been rendered 
necessary in the electrical section. The increase of 
floor space in the 1927 Birmingham Fair, over the pre- 
vious year’s area, will be 120,000 sq. ft. 
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SOUTHERN RAILWAY EXPRESS 
PASSENGER LOCOMOTIVE ‘ LORD 
NELSON.”’ 


In order to meet the increasing weight of fast passen- 
ger traffic on the Southern Railway, a new and heavier 
type of locomotive, built at the company’s works at 
Eastleigh to the designs of Mr. R. E. L. Maunsell, the 
chief mechanical engineer, has just been introduced. 
This engine, the ‘‘ Lord Nelson,” shown in Figs.1, 2 and 3 
annexed, is the first of a class which will be known as 
the “ Nelson” class. It is a 4-6-0 four-cylinder simple 
superheater engine with double-bogie tender, and is 
slightly heavier and more powerful than the ‘‘ King 
Arthur”’ class, which has previously been employed 
for the heaviest fast-passenger traffic. 

Before describing the new engine, it will be of interest 
to give the leading particulars of the King Arthur 
class, to serve as a basis of comparison. Weillustrated 
one of these engines on Plate LIII of our issue for 
June 26, 1925, the description appearing on page 792 
of the same issue. It will be recalled that the engines 
are of the 4-6-0 type with two outside cylinders, 
20 in. in diameter by 28 in. stroke. 


steam pressure is 200 lb. per square inch. The boiler! or 422 lb. per ton. 


is fitted with a Maunsell superheater, having header 
vacuum-relief valves. The tender is carried on two 
four-wheeled bogies, and takes 5,000 gallons of water 
and 5 tons of coal. The piston valves are 11 in. in 
diameter; the heating surface is 1,878 square ft., 
and the superheating surface 337 square ft.; the grate 








ae 
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area being 30 square ft. The coupled wheels are 6 ft. 
7 in. in diameter, and the bogie wheels 3 ft. 7 in. in 
diameter. The weight of the engine and tender in 
working order is 138 tons 10 cwt., of which 60 tons 


are on the coupled wheels. The tractive effort, at 


The working | 85 per cent. boiler. pressure, works out at 11-25 tons, 


These particulars refer to the 
modified engine introduced by Mr. Maunsell, which 
will continue to be produced for dealing with normal 
traffic up to about 400 tons. It is anticipated, however, 
that, in the near future, some of the trains will weigh 
up to 500 tons, and it is with a view to hauling such 
trains for long distances at a scheduled average speed 





of 55 miles per hour that the Nelson class has been 
introduced. 

The most interesting feature of the new engine is 
that the drive of the four cylinders is divided between 
two axles, the angles of the cranks being arranged 
to give eight separate impulses per revolution of 
the wheels. The object of this arrangement is to 
obtain a more uniform torque, and a more even firebox 
draught, than is possible in a four-cylinder engine 
arranged with the cranks at 90 deg. About two years 
ago, Mr. Maunsell tried out this arrangement of cylin- 
ders and cranks by altering one of the late Mr. Dugald 
Drummond’s four-cylinder engines. This engine, as 
originally arranged, had the four cylinders, of which 
two were inside and two outside the frames, driving 
on two axles with the cranks on the quarters, 
giving the usual four impulses per revolution. The 
alteration made was to turn the cranks of the inside 
cylinders through 45 deg., and to re-balance the wheels 
to suit. The improvement secured by this alteration 
was sufficiently marked to justify its employment in 
the new class. Another development which will be 
watched with considerable interest by locomotive 
engineers is the employment of Vibrac steel, manu- 
factured by Messrs. Sir W. G. Armstrong, Whitworth 
and Co., Limited, for the connecting and coupling 
rods, and for the valve gear. This nickel-chromium 
steel, in which a portion of the chromium is replaced 
by molybdenum, was described on page 187 of our 
issue of August 8, 1924. 

Turning now to the details of the engine, the cylinders 








are 16} in. in ‘diameter by 26 in. stroke, and four 
Walschaert valve gears are employed. The boiler has 
a working pressure of 220 lb. per square inch, and is 
of the Belpaire type, the firebox water-space stays 
being of steel in the fire area, with nuts on the fire side 
and ordinary riveted copper stays elsewhere. The tubes 
are of moderate length. There are 173 small tubes, 
2 in. in external diameter, and 27 large tubes, 5} in. 
in external diameter. The boiler barrel is 5 ft. 9 in. 
outside diameter at the firebox, the length being 13 ft. 
9 in., and the length between the tube plates 14 ft. 2 in. 
The firebox shell has a length of 10 ft. 6 in., and a 
width of 4 ft. 0} in. The heating surface of the firebox 
is 194 square ft.; of the small tubes, 1,282 square ft. ; 
and of the large tubes, 513 square ft., giving a total of 
1,989 square ft. The grate area is 33 square ft. The 
superheater header is of the Maunsell type with vacuum- 
relief valves. The superheater surface is 376 square ft. 
The boiler mountings are of new design, and the fire 
door is of the sliding type. Other fittings include 
soot blower, exhaust injector, and four-feed sight- 
feed lubricator with separate condensers for the cylinders 
and valve chests. 

The cab has side windows, and is of similar design 
to that of Mr. Maunsell’s latest 4-4-0 type engines. 
The engine bogie is of simple and robust construction, 
with side-control springs arranged for adjustment and 
removal from the outside of the frame, side-steadying 
bearings to the main frame being provided. The 
tender is similar to that used on the King Arthur 
class, but the tank has flat sides. The coupled wheels 
are 6 ft. 7 in. in diameter, and the bogie wheels 3 ft. 1 in. 
in diameter. The tractive effort, at 85 per cent. boiler 
pressure, is 14-95 tons. It is of interest to compare 
this figure with the tractive effort for other well-known 
locomotives. The tractive effort of the Great Western 
Castle class is 14-12 tons, of the North Eastern 
Pacific class 13-32 tons, and, as already stated, 
of the King Arthur class 11-31 tons. These 
represent the most modern passenger engines; the 
figure for the North-Eastern Garratt goods loco- 
motive designed by Mr. H. N. Gresley is 32-5 tons. 
The weight of the Lord Nelson in working order is 
83 tons 10 cwt., while the weight empty is 75 tons 16 cwt. 
The corresponding figures for the tender are 56 tons 
14 cwt. and 29 tons 12 cwt. The total weight loaded 
is thus 140 tons 4 cwt., of which 61 tons 19 ewt. are on 
the coupled wheels. The overall dimensions will permit 
of the engine working on the main lines of any section 
of the company’s system. A demonstration of the 
capacity of the Lord Nelson was given on Tuesday 
last, when it was coupled to the 11 a.m. Atlantic Coast 
express from Waterloo. No attempt was made to 
lower the record for the run, but a speed of 83 m.p.h. 
was obtained on one part of the journey to Salisbury, 
where the engine was taken off. On the return journey, 
the engine was used to draw the 2.26 p.m. express 
from Salisbury, and an even more satisfactory per- 
formance was achieved. The train was nine minutes 
late in starting, but this time was made up in the 
83 miles between Salisbury and Waterloo. 





ON THE USE OF wv d/y AS A PARAMETER 
IN THE PRACTICE OF HYDRAULICS.* 
By E. Parry. 

INASMUCH as engineers still continue to employ 
empirical formule for the coefficient of fluid friction, 
in consequence of which much confusion prevails in 
the practice of hydraulics, the present seems a fitting 
opportunity for drawing attention once more to the 
existence of parameter, the adequacy of which for the 
purpose of co-ordination is well founded and attested, 
in the hope that steps will be taken at this conference 
to end the present state of chaos and to place the 
practice of hydraulics on a rational basis. The employ- 
ment of empirical formule is, of course, due to a 
deficiency in the hydrodynamic equations, which are 
not adequate to deal with the phenomena. 

It is well known that fluids in motion assume two 
different modes. According to the one, the flow is 
linear and the resisting forces predominantly viscous 
in character, whilst according to the other the flow 
is eddying or turbulent and inertia forces prevail. In 
the first case, the characteristic equations are amenable 
to solution, but in the latter case they are known to 
be intractable in the present state of knowledge, 
when so little is known about the transformation of 
energy in fluids. The practice of hydraulics is con- 
cerned almost entirely with the second class of motion, 
viz., turbulent flow, and as the equations could not be 
solved, recourse was had to empirical formule based 
on experiment without any rational basis or knowledge 
as to how the various physical properties of the fluid 
and the dimensions of the surface in contact were related 


to each other, hence the confusion and conflict as to | 





* Paper read before the World Power Conference, 
Sectional Meeting, Bale, September, 1926. 
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the adequacy of a formula or the correctness of the 
coefficients and indices. 

Confining ourselves to the consideration of turbulent 
flow in pipes under pressure and to surface character- 
istics only, and leaving out all considerations affecting 
the influence of bends and joints, we find, on reviewing 
the history of the subject, and starting with Chezy, 
that he proposed the following relation between +, 
the mean velocity of flow in a pipe, r the hydraulic 
mean depth, and s the hydraulic gradient : 


(1) 


where c is to be regarded as a constant. It was, how- 
ever, discovered in course of time that c was by no 
means constant, and ever since an enormous amount 
of ingenuity and labour has been devoted to discovering 
a formula for c which would cover the range of 
practical experience. The search, I am sorry to say, 
still continues, sometimes in the form of varying c 
without varying the indices of 7 and of s, sometimes of 
varying the indices without varying c, and sometimes 
of varying all three. In the absence of a guiding 
principle or knowledge of the interdependence of the 
quantities involved, however, the effort has proved fruit- 
less, as is evident from the fact that no experimenter 
accepts the coefficients of any prior experimenter, and 
finds it necessary to substitute new coefficients or 
indices in existing formule, or to invent new formule 
to suit the conditions of his own experiments. 
Reverting to Chezy’s formule (1) and transforming 
into absolute units so as to befindependent ofynational 
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units, and at the same time equating Chezy’s form to 
its equivalent in terms of the force per unit of area, 
we obtain :— 

2) 


aay... 8 


where g is the gravitational factor, R is the force 
per unit of area in absolute units, p is the density of 
the fluid. Hereinafter the coefficient now regarded 
as a variable will take the form of g/c*, or f instead 
of c. 

I propose to refrain from assembling the principal 
formule which have been devised from time to time 
to give expression to the form of the coefficient g/c? 
or f, as they are to be found in every text-book on 
hydraulics, but will merely cite two only for purposes 
of illustration, A casual survey of all the formule 
reveals the fact that they have two features in common, 
viz., the absence of any dependence upon two funda- 
mental properties of a fluid, 7.e., viscosity and density, 
and the lack of agreement as to the relative value of 
the different physical constants and of the relation 
in which they stand to each other. In consequence 
of the former defect, the formule lack the means of 
co-ordinating experiments upon different kinds of 
fluids, whether liquid or gaseous, and even of co- 
ordinating experiments upon the same fluid at different 
temperatures, and inasmuch as the viscosity of water 
at 5 deg. C. is double what it is at 35 deg. C., it is 
evident that the neglect of viscosity constitutes one 
source of discrepancy between observations made by 
different experimenters. 

In order to illustrate the second characteristic men- 
tioned above, it will suffice to compare the formule 
propounded by Prony and Darcy for g/c? or f. The 
former is 


whilst the latter takes the form 


(5+) 


r 
the constants a and 6 being of course different 
in the two. On regarding the two and comparing 
them, it will be seen that Prony recognises the velocity 
|v as a factor and ignores the dimension of the pipe, 
| whilst Darcy recognises the hydraulic mean depth 
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| and ignores the velocity ; a glance at Bazin’s formula 
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shows that he also ignores the velocity, but recognises 
| the hydraulic mean depth and introduces a coefficient 
of roughness. The same remarks apply to the formula 
of Kutter, who, in addition to the dimensions men- 
tioned, introduces the hydraulic gradient. 

It is interesting to note in the light of present-day 
knowledge that a combination of Prony’s and Darcy’s 
formule would have provided the missing link which 
would have enabled practically the whole body of 
|information on pipe flow to have been co-ordinated. 
It is true that the viscosity factor is absent, but then 
the temperature range in hydraulics is not great, whilst 
the density is practically constant. On combining 
the two equations we get: 


R (2 +5) =o. 


pw 
in which @ stands for the expression ‘ function 
of,” and the product of the velocity and the 
hydraulic mean depth appears as the argument com- 
pared with the more complete expression vd/y or 
v r/v, where dis the diameter and » is the kinematic 
viscosity, or the ratio of the viscosity « to the density p, 
which argument is now of general use in aeronautics, 
in naval architecture, and in scientific work, but is 
rarely used in the practice of hydraulics. It is the 
object of this paper to draw attention to this neglect 
or oversight, in the hope that by diffusing the know- 
ledge of its properties through the medium of the 
World Power Conference the properties will become 
better known. 
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According to the present-day scientific usage, equa- 
tion (3) is now written as follows, viz. :— 


Bt # 2) 0(2) 


pv v 


(4) 








and comparing the parameter vr/v of (4) with vr of 
equation (3), it will be seen that besides the velocity 
of the fluid and a figure representing a dimension of 
the pipe, i.e., either the diameter or hydraulic mean 
depth, it contains two other values representing the 
properties of the fluid, viz., the viscosity and the density. 
This makes the parameter so comprehensive that by 
its means observations on the resistance to motion of 
all fluids, liquid or gaseous, at all temperatures may be 
co-ordinated. Nor is it necessary to trouble about 
equations or to hunt after indices. All that is necessary 
is to plot the values of r s g/v? against the value of 
v d/v, or v r/v, and, provided that the roughness of the 
surface is proportional to the diameter, the same value 
of vr/y should give the same value of rsg/v?, no matter 
how v, d and v are varied amongst themselves. The 
provision mentioned above is rather important, as it 
is a condition attached to the underlying theory upon 
which the equation is based, viz., that of dynamic 
similarity, that the condition of similarity must extend 
also to the surface, that is to say, the asperities of the 
surface must be in proportion to the diameter, in order 
to satisfy the theoretical considerations. It is necessary 
that roughness or rather the specific roughness 
should be defined, and that it should also be suitably 
designated, and I would submit to the conference the 
suggestion that specific roughness should be defined as 
the ratio of the asperities of the surface to the diameter. 
If, for instance, the radial depth of the irregularities 
of the surface measures, say, 2 mm. and the mean 
| diameter is 20 cm., then the specific roughness or 
| rugosity is 1/100. It really does not matter how it is 
| defined as long as we have an international agreement 
| as to its definition, and perhaps the best way would 
be to refer the matter to the International Electro- 
Technical Commission. 

According to my proposition, a standard of refer- 
ence for the coefficient of friction in hydraulics would 
consist of a single diagram having on it a series of 
curves each corresponding to a particular degree of 
roughness with r s g/v? as ordinates, and v d/v or log 
v d/y as abscissae. As the relation between the 
quantities is essentially an experimental one, because 
as already explained the equations cannot be solved, 
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the curves can only be obtained by experiment. Such 
a series, when obtained and charted according to the 
method proposed, would be independent of national 
units, besides being universal in the sense that all 
fluids are represented, and the same chart does duty 
for water, air, steam, gases, at all temperatures for 
which the density and the viscosity are known. 

The parameter v d/v owes its discovery to Osborne 
Reynolds,* who, in his efforts to determine a criterion 
of transition from linear or stream-line flow to eddying 
or turbulent flow, noticed that temperature was a 
factor, and therefore viscosity; also, that density 
and the diameter of the tube also entered, but the 
relation between the quantities was unknown. In 
order to determine the grouping, he scrutinised the 
hydrodynamic equations, and discovered that the 
ratio between the coefficients of the viscosity and inertia 
forces yielded the quantity v d/y ; and, further, by taking 
dimensions of both sides, he again obtained v d/v, 
which was the quantity he was seeking, for on applying 
it as a criterion of flow, he found that the change from 
stream-line flow to eddying flow always occurred at 
the same value of vd/v. Further consideration led 
him to the conclusion that both linear and eddying flow 
could be generalised and expressed in terms of vd/v, 
as in equation (4). 

Poiseuille’s equation of stream-line flow, expressed in 
terms of v d/v, becomes :— 


pe ~ #(ca) 


whilst the equation of turbulent flow in smooth tubes 
may be expressed approximately in the formt— 


R vy \n 
pa” (Fa) Lat 

There is no object, however, in striving to give the 
latter an algebraic form. The relation between the 
variable or its equivalent rs g/v?, and the argument 
v d/y, of which it is a function, is essentially an experi- 
mental one, and a graph showing the relation between 
the two tells us all we require to know. 

It is an extraordinary fact that the quantity v d/v 
lay dormant so long, concealed in the hydrodynamic 
equations; more extraordinary still that so little use 
has been made of it in hydraulics since its discovery by 
Reynolds in 1883. A notable advance towards the 
general recognition of vd/y was made by Stantont{ 
in 1914, who carried out a comprehensive series of 
experiments directed towards testing its validity 
in both stream-line and turbulent motion, with the 
result that Reynold’s deductions were fully confirmed. 
The principle is used extensively in aeronautics 
and in problems connected with the resistance of ships, 
and it only remains to see how far the device is applicable 
n hydraulics generally under practical conditions. 

In order to demonstrate the application of v d/y as a 
parameter in hydraulics, I have plotted in Fig. 1 a 
number of experiments on drawn brass tubes with 
R/p v? = rs a/v? as ordinates, and log v d/v as abscissx, 
beginning from about log vd/v = 3-5, where the 
transition takes place from linear to eddying flow, 
and ending at log vd/v = 5-7. These comprise 311 
observations by Stanton and Pannell§ on different 
sizes of tubes, viz., 2-85, 1-255, 0-7125, 0-361, and 
12-62 cms. ; 598 observations by Saph and Schoder'|| 
on 18 sizes from 0-2722 cm. to 5-3 cm., and 155 
observations by Ombeck§ on five sizes of tubes, viz., 
5-18, 4-0, 2-984, 2-201, 2 cm. diameter. 

This constitutes a most comprehensive series of 
observations by observers belonging to three different 
nationalities, and deserves the most earnest considera- 
tion of all engineers. This series is notable for the 
regularity and consistency of the observations, The 
proportion of erratics is small, and for every erratic 
there are at least two coincident points, so that the 
denser strip is more weighty than it looks. The dispersal 
at the lower end of the scale is due to the fact that it is 
in the region of transition between linear and non-linear 
flow. Another notable feature of the assembly of 
observations is the diversity of specific roughness or 
rugosity, and the fact that they lie within a band or 
strip, the width of which is less than the possible error 
of observations. 

Defining specific roughness as before, viz., the ratio 
of the surface asperities to the diameter, and bearing in 
mind that the character of the surface is practically 





* Reynolds, Phil. Trans. Roy. Soc., vol. clxxvi, 1883, 
page 935. 
aur H. Lees, Proc. Roy. Soc., A., vol. xci, 1914, pages 
¢ Stanton and Pannell, Phil. Trans. Roy. Soc., A., 
vol. ecxiv, 1914, pages 199-224, 
§ Stanton and Pannell, Phil. Trans. Roy. Soc., 1914, 
pages 199-224. 
283 — and Schoder, Trans. Soc. C.E., vol. 
{| Ombeck, Forschungsarbeiten von V. O. T., Heft 158, 
159, 1914, 
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the same for all diameters, the specific roughness of 
the smallest tube is nearly twenty times the specific 
roughness of the largest, and as the principle of dynamic 
similarity upon which the theory is founded applies to 
the surface as well as to other dimensions, it follows 
that the series of observations in Fig. 1 embraces a large 
number of curves, one for each diameter, and the 
analysis and identification of these curves awaits the 
attention of the investigator. If this were done, it 
would go a long way towards solving the problem of the 
resistance of fluids in pipes. 

Referring again to Fig. 1, it will be seen that towards 
the middle of the range there is an excess of observations 
far beyond what is necessary to establish the theory, 
whilst there is a paucity towards both ends of the range. 
This is because three groups of observers belonging 
to three different nationalities have been covering the 
same ground, unknown to each other, and one object 
in view in the preparation of this paper, and of pre- 
senting it to a World Power Conference, is to show that 
no more experiments are needed on brass tubes between 
the values of vd/y = 3-5 and vd/v = 5-0, and experi- 
ments, if undertaken, should be directed towards 
extending the series outwards for values in excess of 
the latter value. 

There seems to be an impression prevailing that 
rough tubes, such as galvanised iron tubes, obey a 
different law to that of smooth tubes like drawn brass. 
I think this must be due to some confusion between 
roughness and relative roughness, or roughness in 
proportion to the diameter. If in the brass tube experi- 
ments we estimate the roughness of a 3 cm. pipe 
as 1/600, and if the diameter be magnified 100 times 
and the microscopic asperities of the surface, be propor- 
tionately increased, the relative roughness is the same, 
and the same value of vd/v should give the same value 
of rsg/v*, but the asperities and irregularities of the 
surface would actually measure 5 mm., which would 
be deemed a rough surface. The behaviour of rough 
and irregular surfaces is well illustrated in Fig. 2, in 
which the dotted line is a mean drawn through the 
observations on smooth drawn-brass tubes illustrated 
in Fig. 1, the abscissae in this case, however, represent 
values of log vr/v and not log vd/v so as to take account 
of a non-circular section of conduit. 

I would call attention first to the series of experiments 
on the Sudbury Conduit*. This conduit is 4,200 ft. 
(1,280 m.)long, and is horseshoe in section, measuring 
7 ft. 7 in. (2-3 m.) by 9 ft. (2-75 m.) and is lined with 
brick. It will be seen that the series of observations 
conform generally to the same general law as the brass 
tubes, in spite of the section being non-circular, which 
proves that a departure from the circular also comes 
within the scope of the law, and we may conclude that 
in a conduit of the dimensions of the Sudbury Conduit, 
the combined roughness of the surface and the irregular 
outline of the section is somewhat rougher in proportion 
to its size than a smooth brass tube 3 cm. diameter, 
which is about the mean diameter of the tubes repre- 
sented in Fig. 1. 

Coming now to the series represented in Fig. 2, lying 
between the Sudbury Conduit series and the dotted 
line, these represent a number of observations on a 
48 in. (1-22 m.) asphalted cast iron pipe.t 

It will be seen that they conform to the same law 
as the brass tubes, inasmuch as the values of r 8 g/v* 
fall with increasing values of log v r/y, but that the 
observations are not numerous enough or extended 
enough to determine the approximate law of relation- 
ship between the quantities. We are, however, en- 
titled to say that the specific roughness of an asphalted 
cast iron pipe of the dimensions specified does not differ 
greatly from that of a brass tube 3 cm. in diameter,which 
is about the mean of all the brass tubes experimented 
on, especially when we take into account the fact that 
the measurements were made ona long length com- 
prising a number of bends and a large number of joints. 

We come now to a most interesting and instructive 
series of five observations on the Ontario Power Com- 
pany’s Conduitt No. 2. This conduit is approximately 
18 ft. (5-49 m.) in diameter, and nearly round. Special 
care was taken to render the surface perfectly smooth, 
so that we may regard this as an example of the limit 
of smoothness in relation to the diameter. On referring 
to Fig. 2 it will be seen, that the observations lie below 
the broken line, and may be taken as the datum of a 
series of curves, each curve corresponding to a par- 
ticular value of specific roughness. 

The two diagrams afford ample demonstration of the 
validity of the principle of dynamic similarity to all 
classes of pipes and conduits, with the reservation that 
it applies for the present to surface characteristics 
only, and takes no account of the effect of joints and 
bends and variation in diameter, and other elements 
of. loss. Further investigation is necessary in order 





* Barnes, Hydraulic Flow Renewed, Table XI, page 
74. Ganguillet and Kutter, Flow of Water, page 176. 

+ Barnes, Hydraulic Flow, Tahle I, page 50. 

t Scobey, Flow of Water in a Concrete Pipe, Bull. 
No. 852, U.S. Dept. of Agriculture, page 24. 





to enhance the utility of the method, which I summarise 
as follows :— 

1. Tables are required of kinematic viscosity of 
water at different temperatures, or better still, tables 
of log vd /y for values ofv x dat different temperatures 
on the Centigrade scale. The author* has published 
a table for a wide range of temperatures on the Fahren- 
heit scale, which could be profitably extended. 

2. An analysis of the observations of Fig. 1 and 
separation of the curves representing different diameters. 

3. An extension of observations beyond the values 
of log v d/y = 5-7. 

4. A consistent series of tests upon pipes having a 
definite roughness in relation to the diameter and the 
determination of a series of curves, one for each degree 
of roughness. 





TRADE WITH POLAND. 


AccorpInG to Mr. G. H. Locock, Assistant Director 
of the Federation of British Industries, the general 
position in Poland has improved very substantially 
during the last few months, and it is to-day a very 
different country from the Poland of last winter. 
Political conditions are much more stable than in 
the past, and are promising for the future. The 
improvement in general conditions is illustrated by 
the fact that the figures for unemployment fell from 
320,000 to 264,000 between April and July of this 
year. The output of coal in July, 1926, was nearly 
34 million tons, against a figure of 2 million tons for 
July, 1925. The trade balance figures are interesting. 
During the first six months of 1925 they were 418 
million zloty (1 zloty = about 9d.) against Poland, and 
during the corresponding period for 1926, 222 million 
zloty in her favour. The harvest this year has been 
good, and there has remained in the hands of the 
peasants and producers a substantial sum as surplus. 
Also the financial situation is righting itself, the 
Bank of Poland being now able to provide sufficient 
foreign currencies to meet the claims of legitimate 
business, but capital still remains tight, a fact which 
is shown by a very high rate of interest. 

With regard to the prospects of British trade in 
Poland, it is in many respects a difficult market, 
but British goods are highly thought of, and, on 
equal terms, would probably be preferred to the 
goods of any other country. Foreign competition 
is very keen, however, and Germany, for example, 
as soon as the present trade war with Poland is over, 
will be in a very strong position both naturally and 
economically, It must not be forgotten that when 
Russia is open again to private trade, Poland will 
be a strategic economic centre. Mr. Locock stresses 
four points, to which attention must be paid if British 
trade is to be carried on successfully in Poland: 
(1) After investigation and satisfaction as to the 
status of the buyer, credit must be granted; (2) The 
British manufacturer must send his own representative 
out to’ get into direct touch with the Polish buyer, 
and to study the type of selling organisation most 
suited to his goods; (3) consignment of stocks should 
be carried out wherever possible; (4) familiarity with 
the language is essential. 





A DIRECT-REVERSING MARINE 
HEAVY-OIL ENGINE. 


SHIPOWNERS and marine superintendents have in 
the past been inclined to look upon the Diesel-engined 
tug with a considerable amount of misgiving. It may be 
conceded that this attitude has been to some extent justi- 
fiable, as the manceuvring capacity, so pre-eminently 
necessary in such vessels, has not always been what 
could have been desired. A new design of engine in 
which the whole of the manceuvring is performed by 
a single control wheel with promptitude and certainty, 
thus forming an important contribution to this subject, 
has been introduced by Messrs. Vickers-Petters, 
Limited, of Ipswich. This engine, which is illustrated 
in Figs. 1 to 9, on pages 476 and 477, is of the Vickers- 
Petter heavy-oil marine type, with six cylinders fitted 
with the water-cooled head which was developed about 
eighteen months ago. 

Two sets of these engines together form the propelling 
machinery of the twin-screw motor tug Southland, 
at present under construction for the Bluff Harbour 
Board, New Zealand, at the Dublin shipyard of 
the Dublin Dockyard Co., Limited (Vickers, Ireland, 
Limited). The vessel is 135 ft. long, with a moulded 
breadth of 30 ft. and a moulded depth of 12 ft. 6 in. 
The displacement is 694 tons, the mean draught 12 ft., 
and the designed speed 124 knots. The propellers are 
6 ft. 4 in. in diameter. The total shaft horse-power is 
1,200, at 270 r.p.m.; each engine cylinder, therefore, 
develops 100 shaft horse-power. The diameter is 16} in. 
and the stroke 18 in. As will be seen from Fig. 1, 
the cylinders are arranged in two groups of three, 





* E. Parry, English Electric Journal, Octeber, 1920. 
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the space between the groups being occupied by a 

gear-box containing a short intermediate shaft, from | 
which is driven the camshaft at the front of the engine | 
and the lever-operated bilge, circulating, lubricating, 

and fuel-transfer pumps at the back. 

The cycle is, of course, two-stroke, and a reference to | 
Fig. 2 will show that the characteristic construction of 
the Vickers Petter “C” type heavy-oil engine has 
been adhered to for the main components. Crank- 
case compression is employed, and there are no valves. 
The combustion chamber is symmetrical and simple in 
construction and is completely water-cooled, as also is 
the liner which it holds in place. Ignition is effected 
at any load entirely by the temperature of compression 

that is, there is no heating device whatever requiring 
attention when the engine is running. 

We do not intend to give a detailed description of the 
fuel-injection system, which is of the solid airless type, 
as the mechanism employed is practically identical with 
that described and illustrated on page 707 of our 120th 
volume, but it may be useful to point out that there 
is one fuel pump, with a constant stroke, to each 
cylinder. It is actuated by a lever from the camshaft, | 
in the manner indicated in Fig. 2. This lever has | 
attached to it at its free end a second lever, with a | 
fulcrum consisting of a roller resting upon a vertical | 
disc on the face of which are formed scroll cams. The 
middle of this second lever is connected to a tappet | 
red which opens, across a short gap, the spring-loaded | 
needle valve used to by-pass the fuel delivery from the 
pump to the fuel tank, and so to terminate the period 
of injection. The tappet rod is thus actuated by the 
pump lever, but, the fulcrum of the second lever being 
movable, it follows that the motion of the tappet rod 
can be varied. To make this variation is the function 
of the governor, which by giving a rotary motion 
to the disc and bringing different parts of the scroll 
cam into play, determines the precise point at which 
release of the oil takes place, or, in other words, the 
point of cut-off of the fuel injection. 

Referring to Fig. 1, it will be noticed that the fuel 
pumps are arranged in three pairs along the front of the 
engine, but that the appearance of symmetry is inter- 
rupted by a fitting of different design with six small 
pipes situated on the camshaft just aft of the control 
wheel. This is the distributing box for the air-starting 
and reversing mechanism, and, as it is both novel and 
interesting we propose to describe it in some detail, 
Fig. 3 being particularly referred to. It is, of course, 
understood that starting is effected by means of com- 
pressed air, and, neglecting for the moment the pre- 
liminary operation of ignition, it will be realised that a 
correct sequence must be automatically obtained in 
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done promptly. In Fig. 1, the starting-air valve is 
seen on each cylinder immediately below the fuel 
injection valve. The several parts of the valve can be 
identified in Fig. 3, but it may be mentioned that the 
detail on the lower portion, from which a pipe leads to 
the distributor, differs slightly from that appearing in 
the general view, a small change in design having been 
made after the photograph was taken. Fig. 4, which 


shows the graduation of the dial under the control 
wheel, should also be referred to in considering the 
manceuvring gear. 

Dealing with the fuel control first, the control- 





either direction of rotation of the crankshaft, if it is to be 


wheel shaft a, carries on its end a crank pin coupled by 





Two Sets or ENGINES IN ERECTING SHop. 


|a link to a lever pivoted at b. The outer™end ‘of this 
| lever carries at c, a bell-crank lever, the end d of which 
is connected to a rod actuating short levers on the disc- 
cam spindles. The connection of the governor with 
the bell-crank lever is clear, and, from what has been 
said above, it will be apparent that the governor can 
operate the discs by rotating this lever round the 
fulcrum c. This fulcrum c is, however, itself movable 
relative to 6, and the position of the crank-pin on a, 
is so determined that, when the index of the control 
wheel is at “‘ Stop,” the lever d, through the connecting 
rods and disc cams, holds open the by-pass valve 
throughout the whole stroke of the fuel pump, inde- 
pendently of the position of the governor. When 
**Full Power ”’ is indicated, in either direction, the disc 
cams have been turned into a position to give a long 
injection period, and it is clear that intermediate 
powers can be obtained between the two limits, as the 
amount of fuel injected per stroke can be regulated to a 
nicety. Once set at the desired rate, the governor 
takes charge to maintain that rate. The sensitiveness 
of the governor can be controlled whilst the engine is 
working by the tension spring. 

The air-starting valve has already been referred to. 
In Fig. 3, e is the port by which the air enters the 
cylinder, and f the pipe from the main supply, which 
is generally about 270 lb. per square inch. The valve 
itself is held down on its seat by a spring acting on the 
spindle casing. A piston working in a short cylinder in 
the spindle cap bears on the spindle, and has its under- 
side in communication with the air supply through its 
appropriate valve on the distributor. Admission of 
“pilot air’? to the underside of the piston neutralises 
the pressure of the spring holding down the air valve, 
which then lifts due to the pressure of the air underneath 
it. The admission of the pilot air is timed so as to 
admit starting air to each cylinder during that precise 
portion of the stroke which will give easy starting, and 
in order to prevent the possibility of the engine stopping 
on a dead centre and refusing to start, there is anoverlap 
between the periods of opening of the air valves in 
sequence. The distributor is ingenious, but really 
simple in construction. A horizontal disc g has two 
cams cut upon its edge, one on the upper part for ahead 
motion and the other on the lower part for astern motion, 
and is driven by bevel wheels from the camshaft. 
Arsanged radially round this disc, and kept in contact 
with it by the pressure of the air from the pipe A, 
are six small piston valves 7. The action of the rotating 
cam in operating these valves is readily seen in the 
figure. Thus, the valve on the right-hand side is 
admitting air to the pilot valve from the annular 
chamber communicating with the supply pipe, while 
that on the left-hand side has been pushed over and the 
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Fig. 9. 


| pilot valve is inoperative, as it is open to the atmo- 


sphere through the perforations of the cam-spindle 
cover. 

Reversal is effected by lifting the horizontal cam so 
that its bottom portion actuates the distributor valves, 
and through them the starting valves, in a different 
order. This lifting is done by a finger &, underneath 
the cam, which is pivoted on a small shaft connected 
by a lever and link to a crank-pin carried on the 
reversing shaft 1. The control-wheel shaft and the 
reversing shaft are geared together by a pair of spur 
wheels, so that the former makes a complete revolution 
to half a revolution of the latter. Movement of the 
control wheel anywhere in the ahead half circle does not 
affect the finger owing to the method of connection of 
the lever on the finger shaft, but rotation in the astern 
direction promptly lifts the cam and effects reversal of 
the engine. 

In starting, the air valves are not all used together, 
but first the whole six are employed, and then three 
evlinders are fired on oil and three supplied with air. 
This operation, like the others, is effected by the control 
wheel, the shaft of which has mounted upon it two 
cams, one on either side of the reversing pinion. These 
actuate two master air valves 7, at different periods of 
rotation of the wheel. The first of these valves, on being 
opened, supplies air to the main air pipe f, and three of 
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the distributor valves; the second one supplies air 
to the three remaining distributor valves. 

Fig. 4 should now be referredto. Tostart the engine, 
either ahead or astern, the index on the control wheel 
_ is brought round to the position “6 on Air.” This 
admits air to all six cylinders and gives a good start. 
As soon as movement commences on the engine, the 
index is brought back to “ 3 on Air,”’ when firing begins 
in three cylinders. A further movement should now 
be made to “‘ Full Power ” or any intermediate position 
between that and “Stop” according to the speed 
required by the bridge telegraph. Of course, all air 
valves are closed as soon as the index leaves the “ 3 on 
Air” division. 

A further reference must be made here to Fig. 3 in 
order to complete the description of the control gear. 
A relief valve m is arranged in the upper part of each 
air-starting valve. The outlet from this valve is not 
shown in the figure, but is visible in Fig. 1. The load is 
applied by a spring at the end of a lever, of which the 
fulcrum is carried on a swinging link ». The other 
end of the link is attached to a lever p, and the whole 
six valves are connected by a series of links o. If the 
lever p is swung through an arc it is clear that when it is 
at a certain point of its travel it will have slightly 
moved the link n, and thus reduced the spring load on 
the valve. At the control position, the lever p is made 
in the form of a bell-crank, and carries at its outer 
end a short sleeve through which runs a rod g, provided 
with stops and connected to the crankpin on the control 
shaft a. When reversing is being carried out, the relief 
valves are all released just when the index approaches 
the “Stop” position, and remain so until the starting 
air is about to be admitted. This release serves a 
double purpose. It prevents the accumulation of 
excessive pressures at the moment of reversal, while the 
open valves function somewhat as air brakes in bringing 
the engine to rest. 

Official tests made on one engine on Tuesday, 
October 5, at the Ipswich works, showed that the 
engine could be reversed from full speed ahead to full 
speed astern in five seconds, the reversals being effected 
with a noticeable absence of jar or vibration. The 
same trials showed that, under a brake load, the engine 
developed 600 brake horse-power at 270 r.p.m. with 
a fuel consumption of 0-437 Ib. per brake horse-power 
per hour, and that it could run with certainty under 
load at as low a speed as 65 r.p.m. This latter figure 
indicates the great flexibility possessed by this type of 
engine, a point the more noteworthy inasmuch as all the 
adjustments are automatic, and there is no blast-air 
regulation or application of external heat, or variable 
timing required. During one part of the tests, the 
engines were stopped for 25 minutes, and were started 
up again immediately without any resort to pre- 
heating. The compression pressure was about 320 Ib. 
per square inch, and the maximum combustion pressure 
about 450 lb. per square inch. The operation of 
preheating was thus shown to be necessary only for a 
few minutes after a very prolonged stoppage during 
which the engine has become thoroughly cooled down. 
It is effected in the Vickers-Petters engine either by 
a low-voltage electric heating plug or a rapid-starting 
burner operated by compressed air. In the official 
test, the lamps were lighted at 8.24 a.m., the engine 
started at 8.27 a.m. and put on to full load at 
8.30 a.m. 

The pump system, as has already been stated, is 
worked by a double lever from a secondary shaft’ 
revolving at one-third the speed of the engine. It is 
illustrated in Figs. 5 to 9. The bilge and circulating 
pumps do not call for special remark save that they are 
of the single-acting ram type. The circulating water is 
pumped through cooling chambers running the full 
width of the main bearings before it passes to the 
cylinder jackets. The connecting pipes between these 
chambers are seen on the bed-plate in Fig. 1. The 
temperatures of the water at the end of a six hours’ 
test run were: inlet 55 deg. F., and outlet 115 
deg. =? the average shop temperature being 69-5 

eg. F. 

A section of the oil-fuel transfer and lubricating-oil 
pumps is given in Fig. 8. The long stroke, in connection 
with slow speed, make them very efficient. The lubricat- 
ing oil is carried in a tank on the 2ngine-room bulkhead, 
and a gravity feed is adopted for the main bearings and 
other moving parts. Excess oil is removed from the 
centre of the bearings by a pipe connected to the 
pump suction, whence it is returned to the tank. 
Leakage into the crank-case is prevented by masks 
fitted to the crank webs. The crank-cases are always 
kept dry, and there is therefore no risk of contaminating 
the scavenging air, which is at a pressure of about 4 Ib. 
per sq. in., with lubricating oil. At the conclusion of the 
trials already mentioned, which, under varying condi- 
tions, lasted from 8.30 a.m. to 4.30 p.m., all the covers 
were taken off and the bearings examined and found 
satisfactory. The normal consumption of lubricating 
oil is about 0-006 pint per brake horse-power per 
hour, Cylinder lubrication is effected by mechanically 











operated lubricators, the amount of oil fed being 
capable of precise adjustment. 

A heavy flywheel, provided with a toothed rim for 
the barring worm, is fitted between the crankshaft and 
the thrust-shaft. A Michell thrust bearing is fitted to 
the latter and carried on an extension of the bed- 
plate. 





ENGINEERING TRAINING AND 
EDUCATION. 


Imperial College : Department of Aeronautics.—The 
Department of Aeronautics of the Imperial College of 
Science and Technology, South Kensington, London, 
S.W.7, was established in 1920-21 as a central school 
for advanced study in aeronautical science. The 
syllabus for the session 1926-27, which has just been 
issued, contains full details of the post-graduate courses 
held in the Department. The two main branches are, 
design and engineering, and meteorology. The first is 
again subdivided into aerodynamics; mathematics ; 
design; aircraft construction materials; construction 
and strength of aircraft; engine design; airships ; 
and air navigation and aircraft instruments. The 
director of the department is Mr. Leonard Bairstow, 
C.B.E., F.R.S., Zaharoff Professor of Aviation. 
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By W. B. Long. [Price 5 cents.] Water-Supply 
Paper No. 558. Preliminary Index to River Surveys 
made by the United States Geological Survey and other 
Agencies. By B. E. Jones and R. O. Helland. Wash- 
ington : Government Printing Office. 

United States Geological Survey. Professional Paper. 


No. 143. Paleontology and Stratigraphy of the Castle 
Hayne and Trent Marls in North Carolina. By L. B. 
Kellum. [Price 30 cents.] No. 145. Geology and 


Oil and Coal Resources of the Oregon Basin Meeteetse, and 
Grass Creek Basin Quadrangles, Wyoming. By D. F. 
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THE DRAINAGE OF THE ZUYDER ZEE.—A public lecture 
on “The Drainage of the Zuyder Zee”’ will be delivered 
by Mr. K. Jansma, secretary of the Zuyder Zee Board, 
Amsterdam, at University of London, University College, 
Gower-street, W.C.1, on October 19, next, at 5.30 p.m. 
The lecture, which will be illustrated by lantern slides, is 
open to the public without fee or ticket. 


Tue Ketvin Gotp MeEpat, 1926.—The Council of 
the Institution of Civil Engineers has arranged that the 
Kelvin Medal for 1926, which has been awarded to the 
Hon. Sir Charles A. Parsons, K.C.B., F.R.S., will be 
po to him by Sir William Ellis, G.B.E., the 

resident of the Institution, on October 26 next. The 
Kelvin Gold Medal was established in 1914 as part of 
a memorial to the late Lord Kelvin, and is awarded 
triennially by a standing committee, consisting of the 
presidents of the principal representative British engineer- 
ing institutions, for pre-eminence in those branches of 
engineering with which Lord Kelvin’s scientific work and 
researches were closely identified, The first award was 
made in 1920 to Dr. W. C, Unwin, F.R.S., and the 
second, in 1928, to Professor Elihu Thomson. At 
6 p.m., immediately after the presentation, Senator G. 
Marconi, G.C.V.O., will deliver the 1926 James Forrest 
lecture ; his subject will be Radio Communications, 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The position in the Scottish steel 
trade is without change, and, judging from the most 
optimistic standpoint, it looks as if it will be weeks yet 
before there is any possibility of the works being restarted. 
The miners at work at the present time form quite a 
small number of the whole, but the most hopeful sign 
is that the percentage returning to the pits is increasing 
daily. A wholesale return is absolutely necessary 
however, before there can be any hope of the steel works 
being opened again. Fuel at a moderate figure is a 
necessity before the manufacture of steel can be considered. 
Meantime, production is nil, but there has been a fair 
amount of forward business done at firm prices. The 
black-sheet makers continue to do fairly well and order 
books are quite satisfactory. All quotations are strong, 
and the following may be taken as the current rates :— 
Boiler plates, 11/. per ton ; ship plates, 7/. 17s. 6d. per ton ; 
sections, 7. 7s. 6d. per ton ; and sheets, under 7 to }-in., 
11d. 10s. to 127. 10s. per ton, all delivered Glasgow 
stations. The f.o.b. price of sheets (gal. cor., No. 24 
gauge) is from 16/. 10s. to 171. 10s. per ton. 


Malleable-Iron Trade.—In the malleable-iron trade of 
the West of Scotland, very unsatisfactory conditions 
prevail and a settlement of the trouble in the coal trade 
is anxiously awaited. The two establishments now in 
operation are employed mostly in the re-rolling of steel 
bars. The output is quite good and there is no difficulty 
in the disposal of it all. The market quotations are very 
firm with Crown bars at 11/. 10s. to 12/. per ton, 
delivered Glasgow stations, 


Scottish Pig-Iron Trade.—No change of any kind can 
be reported in the Scottish pig-iron trade. Stocks are 
not very heavy now and high prices are being demanded 
by sellers, but as buyers cannot see eye to eye with them 
the actual sales are not of large proportions. Shipments 
are poor. The following may be taken as to-day’s 
quotations :—Hematite, 92s. 6d. per ton, delivered at the 
steel works ; foundry iron, No. 1, 95s. per ton, and No. 3, 
90s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, October 9, only amounted to 125 
tons. Of the total, 75 tons went overseas and 50 tons 
coastwise. For the corresponding week of last year, the 
figures were 876 tons overseas and 75 tons coastwise, 
making a total shipment of 951 tons. 


Locomotive Contract.—An order has just been booked by 
the North British Locomotive Company, Limited, 
Springburn, Glasgow, for 20 side-tank locomotives for 
the Antofagasta Railway in South America. Among 
other orders now on hand are five locomotives for the 
Eastern Bengal Railway. 





Gas InpustRY CONFERENCE.—The fifteenth annual 
conference of the British Commercial Gas Association 
will take place in Newcastle-upon-Tyne on October 25, 
26 and 27 next, under the presidency of Mr. J. E. Cowen, 
J.P., who is prominently associated with several important 
colliery and steel undertakings in the North of England. 
The conference will open with a reception by the Lord 
Mayor of Newcastle, at which Dr. C. W. Saleeby will 
lecture on “‘ Sunlight and Health.” On the following 
days, the various means of assisting the public to secure 
the best results from gas appliances will be discussed. 





TRANSFORMERS FOR InpDIA.—Two single-phase trans- 
formers, together with the cooling gear for a three-phase 
bank, were recently despatched from the works of 
Messrs. Ferranti, Limited, Hollinwood, Lancashire. Each 
transformer, which weighed 25 tons, was placed on a 
truck and the two were taken through the city, en route 
for Manchester Docks, by means of a traction engine. 
The cooling gear was placed on a train of three trucks 
and this was drawn by a second traction engine. These 
transformers, which have been supplied to the Tata 
Power Company, Limited, for the new power station 
at Bhira, India, are part of a contract for 12 transformers 
capable of dealing with a total of 250,000-h.p., or 
186,000 kv.-a., at 120,000 volts. 





‘** ALUMINIUM FounpRy WorkK.”’—A booklet with the 
foregoing title has been published by the British Alu- 
minium Company, Adelaide House, King William-street, 
London, E.C.4. The publication is much more than a 
catalogue and should be of great value to all foundrymen 
who have to deal with aluminium. The subject is 
divided up into three sections, the first beginning with a 
description of the properties of aluminium and its 
numerous alloys, and following on to an account of the 
methods used in melting and casting, which should 
prove of very practical value to the foundryman. This 
section contains tables giving the ‘‘ B.E.8.A.” alloys and 
showing their composition and properties ; Aluminium 
Casting Alloys giving properties, &c., obtained from 
test results on cast specimens; and a third giving 
the ‘Effect of Pouring Temperature of Aluminium 
Alloys.” The second section is full of useful rules for the 
making of moulds, cores, gates, &c., and the general 
method of pouring the metal, concluding with informa- 
tion on soldering, welding, plugging, &c., and the 
recovery of waste material. The third and last section is 
headed ‘“‘ Die-Casting Aluminium,” and _ describes 
slush casting, gravity casting, centrifugal casting, 
Cothias casting and pressure casting ; it also gives advice 
on the choice of @ system on technical and economic 
grounds. Altogether the booklet is one which should be in 
the hands of all foundrymen who deal, or may have to 
deal, with aluminium, 
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NOTES FROM CLEVELAND AND THE 
* NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron is all 
but unobtainable, and quotations continue to rise 
rather rapidly. This month’s very limited supply of 
No. 3 is fully sold, and sellers quote 117s. 6d. for the 
ruling quality, delivery beyond October. Only trifling 
parcels are purchasable for forward supply. No. 1 
Cleveland is put at 120s., and one or two small prompt 
lots are reported to have been snapped up at that figure. 
Foundry No, 4 is quoted at 116s. 6d., and No. 4 forge at 
116s. Continental irons are very substantially below the 
foregoing quotations, but cannot be bought for delivery 
here within a month. 

Hematite-—As regards East Coast hematite, the 
position is very similar to the situation that exists 
in the Cleveland pig branch. Extreme scarcity of 
supply is reported, but demand is only very moderate 
owing to so many consuming works being closed, and 
quotations, though moving upward, are still on a very 
low level as compared with rates ruling for Cleveland 
iron. Sellers put mixed numbers of hematite at 
87s. 6d. 

Blast-Furnacemen’s Wages.—The average net selling 
price of No. 3 Cleveland pig-iron for the past three 
months has been certified at 83s. 5-92d. per ton. The 
ascertainment has not affected blast-furnacemen’s wages, 
but, under a special arrangement come to between the 
employers and the men’s representatives, wages for the 
fourth quarter of the year are advanced by 3 per cent. 
the ironmasters having agreed, at the request of the 
men’s representatives, to revert to the original standard 
price contained in the wages sliding scale of 1919, 
viz., 548. per ton. 

Manufactured Iron and Steel.—Inquiries for finished 
iron and steel materials were on a considerable scale, 
and producers of several descriptions of steel look for 
heavy bookings when conditions become such as to 
admit of workers being re-started. Producers readily 
obtain considerably above the fixed minimum figures 
for any small parcels that become available for disposal. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel—The steel and engineering trades, 
despite a continuance of the shortage of home-made 
steel and cheap fuel, maintain a satisfactory output, 
which finds a ready market. The number of inquiries 
in circulation, coupled with the steadily accumulating 
amount of contracts at works, gives promise of an 
exceptionally busy time when fuel supplies return to 
normal. The dearth of British steel is reacting 
unfavourably on those departments devoted to the 
manufacture of railway furnishings and equipment. 
This section is fairly well placed so far as work is 
concerned, and the proposed railroad development 
schemes in British East Africa, Canada and South 
America are likely to prove beneficial sources of contracts 
in the future. Automobile steelmakers are still able 
to produce big tonnages of material, which finds quick 
disposal in districts where the motor-car industry is 
carried on. No improvement is noticeable in the ship- 
building and armament departments, bitt electric 
furnaces continue to discharge an increasing quantity 
of stainless steel. Mining gear and equipment are still 
badly depressed, though consignments are being 
dispatched to districts where coal-getting operations 
have been resumed. Agricultural machinery and 
equipment are in better demand by overseas customers, 
while quarry and road-making machinery are improving 
lines. In the lighter trades, mixed conditions are in 
operation. Engineers’ small tools are active, while 
the call for other descriptions of tools tends to increase. 
The Admiralty are asking locally for tenders for 8,400 
razors of the old-fashioned type, contractors being 
requested to quote alternatively for machine and hand- 
made types. 

South-Yorkshire Coal Trade.—The recent colder 
climatic conditions have resulted in an increased demand 
for housecoal which it is impossible to meet. Best 
quality housecoal is quoted at from 55s. to 60s. per 
ton, while inferior grades are being sold at prices ranging 
from 45s. to 55s. per ton. Bigger outputs of outcrop 
coal are available, while further importations of foreign 
fuel have been made in an effort to meet the shortage 
of steel at engineering works. The essential services 
are taking the whole of the fuel turned out at a few of 
the local collieries. 





THE InstituTIon oF Fuge~t Economy ENGINEERS.— 
The secretary of the Institution of Fuel Economy 
Engineers, 26, Victoria-street, London, 8.W.1, informs 
us that the Institution luncheon will be held at the 
Connaught Rooms, Great Queen-street, London, W.C.2, 
on October 20 next, at 1 p.m. An address will be given 
by Sir Robert Horne, P.¢., M.P. 





RoyaL AERONAUTICAL SocreTy.—The Council of the 
Royal Aeronautical Society has decided to hold a recep- 
tion in the King Edward VII Rooms, Hotel Victoria, 
Northumberland-avenue, London, W.C.2, on October 25, 
next, at 8.30 p.m. Sir Alan Cobham, K.B.E., will give 
an address, lustrated by lantern slides, on his recent 
flight. The Dominion premiers, and other delegates to 
the — Conference, will be present. Tickets, price 
5s. , may be obtained by members, for themselves 
and their guests, from the Honorary Secretary, Royal 
Aeronautical Society, 7, Albemarle-street, London, W,1. 
Ladies may be invited, 





NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Conditions in the Welsh coal trade 
are without appreciable alteration. Gradually the men 
are resuming work, but so far the bulk are remaining 
loyal to the Miners’ Federation, though there is no doubt 
that fears of intimidation are keeping the general mass 
from returning to work. Over 50,000 tons of coal are 
being produced weekly, but the whole of this is quickly 
absorbed by consumers in the district, on the basis of 
40s. to 45s. for small, 45s. to 55s. for through and 50s. 
to 60s. for large. Practically all the small coal is being 
used by the colliery companies under their own boilers, 
while through and large is being taken by merchants 
and sold to householders at 3s. 6d. per cwt., delivered. 
The safety men have decided to remain at work, and the 
threat of the Miners’ Federation to call these men out is 
not regarded seriously, as the bulk of this class of labour 
belongs to other unions. In the meantime, importations 
of foreign coal have been on an increasing scale, and last 
week no less than 111,140 tons were received, compared 
with only 34,800 tons in the previous week and 56,480 tons 
in the week ended September 28. The figures for the 
different ports were as follow :— 





Week ended 
Sept. 28 Oct. 5 Oct. 12 
Into— Tons. Tons. Tons. 
Cardiff... 45,930 14,850 84,760 
Newport 1,210 5,800 3,150 
Swansea 7,840 14,150 16,000 
Port Talbot 1,500 — 7,230 
Totals 56,480 34,800 111,140 


The bulk of the coal came from the United States, as 
will be seen from the appended statement giving the 
sources of supply :— 


From— Tons. Tons. Tons. 
U.S.A. 40,110 15,660 89,520 
Germany 5,970 10,130 — 

Holland 2,840 1,680 8,860 
Belgium : 7,560 7,330 5,700 
South Africa ... — ~~ 7,060 


Shipping Firm’s Capital.—Another Cardiff shipping 
company, the British-Hispano Line, Limited, has de- 
cided to bring its capital into line with its assets by the 
cancellation of capital of the nominal value of 52,095/., 
reducing the issued share capital from 86,825/. to 34,7301. 
This cancellation is to be effected by issuing two shares 
of 1l. each, fully paid, for every five shares of 1. each, 
now held. In order to save further capital duty, in case 
the company desired to issue fresh capital at a later date, 
the nominal capital of the company will be increased 
to the old figure immediately after the proposed reduction 
takes place. 





ConTRAcTS.—Messrs. Tilling-Stevens Motors, Limited, 
5, Iddesleigh House, Caxton-street, Westminster, London, 
S.W.1, have received a repeat order from the Board of 
Fire Commissioners of New South Wales for. one of their 
latest type “‘ All Power ’”’ turntable ladders. This order 
has been placed after investigation of the merits of 
various British and German ladders. The machine 
ordered is of the petrol-electric t and the ladder 
reaches to a total height of 87 ft.—The Danish Telegraph 
Administration have just placed an order with Standard 
Telephones and Cables, Limited, Bush House, Aldwych, 
London, W.C.2, for a 5 kw. broadcasting station equip- 
ment to be erected at Kallundborg.—The General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, have secured the order for the six 
months’ supply of Osram gas-filled electric lamps for the 
Port of London Authority. 





Tue Late Mr. Z. E. Knarp.—We note with regret 
the death of Mr. Zac. Ellis Knapp, which occurred at 
Felixstowe, on October 1 last. At the time of his death, 
Mr. Knapp was Director of Construction (Railways) of the 
Metropolitan District, London Electric, City and South 
London, and Central London Railway Companies. 
Born in the United States on September 12, 1867, he 
was educated at Jarvis Hall School, Denver, Colorado, 
and later entered the Colorado State School of Mines 
and Engineering. During the years from 1888 to 1893, 
Mr. Knapp was engaged upon various railway engineering 
works, and in 1893 he was appointed assistant engineer to 
the Chicago Street and Elevated Railways, a position 
which he held until 1901. In the latter year, he came to 
England and entered the service of the Underground 
Railways. Some nine years later he became general 
manager of the London United Tramways, a position 
which he only occupied for three years, returning to the 
Underground Railways as chief engineer in 1913. In 
1915 he was appointed manager for maintenance and 
construction, and, during the years 1917 and 1918, he 
acted as general manager of the Associated Equipment 
Company, in which capacity he was responsible for 
several contracts with H.M. Government for the supplies 
of lorries, shells, and other material. Soon after the 
Armistice, he returned to the Underground Railways to 
take up once again his post as manager for maintenance 
and construction ; he also acted as commercial manager 
for a short period. Mr. Knapp was appointed director 
of construction in 1921. In this capacity he was m- 
sible for the extension of the London Electric Railway from 
Golders Green to Edgware, the reconstruction of the 
City and South London Railway by the ye og wee of 
the tunnels, the extension of the City and South London 
Railway to Morden, and the extension of the Ham 
section of the London Electric Railway from ring 
Cross to Kennington. Mr. Knapp was elected a member 
of the Institute of Transport on February 9, 1920, 





NOTICES OF MEETINGS. 

Tue Dieset Eneine Users’ Assocration.—To-night, 
at Caxton Hall, Westminster, S.W.1. ‘“‘A Note upon 
the Obligation of the Ironfounder to Diesel Engine 
Users,”” by Mr. Horace J. Young. 


Tue Junior Institution or Enaineers.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecture: 
“‘ China from the Engineer’s Point of View,” by Mr. R. L. 
Sarjeant, B.Sc. Friday, October 22, at 7.30 p.m. 
Lecturette: ‘‘ Boiler Accidents,’’ by Mr. R. H. Kenyon. 


THE Norra or ENGLAND InsTITUTE OF MINING AND 
MEcHANICAL ENGINEERS: ASSOCIATES’ AND STUDENTS’ 
SEctron.—Saturday, October 16, at 3 p.m., at Neville 
Hall, Newcastle-upon-Tyne. “Steam and _ Electric 
Locomotives for Colliery Purposes,” by Mr. Percy F 
Hope. 

THe Braprorp ENGINEERING Socrety.—Monday’ 
October 18, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. Lecture: ‘‘ The Heat-Extract- 
ion Engine,” by Mr. J. W. Adams. 


Tue InstiTuTE or TRANSPORT.—Tuesday, October 19, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Graduates’ 
and Students’ Lecture: ‘‘ Commercial by 
Captain F. L. Barnard. 


Tur INstiruTiIon oF ELECTRICAL ENGINEERS: SOUTH 
Miptanp StupENts’ Section.—Tuesday, October 19, 
at 7.15 p.m., at the Grand Hotel, Birmingham. Address 
by Mr. G. L. E. Metz. 


Tue Institute or British FOUNDRYMEN: LANCA- 
SHIRE BRANCH, BURNLEY SECTION.—Tuesday, October 19, 
at 7.15 p.m., at the Technical College, Ormerod-road, 
Burnley. ‘‘ Elementary Science for Practical Moulders,”’ 
by Mr. A. Jackson. 

THE Socrety or Guass 'TECHNOLOGY.-—Wednesday, 
October 20, at 2.30 p.m., at the University, Leeds. 
General Discussion on ‘‘ Annealing and Lehrs.”’ (a) ‘“‘ Glass 
Annealing,” by Dr. J. W. French. (6) ‘‘ The Economics 
of the Annealing Process,” by Mr. E. A. Coad-Pryor. 
(c) “‘The Relationship between Chemical Composition 
and the Upper Critical Annealing Temperature of 
Glasses,” by Dr. S. English and Professor W. E. S 
Turner. 

THe NEwcoMEN Socrery.—Wednesday, October 20, 
at 5.30 p.m., at the Iron and Steel Institute, 28, Victoria- 
street, S.W.1. Presidential Address. ‘‘ Observations on 
the Rise and Progress of Manufacturing Industry in 
England,” by Mr. Rhys Jenkins. 


THE NoRTHAMPTON ENGINEERING COLLEGE ENGINEER- 
Inc Socrery.—Wednesday, October 20, at 5.30 p.m., at 
St. John-street, E.C.1. ‘ Steam Turbines for Industrial 
Purposes,’ by Mr. H. Borden. 


THE Socrety or TECHNICAL ENGINEERS.—Wednesday, 
October 20, at 7 p.m., at 102, Belgrave-road, S.W.1. 
Address on the Work of the Society, by Mr. C. T. Inman. 


Tue InstiruTION oF ELECTRICAL ENGINEERS. 
Thursday, October 21, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Presidential Address, by Dr. W. H. 
Eccles, F.R.S. 


THe Royat AERONAUTICAL Soctety.—Thursday, 
October 21, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. Lecture: ‘* Notes on 
Magnesium and Some of Its Alloys,” by Mr. W. R. D. 
Jones, M.Se. 

Tue INSTITUTION OF Civi. ENGINEERS: YORKSHIRE 
AssocratTion.—Thursday, October 21, at 7.30 p.m., at 
the Hotel Metropole, Leeds. Chairman’s Address, by 
Mr. FE. J. Sileock, M.Inst.C.E. 





Flying,” 


THE InstiruTION OF MECHANICAL ENGINEERS,— 
Friday, October 22, at 6 p.m., at Storey’s Gate, S.W.1. 
Presidential Address, by Mr. William Reavell. 


Tue Institute OF TRANSPORT: NORTH-WESTERN 
Locat Section.—Friday, October 22, at 6.30 p.m., at 
the Midland Hotel, Manchester. ‘‘The Work of the 
Railway Rates Tribunal,” by Mr. R. W. Bradley. 


Tue Instrrore or MetTats: SHEFFIELD LOocAL 
Srection.—Friday, October 22, at 7.30 p.m., at the 
University, St. George’s-square, Sheffield. Conjoint 
Meeting, with other Societies interested, for the Sorby 
Lecture, by Professor H. C. H. Carpenter, F.R.S. 


Tue Institute or British FouNDRYMEN: LANCA- 
SHIRE BRANCH. JUNIOR SEcTION.—Saturday, October 
23, at 7 p.m., at the College of Technology, Sackville-street 
Manchester. ‘“‘The Story of Foundry Metals,” by 
Mr. T. Makemson. 


TENDERS.—His Majesty’s Trade Commissioner at 
Wellington reports that the Public Works Department, 
New Zealand, invite tenders, to be presented by 
December 7, for one three-phase induction regulator for 
the Waikato electric power scheme (section 206), Ref. 
BX 2935. ‘Tenders are also invited for a storage battery 
and booster for the Waikaremoana electric power board 
(section No. 28) to be presented by February 1, 1927. 
Ref. BX. 2937.—The Municipal Council of Sydney are 
calling for tenders, to be presented by November 29, 
1926, for the supply and delivery of one three-phase oil 
immersed induction voltage regulator. Ref. BX. 2936. 
—Further particulars regarding the above tenders may 
be obtained on application to the Department of Overseas 
Trade. (Room 62), 35, Old Queen-street, London, 8,W.1, 
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THE ECONOMY OF HUMAN EFFORT. 


In the paper which was read by Mr. L. A. Legros 
in June last to the British Section of the Société 
des Ingénieurs Civils de France, a striking section 
suggested the contrast between the care with 
which human effort is utilised in sporting exertions 
and the extravagance with which it is wasted in 
industry. The economy of effort in each case is 
measured by the ratio of the effort to the result 
produced ; to the distance covered by the runner, 
and the objects produced by the workman. Some 
part of this extravagance, whatever may be said 
to the contrary by persons who may or may not 
know better, arises from deliberate shirking of 
work, whether through the influence of an economi- 
cal fallacy or a cultivated taste for a leisurely life. 
Mr. Legros made a rough evaluation of the per- 
formances of the amateurs of fainéant industry 
in comparison with the daily activities of ordinary 
citizens, and found that as against an ordinary 
man’s walking speed on the level of 3-2 m.p.h. and 
11-5 m.p.h. on a push bicycle, their hourly output 
would only have corresponded to three-quarters 
of a mile on foot, or 3 miles on the machine.’ There 
are, however, a very largenumber of men whose pro- 
duction falls short of what it might be, not through 
their own slackness, but because their energy is not 
used to the best advantage. To-day, when ‘the 
country’s income is far less than it requires, and it 
can afford no avoidable extravagance, this waste is a 
matter of grave consequence to national well-being. 
| Familiar circumstances, which it would be needless 
| to recite on this occasion, make it impossible for |. 
|industries to maintain, let alone to improve, their 
| wages or standard of living by increasing their 
| selling prices. The margin has to come out of their 
| costs ; and the largest item of their costs, counting 
what enters into materials purchased as well as 
into goods made, is the human effort employed 
in manufacture. Yet very literally there is no 











item of cost on the reduction of which the industries 
concerned seem to have spent less thought. 

Years ago this was realised in the United States. 
Taylor and a very small school of followers started 
investigations on the floor of the workshop into what 
could be done to get better value out of the human 
effort in the joint interest of those who exerted it 
and those for whom it was made; and when the 
results of enquiries of that kind are being considered, 


“| it is well to remember that even at that date the 


American was by no means a contemptible work- 
man, and that Taylor and his followers showed him 


4 | how to increase his production to an extent that, 


except in a very few shops, has never yet been 
approached by any later organisers or investigators. 
In those days the influence of American trade unions 
was of the restrictive type with which we in this 
country are too familiar; and Taylor’s methods 
were received with a good deal of opposition in the 
shops where personal influence was not available 
to induce men to try them for themselves. Over 
here for a long while the matter was not thought 
worth discussing, and even of late years some 
experienced manufacturers have expressed the 
opinion that nothing was worth doing in the 
investigation of industrial fatigue, because nowadays 
men did not work hard enough to know what 
fatigue meant. On the whole, however, there is 
reason to think that such views do not represent 
what is felt generally by those who have thought 
seriously on the subject. The countty, it is recog- 
nised, cannot hope to maintain or improve its 
position unless it makes better use of its energy 


g | and time, and whatever can help it to do so deserves 


careful consideration. 

This certainly has been the feeling of those out- 
side the industries who have considered the question, 
and for some years past the Industrial Fatigue 
Research Board, followed somewhat later by the 
National Institute of Industrial Psychology, have 
been working actively on inquiries into ways in 
which avoidable fatigue was being incurred and 
could be avoided. The former body has now 
published its Sixth Annual Report,* which shows 
renewed evidence of the energy with which it is 
prosecuting its inquiries. This energy is the more 
to be remarked because undoubtedly times have 
not been propitious for using industrial material 
for the purposes of inquiries that are dependent 
to some extent on uniformity of economic conditions. 
It is a long lane that has no turning, and it may be 
that the turning may begin to appear before long. 
Whether in that belief or not, the Board has 
considered the present time opportune for subjoining 
to its report for the year an analysis of its previous 
work. This is a singularly clear and uncoloured 
account of what has been done, arranged under the 
headings of the various topics with which the 
investigations have been concerned. No better 
summary could be wished of the great variety of 
aspects from which it has been thought desirable 
to examine the questions involved in the Board’s 
work. So much of the Board’s publications as have 
any reference to the engineering trades have 
already received notice in these columns, and 
there is no need again to discuss them individually. 
When, however, their net outcome is considered, it 
suggests inevitably an element of weakness in 
the work as a whole, to which we have drawn atten- 
tion before, and that even now seems little less 
marked than when attention was first called to it. 

The Board’s terms of reference have wisely been 
made wide, but they seem to include nothing that 
takes the scope of their work beyond industrial 
science. The distinction between pure and industrial 
science is by no means that industrial science is 
easier or less exacting. It.is merely that where 
pure science can, and is bound to, put the pheno- 
menon under investigation into the bonds of 
laboratory conditions, as far as possible controlling 
all circumstances except one, industrial science has 
in the last resort to take the circumstances as it 
finds them in the works. To be qualified to practise 
industrial science a man must thus have all the 
training in scientific method that is necessary for 
pure science, and, in addition, must. know his 
industry. so intimately that he can assess with an 
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expert eye the circumstances that cannot be 
measured or defined. It may happen that an 
industrial problem, such, for example, as may arise 
in the study of fatigue, may require the help of a 
non-industrial science. such as physiology or 
psychology. It may even be a problem that ought 
to be stated in terms of those sciences, and rightly 
be referred in the first instance to an investigator 
who is expert in them. In either of such cases the 
co-operation of such experts would be indispensable 
to the adequate investigation of the question. So 
long, however, as the question was industrial, in 
which circumstances calling for the decision of an 
expert industrial eye could arise, an adequate investi- 
gation can rarely be made without the co-operation 
of an appropriate industria] expert. This does not 
mean a postulant investigator from a university, 
who expects to become “ fully qualified’ for the 
work by a few weeks or months of “ actual experi- 
ence.” The report seems even to go needlessly far 
in saying that a scientific training is “the first 
essential of success”? in an investigator, and in 
pointing to “‘ the many openings that will probably 
arise in future for persons who have already qualified 
in one of the sciences which are applied in their 
work.”’ If this dictum were applied to the engineer- 
ing trades, it would be a very exceptional person 
who would find house-room in a works in any 
responsible position on the mere strength of a 
qualification in one of the sciences that are applied 
‘to such work. 


In the discussion on Mr. Legros’s paper, Mr. D. R. 
Wilson formulated the suspicion that, in the opinion 
of engineers, “‘ the study of the human factor” in 
engineering manufacture ought to be left to engineers 
themselves. While thinking that of the two a 
physiologist is far better qualified to deal with 
industrial fatigue than an engineer, he admitted 
that the alliance of the two would be the ideal 
method, and expressed the view that Taylor’s work 
would have been more successful if it had been done 
—not by, but—in collaboration with, a physiologist. 
In his reply Mr. Legros, agreeing that the co-opera- 
tion of both is necessary for the best result, gave 
reasons why the engineer would be the better 
choice if both could not be had. As between these 
two speakers this leaves one course that each agrees 
to be preferable; and, with perhaps a single 
partial exception, yet seems to be the one course 
that has not been taken. Mr. Legros advised an 
inquiry in the United States into what really has 
been the outcome of Taylor’s work, and while again 
agreeing with him in theory, Mr. Wilson thought the 
investigator would draw a blank. Nevertheless, as 
he told the meeting, he had learnt from the American 
Federation of Labour that opposition to Taylor’s 
methods is now to a great extent removed, and a 
Taylor Society has been established in New York 
under able direction. It is difficult to avoid the 
impression that, considering the much higher 
standard of improvement which Taylor set in his 
day than has ever been reached since his time, an 
inquiry on the spot into what really has been the 
outcome of his work would be eminently desirable, 
if it was made by some one with the indispensable 
range of practical experience. 








LOADING GAUGES. 


INAUGURAL addresses delivered by presidents of 
professional institutions include three broadly 
contrasted types. The most comprehensive, which 
may be called the three-dimensional type, is that 
in which the speaker deals with each of the principal 
branches of his art, and traces their development 
over the whole period of his experience. The one- 
dimensional type deals, for the most part, with a 
single branch, and gives an intensive account of its 
existing position. The time variable is omitted 
likewise in the two-dimensional type, but, while 
dealing principally with existing problems, the 
speaker does not confine himself to a single branch. 
Each type of address has its peculiar merits. The 
modern form of many, or most, engineering arts is 
not so old but that the memory of some among their 
distinguished practitioners may go back to within a 
reasonable distance of the beginnings of the art, 
and an address, from such a president, that includes 





the principal branches of the art and begins with 
the speaker’s early experience may be an occasion 
of preserving a record of unique interest. The 
various forms, again, that a single branch of the 
art has assumed may be appropriate matter for a 
monograph in outline, if the subject is one with 
which the speaker is particularly identified, and 
which for the time being has a special interest. The 
suitable occasions of such addresses are, however, 
fewer than for addresses of the two-dimensional 
type, and the labour of preparing them is much 
greater. In the two-dimensional type of address no 
topic has to be included for the sake of completeness. 
The subjects, so to speak, choose themselves for 
their present technical interest, and require little 
of the midnight oil in their preparation. They have 
emerged from the speaker’s individual observation, 
and not only can be handled without a volume of 
labour that might readily exclude many busy and 
eminent speakers, but also are the more stimulating 
to their audience because they have forced them- 
selves into prominence in the speaker’s actual 
experience. 

An admirable example of addresses of this type 
is that which has just been given by Sir Seymour 
Tritton as President of the Institution of Locomotive 
Engineers. If it can be described in a sentence, it 
is an exhortation, emphasised by incidents from the 
speaker’s wide experience, to recognise both the 
limitations under which locomotives have to be 
designed and worked, and the paramount need for 
locomotive engineers to realise the various ways in 
which the handicap that these limitations impose 
can be reduced. 

Of the various influences that tend to restrict the 
development of the locomotive—and the same may 
be said of rolling-stock in general—the most impor- 
tant, as Sir Seymour Tritton points out, are the 
restrictions enforced by loading gauges. With these 
must be taken the great variety of structure gauges 
by which the loading gauges are largely deter- 
mined. They do not, indeed, constitute so final 
an impediment to traffic that standardisation at 
practically any cost becomes sooner or later indis- 
pensable. The standing example of varying gauges 
is, of course, the rail gauge, and perhaps no better 
illustration can be given of the cost of variations 
than the figures quoted last year by Sir Vincent 
Raven in regard to Australia, which put the ultimate 
cost of standardising the rail gauge in that country 
at something over a fourth of the total original cost 
of the construction and equipment of the roads. 
The urgency of standardising load gauges is, of 
course, of a lower order, but nevertheless very 
considerable. The expense and inconvenience to 
which small structure gauges and weak bridges 
may give rise was illustrated aptly when the Great 
Western and the North Eastern companies exchanged 
locomotives for trial on each other’s lines, and to 
get from King’s Cross to Paddington the North 
Eastern engine had to go to Sheffield, so running 
some 300 miles in order to avoid unsuitable tunnels 
and bridges at some parts of the route. 

Yet with all such demonstrated disadvantages 
of the existing system, and the considerable restric- 
tions it puts on the design of stock, the cost of 
alteration appears to be large even relatively to the 
gain it would bring. In spite of the endeavours of 
the Ministry of Transport, Sir Seymour is probably 
right in saying that in this country no radical 
improvement is likely in the near future. That our 
own railways should be worse off in this respect than 
those of other countries is due primarily to the 
disadvantage of having been pioneers, though luck 
has had some part in settling the situation. As 
Sir Henry Fowler, whose remarks are quoted in 
the present address, is said to have remarked, the 
load-gauge height would have been worse still by 
a foot if it had not been for the ornamental finish 
that Stephenson gave to the Rocket’s funnel. On 
the other hand, a still greater gain in height was 
assured in some French railways by the double-deck 
impériale that used to be constructed on their 
coaches. However it has arisen, the consequence is 
inevitable. Where newer systems in other countries 


can develop their services through enlarged load 
gauges, British locomotive engineers must for the 
service of their own country rely on developing the 
design of the locomotive within present limits of 





size. Increased steam pressures with greater super- 
heat, the use of reduction gear, internal-combustion 
engines with or without steam on the Still system, 
are among the methods that are being tried, and 
at least the Diesel engine as applied to locomotives 
is past the experimental stage. Other countries are 
doing their full share in such developments ; and, 
though their need in regard to loading gauges is less, 
they have not avoided the difficulty altogether, as 
is seen in the older American railways. The moral 
of the present position of this country in respect to 
loading gauges is the same as that which is enforced 
throughout this suggestive address. Both in general 
design and the detail of materials, British locomo- 
tive engineers have a special need to seek insistently 
for improvement. Their record in the past gives the 
best reason for the belief that they will not be found 
wanting, if they are supported adequately by the 
great public services for which they work. 





CONCLUSIONS FROM A STUDY OF 
RECENT EARTHQUAKES. 


By Ropins FLEMING. 


As a continuation of the writer’s article on 
* Building in Earthquake and Tornado Regions,” 
which appeared in these columns on January 22 
last, page 95 et seg, some conclusions derived from 
a study of some recent earthquakes may be of 
interest. The St. Lawrence and Santa Barbara 
earthquakes are more particularly concerned. 

The St. Lawrence earthquake occurred on 
February 28, 1925. Several narrow escapes were 
reported, but no lives were lost apart from those of 
three or four sick persons who died from shock. 
The property damage was confined to a narrow belt 
along the St. Lawrence River and was, compared 
with other earthquakes, small. It was the matter 
of locality that attracted attention. Canada was 
supposed to be immune from earthquakes, and the 
question naturally arose if any locality was totally 
immune from the possibility of shock. 

The Santa Barbara earthquake occurred at 
6.40 a.m. on June 29, 1925. Santa Barbara is a 
city in Southern California, with a population of 
about 25,000. The loss of life was 13 persons killed, 
and 50injured. The damage to property is variously 
estimated from 10,000,000 dols. to 15,000,000 dols. 
These figures are a mere bagatelle when compared 
with those of the Tokyo disaster of September 1, 1923. 
But it should be remembered that it was the fire 
that followed the Tokyo earthquake that caused 
more than 90 per cent. of loss, both of life and 
property. In the Santa Barbara earthquake there 
was no fire. The opportunities for observation and 
study were therefore far greater than in disasters 
like Tokyo or San Francisco. Engineers, architects 
and representatives of special interests visited the 
city and have given their opinions. The story of the 
calamity ‘‘as seen by many eyes and analysed by 
many minds,” is told in the pages of the Santa 
Barbara Earthquake Number of the Bulletin of the 
Allied Architects Association of Los Angeles. Thirty- 
seven contributors express their individual opinions. 
Another valuable source of information is given by 
the issues for 1925 of the Bulletin of the Seismo- 
logical Society of America. The St. Lawrence 
earthquake is described in the February number by 
Ernest A. Hodgson, of the Dominion Observatory, 
Ottawa. “A Study of the Santa Barbara Earth- 
quake of June 29, 1925,” by Professor Bailey Willis 
is given in the December number. An article of 
especial value to engineers is that on ‘“‘ Building for 
Safety against Earthquakes,” by Henry D. Dewell 
in the September number. From the above and 
other data, the writer ventures to express certain 
conclusions he has formed, some of which are 
tentative. 

Earthquakes cannot be predicted to any great 
extent with certainty. No country can be guaran- 
teed to be absolutely immune, as was made evident 
by the Charleston earthquake of 1886. At the same 
time, it seems needless to make provision for severe 
shocks in non-earthquake countries. In designing 
buildings for well-known earthquake regions, the 
degree of shock severity for which provision should 
be made depends largely upon the insurance needed 
and for which the purchaser will pay, The require- 
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ments of building laws may govern the design. An 
acceleration of 1 ft. per second per second is a severe 
earthquake, and 3 ft. per second per second should 
be sufficient to cover ali but exceptional cases. 

A strong wind and an earthquake shock do not 
occur at the same time. Stresses should be deter- 
mined for each. The force of an earthquake shock 
depends upon the mass of the building and its 
contents, that of the wind upon the exposed area. 
An assumed wind pressure may be sufficient for 
both if the building is narrow and of light con- 
struction; it may be quite inadequate if the 
building covers a broad area and is of heavy con- 
struction. However, a building correctly designed 
and detailed for wind pressure will stand considerable 
shock from an earthquake. 

A real difficulty often presents itself in the design 
of foundations. Firm and unyielding foundations 
are necessary to resist earthquakes. A thick, solid 
mat of reinforced concrete extending over the entire 
ground area has been used. On a yielding soil it 
may be necessary to use piles. For high buildings 
with loads that vary considerably on the different 
bottom sections of columns, isolated footings and 
spread foundations are used to prevent unequal 
settlement. For such footings to resist earthquake 
shock it is necessary that they be firmly secured to 
each other in such a way that they maintain their 
relative positions. 

No dogmatic answer can be given as to what is the 
best, or better, material to resist earthquake shock. 
The choice is between a frame of structural steel and 
one of reinforced concrete. Either, if properly 
designed, will be efficient. The writer frankly 
expresses his preference for a steel-framed structure 
with reinforced-concrete curtain walls and floors. 
The reason for this preference are mainly those given 
by Mr. Dewell in the article previously mentioned : 
“* Reinforced concrete and steel are the only suitable 
materials for the structural frames of the so-called 
fire-proof permanent structures. Of the two 
materials, steel has the much higher strength for the 
size and weight of member and also has a far greater 
coefficient of elasticity than reinforced concrete. 
Properly fire-proofed, it comes nearer to conforming 
to the requirements of the ideal material. For this 
reason, and due to the fact that practically there is 
much more assurance of the uniform quality and 
strength of a steel-framed structure than one of 
reinforced concrete, the steel-framed structure is 
rated higher by the writer as superior to the one in 
reinforced concrete.” Again: “In the design of 
the columns in structural steel, the horizontal shear 
will be found to have no influence on the section of 
the column, since the strength of steel in shear is 
nearly equal to its strength in compression. In the 
case of the reinforced-concrete columns, the effect 
of the horizontal shear cannot be neglected, and 
the column must be investigated for its ability to 
resist this horizontal shear, remembering that the 
shear is a measure of the diagonal tension, as in a 
reinforced-concrete beam.” 

Two types of structural framing are recognised. 
The first, composed of triangles using diagonal ties 
and struts throughout ; the second, composed of 
rectangles in which gusset plates and members are 
made heavy enough to take the induced bending 
moments. It is usually impracticable to carry out 
the first method throughout. Openings must be 
made in the exterior walls, and diagonals can seldom 
be used between interior columns. As the same 
building, even in an earthquake country, is hardly 
liable to receive more than one or two severe shocks 
in its lifetime, in proportioning members unit 
stresses nearly equal to the elastic limit may be used 
for a combination of all loadings, provided the 
sections thus obtained do not exceed those required 
from dead and live loads alone. 

A great number of observations and suggestions 
are given in the previously mentioned Santa Barbara 
Earthquake Number of the Allied Architects 
Association. Some of them may be quoted: Mr. 
J. J. Backus, for instance, says, ‘The lesson in 
Santa Barbara is, that well designed buildings, 
constructed in the best known methods, including 
workmanship and material, will withstand a severe, 
earthquake shock without injury, and it does not 
particularly matter in my opinion, what material 
is used as long as it is good material, The undesira- 





bility of the erection of extremely high parapet 
walls seemed to me to be clearly established.” 

This latter point was also referred to by Mr. E. W. 
Neff, who stated that “‘ the inability of curtain walls 
to stand up under the shock was demonstrated all 
over the city.” This same observer noted that 
‘L-shaped buildings do not stand a shake as well as 
square, or rectangular, buildings.” 

Mr. A. H. Benton reported “‘ Like the action of 
some cyclones, that of the earthquake was erratic, 
many poorly built structures escaped, and some of the 
best built banks, shops, churches, schools and 
dwellings suffered. This does not mean that good 
construction is no better than poor. It means that 
the formation of strata is varied, that intensity of 
movement is unequal, that the distribution of masses 
as well as that of loads in buildings are factors in 
resistance”? ; while Mr. Edwin Bergstrom said, 
“* Keep the lines of strain and thrust going straight 
through your buildings, without offsets, and use 
beams and girders to carry these strains and thrusts.” 

A number of interesting detail points were brought 
forward by Mr. L. F. Watson, as, for instance, 
‘““Cornices should be made of metal or reinforced 
concrete, tied into the building with a continuous 
tie. Chimneys should be built of reinforced concrete. 
Cast stone, terra cotta or face brick used as a veneer 
should be laid up in one to three cement mortar 
and tied to its backing with substantial and numer- 
ous metal ties and one to three cement mortar. 
All roof framing should be trussed and should tie 
opposite walls together. Continuity in framing 
should be required in all classes of construction. 
Foundations for buildings built on soft ground 
should be of mattress type. If piers are used, 
they should be tied together with cage construction. 
High water tanks in buildings should be eliminated. 
The use of cast iron columns should be prohibited.” 

It may be noted that most of the foregoing sugges- 
tions will apply to all classes of building, especially 
to those designed to resist strong wind. To the 
question whether disasters from earthquake can be 
averted, Milne, “‘ the father of modern seismology ” 
answered, ‘‘ No, but they can be mitigated.” The 
mitigation of danger from fire is far more pressing 
than danger from the shock itself. Santa Barbara 
was mercifully saved from destruction by the 
bravery of one man, William Engle, “ who apprecia- 
ting his danger, had the courage to stay at his post 
braving falling walls, until he had pulled the switches 
in the light and power station and saved the city 
from an otherwise inevitable disaster—destruction 
by fire.” 





THE SIGNIFICANCE OF SURFACE 
OIL INDICATIONS. 


WHILE few geologists would at present recommend 
drilling for oil in the absence of surface oil indica- 
tions, and while almost every important oilfield 
worked has betrayed itself by such manifestations, 
the interpretation of the surface indications is a 
very perplexing matter, and much labour and 
money have been wasted upon misunderstood 
surface evidence. Fuel had indeed been obtained 
from many of the historical oilfields of Baku, 
Rumania, Burma, &c., long before modern systems 
of exploitation superseded the primitive native 
methods. On the other hand some American wells 
were drilled merely on general geological promise, 
and in the hope of large yields. Those hopes were 
by no means always realised, and as it is becoming 
more and more difficult to find reasonably accessible 
spots which have still escaped the attention of oil 
scouts, Mr. A. Beeby Thompson brought a paper 
on the Significance of Surface Oil Indications before 
the Institution of Petroleum Technologists last 
Tuesday. 

Mr. B. Thompson tabulated surface indications 
under the headings of oil seepages and asphalt 
deposits, gas issues and mud volcanoes, bituminous 
rocks, native bitumens and salt and sulphur. Where 
seepages of oil of acceptable quality occurred near 
the crest of broad anticlines or near the apices of 
domes, they gave valuable guidance. Some light 
oils seemed to reach the surface in an almost un- 
altered state. More generally the oil was oxidised 
and changed by contact with air, meteoric water 





and the ground into asphaltic products which, in the 





in millions of tons; large accumulations were also 
known in Sakhalin, Borneo and Mexico; in Cali- 
fornia some 300 skeletons of extinct and living 
animals had been found in such deposits from an 
area of 20 acres. From the Lizard Spring of Trini- 
dad light oil and gas were continuously discharged. 
Seepages were very distinct along the crests of anti- 
clinal folds in the East Indian Islands ; when their 
origin was concealed by surface alluvium they gave 
little help. 

Issues of gas, especially if inodorous, might be 
quite unconnected with oil. Methane itself had 
no smell; when carrying sulphur or hydrocarbons 
it had proved a valuable guide in Baku and at 
Los Angeles, but millions of dollars had been lost 
on 675 wells along the Mexican Gulf, sunk on the 
strength of gas indications. Mud volcanoes occurred 
only where argillaceous strata predominated, 
especially on the anticlinal folds of much-disturbed 
beds; they were generally distrusted by oil 
geologists, and were very rarely found in productive 
oil fields, but thefe was a conspicuous exception 
near the Bibi-Eibat, Bay of the Caspian. Bituminous 
rocks, particularly bituminous limestones, were 
found in almost all countries, but usually not in 
connection with free oil deposits. Sandstones and 
sands impregnated with oily matter called for 
more serious considerations, but they had failed 
as indicators of commercial oil in Spain, Nigeria 
and Angola, and test drilling in the tar sands 
of Alberta had not yet been a striking success. 
The perplexing oil manifestations of Bulgaria 
seemed now to be cleared up. Patches of black 
odorous bituminous rocks, sometimes turned jnto 
brittle pitch by the sun’s heat, were outcropping 
in the foothills; some oil had evidently been 
recovered from them in ancient days. The 
assumption that this oil was derived from the 
distillation of lignitic material by intrusive rocks, 
subsequently removed by denudation, had quite 
recently been confirmed by British geologists. 

Native bitumen occurred in veins, as intrusion 
into fissures, mostly vertical, up to 30 ft. wide, 
sometimes extending for miles in straight lines 
and probably representing residues of natural oil. 
The Albert bitumen vein of New Brunswick had 
been worked to a depth of 1,300 ft., but, so far, 
drilling had struck very little oil and gas. Ozokerite 
was another metamorphosed product of paraffin 
base oil filling fissures. Neither salt nor sulphur 
could be regarded as proof of the presence of 
petroleum, though saline and sulphurous waters 
were commonly associated with oil measures. The 
sulphur-bearing limestones (containing up to 70 per 
cent. of sulphur) of some Gulf Coast salt domes 
had, by the steam and air-lift method, yielded 
600,000 tons of pure sulphur (500 tons per day). 
The association of oil and brine suggested that 
oil could only be preserved when fresh-water 
circulation was excluded; fresh waters from 
productive oil measures were very rare. The 
sulphur was probably due to the interaction of 
hydrocarbons with sulphates; and the high 
temperature of sulphur water springs, which often 
marked lines of faulting, was to be ascribed to 
the chemical reactions. 

Mr. Beeby Thompson’s conclusion that general 
geological character and environments should be 
taken into full consideration was endorsed by 
Mr. Dewhurst, Mr. F. G. Rappoport and other 
speakers, who explained how seepages might be 
misinterpreted. Professor N. C. Illing agreed that 
bitumen was very common. Dr. A. Wade men- 
tioned that Australian chemists had found oil in 
almost any sedimentary deposit, and that oil was 
being formed in fresh water off Queensland. The 
problems really turn about the wider questions 
of oil formation in situ and oil migration. 





PuHospHate Deposits Iv Morocco.—In common with 
the other North African provinces, Morocco possesses 
numerous deposits of calcium phosphate. A writer in a 
recent issue of the Revue Generale des Sciences states that 
the mineral is being worked and exported in rapidly 
increasing quantities. In 1921, some 8,200 metric tons 
only were extracted. In 1922, this figure was increased 
to 96,397 tons, of which 79,815 tons were exported. In 
1923, 178,000 tons were exported, and shipments in 1924 
and 1925 were, respectively, 430,000 tons and 711,900 





tons, The material is used chiefly as manure, 
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THE DOLGARROG DAM FAILURE. 


Fig. KEY PLAN. 


Fig.2. LONGITUDINAL SECTION OF BREACH. 
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THE DOLGARROG DAM FAILURE. 
WE understand that the report by Messrs. 


Alexander Gibb and Partners to the Aluminium | 
Corporation on the steps that should be taken to | 


repair the Eigiau and Coety dams in North Wales, 
the failure of which caused the Dolgarrog disaster, 
is now under consideration. 


decided upon we hope to give a detailed account of 
them. In the meantime, we are able, in the accom- 


panying illustrations, to indicate, more precisely | 


We have already | 
described the circumstances of this occurrence,* and | 
as soon as the repair works have been definitely | 


Fig.3. PLAN OF WASHOUT 


LAKE EIrGIravu 


than has appeared in previous descriptions, the | 


element of weakness to which the failure was 
actually due. 

It will be remembered that the breach with which 
the disaster began, occurred in a dam about three- 


quarters of a mile Jong, by which the level of water 


in the Eigiau Lake was raised some 20 ft. when the | 


reservoir was full. The dam had been in service 
since 1911, and a key plan of the structure is 
shown in Fig. 1. The site was some 1,200 ft. above 
sea level, and the failure of the Coety dam, which 
was at a level about 300 ft. lower, followed on the 
discharge from the Eigiau reservoir. The construc- 
tion of the Eigiau dam was begun by predecessors 
in title of the present owners, and the breach 
occurred in the last part of what they had erected, 
where it joined the first part of the work constructed 
by the present owners. The structure was built 
of concrete on a glacial deposit of hard blue clay 
containing boulders of granite, and was intended to 
be carried on footings extending to 6 ft. below the 
surface of the clay, as was in fact done throughout 
the work executed for the present owners. For 
some unexplained reason, however, the footings of 
the earlier work did not extend beyond a depth of 
18 in., and the concrete was of poor quality, and not 
homogeneous. The failure occurred on November 2 
of last year, when the reservoir was full and actually 
overflowing, and it consisted in a wash-out of 
some 70 ft. of the clay under the concrete founda- 
tions of the earlier structure. Figs. 2 and 3 show, 
respectively, a longitudinal 3ection on the down- 
stream face and a plan of the breach, and Figs. 4 
and 5 are sections through the concrete work in 
the old and new portions, respectively. 

On the occurrence of the wash-out, and for some 
days after, it will be seen that the concrete structure 
remained intact in position, and it was not till 
the night of November 8 that a portion of it fell 
away. This circumstance establishes clearly the 
fact that, whatever may have been the quality of 
the concrete, no defect in it contributed to the 





* See, ENGINEERING, vol. cxx, pp. 581 and 711, 


|failure, which was located solely in the clay. | 
| Nothing appears to have been discovered to affect | 
| the hypothesis that the clay had been weakened in | 
| consequence of fissures caused by shrinkage during 
|the unusually dry summer, when the dam would 
mostly have been empty. The persistence of the 
concrete structure while the reservoir was still 
full seems to indicate that somehow the dam wall 
must have been relieved of the water-pressure 
| by some influence that operated as quickly as the 
wash-out, as without the support of the clay the 
concrete could hardly be conceived to have had 
strength enough to resist the water pressure even 
temporarily. 





EIGHTY-ONE YEARS’ SERVICE WITH ONE Firu.— 
Mr. John Hughes, works manager at Messrs. George 
Salter and Co., Limited, West Bromwich, has achieved 
the record of 81 years’ continuous service with one firm. 
A presentation was recently made to the veteran official 
in recognition of his services. Mr. Hughes is in his 91st 
year, and is still able to attend to his work daily. He 
does not merely put in an appearance in the mornings, 
but stays all day and takes an active part in the actual 
management of the business. Soon after his 90th birth- 
day, Mr. Hughes took out a patent for a spring balance 
which is manufactured by his firm. He commenced his 
career with Messrs. Salter at the age of nine years, when 
the hours of labour were from 6 a.m. to 6.30 p.m. 





Fan VENTILATION IN A WEAVING SHED.—A report 
(No. 37) entitled “ Fan Ventilation in a Humid Weaving 
Shed *’ was issued recently by the Industrial Fatigue 
Research Board. The pamphlet gives an account of an 
experiment made for the Departmental Committee on 
Humidity in Cotton Weaving, by Messrs, S. Wyatt, J. A. 
| Fraser, and F. G. L. Stock. The experiment was carried 
; out for the purpose of determining whether the dis- 
agreeable effects of high temperatures and humidities, 
which often prevail in humid weaving sheds during the 
summer months, could be ameliorated by the use of 
increased air. movement produced by fans. Thg results 
obtained showed that increasing the rate of air movement 
had a favourable effect upon the operatives, and was also 
instrumental in increasing weaving efficiency; it was 
found to be particularly beneficial on days of high 
temperature and humidity. The report is published, at a 
price of ls. 9d. net, by H.M. Stationery Office, Adastral 
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NOTES. 
THE Wor.LpD’s SHIPBUILDING AND MARINE 
ENGINEERING. 


Tue shipbuilding returns of Lloyd’s Register for 
the quarter ending September 30, 1926, show that: 
the shipbuilding industry is still in a very unfavour- 
able position. The shipping actually under con- 
struction in Great Britain and Ireland totals 774,797 
tons, a decline of 66,541 tons from the figure for the 
previous quarter. and about 234,000 tons less than 
the tonnage building a year ago. Moreover, the 
present total is the lowest recorded since June, 
1909, and is 1,115,000 tons below the average 
tonnage building during the twelve months imme- 
diately preceding the war. There has been a very 
appreciable decline in the tonnage commenced 
during the quarter, the figures for the second 
and third quarterly periods of 1926 being respec- 
tively, 168,483 tons and 68,327 tons. On the other 
hand, the shipping launched during the present 
quarter totals 207,741 tons, an increase of 36,016 
tons over the figure for the previous three months. 
The merchant vessels under construction in British 
and Irish shipyards at the close of the quarter under 
review, numbered 177; of these 123 were steam- 
ships, 46 were motorships, and eight were sailing 
ships and barges. The tonnage of motorships, as 
compared with that of steamships, is steadily 
increasing, and the tonnage of the former now 
building is equivalent to 54:5 per cent. of the 
steam tonnage under construction. Of the 177 
vessels building in Great Britain and Ireland, no 
less than 142 are intended for owners residing 
within the British Empire. The total merchant 
tonnage under construction in other countries. 
namely, 1,075,900 tons, is about 53,000 tons less 
than that in hand at the end of the previous quarter, 
Italy retains her leading position with 278,764 tons, 
Holland displaces France and takes second place 
with 160,604 tons, France is now third with 134,985 
tons, Germany is fourth with 127,321 tons, and the 
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United States fifth with 119,723 tons. During the 
quarter under review 200,027 tons of shipping were 
commenced abroad and 178,821 tons were launched, 
an increase, as compared with the previous three 
months, of 36,794 tons in the tonnage commenced, 
and a decrease of 25,243 tons in the tonnage 
launched, The total horse-power of the marine 
engines building or being installed on board vessels 
at the end of September, 1926, amounted to 
1,545,896 h.p. Out of this total Great Britain and 
Ireland supplied 668,191 h.p., Italy 181,160 h.p., 
Germany 121,900 h.p., the United States 119,370 
h.p., France 117,530 h.p., and Holland 108,740 h.p. 
In conclusion, it should be pointed out that the 
tonnage figures quoted are gross tons, and that no 
account has been taken of vessels of less than 100 
tons gross, 


Toe Suppty or AERO-ENGINE FUELS. 


As the question of the future supply of fuels for 
aero engines is one of the greatest importance in 
aviation, it was appropriate that the matter should 
be dealt with in the inaugural address to the Royal 
Aeronautical Society by Colonel the Master of 
Sempill, the recently elected Chairman of that body. 
In this address, which was delivered in the hall of 
the Royal Society of Arts on the 7th instant, 
Colonel Sempill endeavoured to allay the fears that 
have been frequently expressed with respect to the 
early exhaustion of the world’s supplies of petroleum, 
by calling attention to the probable existence of 
large supplies at present untapped, and to the fact 
that the further development of cracking, and other 
operations, was likely to ease the present situation 
with regard to petrol production, and to give time 
for the investigation of future possibilities. Forecasts 
of the future supplies are frequently, if not usually, 
rendered of little value by unforeseen circumstances, 
an example of which was the opening up of a new 
large oilfield in California which increased the annual 
production in the United States by 50 per cent. 
above the previously estimated peak. Moreover, 
the exhaustion of an oil field does not necessarily 
mean its complete drainage. On an average, 
Colonel Sempill pointed out, it is probable that 
not more than about 35 per cent. of the oil present 
is brought to the surface, and it is by no means 
impossible that methods may be devised of rendering 
available for use at least some of that which is now 
unavoidably left behind. The address dealt, in an 
interesting and informative manner, with other 
sources of motor fuel, such as shale oils, coal products 
and alcohol, and the properties of these, as well as of 
petroleum fuels, were discussed in some detail. 
The question of detonation and its suppression 
by means of dopes was also dealt with, the author 
expressing a preference for a dope of a non-metallic 
character, that must, of course, be readily available 
in sufficient quantities at a reasonable cost. In 
summing up the position with regard to the immedi- 
ate future, Colonel Sempill expressed the view that 
the fuels used would be the same as are now generally 
employed, although the sources of supply would be 
considerably augmented and alcohol would be used 
to an increased extent. Continued research on 
engine design leading to greater fuel economy and 
to the use of fuels other than petrol, he added, would 
certainly affect the fuel position, as also would the 
extension of cracking as a means of producing more 
light fuel, attention being given to the factors 
controlling the highest useful compression ratio 
value of the final product. Other important factors 
affecting the position were the extension and 
improvement of processes for the production of 
light fuels from coal and the creation, where economi- 
cally possible, of methods for the production of 
alcohol by fermentation processes or synthetically. 


THE MECHANICAL STRENGTH OF ALPAX. 


A report recently published by the Aeronautical 
Research Committee deals with mechanical strength 
figures obtained from cast alpax bars, in the course 
of an investigation carried out by Mr. H. J. Tapsell 
for the Engineering Research Board of the Depart- 
ment of Scientific and Industrial Research. The 
bars, which were 1} in., 2 in., and 3 in. in diameter, 
were supplied by Messrs. Lightalloys, Limited, 
London ; tests were conducted on this material at 
room and at elevated temperatures, The specimens 
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were first ain’ to duit ania wry were 
found to contain 12-7 per cent. of silicon, an average 
of 0-55 per cent. of iron, and small percentages of 
calcium and of sodium varying from 0-01 per cent. 

to 0-07 per cent., and 0-006 per cent. to 0-011 per 
cent., respectively. The specimens were sectioned 
and polished and were found to be in the modified 
condition ; moreover, they appeared to be free 
from unsoundness. The chill-cast material gave in 
the as-cast condition, at room temperatures, 
ultimate strength values of 13-85 and 14-2 tons 
per square inch, and elongation values, on 2 in., of 
10 per cent. and 10-5 per cent. Sand-cast specimens 
gave ultimate strength values of well over 12 tons 
per square inch, and elongation figures of between 
7:5 and 10 percent. The conclusion arrived at by 
the investigator is that alpax is a valuable casting 
alloy; the ultimate tensile strength compares 
favourably with that of chill-cast Y alloy, and the 
elongation is unusually high for a cast aluminium 
alloy. The tensile strength was found, however, to 
fall rapidly with rise of temperature. At 250 deg. C. 
the chill-cast material gave an ultimate stress value 
of 7 tons and an elongation of 9 per cent.; at 
350 deg. C, the results of two tests were: ultimate: 
stress, 4 and 4-1 tons per square inch, and elongation, 
19 and 25 per cent., respectively. It is pointed out 
that, at 350 deg. C., Y alloy, in the as-cast condition, 
has a tensile strength of 7 tons per square inch ; in 
the cast heat-treated condition, the ultimate strength 
value of the alloy is nearly 12 tons. The alpax 
specimen bars were found to be not wholly free 
from casting defects, and, in this respect, the 14-in. 
chill-cast bars were the least satisfactory ; a number 
of them contained large cavities. On the other hand, 
the sand-cast bars were quite sound ; the 2-in. and 
3-in. diameter specimens were also satisfactory, on 
the whole. Fatigue tests were carried out by means 
of the Haigh alternating-stress testing machine, 
under reversed direct stresses, and on a 10 x 10° 
reversal basis, Tests were made at room tempera- 
tures and at 180 deg. C. The estimated limiting 
fatigue range of chill-cast 14-in. bars, in the as-cast 
condition, was + 3-8 tons per square inch, at room 
temperature. The corresponding figure for sand- 
cast bars of the same dimensions was + 4-5 tons per 
square inch, At 180 deg. C., the value for chill-cast 
1}-in, bars in the as-cast condition was + 2-8 tons 
per square inch. Although better results have been 
obtained from some of the heat-treated alloys of 
aluminium, the fatigue range of the cast-alpax 
specimens, as revealed by the tests, is considered to 
be good, 





Tue INSTITUTION OF STRUCTURAL ENGINEERS.—To fill 
the vacancy caused by the death of Sir Charles Ruthen, 
the Council of the Institution of Structural Engineers 
recently appointed, as president, Mr. Henry James Deane. 
Mr. Deane graduated as Bachelor in Engineering at the 
University of Sydney, Australia, and is a member both 
of the Institution of Civil Engineers and the Institution of 
Mechanical Engineers. He received his early training on 
the staff of Sir Benjamin Baker in ‘Australia, and was 
afterwards with Messrs. Mott and Hay - that country. 
Coming to England, he was, in 1913, appointed Chief 
Assistant Engineer to the Port of London Authority, 
from which position he retired in the summer of 1924 
in order to commence private practice as a consulting 
engineer. He became a vice-president of the Institution 
of Structural Engineers in 1921. ‘To fill the vacancy for a 
vice-president, caused by Mr. Deane’s elevation, the 
council appointed Mr. Ewart §S. Andrews, B.Sc., 
A.M. Inst.C.E., a partner in the firm of Messrs. Andrews 
and Beaumont, consulting engineers, High Holborn. 





Tue Sir Jonn Cass Tecunicat Institute.—The 25th 
session of the work of the Sir John Cass Technical 
Institute, Jewry-street, Aldgate, London, E.C.3, was 
inaugurated on October 4, last, when an address was 
delivered by Alderman Sir Charles Wakefield, Bart., 
C.B.E. Before calling upon Sir Charles to deliver the 
inaugural address, the Chairman of the governors, the 
Rev. J. F. Marr, referred to the resignation of Dr. Keane, 
who had been principal for almost a quarter of a century, 
the appointment of Mr. G. Patchin, A.R.S.M., as his 
successor, the generous support given to the work by the 
important companies connected with the fermentation 
and petroleum industries, and the gratifying record of 
University successes. Particular mention was made of 
the further facilities for study which were being provided 
during the session, including a more advanced course of 
lectures on colloids, and an advanced course of lectures 
on petroleum technology, the latter embracing special 
lectures on petroleum colloids. During his address, 
Sir Charles Wakefield said that in view of the innumerable 
distractions which tempted to pleasure seeking, the 
student of to-day had to be something of a hero, possessed 
of an exceptional degree of wisdom, strength of mind and 
self control. 
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AN UNDERGROUND AUTOMATIC 
SUB-STATION. 


Ir is unnecessary at the present time to enlarge 
upon the numerous advantages of automatic sub- 
stations, since they have been referred to ia our columns 
on several previous occasions and are now well under- 
stood. They include, of course, the elimination, or 
material reduction, of labour costs, light-load losses, 
costs of lighting and heating, and also enable consider- 
able economy to be effected in the use of feeders and 
distributors. Anotherimportant economy that is often 
made possible by the use of automatic sub-stations ia 
place of manually-operated sub-stations, is in connection 
with the initial outlay on buildings, as these can usually 
be made smaller and located in less prominent positions 
for the former class of plant than for the latter. An 
interesting example of this feature is afforded by the 
Soho Square sub-station of the Charing Cross Electricity 
Supply Company, Limited, which was officially opened 
on Tuesday last, In this case, the machinery and switch- 
gear have been installed in two underground chambers 
excavated under the roadway and pavement on the 
western side of the square, so that no valuable ground 
space is occupied, except that required for the access 
stairway. 

The original sub-station at this point consisted of a 
large street-box, containing six mercury-arc rectifiers 
having a total capacity of 200 kw. This, however, had 
become inadequate to meet the increasing demands 
upon the system, and an underground sub-station was 
constructed in 1925 with two 300 kw. Metropolitan- 
Vickers rotary-converter sets arranged for fully auto- 
matic operation. The underground chamber provided 
was 28 ft. 6 in. long, 14 ft. wide and 10 ft. high, and all 
the equipment was taken down to it through a manhole 
measuring 5 ft. by 3 ft., which was the only means of 
access. To this another chamber, measuring 45 ft. by 
26 ft., and also 10 ft. in height, has recently been added, 
and the new chamber, interior views of which are 
reproduced in Figs. 1 and 2, on page 486, now contains 
four 300-kw. Metropolitan-Vickers automatic rotary 
converters, with the necessary transformers and high- 
provision has, however, been made 
for the installation of a fifth machine and an additional 
transformer when the present capacity of the equip- 
ment is exceeded. The original chamber is now 
occupied by switchboards, one of which comprises the 
low-tension alternating-current starting and relay 
panels, and another the direct-current and feeder panels. 
The former board is illustrated in Fig. 3. 

Three-phase, 50-cyclecurrentis supplied at 10,000 volts 
through two feeders from the company’s generating sta- 
tion at Bow, to the high-tension switch cubicles visible in 
the background of Fig. 2 and thence to the 3 to 6-phase 
oil-immersed transformers shown in the same illus- 
tration. The high-tension switchgear includes two 
Metrovick type K oil switches, in sheet-steel cubicles, 
each unit having a breaking capacity of 150,000 kv.-a 
Four oil-switches control the supply to the machines, 
provision being made for the addition of a fifth unit, 
and ’bus bar sectionalising switches are fitted so that 
two machines can be operated from either feeder. The 
high-tension current is stepped down to 152 volts by 
the transformers above referred to, and attention may 
here be called to the fact that the cooling radiators for 
these transformers have been constructed as separate 
detachable units to enable them to be got into position 
through the small entrance to the sub-station. The 
rotary converters, shown in Figs. 1 and 2, are standard 
Metrovick tap-started machines, running at 1,000 r.p.m. 
and supplying direct current at 202-212 volts through 
the feeder circuit breakers to the distributing network. 
The low-tension switchboard has four machine panels, 
with space for a fifth panel, and each panel is fitted with 
1,500 ampere main contactors and similar contactors 
in shunt to the overload-limiting resistances. A separate 
panel on this board carries the sequence-control gear, 
which will be referred to again later. The low-tension 
*bus bars are in duplicate, and change-over switches 
are provided to enable each machine to be connected 
to either bus bar. The low-tension line pressure is 
adjusted by automatic voltage-regulating equipment, 
designed to keep the pressure within 0-5 volt of the 
required value, 

The whole equipment runs entirely without attend- 
ance, except for occasional visits for inspection, the 
plant starting up automatically when the voltage falls 
on the direct-current mains and shutting down as the 
loadisreduced. Itcan, however, be operated manually, 
if the need for so doing should arise, and provision has 
also been made so that the station can be shut down. 
and prevented from starting up, by means of a control 
switch at the company’s sub-station in St. Martin’s-lane, 
less than half a mileaway. The automatic control gear, 
shown in position in Fig. 3, is of the Metropolitan- 
Vickers Company’s standard type, and is arranged to 
start up the first machine when the ’bus bar voltage 
falls below a certain value, and to bring in the second 
and subsequent machines as the load on the ’bus bar 
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Fig. 1. 





Fig. 2. 


increases, When the load falls to a value that can be 
carried by fewer machines than are actually in opera- 
tion, the last machine to be started up is disconnected 
and shut down. It will be understood, of course, that 
time-delay devices are included to prevent the auto- 
matic apparatus from operating if the change of 
conditions is not maintained for a certain predetermined 
period, 

A novel and important feature of the installation is 
the provision made for pre-arranging the sequence in 
which the machines will start up or shut down, this 
provision rendering it possible for all the machines to 
be used to an equal extent, and also enabling repairs to 
be carried out on any machine without interfering with 
the automatic operation. For this purpose, the starting 
panel for each machine is fitted with a plug receptacle, 
into which a plug, carrying sequence-control leads for 
that machine, can be fitted in five different positions. 








Rotary CONVERTERS FROM ALTERNATING-CURRENT SIDE. 


{ 
} 


Rorary CONVERTERS, SHOWING TRANSFORMERS AND HIGH-TENSION SWITCHGEAR. 


According to the position selected, the machine con- 
nected to the panel will start up first, second, third, 
fourth or fifth in order. The plugs, it should be men- 
tioned, have differently-arranged contacts and con- 
stitute a set, so that a complete sequence is always 
obtained irrespective of the order of starting. The 
order of shutting down is similarly controlled by the 
sequence apparatus, and is the reverse of that of starting 
up. If any machine should be locked out when its 
turn comes to start up, owing to a fault, the next 
machine in the sequence will be started up in its place ; 
the same thing will occur if a machine fails to connect 
in its turn for any other reason, the next machine in the 
sequence being automatically started after a time delay 
has been allowed. The sequence control is operated by 
the motor-driven drum controller illustrated in Fig. 4, 
the various relays causing the motor to drive the drum 


by stages in a forward or reverse direction to start or 
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stop the machines. A point of special importance in 
connection with the sequence contro] is that the 
| arrangements permit the sequence to be altered at any 
time, even when the machines are running. It is thus 
possible to take any machine out of its sequence and 
shut it down for examination without interfering with 
the automatic operation of the other machines. 
Protective gear to meet all contingencies is included 
in the equipment, but the apparatus is designed so 
that, although safe operation is ensured, interruptions 
are reduced to a minimum, If the load tends to exceed 
the safe capacity of the machines, for instance, current- 
limiting resistances are automatically put into circuit, 
so that the load is kept within safe limits and is also 
shared equally by all the machines in operation. If 
the heavy load is prolonged, thermostats cut off the 
machines until the resistances have cooled sufficiently, 
after which they are again started up automatically. 
In the event of any trouble occurring which cannot be 
cleared automatically, such, for instance, as the failure 





of a machine to start or the overheating of the bearings, 
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a lock-out relay acts toe put the affected machine out 
of operation until the station has been visited and 
the trouble remedied. Meanwhile, as already stated, 
the sequence-control gear will maintain the operation 
of the other units without interruption. Another point 
worth mentioning is that the ventilation of the sub- 
station is also automatically controlled. An electri- 
cally-driven fan is mounted in an air duct, and this 
fan, which is started up simultaneously with the first 
machine, continues to run until the last machine is 
shut down. 

In opening the station on Tuesday last, the machines 
were first run up one after the other on no load, and 
afterwards under normal working conditions. In the 
second test, one of the machines was supposed to have 
some fault and to be locked out, and was therefore 
left out of the sequence, the next machine in the sequence 
starting up, and so on. The load was then reduced 
so that only one of the machines remained in operation, 
and the conditions of a fault on the trunk main supply- 
ing the remaining machine were reproduced, causing 
this machine to shut down. Another effect demon- 
strated was the overheating of one of the transformers, 
the effect being produced by artificially heating the 
thermostat which is normally immersed in the oil in 
each transformer casing. The heating caused the 
transformer, and the converter coupled to it, to shut 
down, leaving the other units operating normally. 

In conclusion, we may remark that the Soho-square 
substation described above is, we believe, unique with 
respect to the number of individual units arranged for 
automatic operation. It is, in any case, an interesting 
example of the manner in which the difficult problem 
of providing space for sub-stations in a part of Londoa 
where the cost of ground for the erection of buildings 
is practically prohibitive, has been solved. Doubtless 
similar installations will be provided in other congested 
areas to overcome the various difficulties in connection 
with over-loaded networks. The whole of the equip- 
ment for the sub-station was supplied by the Metro- 
politan—Vickers Electrical Company, Limited, Trafford 
Park, Manchester, to whom, as well as to the directors 
of the Charing Cross Electricity Supply Company, 
we must express our thanks for the opportunity of 
inspecting the plant on the occasion of the opening 
ceremony. 








PYRITES AND THE SPONTANEOUS 
COMBUSTION OF COAL. 


In the mine, and in storage elsewhere, some coal is 
liable to spontaneous combustion, but up till now no 
complete knowledge has been obtained of the conditions 
or constituents that render a coal liable to this accident. 
A good deal of work has nevertheless been devoted to 
the subject, in particular by the Home Office Depart- 
mental Committee on Spontaneous Combustion of Coal 
in Mines, whose Final Report was issued in 1921. 
One of the conclusions reached was that, although 
a small amount of heat may be developed by the 
oxidation of some forms of pyrites in coal, the small 
proportion of pyrites that is present, together with the 
bad conducting power of the great body of coal, makes 
the direct effect of the heat developed by its oxidation 
a negligible circumstance of spontaneous combustion. 
The principal influence of pyrites, when present in an 
unstable form, is said to be to disintegrate the coal, and 
thus make it more permeable to air, so exposing a 
greater surface of coal substance to oxidation. Why 
the low heat conductivity of the coal should minimise 
the danger arising from oxidation of pyrites instead 
of localising and intensifying it is not quite clear, and 
researches both before and since the date of the report 
point to the conclusion that, though probably not the 
commonest source of spontaneous combustion under- 
ground, the oxidation of pyrites is the primary cause 
of many such fires, and in a systematic programme of 
work now in progress for the Safety in Mines Research 
Board an investigation of the action of pyrites in rela- 
tion to the spontaneous combustion of coal is included. 
The work is said to be by no means complete, but an 
account of some of it has just been published by the 
Board.* It has been carried out under the Lancashire 
and Cheshire Coal Research Association with the 
co-operation of the Garswood Hall Collieries Co., 
Limited. 

The Home Office report had already drawn attention 
to the various forms in which pyrites occurs in coal, 
and the great variations among them in the extent and 
rate of their oxidisability, and the principal object 
of the present research was to distinguish the types of 
pyrites that oxidise rapidly from those that do not. 
The samples examined do not purport to cover all 
types of pyrites that occur in coal, but they include 
seven principal types distinguished by Mr. J. Lomax, 
and photographed by him under various conditions. 








__* Paper No. 26. Pyritic Oxidation in Relation to the 

Spontaneous Combustion of Coal. By H. Macpherson, 

Fos — and §. V. Wild. H.M. Stationery Office 
8. net. ' 
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It is recognised that oxidation in the pit may be 
influenced by several factors, including chemical 
composition of the pyritic matter and of the surrounding 
coal or shale, their physical state and hygrometric 
condition, and the moisture content and speed of the 
air currents. The investigation is said therefore to have 
involved an investigation of the pit conditions, but 
the paper reports principally the chemical composition 
of the pyritic material examined and its rate of oxida- 
tion. This material was taken from a complete section 
of the Ravine seam 10 ft. 3 in. thick, divided horizon- 
tally into 23 sections, and the chief interest of the results 
lies in the determinations of the rate of oxidation. 
These were made by determining the portions respec- 
tively soluble in water, hydrochloric acid, and nitric acid 
according to the method described in 1922 by Sinnatt 
and Simpkin, the oxidation of pyrites being shown in 
an increase of the fraction soluble in hydrochloric 
acid. The details of the method adopted are described, 
and records of the results of the 23 sections were 
taken weekly for a year. The behaviour of the material 
exposed in the mine was also observed, and the results 
are said to have been in close agreement with those 
indicated by the laboratory tests. 

In substance, they show a wide variation in the rates 
at which different forms of pyrites oxidise, and em- 
phasise the importance that must be attached to the 
mode of existence of pyrites when considering its 
probable influence on the spontaneous combustion of 
coal. The report is made more interesting and intel- 
ligible by a series of reproductions in collotype, coloured 
lithographically, from originals by Mr. Lomax, which 
show the detail of the various forms of pyritic deposit 
with unusual clearness, and enable them to be examined 
under a lens where desired. 





LETTER TO THE EDITOR. 


THE HEAVISIDE LAYER. 


To THE Epiror OF ENGINEERING. 


Sir,—With reference to Dr. Lanchester’s letter on the 
question of priority in connection with what is com- 
monly called the Heaviside layer, I think that the 
position is as follows: It was generally known or 
supposed that the upper atmosphere consisted of 
rarefied gas, and it was also known that rarefied gas 
became conducting if subjected to certain ionising 
influences, but, so far as I know, nobody—with one 
exception—had suggested that the upper atmosphere 
was exposed to ionising influences of sufficient magni- 
tude to make it appreciably conducting to the electro- 
magnetic waves employed in radio telegraphy, and 
that this conductivity played a part in long-distance 
communication, until Oliver Heaviside put the sugges- 
tion forward in his article on ‘‘ Telegraphy”’ in the 
Encyclopedia Britannica, vol. xxxiii, page 215, published 
in 1902. 

When I say “ with one exception,” I do not refer 
to Professor Silvanus Thompson, but to Dr. A. E. 
Kennelly, who in The Electrical World (New York) of 
March 15, 1902, pointed out very clearly that the 
atmosphere, at a height of about 80 km., might have a 
considerable conductivity and act as an upper con- 
ducting surface to the radiated waves, causing them 
to be propagated cylindrically rather than spherically, 
and thus making the curvature of the earth of much 
less effect than had been anticipated. The same idea 
had thus occurred independently to these two scientists, 
but Dr. Kennelly can, I believe, claim priority of 
publication. For this reason, the layer is often referred 
to as the Kennelly-Heaviside layer. 

Yours faithfully, 
G. W. O. Howr. 


October 12, 1926. 





Finspury TECHNICAL CoLLEGE OLD STUDENTS’ 
Assocration.—The fifteenth annual dinner of the 
Finsbury Technical College Old Students’ Association 
will be held at the Engineers’ Club on October 30 next. 
Tickets, exclusive of wine, are 7s. 6d. each, and may be 
obtained on application to the Hon. Sec. of the A-socia- 
tion, Mr. R. O. Grant, 30, Bedford Row, London, W.C.1. 
Any old student will be welcomed and ladies are invited. 


Bat BEARINGS IN AEROPLANE ENGINES.—At the light- 
aeroplane competition held recently at Lympne for prizes 
offered by The Daily Mail, the Bristol Cherub engines 
manufactured by the Bristol Aeroplane Company, 
Limited, which were fitted to the first, second, third, 
and fourth machines, were equipped ethroughout with 
SKF ball bearings manufactured by the Skefko Ball 
Bearing Company, Limited, Luton, Bedfordshire. The 
Bristol Cherub was the only engine to finish the 
course in the reliability competition. The engine of the 
winning Hawker Cygnet machine was stripped for 
inspection after the competition, and was found to be 
perfect in every respect ; the ball bearings incorporated 
had quite successfully withstood the strenuous test. 





LABOUR NOTES. 

As we intimated a week ago, the National Delegate 
Conference of the Miners’ Federation rejected the 
Government’s proposals, on a card vote, by 737,000 to 
42,000. In addition, it adopted by 594,000 votes 
to 194,000 a resolution to call out all the safety men, 
ask for an embargo on foreign-produced coal, prohibit 
out-cropping, demand a Special Trades Union Congress 
to deal with the question of a general levy, and send 
speakers into all the “ black’ areasas part of a nation- 
wide campaign on behalf of the miners. On the 
following day, however, slightly better counsels pre- 
vailed, for instead of proceeding to carry out the terms 
of the resolution, the Conference decided to submit 
it to the districts for ratification and endorsement 
before taking action on it. The decisions of the districts 
were to be in the hands of the executive committee 
yesterday. During the week-end, it became apparent 
that the safety men—the great majority of whom are 
not under the control of the Miners’ Federation— 
intended to remain at work, and the Labour Party 
Conference at Margate on Monday and Tuesday 
made it tolerably plain that neither an embargo on 
foreign-produced coal nor a general levy was a likely 
happening. 

Meanwhile, men were returning to work in practically 
every important area in increasing numbers. On 
Saturday, the Leicestershire Miners’ Council decided 
to call off the strike and urge their members to present 
themselves for work immediately at the collieries. 
On Monday the Notts Miners’ Association decided 
to take a ballot vote of all who were members on 
April 30 on the following questions :—(1) Are you 
in favour of again ceasing work, standing by the 
Federation policy, and disfranchising all who do not 
act accordingly ? (2) Are you in favour of seeking a 
district settlement which may entail severance from 
the Federation ? The answers to these questions are to be 
in the hands of the Council by to-morrow. On the 
same day, the Northumberland Miners’ Council by 
40 votes to 24, rejected the proposals to withdraw the 
safety men, and by 30 votes to 23 passed the following 
resolution :—** That we request the National Executive 
Committee to lay down certain national principles and 
ask the districts to make their settlements within these 
principles.” Both decisions were submitted for 
ratification by the rank and file. In a number of 
areas, as a matter of course, the executive’s proposals 
—which were really South Wales proposals, slightly 
modified—were approved, but as the week drew to 
a close the opinion seemed to be general that, mainly 
through lack of competent leadership, the Federation 
was heading for disaster. 

The discussion at Margate on the official resolution 
relating to the trouble in the coalfields served two 
fairly useful purposes. It showed in the first place 
that the Labour Movement’s extremists are really and 
truly only a minority, albeit a noisy one. In the 
second place it revealed the fact that neither a general 
levy nor an embargo on foreign-produced coal is 
practicable. Mr. J. H. Thomas, M.P., told the dele- 
gates why the National Union of Railwaymen, the 
biggest union of all, could not pay any levy. They 
had, he said, 45,000 men who had not been back to 
work since May I, and 200,000 men who were working 
three days a week. Mr. Kirkwood knew that in his 
own union, the engineers, a ballot was being taken 
in regard to a levy for their own unemployed ; and 
Mr. Pollitt knew that in his union, the boilermakers, 45 
per cent. of the men were still out of work, and the 
problem was how to get a levy for them. In regard 
to the embargo, Mr. Thomas recalled that in April 
the miners brought back a resolution from Brussels 
which they said would put into effect an embargo upon 
coal at the instance of the Miners’ International. They 
told the Trades Union Congress that not a pound of 
coal would come into the country during the strike. 
He then took the opportunity of pointing out that the 
wording of the resolution was somewhat shaky, and 
facts had proved that it was a paper resolution and 
nothing else. 


Mr. B. Tillett said that the transport workers had 
already spent 1,000,000/. on this dispute ; they were 
500,000/. in debt ; they had sunk all their funds in the 
dispute. They had 80,000 men unemployed and 
100,000 under-employed. At the moment it would be 
impossible to obtain a levy even for their own people. 
That was the cold-blooded truth ; 60 per cent. of the 
dockers were unemployed, and another 20 per cent. 
were under-employed. The question of levies had been 
treated with too much levity by men who would not 
be affected by a general strike, an embargo or a levy. 
If the Conference carried an embargo resolution, such 
resolution would have no effect in the country. 








After his speech to the delegates at Margate, Mr. 
Robert Williams cannot be accused of inability to look 
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facts in the face. In the course of it, he said :—‘‘ There 
is a doctrine, not widely held, but sedulously advocated, 
that a real change in social and economic conditions 
will only come by force. Blow after blow! Strike 
after strike! Far-flung industrial upheavals, one 
rapidly following another, and then the overthrow 
of capitalism; in fact, the thesis that things must 
become much worse before they get better. Sight is 
lost of the fact that the majority of our trade unionists 
are served by one or another form of conciliation 
machinery between unions and employers. We for- 
mulate slogans; we have our catchwords, ‘ Back to 
the unions,’ ‘100 per cent. membership’; but we 
can’t afford to overlook the fact that, if we want 100 
per cent. membership we must organise on a basis 
where we can reasonably expect a 100 per cent. agree- 
ment. The right to strike ? Yes! Compulsory arbi- 
tration? No! But it should not be forgotten that 
conciliation has played, is playing, and must continue 
to play, an important part in trade union work. If 
peace should be sought for internationally, I say, let 
us seek industrial peace through methods of concilia- 
tion,” 





“ Voices will be heard saying,” Mr. Williams went 
on “ * Get ready for the next General Strike.’ I would 
reply, ‘ Read the agreements upon which a resumption 
of work took place in May.’ I have had over twelve 
years’ experience of federal organisation and sym- 
pathetic strikes, and I kaow that while it may be 
easy to bring men out, it is anything but easy to 
secure their return to work on terms as satisfactory as 
those obtaining before action was taken. We hear a 
good deal of the ‘ power of standing still,’ and the 
effect of folded arms; but do our opponents, does the 
Government, stand still with folded arms’? I cannot 
foresee Socialism coming from the increasing misery 
of the masses. In a resourceful, resilient, industrial 
community like our own, we cannot subvert or over- 
throw ; we must supersede capitalism.” 

At the annual conference at Scarborough last week 
of the Conservative and Unionist Associations, the 
following resolution was passed unanimously :—‘‘ That 
in view of the experience afforded by the general strike 
of May, 1926, this conference is of the opinion that the 
present state of the law relating to trade unions con- 
stitutes a menace to national security, whilst depriving 
the individual of political and industrial freedom, and 
that this conference therefore urges the Government to 
introduce legislation to amend the law—{1) To make 
illegal any strike called without a secret ballot of the 
members of the trade union affected. (2) To increase 
the security of the individual worker against victimisa- 
tion and intimidation on account of his political beliefs. 
(3) To make mass picketing and the picketing of a 
man’s private residence illegal. (4) To require the 
national accounts of trade unions to be audited by 
certified accountants.” 





Addressing the delegates in the evening, the Prime 
Minister said :—‘‘ You have to-day passed a resolu- 
tion, to the terms of which the Government will give, 
as is their duty, prompt and careful consideration. 
You know how deeply preoccupied we have been in 
the past few months with the existing situation, and 
you will, I know, be patient with me if I am not able 
to announce to-night a decision on the details of a Bill. 
Let me only say this, we are conscious of the wishes 
of our loyal supporters in the country. We are fully 
alive to the importance of the question which is so 
much exciting your interest. As soon as we have 
completed our examination of the subject, we shall 
prepare a Bill and proceed with it in Parliament. 
When we are in a position 4o present that Bill, we shall 
rely with confidence on you,” 

A further resolution passed by the conference ex- 
pressed the opinion that ‘‘as the liberty of pleasing 
themselves whether they join a trade union or not, 
which the workers of this country once enjoyed, has 
been taken from them by employers and trade union 
officials,” the Government should be requested to 
provide that ‘‘ while it shall be perfectly legitimate to 
call attention to the advantages of a trade union, it 
shall be unlawful for anyone to make membership 
of a trade union a condition of employment.” 





A meeting of the Joint Inquiry Committee repre- 
senting the Shipbuilding Employers’ Federation and 
the Shipyard Trade Unions took place in London on 
Thursday last week, Mr. John Barr and Mr. W. Sher- 
wood acting as joint chairmen. Mr. Sherwood re- 


ported to the employers that by a majority vote the 
unions had adopted the following resolution :—‘ This 
conference of executive representatives of the ship- 
yard trade unions, having considered the report of 
the joint inquiry, dated June 26, 1926, relating to the 
shipbuilding and ship repair industry, while approving 
of the general principles contained therein, recognise 





that the questions of interchangeability and demarca- 
tion should be referred to the trades concerned. We 
cannot admit the arbitrary right of the employers to 
reallocate the work of craftsmen without joint consulta- 
tion and agreement between the parties concerned.” 
The decision was discussed in considerable detail, and 
explanations given upon it to the employers. It was 
decided to adjourn the conference in order that a report 
might be submitted by the employers to their full 
central board. 





A non-political organisation for Civil Servants has 
been formed with the title, Government Service Clerical 
Society. Its president is Mr. H. Deveen ; vice-president, 
Mr. R. Berg ; organising secretaries, Messrs. H. E, King 
and D. V. Amos, ; treasurer, Major Norman A. Pester ; 
and hon. solicitor, Mr. Joseph Lilly. A council of 24 
has been elected, consisting pro tem. of a member from 
each of the Departments represented, with power to 
co-opt additional members. 





The sub-committee of the National Federated 
Electrical Association and the Electrical Trades Union 
appointed to give effect to the national wages agree- 
ments, have reported that the variation in the cost of 
living justifies a 26% per cent. reduction in wages in 
the electrical contracting industry. The reduction 
is, of course, on the rates in force in April, 1921, which 
were 26% per cent. above those ruling to-day; so that 
the effect of the finding is to leave the wages position 
exactly as it was. The new ascertainment operates 
up to, and including, the period covered by the first 
pay-day in January, 1927. 





It is hoped, says Industrial and Labour Information, 
that the enforcement of the Factory Act (Amendment) 
Act in Japan will result in better conditions for the 
majority of industrial workers, especially as regards 
working hours. On the other hand, the working hours 
of persons employed in smal] industrial and commercial 
undertakings which do not come under the Factory 
Act are still unlimited, and their other conditions are 
unfavourable. In view of this, the Social Affairs 
Bureau has recently begun an inquiry with the ultimate 
object of drafting a regulation limiting the hours of 
labour of workers not covered by the Factory Act as 
amended. 





Sir Arthur Stee]-Maitland, the Minister of Labour, 
received a deputation on Tuesday from the National 
Federation of Colliery Deputies, Firemen or Examiners 
of Great Britain, on the subject of unemployment 
benefit. The deputation stated in detail the position 
of their members in relation to the trade disputes 
disqualification for unemployment benefit contained 
in the Unemployment Insurance Acts. The Minister, 
in reply, explained the present statutory position and 
suggested that in connection with the possibility of 
future amendments of the law, the Federation might 
care to submit evidence to Lord Blanesburgh’s Com- 
mittee. The Federation also put forward a plea for 
inclusion in negotiations in the coal-mining industry, 
and offered their services in this connection. The 
Minister promised to give the matter consideration in 
conjunction with the Secretary for Mines. 





The Ministry of Labour states that on October 4, 
1926, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,572,700, of whom 1,186,900 were men, 44,200 boys, 
296,800 women, and 44,800 girls. Of the total number, 
79,300 were “ persons normally in casual employment.” 
On September 27, 1926, the number of unemployed 
persons was 1,527,751, of whom 1,161,981 were men, 
43,542 boys, 278,948 women, and 43,280 girls; and on 
October 5, 1925, it was 1,297,628, of whom 1,035,752 
were men, 39,167 boys, 192,031 women, and 30,678 
girls. The total of 1,572,700 on October 4 does not 
include persons who ceased work in the coal-mining 
industry on account of the dispute. 





During the month of September, the home branch 
membership of the Amalgamated Engineering Union 
decreased from 210,402 to 206,601, and the Colonial 
branch membership from 26,329 to 26,283. The 
number of members on sick benefit decreased from 
5,568 to 5,507, the number on superannuation benefit 
from 9,627 to 9,608, and the number on donation 
benefit from 17,208 to 15,087. The total number of 
unemployed members was 31,579, or 173 less than in 
August. The percentage reckoned in the customary 
manner was 14-53. 





The members of Sections 1, 2 and 3 of the Amalga- 
mated Engineering Union have been ballotted on a 
proposal by the executive council to make a levy of 
3d. per member per week for 13 weeks in aid of un- 
employed members. The levy has been carried by 
37,060 votes to 12,476. The 13 weeks began on 





October 4. The method of disbursing the proceeds of 
the levy is to be decided by the executive, who will, it 
is promised, instruct the branches on the point in due 
course. 





The A.H.U. Monthly Journal for October states that 
representatives of the excutive council (along with 
representatives of the Engineering and Shipbuilding 
Trades Federation and other unions—the latter being 
present in accordance with the shipbuilding industry’s 
procedure) have again discussed with the Shipbuilding 
Employers’ Federation, the claims from the Tyne and 
Wear and Southampton Districts for extra allowances 
on repairs to Diesel, semi-Diesel and other internal- 
combustion engines and oil-burning installations in 
ships. The A.E.U. representatives directed attention 
to the fact that the claims had been the subject of 
previous conferences, and requested that they should. 
be dealt with as district questions. That position 
the representatives of the shipbuilding employers 
would not accept, repeating what they had said at 
previous conferences—that they were quite prepared 
to sit down and discuss the whole question with a view 
to a national agreement. During the conference, it is 
added, the employers intimated that as a question of 
this description might arise in any of the ports, it 
would be competent to raise the matter locally, with 
the object of arriving at a settlement on the merits 
of the particular case, without prejudice to what might 
ultimately be discussed and adjusted nationally. 





In the early part of the year the Shipbuilding Trades 
Joint Council for Government Departments ceased to 
operate because of differences which had arisen with 
one of the unions represented on the body. Many 
efforts were made to bring about a settlement, and at a 
meeting held on September 22, at which all the 
organisations concerned were represented, a settlement 
was arrived at. As a result, the Council has resumed 
its functions. At the meeting referred to, many items 
affecting the interests of those employed in H.M. 
Dockyards and Admiralty establishments were con- 
sidered, and will be placed on the official agenda of the 
Joint Industrial Council for discussion. 





INSTITUTION OF CrviIL ENGINEERS—-PREMIUMS AND 
Awarps.—The Council of the Institution of Civil En- 
gineers has made the following awards for the session 
1925-26 in respect of selected engineering papers, 
published without discussion :—A Telford Gold Medal 
and the Indian premium to Mr. C. R. White, M.C. 
(London); a Telford Gold Medal to Mr. E. L. Everatt 
(Bombay) ; Telford premiums to Dr. B. Hague (Glasgow): 
Professor A. H. Gibson (Manchester), and Mr. S. Labrow 
(Bury) jointly ; and Dr. W. J. Walker (Johannesburg). 
Awards made to students of the Institution comprise :— 
The James Forrest Medal and a Miller Prize to Mr. D. 8. 
Matheson (London); and Miller Prizes to Messrs. H. R. 
Lintern, R. D. Carr, C. Peel, R. S. Bamber, N. R. Rice, 
J. G. Kimber, and J. B. Mayers. 





Prrsonat.—Mr. Andrew Crawford, J.P., who has 
been acting for some time as chairman and joint managing 
director of the Bestwood Coal and Iron Company, 
Limited, near Nottingham, has been appointed chairman 
and managing director of the company. Mr. John 
Crawford, J.P., has been elected a director of the com- 
pany.—Mr. R. A. Evans, of Leicester, as been appointed 
provincial sales manager of Messrs. Medway’s Safety 
Lift Company, Limited, 1-2, Silex-street, Blackfriars- 
road, London, §.E.1.—-Messrs. Walker, Crosweller and 
Co., 54-58, Queen Elizabeth-street, London, S.E.1., have 
been appointed sole British representatives of Mr. Lewis 
M. Ellison, of Chicago, U.S.A., the manufacturer of 
Ellison draught gauges used on boiler and other power 

lants.—Messrs. Edward G. Herbert, Limited, Atlas 
Works, Chapel-street, Levenshulme, Manchester, have 
appointed, as their representative in the Midlands, 
Messrs. Inniss and Riddle, Town Hall-chambers, 86, 
New-street, Birmingham.—The London office address of 
Messrs. Cochran and Co. (Annan), Limited, will be in 
future 137, Victoria-street, S.W.1, instead of 7c, Lower 
Belgrave-street, S.W.1, as hitherto. 


Motor Taxattion.—The Minister of Transport recently 
furnished us with particulars regarding the number of 
motor-vehicle licences issued during the period from 
December 1, 1925, to August 31, 1926, and the tax 
collected in Great Britain during that period, as returned 
by local authorities. The total gross receipts shown in 
these returns amounted to 17,579,4371. Rebates allowed 
in respect of pre-1913 engines amounted approximately 
to 81,0007. Some 148,000/. was refunded in respect of 
the surrender of 21,148 licences under Section 18 (1) 
of the Finance Act, 1924; the gross receipts are, more- 
over, subject to further adjustments as regards other 
refunds. The total number of motor vehicles, excluding 
tramway cars and various other classes, in respect of 
which licences were current on August 31, last, may 
be taken as 1,690,000. This total includes 676,000 cars 
taxed on horse-power, 630,000 cycles, 248,000 commercial 
goods vehicles, 99,000 motor hackneys, 15,000 motor 
ploughs, and 1,300 motor tractors. The average receipt 
in respect of a whole year licence was 14l. 17s. for cars 
taxed on horse-power, 2/. 14s. for cycles, 211. for com- 
mercial goods vehicles, and 33/. 18s. 6d. for motor 
hackneys. 
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FIAT 14-H.P. HORIZONTAL OIL ENGINE. 
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FIAT 14-H.P. HORIZONTAL OIL 
ENGINE. 


_ One of the simplest types of engine on the market 
is“the hot-bulb two-stroke, in which the crankcase 
i3futilised as a compression chamber. The arrangement 
has certain disadvantages, of which the more important 
are that, as the crankcase is totally enclosed, the 
working parts are somewhat inaccessible, and the 
consumption of lubricating oil is rather heavy owing 
to an appreciable proportion being carried over with 
the charge, and being burnt in the cylinder. The 
engines are also difficult to run at slow speeds and 
light load, as the bulb is apt to become too cold for 
efficient ignition under these circumstances. To 
overcome these defects, while retaining the advantages 
of this type of engine, Messrs. F.1.A.T., of Turin, 


have recently introduced the model illustrated in | 


Figs. 1 and 2 on this page. 

As will be clear from Fig. 2, the engine is of the 
crosshead type, and by this arrangement the space at 
the inner end of the piston is separated from the crank- 
case, thus leaving the working parts accessible, while 
eliminating the creation of an oil mist in the charge. 
It will be observed that the top of the piston is in 


(9712B) 





\lined with white metal. The piston, big-end and 
slipper guide are all oiled from separate sight-feed 
lubricators. An interesting feature of the engine is 
that the piston rod is secured to the crosshead by 
locking the end against washers, so that by varying 
the thickness of the latter the compression ratio can 
be readily altered. The piston is secured to the rod 
by means of a gudgeon pin, an arrangement which 
has been found to be preferable to a rigid connection. 

The cylinder has a bore of 7-9 in., and, with a 
stroke of 8-6 in., the engine develops 14 b.h.p. at 
400 r.p.m. The fuel consumption, with low-grade 
fuel, is about 0-594 lb. of oil per brake horse-power-hour. 
With refined oil having a density below 0-9, the 
consumption is only 0-551 Ib. of oil per brake horse- 
power-hour, and there is also a marked increase in 
| power when using the higher quality fuel. The con- 





| sumpeions of lubricating oil is 0-0066 lb. per brake 
horse-power-hour. The engine can be fitted either 
| with an ordinary belt pulley, or with a special pulley 
| driven from the crankshaft through a friction coupling 
po F.I.A.T. company’s oil-engine interests in this 
country are being handled by the Oil Engine Depart- 
ment of Messrs. Fiat (England), Limited, 43-44, 
Albemarle-street, W.1. 


the form of a deflector, and that the inlet and exhaust | 
ports are cast in the side of the cylinder in the usual | 
way. The engine differs from the ordinary type, | 








however, in having a mechanically-operated  air- 
admission valve. This is of the semi-rotary type, 
and its position on the top of the cylinder is clearly 
shown in both views. It is connected, by means 
of the levers and rod shown in Fig. 1, to an eccentric. 
The same eccentric drives the fuel pump, and as 
the former is controlled by a crankshaft governor. 
the quantity of air admitted to the compression 
chamber is regulated in proportion to the fuel charge. 
By this means, a uniform temperature of the bulb is 
maintained under all conditions of running. The 
hot bulb is hemispherical in shape, and is held down 
to the water-cooled cylinder cover by a steel clamping 
ring. The fuel pump can be seen bolted to the side 
of the cylinder in Fig. 1. It is a self-contained unit 
embodying the pump barrel, suction and delivery 
valves, and a fuel filter. The crankshaft is fitted 
with balance weights. It runs in ring-oiled bearings, 


| Trrau Trip or THE M.S. ‘ Stnverasu.”—On Tuesday, 
| September 28, Messrs. Joseph L. Thompson and Sons, 
| Limited, of the North Sands Shipbuilding Yard, Sunder- 
land, carried out a trial trip of the new motor cargo liner 
| Silverash, the first of the recently ordered Silver Line 

vessels to be built and finished by the company. The 
dimensions of the vessel are :—Length, 442 ft., breadth, 
58 ft. 33 in., and moulded depth, 38 ft. 6 in. The ship 
is of the shelter-deck type, with two deep tanks, and a 
double bottom for the carriage of fuel oil and water 
ballast. Eleven winches and 17 derricks are installed 
for handling cargo. The propelling machinery consists 
of a four-cylinder, airless-injection, opposed-piston type 
Doxford engine, with bore and stroke of 680 mm. and 
1,360 mm, respectively, which developed 6,000 i.h.p. 
on test-bed trials. This represents the largest power per 
cylinder ever developed in a motor vessel. All auxiliaries, 
both on deck and in the engine room, are electrically 
driven, the steering gear being of the electro-hydraulic 

t For ordinary work, the vessel is designed for an 
| average speed of 13 knotson around voyage of 30,000 miles. 





RIVETED AND WELDED JOINTS IN 
BOILER CONSTRUCTION. 


WHENEVER new methods of construction of any type 
of engineering plant become available, it is necessary 
to exercise caution before their general application is 
advocated. This applies particularly to cases where 
the stresses to which the parts are subjected are of 
considerable magnitude, or are of an alternating 
character. For many years, riveting was the sole 
means of connecting the curved steel plates used to form 
the drums of boilers. Welding, both by the use of an 
oxy-acetylene blowpipe and by means of the electric 
arc, is now commonly used in repair work, and also 
in some types of constructional work. It has been 
thought by many engineers that these processes might 
be applied with success and economy by the boiler- 
maker. Before any general adoption is possible, 
however, it is necessary that the results of tests con- 
ducted by strictly impartial investigators, should be 
available. Much work of this nature has been done by 
many different authorities, but unfortunately the results 
have not always been made available for study by the 
general engineering public. We therefore welcome 
@ report of the work done by M. E. Heehn, the chief 
engineer of the Swiss Association of Owners of Steam 
Boilers. This report bears the title “ Rivure et 
Soudure des Chaudiéres & Vapeur,” and in it compari- 
sons are made of the characteristics of boiler drums 
forged in a single piece, with those having riveted and 
welded joints of various types, either separately or in 
combination. In his introductory remarks, the author 
states that he would not have undertaken further work 
on riveting, so much of which has already been done, 
if he had not been able to use a new method of deter- 
mining the state of tension in the riveted construction. 
This consisted in measuring, by means of extensometers, 
the expansion of the plate and of butt-straps on the 
test bars and on the various riveted joints used in 
boiler construction. 

The conclusion arrived at by M. Heehn, after his 
investigations were completed, was that, without doubt, 
the boiler drums affording the greatest security against 
rupture were those forged in a single piece, without 
any seams, and with hemispherical ends formed in a ied 
press. It was known, however, that electrically-welded 
joints possessed great strength and it ought to be 
recognised that riveting of hemispherical ends to 
seamless cylinders should be allowed, within certain 
limits, if the edges of the drums and ends were elec- 
trically welded. The ends could be riveted to the drum 
with a single-riveted lap joint, even when the thickness 
of the material was great, for, in a circumferential 
seam, the bending moments were much less important 
than in a longitudinal riveted joint. It was also 
possible, when the thickness of the metal was not 
very great, to use butt-welded joints between the ends 
and the drum, either made by the use of the blowpipe 
or with the electric arc, if the joint were reinforced by 
butt straps, welded at intervals to the drum and ends. 
In one system of construction, drums were welded 
to the ends with water-gas. In this process, the drums 
were subjected to a hydraulic test pressure which was 
sufficient to ensure that the tangential tension attained 
1,500 kg. per square centimetre (or 21,330 lb. per square 
inch); after testing, the drums were annealed. By 
this means very great solidity was obtained. 

Boilers and other vessels, when the walls were not 
very thick and when high test pressures had not to be 
used, might be welded either with gas or electricity. 
For the purpose M. Heehn proposed the use of a rein- 
forcement consisting of butt straps electrically welded 
at intervals to the two parts, which had been butt- 
welded. In tests, it had been found that these butt 
straps invariably broke before they were pulled away 
at the welds. As their use augmented the section of 
the welded joint, and consequently the moment of re- 
sistance, the bending moments were reduced in effect. 
Joints, reinforced in this way, had been shown in tests 
invariably to give way in the plain plate. Both gas and 
electric welding were certain to have extended use in 
the future and to prove cheaper than riveting. Their 
principal fault was that they were more dependent 
than riveting on the experience and conscientiousness 
ot the workman. A preference was indicated in the 
report for the use of flux-coated electrodes, and it was 
also suggested that the work could best be done with a 
continuous-current electricity supply. 

It had to be admitted that, when plates were riveted 
together, slip took place if heavy stresses were 
applied. In the experimental work done by M. Hehn, 
it was found that there were two kinds of displacement 
of this character: the internal and the external. The 
first was due to the unequal extension of the plates and 
the butt straps, and resulted from the fact that the 
rivets in different rows were subjected to different 
loads. The external relative displacement of a riveted 
joint was due to the deformation of the rivets, either 
elastic or permanent, at the edges of the holes. The 





elastic state of a riveted joint could be completely 
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modified when butt straps were introduced, the edges 
of which were welded to the plates. In that case, the 
welded joints were the important ones. Riveted 
butt straps at welded joints had not, however, the 
same efficiency, unless their breadth was great and | 
their thickness was sensibly greater than that of the 
plate. In dealing with this case, double butt straps 
were the only ones considered, as butt straps on one 
side of a joint were regarded as bad practice. It was 
suggested that, in future, butt straps should always be 
welded. 

The tests showed that, in the riveted longitudinal joints | 
of boiler-drums, the bending moments were greatest at 
the edge of the butt straps. In a single-riveted lap 
joint, they were shown to be a maximum at the edge of 


|in front of the plate for 0-0003 second. 


The spark has to be timed to appear just at the 
moment when the bullet is in front of the plate, and 
the spark must be instantaneous to give a sharp 
shadow picture. The plates are 8 in. by 10 in. A 
projectile moving at 2,700 ft. per second would be 
Some camera 
shutters are said to operate within 0-0006 second ; 
in reality they are rarely faster than 0-002 second. 
That rate would be sufficient to photograph a racing 
car at 120 m.p.h., which, at this shutter speed of 0-002 
second, would travel 4 in. while in front of the plate. 
But if the projectile is to appear on the plate within 
an inch of its predetermined position the correlation 
between the spark and the position must be within 
0-00006 second, and the exposure should not exceed 
0 -000002 second to produce a sharp image. 


the plate. It was particularly in the case of riveted 
joints with double- or treble-riveted butt straps, and 
with one row of single-shear riveting, that the bending 
moment actions were pronounced. In single-riveted 
lap joints, the bending-moments had greater effects 
than tensile stress. In the future, the conditions under 
which single-riveted lap joints would be approved would | 
become more severe, and the factor of safety used in 
their design would need to be increased. One fault 
of double butt straps with double- or treble-riveting, 
one row of which was in single shear, was the 
existence of bending moment actions, as already 
indicated, but this system of construction possessed a 
certain flexibility, because the thickness of the total 
section changed gradually from that of the plate to that 
over the butt straps, as well as on account of the 
chamfering, due to caulking, or the welding introduced 
to secure freedom from leakage, which were not in 
line on the two sides of the plating. 

New methods were proposed by M. Heehn, for the 
study of riveted joints and the calculation of their 
resistance, as it was necessary to take account of 
conflicting requirements. On the one hand, the 
equal distribution of shearing load in a riveted joint 
demanded, in the first row, a close pitch, while, on 
the other hand, the resistance of the plate, which was 
a most important consideration, demanded wide spacing 
of the rivets. It was necessary to aim at getting equal | 
distribution of the tensile stress in the plate between | 
the rivets of different rows. It was proposed, in order | 
to attain this object, gradually and regularly to reduce | 
the shearing forces to which the rivets in each row were | 
subjected. The loads on the rivets, especially in 
double-shear riveting, comprised bending moments 
and shear actions; bending was mainly produced in the 
first place and shearing came into action later. In the 
future it would be necessary to know, not only what 
factor of safety wus used in designing a riveted joint, 
but also the method used in calculating the resistance 
of the joint, to determine whether the calculations of 
the thickness of plates were made on a uniform 
basis. It was suggested by M. Hwhn, in conclusion, that 
joining metal plates by welding was the most natural 
method, resulting in an elastic state which was simple. 
Riveting could only be regarded as an artilicial 


expedient. 


PHOTOGRAPHY OF BULLETS IN | 
FLIGHT. | |e 
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were taken by Professor Ernst Mach, of Prague (who | 
died in 1916) about 1881. Mach arranged his apparatus | 
in such a way that an electric spark appeared in one | 
gap when a second gap was closed by the bullet passing 
through it. A lens behind the first mentioned gap threw | 
the light on the lens of a photographic camera focussed | 
on the second gap, a picture of the bullet and the wires | 
being obtained in this way. Mach’s idea was that the | 
compression of the air in front of the bullet, and the| In order to secure proper timing of the spark, 
rarefaction behind it, should reveal themselves when | Mr. Philip P. Quayle generates and stores high-potential 
illuminated by the spark by the changes in the refrac- | electrical energy, and regulates its pressure and releases 
tive power of the air; his photographs showed the | it at the proper moment by means of the combination 
expected features. In order to render these changes | of apparatus indicated in the diagram, Fig. 1. The 
more striking, he arranged his camera for the striae | generator consists of a motor-driven influence machine 
photography method of A. Toepler, the inventor of the | having two revolving plates 17 in. in diameter. The 
induction electric machine used in these experiments. | energy is stored in a jar condenser, and the potential 
Resuming the ballistic investigation in 1893, Professor | is regulated by means of a potential limiter and a 
C. V. Boys dispensed with the photographic camera, and | switch which disconnects the condenser from the 
| 
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took, by the light of a strong spark, a direct shadow | machine when the desired potential is reached. 
picture of the bullet at the moment when it was in front | The spark-releasing device likewise consists of two 
of the photographic plate. Fis triggering device was | parts, an electro-magnetic switch closing a trigger- 
similar to that of Mach, and his photographs also showed | spark gap, and a time-controlling device. This latter 
the bullet and the wires. In his recent experiments | device takes different forms, according to the experi- 
Mr. Philip P. Quayle, of the United States Bureau | mental conditions. When the projectile is to be 
of Standards,* also took shadow photographs, but, in| photographed at some distance from the rifle, an 
his experiments, the bullet does not close a contact, and | interrupter is placed near the trajectory in such a 
is not interfered with in any way, and he has been able | position that an electric circuit is opened when the 
to follow a rifle bullet in as many as seven stages, from | head wave of a bullet passes over the interrupter, 
the muzzle to a distance of 11 in. in front of it (and | as shown in Fig. 1. For observations at and near 
farther away, of course), all within 0-0005 second. _—_| the muzzle, the rifle is provided with a timing trigger. 
| This trigger is essentially a small hinged inertia member, 





* Spark Photography and its Application to some | Which is momentarily left behind by the firing pin 
Problems in Ballistics. Scientific Papers of the Bureau | as it moves forward towards the primer and opens 
an electric circuit which trips the spark switch. The 


of Standards, No. 508; price 20 cents. 


device might generally be considered preferable to 
the head-wave interrupter, but its utility is limited to 
short ranges. 

The apparatus mentioned is rather complicated 
and can only be described in a few lines. The poten- 
tial limiter consists of a pair of fixed brass spheres, 
charged to the same polarity, a pair of fixed vanes 
(marked by short lines in Fig. 1) and a pair of moving 
vanes, capable of turning together about the vertical 
spindle which is common to the vanes. The moving 
vanes are attracted by the spheres and repelled by the 
fixed vanes, the four vanes being all in electric con- 
nection; the distance between the movable and the 
fixed vanes is about 1 mm. When the potential has 
reached the desired limit, the forces cause the arm of 
the movable vanes to swing round, against the action 
of a spiral adjustable spring, and close the make circuit. 
The condenser switch performs three functions: it 
disconnects the condenser from the influence machine, 
short-circuits the machine to prevent its giving more 
than one spark, and gives a signal to the operator, who 
then fires, directly or with the aid of a solenoid. The 
spark switch for controlling the photographing spark 
carries, at the end of an aluminium arm, a small cross 
| bar, which is held cocked below two brass balls, until 

the arm is released by the action of the interrupter. The 
| arm then moves upwards through the ball gap, but the 
| actual spark is produced between two short pieces of 
| aluminium wire, 1 mm. thick, mounted at right angles 
to one another in holes in a bakelite cylinder. The 
| interrupter is of the type used in France in connection 
| with Joly chronographs. It is a metal box closed by a 
| metal diaphragm, against which a contact arm carried 
| by a taut wire bears. When the air waves produced 
| by the projectile impinge upon the diaphragm, the 
contact arm is momentarily deflected and the circuit 
is opened; the electro-magnet at the end of the wires 
| (Fig. 1) then releases the spark switch. 

| The cycle of operations is thus as follows: The 
| proper position of the interrupter having been deter- 
| mined by trial or by computation, the operator sets 
| the spark and condenser switches, draws the slide of the 
| plate holder and starts the influence machine; when 
| this machine proves troublesome, the secondary of a 
| 10,000-volt transformer may be joined to the terminals. 
| When the potential limiter has operated, the tripping 
| magnets come into play, the machine is stopped 
and the operator receives his light signal for firing ; 
the air and gas escaping from the muzzle operate the 
interrupter switch, the trigger is closed and the photo- 
graphic spark produced. The duration of the spark is 
controlled by the damping resistance (Fig. 1). Even 
with only one discharge, there will be current surgings 
and multiple images decreasing progressively in inten- 
sity; as the resistance is increased, the multiple 
images vanish, and one distinct image remains. Though 
it is hardly possible, owing to the small changes which 
every discharge causes in the spark gap, to reproduce 
sparks of exactly the same duration, the spark period 
may be varied within the range 0-0048 to 0-1 second. 

The results of the investigations suggest a modifica- 
tion of the usual interpretation of ballistic spark photo- 
graphs. Fig. 2 shows one of Mr. Quayle’s photographs 
of a 0-30-in. calibre service bullet having a blunted 
nose. According to Boys, the slopes of the head wave 
and the base wave of a projectile depend upon the 
ratio of the speed of the projectile to the velocity of 
sound, in the medium in which the waves are ad 
vancing. The velocity of sound has mostly been 
assumed to be normal, except in the immediate neigh- 
| bourhood of the projectile. The phenomena, how- 
ever, would appear to be more complex, and the 
| projectile speeds deduced from the slopes may be 
| wrong by 10 per cent. The bullet, immediately after 
| leaving the muzzle, is certainly accelerated by the hot 
gases behind it, but this accelerating influence does 
|not extend to 30 ft. beyond the muzzle, as had been 
|thought to be the case; in the case of Mr. Quayle’s 
Springfield rifle, from which the bullet issued at 
|about 2,700 ft. per second, the acceleration was 
|limited to the first foot. As soon as the rifle is 
| fired, a mushroom of air and gas is seen in front 
| of the muzzle, before the bullet appears. In Fig. 3 
|the bullet is almost out of the muzzle; the spherical 
sound wave, generated by the compressional wave 
from the barrel originated by the explosion of the 
cartridge, is seen ahead of the other disturbance. The 
compressional wave pressing against the base of the 
projectile and accelerating it can be seen in Fig. 4, 
where the bullet, itself invisible in the cloud, is 4 in. from 
the muzzle. In Fig. 5, the bullet, which is 11 in. from 
|the muzzle, has outdistanced all other discharge effects 
and is exposed to the retarding atmospheric resistance. 
The head wave does not extend back into the sound 
wave, indicating that the speed of the bullet relative 
to the gas is smaller than the velocity of sound in the 
gas; that may be due to a forward movement of 
the gas within the wave or to a high velocity of 
sound in that gas; Mr. Quayle considers a combina- 
tion of both these factors probable. The apparent 
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straightening of the wave front in Fig. 5 seems to be really 
@ distortion effect explained by the non-orthographic 
character of the optical projection upon the plate. 
The many small projectiles with front and base waves, 
visible in Fig. 5, are particles of powder projected 
by the explosion in various directions with con- 
siderable velocity. Another interesting phenomenon 
is also illustrated in Fig. 5. It will be easily under- 
stood that, at the points where the head wave from 
the bullet intersects the wave front produced by 
the gases leaving the muzzle, the pressures and 
densities of the medium undergo more or less abrupt 
changes. Such points, as might be expected, them- 
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Fia. 6. BULLET 


selves become the origins of wave disturbances, but 
as the points of intersection expand with the progress 
of the bullet in its path, the points of wave origin 
change their position moving outwards along a curved 
line and producing the curved wave points lettered 
CC in the figure. 

That the bullet is really pushed forward and 
accelerated by the compressional wave of the hot 
gases, and that the gases and smoke may burst through 
the acoustic wave and precede it in a cloud was also 
well shown by Mr. Quayle’s experiments with a 0-45-in. 
calibre Colt double-action revolver. In that case, the 
acceleration came to an end within 6 in. of the muzzle. 





IN FLIGHT. 








Gas EMERGING FROM MvuZZLE AFTER BULLET HAS LEFT. 











AFTER Passing THROUGH Soap BUBBLE 
FILLED witH HyDROGEN. 


There is also a leakage of gas and smoke before the 
bullet emerges, both from the muzzle, particularly 
when the bullet is not a good fit, and from the cylinder 
below the barrel. Some of the photographs, moreover, 
distinctly show an acoustic wave which has its centre 
at the junction of the barrel and cylinder, and thus 
demonstrate the futility of attempting to silence a 
revolver simply by attaching contrivances to the 
muzzle. Very interesting also were the experiments 
on firing the projectile through soap bubbles charged 
with a mixture of hydrogen and air. Since the velocity 
of sound in hydrogen is nearly four times as great as 
the velocity in air, and it is assumed that the front 
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and base waves can only be formed in a medium | alkali halides, of which easily the most efficient was 


when the speed of the projectile is equal to, or greater 
than, the velocity of sound in that medium, these 
waves should not be visible in a soap bubble filled 
with hydrogen. Mr. Quayle’s photographs, one of 
which we reproduce in Fig. 6, confirm that. The soap 
bubble closed up again after the bullet had penetrated 
it, but the front and base waves, visible both before 
the bullet entered and after it left the bubble, were 
not perceptible at all, or only faintly, within the 
bubble; both the waves were, however, modified by 
the passage through the hydrogen. There are, how- 
ever, many points for further investigation. The base 
wave, generally associated with the abrupt pressure 
change into a partial vacuum at the base, is some- 
times absent. The wake behind the bullet, sometimes 
straight and regular, frequently develops contractions. 
The nose of the bullet, though pointed or blunt in the 
experiments, appears on some photographs to be even 
more distinctly split by a white axial line than is 
the case in Fig. 5. This line, special experiments 
indicated, is the apex of a very sharp wedge of light 
which is bent round the nose of the bullet, presumably 
by the head wave, and fails upon the plate inside the 
shadow of the projectile. The shape of the wedge 
varies with the curvature of the head wave, which 
tself changes with the bluntness of the nose. 





THE CONSTITUTION AND STRUC- 
TURE OF THE COMMERCIAL ALU- 
MINIUM-SILICON ALLOYS.* 

By A. G. C. Gwyrr, B.Sc., Ph.D., and H. W. L. 
Puiures, B.A., A.L.C. 

With an Appendiz upon ‘‘ The Properties of the Modi- 
fied Aluminium-Silicon Alloys.” By D.Srockpa.e, 
M.A., Ph.D., and I. Wirxrnson, A.M.C.T. 


(Concluded from page 460.) 


Application to Other Systems.—The fundamental 
assumption on which this theory is based, that just 
prior to solidification metals exist in the colloidal state, 
should be of perfectly general application, and therefore 
it should be possible to find other systems capable of 
“ modification.”” Edwards, Frary and Churchill, in 
their United States patent, mention that aluminium- 
nickel alloys and aluminium-copper alloys are capable 
of refinement by the addition of metallic sodium. 
The present authors found that certain sodium com- 
pounds were capable of bringing about structural 
refinements in both these series of alloys associated 
with an improvement in mechanical properties, and 
this has formed the basis of a patent (British Patent 
17359, 1924, Al-Cu alloys). 

Investigations were next carried out on alloys other 
than aluminium alloys, and the authors were able to 
show that lead-antimony alloys, over a wide range of 
compositions, were capable of ‘‘ modification” by means 
of metallic aluminium, and that the changes brought 
about by increasing the quantity of ‘‘ modifying agent ” 
were strictly analogous to those produced in the case of 
aluminium-silicon alloys. It was also found that certain 
alloys of the antimony-copper system were partially 
susceptible to “ modification.”’ The ‘‘ modifying agent ” 
used was 0-2 per cent. of aluminium. From the theory, 
it would follow that if certain substances hinder the 
aggregation of the colloidal particles present just prior 
to solidification, it should be possible to discover other 
substances capable of accelerating this aggregation. In 
chill-cast aluminium-iron binary alloys, the constituent 
FeAl, often assumes a dendritic or stellate crystalline 
habit. If a small quantity of sodium hydroxide is 
added prior to casting, the constituent FeAl, crystallizes 
out in massive regular prisms, If the alloys are slowly 
cooled, the crystal habit is prismatic. In this case, 
thermal analysis confirms that the action of the sodium 
hydroxide, as regards the FeAl, constituent, is one of 
coagulation. 

Reversion.—It is well known that the “ modified ” 
structure is a somewhat unstable one, and that it 
tends to revert to the “normal.’’ This reversion 
may be accelerated by allowing the metal to stand for 





too long in the molten condition after the addition of | is more prevalent on the silicon side than on the | « 


|sodium chloride. 








It was found that at 850 deg. C., 
the addition of 1 per cent. of sodium chloride caused 
reversion to take place about three times as rapidly as 
usual, the acceleration being much greater with larger 
quantities. As far as could be ascertained, the product 
was indistinguishable from a “normal” alloy as 
ordinarily prepared by the solution of silicon in alu- 
minium. The precise action of the sodium chloride 
is not fully understood, but in the authors’ opinion 
it is probably purely physical—that is to say, it acts 
as a coagulant to the protector, which is almost certainly 
a colloid, present in the original, modified, alloy. 


up to about 20 per cent., but in both cases the amount 
capable of being taken into solid solution is probably 
reduced in commercial silicon alloys. Within the 
limits of solid solubility, both these elements accentuate 
colonization. Beyond the limits of solid solubility, 
new constituents appear. The present investigations 
have not been carried sufficiently far to enable the 
authors to state whether these are constituents of the 
binary system or are ternary constituents. 

The majority of metallic impurities are included in 
class (c). The most important of these is iron. In 
view of the importance of a knowledge of the constitu- 





ents present and their physical properties, both in 
commercial silicon alloys and in aluminium of 
ordinary commercial purity, the present authors 
































































Re have made a detailed study of the aluminium- 
L—") iron-silicon ternary system of alloys. Their 
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SHowrna NEEDLES oF ‘“X” ConsTI- 


TUENT. x 200. 


“Colonization.” -—Reference has previously been made 
to a coarsening of the eutectic grain boundary which 
frequently occurs to a slight extent in ‘“‘ modified” 
aluminium-silicon alloys. Where it occurs, even a 
slight coarsening of the boundary gives the eutectic 
the appearance of having crystallised in distinct 
*“colonies”’—the term is due to Benedicks—and, 
therefore, the exaggerated effect may conveniently 
be termed “ pronounced colonization.” Experiments 
have shown that pronounced colonization is met with 
if the quantity of ‘“‘ modifying agent” is excessive; 





particular rate of cooling employed (8 deg. per minute), 
the arrests and constituents in slowly-cooled alloys not 
subsequently annealed. A typical section through the 
ternary model is shown in Fig. 41. ; 

The range of commercially valuable modified silicon 
alloys may be taken as 8 to 15 per cent. of silicon. 
In this range, under ordinary conditions of casting, 
two iron constituents are met with. One of these, the 
y or X constituent, is invariably present, and extends 
over the whole range. The second constituent, which 
the present authors term 8, only occurs when the 
amount of silicon present exceeds 11-6 per cent. ; this 
would also appear to be a ternary body of unknown 
composition, and is converted to X on annealing. _ 

The primary phase field boundaries are plotted in 
Fig. 43. From 8 to 11-6 per cent. of silicon, unless 
the amount of iron is such that the primary X phase 
field is entered, all the X appears in the eutectic, 
usually in the form of curved needles; theoretically a 
little of the binary complex Al-X should be present, 
but this is invariably supercooled. If the primary X 
phase field is entered, this constituent crystallises out 
in the form of large plates which give a characteristic 
appearance on fracture and appear on the micro- 
section, in section, as long needle-shaped crystals. 
This structure is illustrated in Fig. 44. The alloys in 
this field are particularly liable to supercooling. X has 
a very low power of spontaneous nucleus formation, but, 
on the other hand, it has a very high linear velocity of 
crystallisation. The melt, therefore, almost invariably 
becomes supersaturated with respect to this constituent, 
and crystallization, when it occurs, starts from one or 
two nuclei and proceeds extremely rapidly, giving rise 
to relatively enormous, isolated crystals, which are a 
source of weakness in the casting. The X constituent 
seems hardly to be affected by the process of “ modi- 
fication,” and there does not appear to be any means 
of hindering its crystallization physically. 

If the amount of silicon in the alloy exceeds 11-6 
per cent., the constituent 5 makes its appearance, often 
as a core in the needles of the X constituent, but often 
crystallizing independently. It is easily distinguishable 
from X by the fact that it is very resistant to attack 
by any of the usual etching reagents, whereas X is 
attacked somewhat readily. 

Calcium is present as an impurity in most samples of 
commercial silicon, and as this metal functions as a 
modifying ” agent, aluminium-silicon alloys preparea 


the “ modifying agent,” and may also be brought about | aluminium side of the “ modified” eutectic point ; and | by solution are frequently found to be partially modified. 


by mechanical agitation during solidification. Further, | generally is more common in sand than in chill- | 
| castings. 
| 


if the metal be allowed to cool slowly through the solidi- 
fication range, a general coarsening of the eutectic 
takes place, though in the absence of mechanical 


Effect of Impurities.—The impurities which may be 
present in aluminium silicon alloys may be divided into 


agitation the eutectic still remains ‘“ modified’ jin | three classes :— 


the sense that the particles of silicon are rounded and | 
not acicular. A coarsening of the eutectic also occurs | 


if excess “ modifying agent”? be added; this is a | #luminium. 


species of reversion and causes some deterioration | 


in the mechanical properties. During the course of 
these experiments, it was found that reversion could be 
accelerated by the addition to the melt of various 





(c) Metallic, forming additional constituents. 


1f more than 0-2 per cent. of calcium is present, its pre- 


| sence can be recognized by the appearance in the micro- 
| section of characteristic needles of a pale blue colour, 


readily attacked by hydrofluoric acid. Below that figure, 


i vould ar to be adsorbed by the silicon. 
(a) Non-metallic, e.g., oxides, nitrides and carbides, |"? “cium would PPS 4 

(6) Metallic, entering into solid solution in the | 
| PRorERrixs OF THE 





APPENDIX. 
Mopiriep ALUMINIUM-SILICON 


ALLOYS. 


During this research, no experiments have been carried | By D. Srocxpae, M.A., Px.D., anp I. WILKINSON, 


out in connection with class (a). 


of metals forming solid solutions with the aluminium. 


* Paper read before the Institute of Metals, Liége, on | With copper, the range extends up to some 5} per cent. 
|} in pure aluminium, and, with zinc, the range extends | 


September 2, 1926. Abridged. 


With regard to | 
class (b), copper and zinc are the most common examples | 


A.M.C.T. 
As the modified aluminium-silicon alloys are being 
increasingly used and because no very full account of 


* See ENGINEERING, 1920, vol. cix, page 527. 
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their properties has as yet been published in this 
country, this section, which deals with the mechanical 
properties of sand-cast and chill-cast bars, has been 
added to the paper. In America, these alloys have 
received considerable attention during the last few 
years, and particular mention should be made of a 
very recent paper by R. S. Archer and L. W. Kempf.* 
The alloys are used in both the cast and the worked 
state, the use of the alloys in the form of castings 
predominating. For reasons which are considered 
later, it is the author’s view that the optimum percentage 
of silicon for general foundry work is about 11 per cent., 
although many authorities still appear to favour a 
somewhat higher percentage of silicon, namely, about 
13 percent. In Table I. are set out average mechanical 
properties of the modified 11 per cent. silicon alloy, 





alloys. First, from the point of view of corrosion. It 
has been found in the Corrosion Section of our labora- 
tory that of the common aluminium alloys there is none 
which resists marine atmospheric conditions, for 
example, better than the sfficon alloys. They are 
practically incorrodible, not only when exposed in such 
a way that they are insulated from contact with other 
metals, but even when in contact with steel plate. 
Secondly, this alloy is said to be able to withstand high 
hydraulic pressures without leaking, a matter which 
has not, however, come under the writers’ personal 
observation. 

The Concentration of Silicon.—In Table II. are given 
the properties of a series of alloys of varying silicon 
content. In this series, the only important impurity 
was iron, of which there was about 0-3 per cent. 


TABLE I.—Cur1-Castinas, 














































































































Elastic Brinell Endurance 
Limit. ae Elonga- Hardness, ingen. Limit. Specific 
Alloy. Commer- Tons a tion on 2 mm. Ball Tons per Gravity 
cial. Tons | “g Dies 2 in. 20 Kg. Sq. In. (20 
per Sq. In. aes Load. Kg.-m. Ft.-Ib. Millions). 
Per Cent. 
8L11 ~- 74-84 9-114 3— 60 0 -18-0- 22 1-2-1°6 + 3°6 2-87 
2L5 as 38-10 11-15 3-9 62 0:-35-0°45 2-5-3-0 + 3°5 3-01 
11 per cent. Si —6 13-14 10-15 62 0-8 -1-0 6-8 + 3-25 2-66 
TABLE II. 
| 
Brinell 
_ Tensile : Hardness. Izod. Specific 
Percentage Cc vip Strength. Elongation | Reduction 2mm Guala al 
of Silicon. Oe unes Tons per on 2 in. in Area. Ball. y 
cial. Tons Sa. In 0 Kg 15 deg. C. 
per Sq. In. ae ‘Load. Kg.-m. Ft.-lb. 
Chill Castings. 
Per Cent. Per Cent. 
8-18 5-32 12-52 14-5 14-7 53-5 1-16 8-4 2-660 
8-92 5-44 13-28 17:8 17-6 55-5 1-38 10-0 2-661 
9-89 6-00 13-30 15:4 17-6 57-9 1-02 7-4 2-665 
11-08 6-22 13-68 12-3 13-9 60-5 1°05 7:6 2-660 
12-15 6-66 14-10 13-9 15-3 62-5 0-89 6°5 2-655 
13-12 6-20 12-94 9-2 9-5 60-0 0-62 4-5 2-647 
13-69 5-50 10-62 3-2 2°83 62-0 0-40 2:9 2-645 
14-98 5-96 10-62 2-0 2-1 62-0 0-32 2-3 2-642 
Sand Castings. 
Per Cent Per Cent 
8-18 4-48 10-02 11-0 12-4 43-6 1-08 7°8 2-670 
8-92 5-02 10-50 9-9 9-9 47-4 0-99 72 2-666 
9-89 5-50 10-80 14-5 19°5 49-8 0-97 7-0 2-665 
11-08 5-28 11-32 14-2 14-7 49-8 0-84 6-1 2-657 
12-15 5-64 11-56 12-8 11-7 54-6 0-66 4-8 2-654 
13-12 5-26 10-56 3°5 4-0 52-4 0-50 3-6 2-650 
13-69 6-14 10-98 3-4 4-1 55°5 0-51 3:7 2-650 
14-98 5-28 9-50 3-0 3-4 56-0 0-43 3-1 2-632 
TABLE V. 
Elastic Brinell 
Limit. Tensile Izod. Hardness. 
Percen- Percen- Com- Strength. | Elonga- Reduc- 2-mm. 
tage of tage of mercial. | Tons per tion on tion in ay Ball. 
Tron. Silicon. Tons per sq. in. 2 in. Area. q . . 20-kg. 
sq. in. Kg.-m. Ft.-lb. | Kg.-m. | Ft.-lb. Load. 
Chill-Castings. 
Per cent. |Per cent. 
0-29 10-80 4-83 13-90 14-0 15:3 rae — 61-7 
0-70 10-80 3°88 13-82 9-8 11-6 = we 64°7 
0-90 10-29 4-48 13-38 6-0 62 —_ —~ 65-3 
1-13 10-08 5-16 10-96 2:5 2-2 = << 64-0 
1-60 10-36 3°18 8-06 1-5 1-0 — — 68-3 
2-08 10-14 4°38 4-98 1-1 0-2 _ — 69-8 
Sand-Castings. , 
Per cent. Per cent. Sand. Chill. 
ine A is oS 
0-34 10-68 4-66 10-92 10-9 12-0 0:77 5-6 1:16 | 8-4 52-9 
0-55 10-g2 4-68 10-74 8-4 8-5 0-51 3-7 0-83 6-0 48-9 
0-71 11-16 6-60 10-76 4-5 4-2 0-47 3-4 0-81 5-9 56-3 
0-91 11-06 6-32 8-40 3-0 2-8 0-26 1-9 0-25 1-8 55-5 
1-09 11-12 6-20 7-68 2-8 1-0 0-18 1:3 0-15 1-1 54-2 
1-42 10-73 _ 4-64 1+5 0-4 0-15 1-1 0-11 0-8 54-3 


























properties of this group are generally poor, but 
improve with the quantity of modifier. Then there 
comes a stage when the dispersion is good, and there is 
no primary silicon, characterized by high tensile 
strength, high resistance to shock, and high ductility. 
Further additions of modifier cause colonization and 
local reversion. Such structures are associated with 
a serious drop in the ductility, while the resistance to 
shock is slightly impaired. When the quantity of 
modifier used is large, the liquid metal becomes very 
viscous and does not flow well. It is difficult to skim 
it efficiently, and dark patches are often formed on the 
larger surfaces of castings. The correct quantity of 
modifier is dependent on the silicon content of the 
alloy. The greater the quantity of silicon over the 
eutectic ratio, the more has to be employed. This 
has been shown very clearly in the recent paper by 
Archer and Kempf,* to which reference has already 
been made. 

Effect of Time.—Archer and Kempf* in America, were 
the first to point out the importance of casting the 
alloys at a definite time after modifying. Their paper 
should be consulted in this connection. This discovery 
was made independently in our laboratory and the 
observations made confirm and amplify their results. 
The effects obtained are much influenced by the 
percentage of silicon and the quantity of modifier, and, 
at present, no very definite statements can be made 
about the subject. The alloys can again be con- 
veniently divided into two groups—aluminium rich, 
and silicon rich. The properties of the first group 
improve slowly with the time up to about half-an-hour, 
and then the alloys deteriorate very slowly—so slowly 
that good castings in permanent moulds can be made 
three or four hours after modification. In the second 
group, the improvement in the properties takes place 
very quickly and there is a like quick deterioration, so 
that castings must be made quickly. 

The Influence of Impurities.—In general, the presence 
of impurities, such as iron, copper, or zinc, in small 
quantities, has little effect on the tensile strength of the 
aluminium-silicon alloys, but greatly impairs the 
ductility. Of these metals, only iron is unavoidably 
present, and only the effect of iron will be discusse 
here. It is now easy to keep the iron content down 
between 0-25 per cent. and 0-5 per cent. in the alloys 
when they are first made. However, it is hard to stop 
iron wires and other iron scrap from becoming mixed 
with foundry scrap, and on remelting the iron content 
is apt to increase. Results show that every effort must 
be made to avoid contamination with iron. In alloys 
containing about 11 per cent. of silicon, the iron is 
present as the constituent “‘ X.” When the iron is in 
less quantity than about 0-8 per cent., these “ X” 
crystals are very small and separate out in the eutectic ; 
if over 0-8 per cent., the crystals freeze before the 
eutectic and are found throughout the alloy as large 
plates and needles. They then give rise to planes of 
weakness. Iron, up to 0-8 per cent., has little effect 
on the tensile strength; if the quantity be increased, 
then the decrease is very marked. On the other hand, 
the ductility and the resistance to shock vary inversely 
to the percentage of iron, irrespective of whether the 
iron is present in the eutectic or as primary “ X.” 
The data obtained by the examination of a series of 
alloys is given in Table V. 

Fatigue.—Many fatigue tests have been carried out, 
on a 20,000,000 reversal basis, using a White-Souther 
machine. The fatigue limit appears to be nearly 
independent of both the silicon and the iron content 
within the range investigated. In general, there is 
excellent agreement between the tensile and other 
results given in this paper and those published else- 
where, save only that the endurance figures given 
here are very much lower than those to be found in 


TABLE VI, 





together with those of two widely used casting alloys 
namely, the 92 : 8 aluminium-copper (3L11) and the 
85 : 24 : 124 aluminium-copper-zine alloys (2L5). 
From Table I it will be seen that although the tensile 
strength of the silicon alloy is of the same order as that 
of the 3L11 and 2L5 alloys, it is much superior from the 
point of view of resistance to shock, of ductility, and of 
lightness. The total linear shrinkage of the three alloys 
is about the same, but it would appear that the crys- 
tallization shrinkage of the silicon alloy is less than that 
of the others; at any rate the silicon alloy “fills the 
mould easily.” It is not “ hot-short,”’ and it is not so 
subject to draws and cracks. Whatever the reason be, 
the moulder who has had experience of the three alloys 
appears to prefer silicon alloy for most of his castings. 
In two other respects, silicon alloy is very much superior 
to the straight copper and copper-zinc-aluminium 





* R. 8. Archer and L. W. Kempf, “ Modification and 
Properties of Sand-Cast Aluminium-Silicon Alloys,” 
= Inst. Min. Met. Eng. (Advance Copy), Feb., 





present, and the quantity of modifier and the time 
factor were kept constant. These last were fixed 
arbitrarily, and it is quite possible that the best 
conditions were not chosen. 

The points to be noted are that the tensile strength 
and the hardness increase with rising silicon content 
till that has risen to about 12°5 per cent., while the 
elongation remains approximately constant. Then 
these properties show a sudden, marked decrease, while 
the hardness remains fairly constant. The resistance 
to impact varies inversely as the percentage of silicon, 
while the density decreases linearly. The eutectic in 
all these alloys was ‘“‘ modified,” but when there was 
more than 13 per cent. of silicon present, some silicon 
was in the form of large primary crystals. To that the 
sudden decrease in the properties is attributed. 

Quantity of Modifier.—This is a very important 
consideration indeed. There can be under-modified, 
correctly modified, or over-modified alloys. The 
structures shown by the first group may vary from 
“normal” through various degrees of dispersion of the 
eutectic, with or without primary silicon. The 





Fibre Stress. 


Tons per square inch. Number of Reversals to Fracture. 





+ 4-50 122,500 
+ 3-79 786,800 
+ 3-16 2,838,800 
+ 2-84 5,507,000 
+ 2-68 9,010,300 
+ 2-61 22,483,700 (not broken) 








other literature. At present, no reason can be advanced 
to explain this, but it should be noted that the curves 
obtained are very regular and that there is no internal 
evidence to show that these results are in error. Another 
feature is that the absolute endurance limit has not 
been reached at 20,000,(00 reversals, The curves can 
be expressed by the equation :— 


$ a 
8=a75th 





* R. 8. Archer and L. W. Kempf, “ Modification and 
Properties of Sand-Cast Aluminium-Silicon Alloys,” 
Amer. Inst. Min, Met. Eng. (Advance Copy), Feb., 1926. 
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where § is the stress, N is the number of reversals, L 
the limiting stress, and a and 6 the constants. If 
such treatment is legitimate, the conclusion arrived at 
is that the limiting stress is about one-fifth of a ton 
lower than that shown at 20,000,000. In Table VI is 
given one set of experimental results. The alloy con- 
tained 12-38 per cent. of silicon and 0-23 per cent. of 
iron, and was sand-cast. 

Density.—The density of many specimens, both in 

chill and sand, has been examined, The conclusion 
has been definitely reached that there is no difference 
in the density of a sound aluminium-silicon alloy cast 
in chilland that of one cast in sand. If such a difference 
is found, it is a measure of the soundness, and this 
difference may be as large as 0-02 grm. per cubic 
centimetre. 
? Fractures.—An examination of the fractures of the 
aluminium-silicon alloys has been made. The fracture 
under tension takes place along that line where the 
area of the aluminium dendrites to be crossed is least, 
It tends to run parallel to the direction of orientation 
of the eutectic colonies, and to run between any larger 
crystals of eutectic silicon or “ X” constituent and 
the matrix in which these crystals are embedded. 








SUSPENDED OPEN-HEARTH 
FURNACE ROOF. 


In the early days of the history of steel open-hearth 
practice, the roofs of furnaces were a constant source 
of trouble and anxiety to the metallurgist. Much 
progress has since been made, but it is still true that 
the roof of a modern furnace requires a fair amount of 
attention, partly because it is subjected to high 
temperatures for many hours at a stretch, and, partly 
on account of the peculiar nature of the refractory 
materials which have to be employed to withstand those 
high temperatures. Of late years, much research work 
has been conducted by private firms and research 
institutions, not only on the physical chemistry of | 
refractory materials, but also on the design of furnaces. | 
In this connection, a suspended silica roof installed 
some two years ago in a 70-ton basic open-hearth 
furnace, by the American Arch Company, Inc., of 
New York, and described recently in the columns of the 
Cleveland Iron Trade Review, presents some interesting 
features. The silica bricks constituting the roof are 
suspended from their cool sides by means of external 
supports, which are protected from furnace tem- 
peratures. Two shapes of brick are used; the one 
measures 15} in. by 12 in. by 3 in., and is tapered to 
suit the radius required by the curvature of the roof; 
the head is extended and is shaped specially for suspen- 
sion purposes. The second form of brick, termed the 
“ filler” brick, measures 12 in. by 12 in. by 3 in., and 
is also tapered ; two projections at its upper end rest 
upon shoulders formed in the suspended brick. The 
two shapes of brick alternate in courses across the 
furnace. The entire weight of the roof is carried by 
horizontal beams situated over the furnace and com- 
posed of two lengths of channel iron placed back to back. 
The ends of the beams rest on angle-iron supports 
attached to the vertical buckstays of the furnace. 
Hooked rods bolted on to the beams carry each 
unit of three bricks. Compensation for expansion 
and contraction is provided by a series of compression 
springs encased in air-cooled housings and located 
at each side of the furnace. The suspended roof 
of the above-mentioned 70-ton basic open-hearth 
furnace, survived 265 heats, during which low-carbon 
steels were made, before it was found necessary entirely 
to renew the silica bricks. A second run of 428 heats, 
during which only two partial repairs were necessary, 
was afterwards pccomplished. Subsequent operations 
have proved equally successful. It is stated, moreover, 
that it has never been found necessary, in the two years 
during which the furnace has been in operation, to 
interrupt a run of heats in order to repair the roof. 
Interruptions have arisen, but they have been caused 
by a number of other factors. 





THe MANCHESTER COLLEGE OF TECHNOLOGY JOURNAL, 
—tThe twelfth volume of the Journal of the Manchester 
College of Technology was pub‘ished recently. It con- 
stitutes a record of investigations undertaken by members 
of the college, and contains origi2al articles by members 
of the staff, as well as abstracts of papers published by 
them elsewhere since the issue of the previous volume. 
The Journal has been produced in the department of 
printing and photographic technology of the college, 
and is published by the Manchester Education Com- 
mittee. Among the original articles is one by Professor 
Miles Walker, entitled ‘‘'The Losses in Resistance Con- 
nectors in Single-Phase Commutating Motors.” Other 
articles include ‘‘The Discharging Capacity of Side 
Weirs,”” by Dr. G. 8. Coleman and Professor Dempster 
Smith, and ‘‘ Ferrous Materials and Corrosion,”’ by Mr. 
E, L. Rhead. The abstracts of papers are divided 


into six sections, namely, mechanical engineering, elec- 
trical engineering, applied chemistry, textile industries, 
mathematics, and physics. The volume comprises 160 


TESTS OF A LJUNGSTROM STEAM TURBINE. 






































e 
Test Number. 
| 
1 2 3 | 4 j 5 | 6 7 

' 
Duration of test in minutes 34 35 36 82 34 32 5* 
Revolutions per minute .. oe = ais 3,000 3,000 3,000 3,000 3,000 3,000 3,000 
Pressure above governor valve, kg. per cm.2 .. 

(Gauge) .. * re es = -.| 17-78 19-00 18-96 18°59 18-64 19-02 19-00 
Pressure above governor valve, Ib. per sq. in. 

(Gauge) .. os By 4 ay ‘ 252-8 70-2 269-6 264-4 265-0 270-6 270-2 
Temperature above governur valve, deg. C. 381 327 326 33: 343 372 382 
Superheat, deg. F. .. ae s as -.| 315-6 212-5 210-8 227-0 243-0 293-3 311-5 
Pre sure below governor valve, lb. per 8q. in. 

(Gauge) .. ae me af a -.| 50°7 118-2 171-2 230-4 258°4 221°6 261 2 
Absolute pressure at exit from last row of 

blades, kg. per cm.2 ee * = 0-0141 0 -0163 0-0209 0-0231 0:0254 0-0225 0 -0226 
Corresponding vacuum, inches of mercury -| 29-59 29-53 29-39 29-33 29-26 29-35 29°35 
Temperature of steam on discharge from last 

row of blades, dey. U. .. an Se --f 12-8 14:3 18-25 19-7 22-5 20-7 20-6 
Temperature vi cooling water at entrance, deg. C.- 6°5 6-5 9-1 6-7 6-7 6-5 5-6 
Temperature of cooling water on discharge, 

deg. 0... a we ae 8-0 9-2 12-8 11-5 12-7 11°6 11-6 
Temperature of condensate, deg. C. 9-0 10-7 13-3 13-3 13-9 13-5 13°5 
Output, in kilowatts = ve ee o-| 1,254 2,474 3,527 5,028 6,244 5,739 5,726 
Voltage ee 4s ae Da sie ry 3,100 3,212 3,208 3,153 3,168 3,170 “_— 
Amyerage .. ie ae os ee -.| 234-2 447°7 634-0 930-0 1151-0 1060-4 _- 
Steam condensed, kg. per hour .. 7,050 12,013 16,476 22,441 28,008 24,158 23,737 

* Ib. per hour .. oa 15,542 26,484 36,323 49,473 62,746 53,259 52,331 
Steam taken by ejector jets, kg. per hour 90 290 290 290 290 290 290 

se me a Ib. per hour ae 640 640 640 640 640 640 640 
Steam consumption (turbine only), kg. per hour 6,760 11,723 16,186 22,151 27,718 23,868 23,447 
Steam consumption (turbine only), Ib. per 

hour aie aS o% ms a --| 14,902 25,844 35,683 48,833 61,106 52,619 51,691 
Steam rate of unit per kilowatt hour, kg. oe 5-39 4-74 4°5 4-41 4°44 4°16 4-09 

* ee Pm x --| 11-88 10-45 10-12 9-72 9-79 9-17 9-02 
Generator efficiency, per cent. .. +a «-| 90°3 94-6 95-9 96-7 — 96- —_ 
* Test No. 7 formed part of Test No. 6. 
TESTS OF A 5,000-7,000-KW. CATALOGUES. 


LJUNGSTROM STEAM TURBINE. 


WE give above the results of tests of a Ljungstrém 
steam turbine, rated at 5,000 kw. to 7,000 kw., recently 
supplied by the Svenska Turbinsfabrik Aktiebolaget 
Ljungstrém, of Finspong, Sweden, to a factory at 
Warkaus, Finland. The unit was tested in place by 
the Féreningen fér Kraft-och Brinsleekonomi, with 
the results given in the table. It appears that an 
efficiency ratio of about 0-80 was reached in trial 
No. 4, this estimate being based on the conditions 
below the governor valve. The builders inform us 
that, to suit the special requirements of their cus- 
tomer, who required a maximum economy at less 
than the normal rating of this size of machine, the steam 
way through the first fourteen stages of the turbine 
was decreased, with the result that the best test figures 
of the unit, as erected, are some 2 per cent. below what 
is obtained with similar steam and vacuum conditions 
with the standard pattern. 

To facilitate comparison with results obtained in this 
country, we have added to the table the English 
equivalents of the more important figures. 





Poputar LECTURES ON SCIENCE AND INVENTION.— 
A series of six lectures on various scientific subjects has 
been arranged in London, in aid of King Edward’s 
Hospital Fund. The lectures will be held on various 
Thursdays and Fridays in October and November, and 
are timed to commence at 5 p.m. The first of the series 
was given on the 7th inst., when Mr. J. L. Baird spoke 
on “Seeing by Wireless.’’ The second lecture was de- 
livered yesterday, when Air Vice-Marshal Sir Sefton 
Brancker, K.C.B., spoke on the subject of “ Flying 
To-day and To-morrow.” Other lectures will deal with 
liquid air, the artificial production of the human voice, 
and refrigeration. The admission fee for each lecture is 
2s. 6d., or 5s. for a numbered and reserved seat. Full 
particulars may be obtained from the Secretary, King 
Edward’s Hospital Fund for London, 7, Walbrook, 
London, E.C.4. 





Tue Extecrriciry Commission.—Mr. 8. L. Pearce, 
C.B.E., having been offered the position of engineer-in- 
chief to the London Power Company, consequent upon 
the retirement of Sir Alexander Kennedy, LL.D., F.R.S., 
has decided to accept that position. He has therefore 
tendered his resignation as a member of the Electricity 
Commission. The Minister of Transport has invited 
Mr. T. P. Wilmshurst, M.B.E., M.1.E.E., at present 
electrical and tramways engineer to the County Borough 
of Derby, and Chairman of the Engineering Consultative 
Committee of the East Midlands Advisory Board, to 
become an Electricity Commissioner, and Mr. Wilmshurst 
has accepted the pepomimnens, It has been arranged for 
the changes to take place on November 1, next. Mr. 
Pearce, while still consulting and chief engineer and 
general manager of the Manchester Corporation Electricity 
Department, was appointed a member of the Advisory 
Expert Committee, set up at the request of Lord Weir, 
to review the technical scheme prepared by Sir John 
Snell for the Weir Committee. Subsequently, on the 
retirement of Mr. Page, he was appointed to be one of the 
Electricity Commissioners, and in both capacities he has 
rendered valuable service in connection with the prepara- 
tion, committee, and report stages of the Electricity Bill 








pages and is well produced in all respects, 


now before Parliament. 





Boiler Scalers.—Messrs. Cutbill, King and Co., Limited, 
32, St. Mary Axe, London, E.C.3, have sent us another 
explanatory list of their electric tools for cleaning boilers. 


Electric Cranes.—A booklet showing various applica- 
tions of electric cranes and containing illustrations of 
hand signals for conveying instructions to the operator, 
is to hand from Messrs. Herbert Morris, Limited, 
Loughborough. 


Water Meter.—A new catalogue of their Venturi meters 
for measuring boiler feed, condensate, make-up feed, etc.. 
is to hand from Messrs. George Kent, Ltd., Luton, 
Bedfordshire. The meters are provided with a recording 
instrument and a special indicator for boiler trials. 


Shears.—A catalogue of electrically-driven and hand- 
operated shears, for cutting round or flat bars for concrete 
reinforcement, and fitted with a bending attachment if 
required, is to hand from Mr. Henry Pels, 40, Great 
Portland-street, London, W.1. Prices are stated. 


Electric Cable Fittings —A catalogue showing a large 
range of terminal boxes and sealing ends, and a priced list 
of jointing compounds, made in three grades, and five 
special preparations for various purposes are to hand 
from Messrs. British Insulated Cables, Limited, Prescot, 
Lancs. 

Carbon Products—We have received a number of 
circulars from Messrs. William Geipel and Co., 
St. Thomas’s-street, London, 8.E:1, giving particulars of 
carbons for arc lamps, carbon brushes for dynamos, 
motors and magnetos, and carbon contacts for 
switchgear. 


Pumps.—A catalogue of centrifugal pumps, of a type 
specially designed for irrigation where large quantities 
of water are to be pumped against low heads, is to hand 
from the Pulsometer Engineering Co., Ltd., Reading. 
The pumps are made in a large range of sizes, full particu- 
lars of which are given. 

Steel.—A booklet containing views of their workshops 
in Waratah, New South Wales, and illustrating many of 
their steel products, has reached us from the Vickers- 
Commonwealth Steel Products, Limited. Most of the 
output consists of railway and tramway material, such 
as rails, wheels, axles, &c. 

Valves.—A catalogue of all-iron valves for liquids which 
attack bronze, but not iron, is to hand from the Lunken 
Company, Limited, 35, Great Dover-street, London, 
§.E.1. These valves are of the usual types, and are made 
in standard sizes from } in. to 8 in. bore. They are 
constructed so as to allow of easy grinding and renewal. 


Planing Machines.—The Lancashire Dynamo and 
Motor Co, Ltd., Trafford-park, Manchester, have issued 
an explanatory catalogue of their electric drive for 
planing and other reciprocating machines. The advan- 
tages claimed in acceleration, accuracy of reversal, 
economy of power, etc., are dealt with in detail. The 
drive may be fitted to new machines, or may be substituted 
for the belt drive of old machines. 


Steam Engines.—A catalogue of open and enclosed high- 
speed steam engines, of the simple, compound and triple- 
expansion types, is to hand from Messrs, W. Sisson and 
Co., Limited, Elmbridge-road, Gloucester. These engines 
are designed and constructed to give a high degree of 
reliability, and are provided with self-acting lubrication. 
They are all of the vertical type, except those built for 
stern-wheel boats. This catalogue has prepared for 
Messrs. Worthington-Simpson, Limited, Calcutta, who 


| are Messrs. Sisson’s agents for India, Burma and Ceylon. 
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SOME DEDUCTIONS FROM STEAM- 
NOZZLES RESEARCH. 
By TEtrorD PETRIE. 

THE various phenomena which occur when steam 
is passed through a nozzle have formed the subject 
matter of much investigation. The earlier, and by 
far the greater majority of, researches have con- 





cerned themselves with determinations of the 
coefficient of discharge. It is only since the steam 


20°THIN PLATE NOZZLES. 


measured the total discharge as it flowed through a 
conical nozzle, together with the rise in tempera- 
ture. He then deduced his mass-discharge of the 
steam by the method of mixtures. His object was 
to eliminate, as far as possible, the time element 
necessary for the accumulation of a measurable 
quantity of condensed steam. 

As is well known, theory, based on adiabatic 
relations, indicates that this discharge should 
increase as the ratio of the pressure on the two sides 
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Fig.1. 














(9698. 4.) 


Scale. Half Size 
20° THICK PLATE NOZZLES. 


ENGINEERING” 


12° THICK PLATE NOZZLES. 





{9699.8.) 


1°480 B.BLADES AND 











¥a° 430 B.BLADES. 








Scale: Full 

(9699. C,) 
Fig.7. COMPARISON OF ALL TESTS Oo/! 
Curve 4. 20° Thin, 


» 10. 20° Thick ” 
* 13. 20° Chamfered ” 
100 
15 
98 
i 
& 96 
a 
92 
90 
0 400 800 






Curve 1. 20° Thin 


& 


le 
i 
S 
™ 
100 
3 96 7 

94 
: 


92 


8 


88 
800 


o 400 
(9699.0) Theoretical Velocity of the Steam in Feet per 


nozzle has been used as a means of converting static 
into kinetic energy for use on rotating blading in 
turbines that energy coefficients have come into 
prominence. Determinations of the coefficient of 
discharge require a measurement of the mass-flow 
over a stated time interval and some criterion of 
theoretical discharge with which to compare it. 
With the help of a surface condenser, and with due 
regard to stable conditions over the duration of the 
test, the determination of the actual discharge, in the 
case of steam, can be made with considerable accu- 
tracy. Most research workers have used this method, 
but Rateau, in his classical experiments of 1895-96, 
condensed his steam in a current of cold water and 
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of the nozzle is increased, until a critical pressure 
ratio is reached, and that afterwards it should 
decrease again as the exhaust pressure approaches 


ING” 


zero. This seemed to be such a curious deduction 
that it led to many investigations on the discharge 
of air and steam through orifices and nozzles. The 
earliest published results appear to be those of 
de Saint-Venant and Wantzel in 1839, who, inciden- 
tally, were responsible for the formula in its adiabatic 
form. They carried out a series of experiments on 
the flow of air through small orifices and found, 
inter alia, that, with a convergent nozzle, the 
results agreed fairly well with their formula up to 
the point of maximum discharge, but that beyond 





that point the discharge remained constant as the 
back pressure was further reduced.* 

Osborne Reynolds was the first to point outy 
that the velocity at the throat corresponding to 
this “critical” pressure-ratio was the velocity of 
sound in the gas as deduced by Newton,{ and he 
gave what is now the recognised explanation of the 
anomaly. This problem of the maximum discharge 
of gases through orifices occupied the attention of 
many famous investigators between the time of 
de Saint-Venant and Osborne Reynolds. Among 
them may be briefly mentioned R. D. Napier,§ who 
is credited by Osborne Reynolds with being the 
discoverer of this phenomenon, and J. P. Joule 
with Professor W. Thomson (Lord Kelvin),|| who 
appear to have deduced independently an equation 
similar to de Saint-Venant’s. 

Another anomaly in the discharge of saturated 
steam through convergent nozzles was gradually 
realised as conditions of measurement became more 
accurate and reliable. It appeared that slightly 
greater actual maximum discharges were obtain- 
able than theory would indicate. The difficulty 
was only finally removed when the theory was 
adjusted to take into account the fact that steam, 
when passing through a convergent nozzle, may be 
in a metastable condition. This requires the use of 
1-3 as the index in the law P (V — 6)" = constant, 
instead of 1-135, as used in the older equilibrium 
theory. This adjustment was first pointed out by 
H. L. Callendar in his paper ‘‘ On the Steady Flow 
of Steam through the Nozzle or Throttle,” but 
H. M. Martin had previously deduced** from the 
experim’ nts of C. T. R. Wilson with saturated air 
and of Callendar and Nicolson with a reciprocating 
steam engine, amongst others, that the discrepancies 
between theory and practice in the quantities of 
steam discharged through a nozzle might be 
explained by supersaturation ; in other words, from 
the possibility of the steam being in unstable 
equilibrium in the nozzle. 

The most careful experiments on the discharge of 
saturated steam through a convergent orifice are 
probably those made by A. Rateau and described 
in his book “ Experimental Researches on the 
Flow of Steam through Nozzles and Orifices,” 
which was translated into English, in 1905, by 
H. Boyd Brydon. He reduced his experimental 
values to a formula which gave results, for initial 
pressures above atmospheric pressure, of about 
2} per cent. above that expected for saturated steam 
when the index v is taken as 1-135, but. which were 
about 3-3 per cent. below that which would be 
given if n= 1-3.¢f On Rateau’s experiments, the 
coefficient of discharge for saturated steam may, 
then, be taken as 96-7 per cent. It is of interest 
to note that T. B. Morley, in his very thorough 
experiments on the flow of air through nozzles,t{ 
found that a convergent nozzle with a rounded inlet 
may have a discharge coefficient of 98 per cent. if 
it is short, but in no case did he obtain values in 
excess of unity, as has been claimed by some 
experimenters. 

The Steam-Nozzles Research Committee of the 
Institution of Mechanical Engineers, whilst not 
concerning themselves directly with discharge 
coefficients, have published test data which enable 





* “Mémoire et experiences sur l’écoulement de lair 
déterminé par Jes différences de pressions considerables.” 
Par M. M. Barré de Saint-Venant et Wantzel. Comptes 
Rendus, vol. 8, Jan.-June, 1839, pp. 294-298. 4 

+ “On the Flow of Gases,” by Osborne Reynolds, in 
the Philosophical Magazine, March, 1886. Reprinted 
as No. 53 of his Collected Papers, vol. 2 (1901), pp. 311- 
320. 

t Newton’s “ Principia,” Book 2, section 8, referred 
to in Deschanel’s ‘‘ Natural Philosophy,” Everett’s 
translation, 1875, p. 803. . 

§ “The Flow of Fluids under Pressure,” by R. D. 
Napier. The Engineer, vol. 23 (1867), pp. 11 and 80. 

|| “On the Thermal ‘Effects of Fluids in Motion,” by 
J. P. Joule and Professor W. Thomson. Proceedings of 
the Royal Society, vol. 8 (1856), p. 178. Reprinted 
in Joule’s Scientific Papers, vol. 2 (1887), pp. 304-312. 

4] Proceedings of the Institution of Mechanical 
Engineers. Jan-June, 1915, p. 61. 

** “Some Suggested Errors in Nozzle Experiments.” 
ENGINEERING, vol. 95 (1913), p. 37. 

tt See ‘‘A Note on the Inflow of Air and Steam in 
Nozzles,” by G. Stoney and N. Elce. ENGrIngERine, 
vol. 112 (1921), p. 750. 

tt “The Flow of Air through Nozzles,” by T. B. 
Morley. Proceedings’ of the Institution of Mechanical 
Engineers, Jan.-May., 1916, pp. 81 and 82. 
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heated steam on both sides of the nozzle and | 
exhausted to atmosphere. 
it will be found that the discharge coefficients at 
the critical pressure ratio fcr the great majority of 


nozzles tested comes out at 98 per cent., with a | 
The Committee, so far, have | 
concerned themselves chiefly with the determination | 


margin of + ? percent. 


method of correction for superheat was evolved. | 


|below the “critical,” but the pressure range 
enabled most of the tests to be carried beyond 
that point. As H. M. Martin has pointed out, 
it is doubtful whether much reliance can be placed 
on these portions of the curves, because the exhaust 


of the velocity coefficients of various types of| pressure can no longer be taken to represent the | 
nozzles. They have already issued four Reports,* |exit pressure at the throat; standing waves of | doubtful whether the turnover at the lowest 


the last three of which were thrown open for dis-| pressure are probably developed in the free jet, | | velocities attained represents the suggested juncture 
cussion, This method of procedure has undoubtedly | so that the impact reading of the plate is no longer | between 


benefited the research. Apart from the encourage- | 


| reliable ; and, lastly, the mean angle of efflux of | 


these to be calculated. They worked with super- | | this introduced an unavoidable variation, but a nozzles and, in particular, by curve No. 4, in which 


|the throat effect was eliminated. The 20- deg. 


Under these conditions | All the nozzles tested were for pressure ratios | nozzles with thick partition plates and chamfered 


exits, subsequently gave the same type of curve 
(curves 11 and 13) as did, in a less pronounced way, 
the 20-deg. thick-plate nozzles without chamfered 
exit (curves 7 and 10). The straight elementary 
nozzles (curve 15) conformed even more closely to 
Martin’s predicted shape, though it is at present 


“cc 


“streamline”? and “mixed” flow. Al! 
these nozzles, that is, the 20-deg. impulse and the 


ment which has been received, more minds have | the steam jet may open out so much as to | straight elementary, show a distinct bend in the 


been brought to bear on the subject, and valuable | 
Some of these have | reservation it was found possible to test nozzles | lent” flow, which occurs in the region between a 


Moreover, the | over a greater range of pressure, and therefore of | velocity of 650 ft. and 900 ft. per second, or about 


suggestions have been made. 
been elaborated in what follows. 


prevent normal impact on the plate. With this | 


“ce 


curve between ‘‘ mixed ”’ flow and “ wholly turbu- 


discussions have not been free from wholesome | velocity, than has been done before in a single} half the velocity of sound in steam. They have the 


criticism, which, in turn, has proved to be of help. 


Fig.8. CONVERGENCE CURVES. 
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The actual curved-nozzle shapes covered by these | 
four reports have been collected together in Figs. 1| 
to 6, on page 495. The upper four sections show | 
cases of extreme variation in angle, plate thickness 
and length of throat. The shape of the reaction 
type of nozzle is fairly well established and standard 
sections of the two sizes tested are included. 
all the above cases, the cross section at the throat 
was kept strictly rectangular, and each nozzle was 
made 2 in. high. The built-up type of nozzle, 
which is shown in Fig. 6, was 1; in. high. to 
keep the total throat area of these nozzles the 
same as in the Committees tests. The number 
of nozzles functioning varied from two to twelve, 
according to the quantity of ste»m passed. As 
far as possible, the total cross-sectional area of the 
throat was kept at 1} sq. in 

The range of steam pressure possible was 
controlled by the steam supply. It was found 
that more reliable readings could be obtained 
if the exhaust pressure was kept at that due to 
atmospheric pressure and the pressure range 
obtained by varying the initial steam conditions 
As the superheat was not under direct control’ 


i., 1923, pp. 1-22; 
1924, pp. Pt55-525 ; 





* Proc, Inst. Mech. Eng 
vol. i, 1923, pp. 311-395; 
and vol. ii., 


-» vol, 
vol, i, 


1925, pp. 747-813. 


In| 


Fig. 7 shows many of the results obtained by | 
the Steam-Nozzles Research Committee of the Insti- | 
| tution of Mechanical Engineers. Alterations were | 
| made to the nozzles shown in Figs. 1 to 6. The throat 
length was gradually reduced until there was no 
| parallel portion beyond the narrowest section. 
Tests on the two extreme cases are shown in 
Fig. 7. Again the thick-plate impulse nozzles 
were chamfered at exit. Some straight nozzles 
were also tested. The curve numbers on Fig. 7 
correspond to the figuring used in the reports, 
but the curves, for comparative purposes, have all 
been reduced to similar superheat conditions. 

In the discussion on the second report, H. M. Martin 
pointed out that the flow might be of three types : 
(a) flow wholly viscous; (6) mixed flow; and 
(c) flow wholly turbulent. Viscous flow must start 
from zero velocity coefficient for zero velocity, 
and may rapidly improve to nearly unity velocity 
coefficient. Mixed flow, in which there is a com- 
bination of viscous and turbulent flow, may tend, 
for the most part, to lower the velocity coefficient. 
Wholly turbulent flow may then show a slight 
recovery in the value of the velocity coefficient 
| up to the speed of sound in steam. 
| Martin was led to his hypothesis by a considera- 
tion of the results on the 20-deg. thin-plate impulse 








the velocity coefficient between this point and the 
| critical velocity of sound in steam. 

In the case of the Parsons reaction nozzles and the 
built-up type cf impulse nozzle, all of which had a 
better surface finish inside than the Committee’s 


nozzles, the “ mixed flow” portion of the curve is 
present, as well as the flexure into “‘ turbulence,” 
but the subsequent improvement is absent. These 
types of nozzles appear to decrease in efficiency 
beyond the “flexure” point. All the 12-deg. 
impulse nozzles, chamfered and unchamfered, thick 
and thin, show little or no sign of ‘‘ mixed” flow 
within the velocity range of these tests, but appear 
to show “ turbulent” flow at lower velocities than 
the corresponding 20-deg. nozzles. There is also 
little or no tendency to improve with increasing 
steam speed between this point and the critical. 
The flexure point, which Martin attributes to the 
junction between mixed and wholly turbulent flow, 
is not quite so easy to distinguish in every case, but 
a careful analysis of all the curves shows that there 
is a general tendency for this flexure point to move 
back as the length of throat is reduced. This points 
to some kind of disturbance created inside the 
nozzle, which is gradually forced out as the steam 
speed or pressure ratio increases. This disturbance 
may be caused by the equivalent of a vena contract, 
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by tests at different pressure ranges (which are now 
being undertaken) before they can be considered as 
sound guides to nozzle design. 
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ee r found over velocities below the flexure point. 
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or it may be due to the shape of the nozzle before 
the throat; orit may be a “cage” effect inherent in 
the test apparatus. At present it is difficult to 
identify the true cause, and further tests are being 
carried out to clear it up. 

The region of the flexure point was always the 
most difficult portion of the curve to establish, as 
conditions tended to become unstable here. It is, 
however, at least feasible that, for velocities below 
this point, the effects are caused chiefly by conditions 
before and inside the nozzle, and that, above the 
flexure point, the exit conditions predominate. 
This deduction is supported by the advantage gained 
in chamfering the forward edges of the thick partition 
plates. The good effect is much more apparent 
after this flexure point than before. 

In the discussion on the Fourth Report, Mr. N. 
Elce drew attention to a method of analysing nozzle 
shapes which has been extended here to the nozzles 
shown in Figs. 1 to6. There are various ways by which 
the convergence of a curved (or straight) nozzle may 
be shown. Probably the most consistent way is to 
draw a number of circles touching the non-parallel 
sides, and then to take cross-sectional areas at right 
angles to the locus of the centres of such circles. 
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This locus may be taken to represent the nozzle 
axis or mean path of the steam. It is shown in the 
nozzles in Figs. 1 to6. Such convergence curves are 
given in Fig. 8. From them have been developed a 
second series of curves (Fig. 10) to show the rate of 


change of area (3) for units of length (dz) along 


the mean path. The curvature of the mean path 
or nozzle axis can be analysed in a similar manner. 
Instead of measuring areas at each unit of length 
along the nozzle axis, the deviation angle (0) from 
the perpendicular has been plotted in degrees 
(Fig. 9). The corresponding rate of change of 


i) is shown in Fig. 11. 


dz 

It will be found by a comparison of these diagrams 
with the velocity-coefficient curves in Fig. 7 (and 
others in the reports) that the greater the rate of 
change the less pronounced is the rise of the velocity- 
coefficient curve from the flexure point backwards 
towards low velocities. Beyond the flexure point, 
chamfering the nozzle exits seems to cancel out 
any loss in efficiency due to bad shape. These 
various suggestions are put forward with all due 
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diameter and 160 ft. high. The rim is at El. 2,272, 
the floor level being at El. 2,112. It is intended to 
take care of surges from 35 ft. to 40 ft. in height and 
to make possible a load rejection of 105,000 kw. 
in 234 seconds with a pressure rise at the power- 
house below not exceeding 15 per cent. of the static 
head. It isillustrated in Figs. 100 to 103, on this page 
and, during construction, in the views given in 
Figs. 104 and 105, page 498. It will be seen from 
Fig. 100 that the shaft is partly built in excavation, 
and partly above ground level. The lower 112 ft. 
are excavated in the hillside, leaving 48 ft. above 
ground surface. From the base upwards to El. 2,189, 
a height of 77 ft., excavation was in rock, for 
this section the concrete lining having a minimum 
thickness of 2 ft. Above this comes a section 
35 ft. in height through earth, the minimum wall 
thickness being again 2 ft. The upper section, in 
the open is 48 ft. in height. For this the wall 
thickness tapers from 2 ft. at the bottom to 10 in. 
at the top. The three sections are independent, 
thus allowing for relative movement due to effects of 
temperature, water pressure, &c. A horizontal 
section at the base is given in Fig. 101. This shows 
the 13 ft. by 13 ft. acqueduct tunnel entering on 
the one hand and the three penstock connections 
on the other. The latter commence with conical 
sections, reducing from 12 ft. 4in. mouths, to circular 
pipe sections 8 ft. 8 in. in diameter, in a length of 
13-7 ft. The steel penstock pipes are concreted into 
these tunnels which are provided in each case with 
cut-off rings projecting 3 ft. by 3 ft. into the rock, 
beyond the normal excavation. 

The surge shaft contains about 2,185 cubic yards 
of 1:2:4 concrete. The floor is reinforced by two 
layers of 1 in. square bars placed both ways at 
12 in. centres. These bars are turned up into the 
walls, into which they are carried for a height of 
from 5 ft. to 7 ft., and hooked over. The floor bars 
are also carried 5 ft. into the tunnels. The walls 
for the bottom section are reinforced with an innner 
and outer set of rings of 1 in. square bars, set 12 in. 
centre to centre vertically. The inner ring is set 
6 in. in from the inner face and the outer ring 10 in. 
clear from the inner, but staggered. The vertical 
reinforcement consists of § in. square bars at 30 in. 
centres for each ring, the bars for the two rings being 








reserve, because they require further corroboration 
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At the aqueduct tunnel mouth, additional | 
reinforcement is inserted. Here twelve rings of | 
1} in. square bars are set round the opening and | 
carried down into the floor. The ring reinforcement | 
in the shaft walls is also augmented here. At the 
penstock tunnel mouths ten rings of 1 in. bars are | 
set at 6 in. centres in the taper section, with # in. | 
spacer bars at 24 in. centres. At the top of the | 
section in rock, the wall thickness increases to | 
3 ft. 8 in., so as to form a spigot projecting into the | 
section above. The joint between the two upper | 
sections is also similar and is illustrated in Figs. 102 | 
and 103. At these enlarged sections the reinforcement | 
is increased by 1} in. square bars at 12 in. centres | 
branching out of either side of the ring reinforcement | 
and hooked over at the top. The top face, on which | 
the section above rests, is finished to a hard smooth 
surface. The inner bottom edge of the upper section | 
in each case is finished with an angle ring. This is | 
6 in. by 6 in. by 4 in. section, fitted at intervals with 
anchor straps. | 

The top section is shown in section in Fig. 102. 
The reinforcement in this case is decreased from the 
base up, being two rings of 1} in. square bars, 
staggered and at 7 in. centres in each ring, at the 
bottom, and changing first of all by wider centreing 
and then by a reduction in the size of bars, till, for 
the upper portion, the reinforcement is effected with 
$ in. square bar rings spaced 8 in. apart in each ring, 
and staggered. In addition the base is reinforced 
with four additional rings of 1 in, square bars at 
4 in. centres. The joints between the three sections 
were painted with an asphaltic preparation before 
the upper part was poured. 

The top of the shaft is finished with a coping 
6 in. thick and 3 ft. 3in. wide, supported by brackets 
8 in. thick and 3 ft. 5 in. deep, at 5 ft. 44 in. centres, | 
round the outside wall face. The brackets are | 
reinforced with two ?-in. square bars, and the coping 
with rings of 4-in. square bars at 6 in. centres, near 
the bottom face, bent bars also rising to near the 
upper surface, at the bracket positions. The 
coping is finished with galvanised-pipe handrail, and 
a steel ladder is fitted from above ground level to 
give access to the coping. 

The accumulation of water behind the concrete 
work in the excavated portion is prevented by the 
provision of porous cement drains. These are dis- 
posed under the floor, with 4 in. circumferential 
drains laid outside the lining, at floor level and at two 
other levels above, and four vertical drains con- 
necting them up. All connect with a 6-in. drain 
carried out through the concrete lining of the centre | 
penstock tunnel. 

The penstock pipes commence as stated with a 
cone whose larger diameter is 12 ft. 4 in., while the 
smaller, reached in a distance of 13 ft. 7 in., is 8 ft. | 
8in. This, below the upper section of these pipes, | 
is reduced to 8 ft. 2in. The large diameter of the | 
conical portion is finished with an exterior angle-iron | 
flange, which is partly embedded in the concrete of | 
the shaft wall and floor. There are three such pipes | 
leaving the shaft as indicated in Fig. 101, but at the 
present one is blanked off just after a distance of 
535 ft., where the pipes emerge into the open. 
A 104-in. butterfly valve is fitted at this point 
to the two other pipes. These are capable 
of control for closing from the power house 
some 5,000 ft. distant. As a safety measure, 
opening cannot be effected by remote control. 
Each pipe is provided with four 8-in. air valves. 
The length of the pipes on the horizontal is 5,369 ft. 
At a distance on the slope of 2,111 ft. the pipes 
branch into two, each 5 ft. 6 in. in diameter. 
Further, these are reduced to 4 ft. 8 in., and close to 
the power house each again branches into two pipes, 
each of 36 in. diameter. 

At the surge shaft, the plate thickness is 3 in. and 


| 








| 
| 
| 
| 





the joints are double riveted lap. At El. 2,070, 
where the diameter is reduced to 8 ft. 2 in., the 
joints are changed to triple-riveted butt. At and 
below the 5-ft. 6-in. Y’s the longitudinal joints are 
welded and the circumferential joints are bumped 
to avoid obstruction to the flow by the rivet heads. 
The welded pipes, which diminish in diameter from 
5 ft. 6 in. to 4 ft. 8 in., range in thickness from 
y in. to 14 in. The Y-pieces are formed by two 
partial cones, diverging from a single 99-in. pipe 
length. These cone pieces are 12 ft. 10in.long. In 
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the vertical plane common to both and to which 
they are faced off, the connection is strengthened 
by a l-in. stiffening and partition plate. The 
total weight of the pipes installed at present 
is over 6,244 (short) tons, the heaviest section 
weighing over 13 (short) tons. The pipes are 
built up of 30-ft. lengths carried on concrete 
saddles. At angle points, either horizontal, 
vertical, or combined, the pipes are anchored, the 
largest anchor containing some 839 cubic yards of 
concrete and 7°64 tons of reinforcing steel. Ex- 
pansion joints are fitted between anchors, and at the 
5-ft. 6-in. Y a sliding anchor has been arranged, the 
upper part, with the pipes, sliding on cast-iron plates 
embedded in a concrete base. The joints between 
the pipes and saddles were made with two layers of 





asbestos paper painted with liquid graphite. It was 
found that with only one layer the movement of the 
pipe destroyed the paper, but that with two, one 
adhered to the pipe and the other to the saddle 
surface, the two layers sliding one upon the other. 
The welded pipes were shop-tested to 25 per cent. 
over estimated water-hammer pressure, and tests 
were carried out on the pipes at the site as they 
were completed, by sections. These tests were made 
to resemble the shop tests as closely as possible. 

We have stated that, at the power house, the lower 
end of each of the four 54-in. pipes divides into 
36-in. branches. One of these passes direct into 
the power house to the nozzle of the two runners of 
each generating unit. These branches are controlled 
by 36-in. hydraulically-operated gate valves. 
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Fia. 106. GENERAL VIEW oF Moccasin Power PLant. 


The penstocks were constructed, working uphill | frame structure 225 ft. long, 98 ft. 7 in. wide and of 
by the aid of a stiff leg derrick carried on a platform | 67 ft. 9 in. height, above the machine-room floor. 
mounted on the pipe sections already laid, and | The genera] appearance of the building, which is in 
advanced along the pipes as the work proceeded. | Californian Mission style, built of light reinforced- 
The pipe lengths were brought up to the point at | concrete walls, &c., may be gathered from the view 
which work was going on, on cars running on an | reproduced in Fig. 106, above, which also shows 
inclined railway laid alongside the pipe line. These | the penstocks on the mountain-side behind, and, in 
were hauled up by an electric winch. The derrick | the distance, the top of the surge shaft. The 36-in. 
platform was 30 ft. square and the derrick with a | gate valves, previously referred to, are placed in the 
50-ft. boom was stationed at the front right-hand | arcade on the east side of the building. The arcade 
corner. It could take lengths off the cars and place | on the west has been used for the air intakes for 
them correctly in line, for any of the four pipes. The | the generators. 
mast and winch were arranged so that they could be| The house at present accommodates four gene- 
maintained in correct positions whatever the slope | rator units, but has space for six. The turbines are 
of the platform itself. The platform moved on | Pelton double overhung wheels, rated at 25,000-h.p. 
10 in. x 10 in. timbers laid across all the pipes. It | at 257 r.p.m. The static head is 1,316 ft., but the 
was hauled forward by two sets of tackle made fast | waterwheel rating is based upon an effective head 
to pipe anchors ahead, and wound in by winches. | of 1,250 ft. The generators are placed on the central 

Soon after the Moccasin Creek plant was put into | portion of the shafts, with a wheel at each end. 
operation a serious accident occurred, due to the | Each unit has a capacity of 20,000 kv.-a., curreyt 
failure of an attendant to open a bye-pass before | being produced at 11,000 volts, 3-phase and 
opening one of the 36-in. valves leading to the units | 60-cycles. Operated on 100 per cent. load factor, 
in the power house. Water hammer was set up, | three units take the whole of the present water 
which caused the fracture of the 66-in. pipe with | supply of 620 cusecs. The fourth unit enables 
which this branch was connected, and also of the | the four to be run at 75 per cent. load factor, or 
neighbouring 66-in. pipe supplied by the same Y|can be kept as a spare. Later, the operation of 
further up the hillside. Fracture was also caused | future plant above Moccasin Creek, will make it 
of one of the other 66-in. pipes, although the only | necessary to operate that plant on a 50 per cent. load 
tangible connection which this had with the first | factor. The two additional units will then be in- 
failure was by way of the surge shaft. This fracture | stalled to secure the same total capacity. 
is therefore rather difficult to account for. Three; The Pelton wheels are provided with relief needle 
out of the four 66-in. pipes thus failed. All had | valves below the 11-in. operating nozzles, the dis- 
been subjected to the tests described above, and the | charge by-passed through these being directed on 
fractures appear to have run through both welds and | to cast-steel vortex baffles. The governors work 
clean metal: The welded lengths which parted were | with oil pressure of 150 Ib. per square inch, two 
replaced by riveted lengths and the plant was again | governors being installed for each unit, i.e., one for 
in full operation after a delay of six weeks only, much | each wheel. With the governors adjusted to give 
of which was, moreover, due to drying out the |a full stroke in 2 secs. the rise in speed for full-load 
generators. | rejection is 14} per cent. With the stroke occupy- 
The Moccasin power-house building is a steel | ing 3 secs., the rise in speed would be 21} per cent. | 





|'There are four pressure pumps for the governor 
system; one of these is provided with a water- 
wheel, as well as a motor, so that it can be started 
up without electrical power. 

Each generator has, on an extension of the main 
shaft, a 250-volt 140-kw. exciter. A spare motor 
generator exciter of 300-kw. capacity, is also 
installed, capable of supplying any two generators. 
The transformers consist of four banks of three, each 
of 6,667 kv.-a. capacity, stepping up from 11,000 volts 
to 115,000 or 154,000 volts. The lower voltage is 
for supplying direct to the mains of the Pacific Gas 
and Electric Company, which takes the excess power 
produced. The higher voltage is for the supply 
transmitted direct to San Francisco. The trans- 
formers and high-tension switchgear are all out 
of doors. Normally, switching is carried out 
on the high-tension side of the transformers. 
Loud-speaking telephone equipment is installed 
between the switchboard and the generator units in 
the power-house. 

The transmission line consists of two circuits run- 
ning to Newark on San Francisco Bay. They are 
carried for the distance of 98} miles on a single line of 
towers, set on a 110-ft. right-of-way, which ultimately 
will take two lines of towers and three lines of water 
supply pipe. In the valleys, the spans are approxi- 
mately 950 ft., but actually these vary between 
300 ft. and 2,400 ft. The normal stringing tension 
is 3,500 lb. The distance apart, vertically, of the 
cables of each circuit, one circuit being hung on 
each side of the towers, is 15 ft.; the horizontal 
distance apart of the conductors of the two circuits 
is 24 ft. at the top and bottom cross arms, and 
28 ft. for the middle cross arm. The lowest cross 
arm is 62 ft. from the ground. All towers, of which 





there are five types, except river-crossing towers, are 
974 ft. high. River-crossing towers are 208 ft. high. 
The conductors are of steel reinforced aluminium, 
but where the line approaches the Bay, stranded 
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copper hemp core conductor has been used. The, 
aluminium conductors have a circular mill capacity, | 
equivalent to 250,000 c.m. of copper. The capacity 
of the copper hemp core conductor is 345,000 c.m. 
Each circuit can be divided into six isolated sections. 
Communication between Moccasin Creek power- | 
house and the receiving point, is maintained by | 
carrier current over the transmission lines. Normally, 
the transmission lines will be operated in parallel, | 
with a line loss of about 8 per cent. If either line is | 
out of commission, the capacity of the other is | 


sufficient to take the whole load. | 


(T'o be continued.). 
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(Quebec). This installation was remarkable for 
being the first in which the several operations of 


|excavating, pulping and spreading the peat were 


combined in one self-contained machine, operating 
under its own power and travelling over the surface 
of the bog supported on chain tracks. The exca- 
vator of the chain-and-bucket type, the conveyor for 


| delivering the excavated peat to the macerator, 


which was of the Anrep type of the largest size, 
and devices for spreading the pulped peat and 
cutting it into blocks, were all driven by a 36-h.p. 
petrol engine. 

After very considerable expenditure of capital 


| the project had to be abandoned for several reasons, 
| among which may be mentioned the small capacity 
| of the machine, unsatisfactory method of excava- 





THE COMMERCIAL UTILISATION 


OF PEAT. 


Ong of the results of the world war was a shortage | 
of coal, which led to high prices for fuel of all kinds— | 
a condition which bids fair to be of indefinite dura- 
tion. As a result of this and of disputes in the | 
mining industry, public interest has been increased | 
in possible alternative fuels and, where conditions | 
appear to be favourable, the question of whether peat | 
could not be developed commercially on a large and | 
profitable basis is attracting renewed attention. 

On the Continent a good deal was actually | 
achieved during the war in efforts to develop home | 
production of fuel when foreign supplies—especially 
British coal—were interrupted. Thus Russia pro- | 
duced about 10 million tons of peat fuel in 1918, and | 
Germany 3 millions, whilst Holland has been pro- | 
ducing a steady million tons for a number of years. | 
When the shortage of fuel was felt in Canada in | 


1917, especially in the provinces of Quebec and | 


Ontario, the isolated position of the central portion | 
of Canada as regards fuel supply became manifest, | 
and it was realised that some action must be taken. | 
The peat areas of Canada cover some 37,000 sq. miles. | 
and are estimated to contain about 35,000 million | 
tons of fuel, being only exceeded by those of Russia | 
(65,000 sq. miles) and Finland (38,000 sq. miles). 
In view of these resources, in 1918 an investigation | 
into the possibilities of the practical utilisation of 
Canadian peat was instituted by a Joint Peat 
Committee, financed equally by the Canadian 
Federal Government and the Government of | 
Ontario. The resulting inquiry has been probably 
the most important and thorough investigation ever 
made. Several hundred thousand dollars have been | 


tion, the limited depth which could be excavated, 
the necessity for frequent moves from one part of 
the field to another, and the arrangement of the 
spread peat on the drying area in long narrow 
strips divided by ditches, which rendered harvesting 
operations expensive. 

In 1906, following on a petition presented to the 
Canadian Minister of the Interior, an engineer on 
the staff of the Mines Branch, Mr. E. Nystrom, was 
appointed to investigate the peat industry in 
Europe, his report being published in the following 
year. This investigation showed that the only 
method which had been successfully employed in 
Europe for the production of fuel from peat was 
the air-drying method, resulting in what is known 
as air-dried machine peat. Following this. the 
Director of Mines, Dr. Eugene Haanel, inaugurated 
a general policy to promote the development of the 
peat industry in Canada. This included the erection 
of a small plant to demonstrate the machines and 
methods which at that time had obtained the best 
results in Europe ; further, the establishment of a 
fuel-testing station at Ottawa and a survey of the 
more readily accessible peat bogs were undertaken. 
As a result, an Anrep peat machine with conveyor 


jand a Jakobsen field press were imported and 


installed at the Alfred bog, after a portion of this 
had been cleared, drained, and the necessary 
buildings erected. Power was supplied by a 35-h.p. 
steam engine. While the Anrep macerator of the 
older pattern, still employed extensively in Russia 
and elsewhere, had two parallel rotating shafts fitted 
with helical knife blades, the macerator supplied in 
1910 consists essentially of a cylinder of two 
different diameters connected by a conical part. 


expended in practical experimental and development A shaft running through the cylinder is provided 
work, The final report of the Peat Committee, | with double knives which revolved against fixed 
recently published by the Mines Branch, Department | {nives set in the casing. The shaft in the conical 
of Mines, Canada, jointly with the Department of | part of the casing is fitted with a screw acting as a 
Mines, Ontario, entitled ‘‘ Peat: Its Manufacture | conveyor; this forces the partly macerated peat 
and Uses,” forms an exhaustive treatise on the| into the smaller part of the cylinder, where it is 
entire subject. subjected to the action of another set of revolving 
From the outset, and bearing in mind the pre-and fixed knives. The peat falls in this machine 
vailing conditions in Canada such as high wages, it | from the hopper (which is made narrower at the 
was the conviction of the Committee, when studying | top and widens out below to prevent the peat from 
methods already employed in other countries, that | forming an arch) on to the rotating knives, which 
the air-dried machine-peat process was the only | are provided with bill-shaped points, during their 
one which could offer reasonable hope of successful | upward motion. These bills tear up the peat and 
application. The development of labour-saving | throw it to the other side of the cylinder, where it is 
mechanical appliances was accepted as an essential | again caught and cut against the fixed knives. 
preliminary, and the justice of this was afterwards | The speed of rotation of the shaft is 260 r.p.m. 
confirmed by the findings of the British Fuel| Manufacture of fuel with this plant was carried 
Research Board and other investigators in Europe. | on for about two months in 1910 and throughout 
An examination of 83 Canadian bogs showed that | the summer of 1911 (93 working days), a total 
over 80 per cent. of the workable peat has calorific | output of about 3,000 tons being obtained, and 
values between 8,000 and 9,500 B.Th.U. for abso- | some 1,600 tons being distributed for domestic 
lutely dry peat. It should be noted in this con- | use at a nominal price for trial. Excavation at 
nection that for power purposes peat containing | this plant was done by hand. In the autumn of 
25 per cent. to 30 per cent. moisture is usually 1911 the working of this plant by the Government 
produced, and hence all effect've heating values are | was discontinued, and Mr. J. M. Shuttleworth, of 
calculated on this moisture content. Brentford, undertook to install, at Alfred, a plant 
In Canada, attempts to develop the peat industry | employing a mechanical excavator, and substituting 
with the aid of machinery date back to 1904 or an aerial cableway conveyor for the dumping cars 
thereabouts, when Messrs. E. V. and D. H. Moore | used hitherto, as well as introducing other improve- 
commenced the production of air-dried machine- | ments with the object of reducing labour costs. 
peat experimentally at the Victoria Road bog. | The Jakobsen field press was replaced by a 
Some few hundred tons resulted from their opera- | spreading device designed by Mr. E. V. Moore, who 
tions. It was of excellent quality, but financially | also designed an aerial cableway by means of 
the venture was not successful owing to uneconomical | which the buckets carrying the peat pulp were 
methods and machinery being used. | automatically dumped on arrival at the spreader. 


About six years later the International Peat This installation, as will be realised, embodied very 


Engineering Company, Limited, undertook the | promising features, but did not reach the stage 
manufacture of air-dried machine-peat at Farnham |of commercial production owing mainly to the 
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| withdrawal of Mr. Shuttleworth to England, and it 
was not until 1914 that financial arrangements 
making active operations possible were completed. 
Although the plant was operated for a portion 
of the season, it was permanently closed down by 
the outbreak of war in August, 1914. No further 
steps of importance were taken until the appoint- 
ment of the 1918 Committee. 

The Canadian Joint Peat Committee, as a result 
of an exhaustive survey of all methods and processes 
devised and tried out, were similarly convinced 
that the air-dried machine-peat process was the 
only one that could be employed commercially. As 
already mentioned, experimental work on a com- 
paratively small scale had been carried out in 
1910-11 by the Department of Mines, and it was 
realised from the experience thus gained that no 
process for manufacturing a fuel-from a low-grade 
substance such as peat could be carried out profit- 
ably if the cost of labour was a predominant factor. 
It was recommended, therefore, that every possible 
labour-saving device should be introduced, so as to 
make production as far as possible independent of 
labour conditions. In the interim between 1911 and 
1918 the cost of labour had increased enormously, 
which made this consideration of greater import- 
ance than ever. 

Three large plants were built and operated by 
the Committee, and a fourth smaller plant, with a 
capacity of about 15 tons to 20 tons of peat fuel 
per day was designed, constructed and operated, for 
a short period. The last-mentioned, it was thought, 
would prove valuable for working the shallow parts 
of a bog where the large machines could not be ope- 
rated to advantage, and also for the use of farmers, 
small communities, &c., on small bogs. During 
the five years of investigation the following plants 
were used: No. 1, Anrep plant; No. 2, Moore 
plant; No. 3, small three-man peat machine ; 
No. 4, combination Anrep-Moore piant. 

After thoroughly testing the first two plants for 
an entire season, the best features of the two plants 
were combined and incorporated in a new plant— 
No. 4. Thus, whilst the Anrep excavator was 
found to be far superior to the Moore, the latter’s 
conveying and spreading system was far superior 
to the Anrep. The principal object kept in view 
in designing Plant No. 4 was to eliminate labour as 
far as possible in excavating, and the development 
of a conveying and spreading system which could 
perform the operations of transporting, spreading, 
and cutting the pulped peat on the drying field 
automatically. The plant was enlarged to a capacity 
of 10,000 tons of saleable fuel for the season of 
1,000 hours. The portable belt conveyor was the 
largest ever constructed for use on surfaces, such as 
are met with on bogs. The plant capacity was 
increased by replacing the Anrep macerator with 
a swing-hammer shredder—an innovation in the 
peat industry. It was found that this type of 
machine was much superior to any other kind 
previously tried for macerating and shredding peat. 
Both the density and the quality of the fuel pro- 
duced were materially increased by the use of this 
machine. A swing hammer shredder had given very 
good results in pulping kelp on the Pacific Coast 
in the United States, and the Committee therefore 
obtained the loan of a Type A shredder from the 
Jeffrey Manufacturing Company, of Columbus, Ohio. 
This proved so satisfactory that it was purchased 
and installed in the combination plant (No. 4). 

The shredder consists of a spiral casing with 
hopper and striking plate and series of bars set 
parallel with the axis. Hammers swinging freely 
on pivots are mounted on a drum which rotates 
at about 1,200 r.p.m. The peat which is fed 
through the hopper is reduced to a homogencous 
pulp by the impact of the hammers against the 
striking plate. The material which has _ been 
thoroughly pulped, passes through the opening 
between the bars, whilst that which has not been 
completely pulped, remains on top of the bars, 
and is carried back by the hammers against the 
striking plate, and thus receives further treat- 
ment. 

This pulping or maceration, as it is sometimes 
called, of the raw peat is the most important 
operation in the entire process of manufacture of 
air-dried machine-peat fue}, for on the thoroughness 
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with which it is carried out, depends largely the | this type of spreader is that the bottom surface of 


firmness, density and water-shedding properties 
of the finished fuel. The fibres, pieces of wood, 


| 


the peat layer follows any irregularities of the 
ground on which it is laid and, consequently, the 


&c., are ground small, and the peat composing the | thickness may vary considerably, leading to unequal 
different layers of the bog is thoroughly intermixed | drying and producing fuel blocks of irregular size. 


with the colloidal substance of the peat. By this 
means a cohesive homogeneous product is obtained 
which resists disintegration by handling, and which 
does not reabsorb moisture—wherein it differs from 
cut peat, which is thus subject to serious setbacks 
by every rainfall. This waterproofing of the peat 
blocks is only obtained by pulping—the more 
thoroughly the peat is pulped the more effective 
will it be. It is due to askin formed on the outside 
of the block by the colloidal substance. 

In the course of the investigation, many pro- 
blems of design had to be dealt with in connection 
with caterpillars, excavators, spreaders and power. 
Serious difficulties arose in the transportation of 
heavy-working machines over the surface of the 
bog; such, for example, as the yielding surface, 
soft spots and depressions resulting from the des- 
truction of the mat of vegetation by fire or other 
causes. Previously, machines had been carried on 
tracks laid on timbers ; but the labour involved in 
constantly laying new track and removing it when 
passed over was a source of constant expense and 
delay. Caterpillar traction had already been used 
successfully for ditching machines, and it had been 
employed to move the spreader used at Alfred in 
1912. As a result of this experience a type of 
chain track was adopted in which small rollers were 
built into the joints of the chain, and the weight 
was then transferred to the ties through runners 
sliding over the rollers. But towards the end 
of the experimental work it was ascertained that a 
superior type of caterpillar was being manufactured 
in the United States, which gave satisfactory 
results on surfaces similar to those which would 
be encountered in working Canadian peat bogs. 
On investigation the conclusion was reached that 
the employment of caterpillars for the transportation 
of heavy machines over peat bogs offered an un- 
doubted solution of the problem, 


| 
| 





The type which was finally adopted at Alfred is one 
in which the peat is dumped into a closed box and, 
by means of spirals revolving inside, is forced 
through an opening at the rear of the box and close 
to the ground, where the pulp issues in a layer of the 
required uniform thickness, being deposited gently 
on the ground without any pressure other than that 
due to gravity. The spreader box was carried on 
light caterpillar elements, which were driven from 
a shaft by means of a chain belt and sprockets, 
motive power for operating being supplied from the 
main plant through a shaft mounted on the bridge- 
work of the conveyor to which the spreader was 
attached. In the combination plant No. 4, the 
same type of spreader was used, but independently 
operated, power was supplied by a petrol engine 
mounted on the machine. The cutting discs were 
also modified on this plant : instead of being made of 
thin metal plates, the discs were tapered from 1 in. 
thickness at the centre to ¥ in. on the edge and had 
a diameter of 16 in., the cross-cutting knives being 
also tapered. In the final design for the new plant 
recommended by the Committee the spreader is to 
be operated electrically through transmission wires 
strung on the belt conveyor framework, from which 
flexible leads will be taken. This will reduce the 
weight considerably. 

Harvesting, or gathering up the dried peat, and 
transporting it to the storage or loading point, is one of 
the most expensive operations involved, and the gains 
obtained by using more efficient machines for the 
preceding stages of the process may easily be offset 
by inefficient and costly methods of handling the 
finished product. No machine has yet been devised 
which can carry out this operation, nor does it seem 
probable that manual labour will ever be more than 
partiallyreplaced. A form of conveyor is apparently 
the best solution, such as the Committee designed in 


which need not] 1920 and improved in 1921. This consisted essen- 


longer present any serious difficulty, inasmuch as | tially of a steel trough about 55 ft. long 30 in. wide 


equipment specially adapted for the purpose was 
obtainable on the open market. 

In the mechanical excavation of peat two factors 
have to be considered at the outset ; these are the 
presence of roots embedded in the peat mass 
and the necessity of limiting as far as possible the 
weight of the excavating machine which must be 
supported on the yielding bog surface. Standard 
excavating machines are too heavy, and would not 
give a uniform mixture of the different layers of 
the bog, and, further, the churning of the shovel 
tends to mix the peat with the water so that a large 
part is wasted. In the excavator designed by the Com- 
mittee, cutting hoops form a novel feature, and this, 
combined with the Anrep principle of supporting and 
operating it, is largely responsible for its success. 
lhe hoops are spaced closely together, with the 
result that no large roots can be taken up, and, 
as the knives move rapidly, only a small bite can 
be taken by any one knife; the knives are very 
strongly made, being cut from boiler plate and 
bent to shape. The bucket chains are fixed in 
guides so that they must develop a smooth and 
regular face. In the original Anrep excavator 
large and heavy buckets were simply hung between 
chains, which were unsupported between the head 
and tail chain wheels. The result was that when 
an obstacle was encountered, such as a large root, 
the buckets dug in deep and stopped. 

_After pulping or macerating, the peat may be 
either conveyed direct to the drying ground and 
spread on the ground in a layer, which is afterwards 
cut up into blocks, or it may, as is most common in 
European plants, first be moulded before being set 
out to dry. The former method was selected by the 
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by 6 in. deep, with one end turned up high enough 
to be well over the top of the harvesting cars. This 
trough was supported about 8 in. above the bog 
surface on two small caterpillar elements, one at 
each end, and a pair of rollers in the centre, and 
contained a double chain and flight conveyor, by 
which fuel forked into the trough was carried along 
and raised so as to discharge direct into the cars. 
The peat is picked up with forks and fed into the 
conveyor, which thus materially reduces the amount 
of labour otherwise necessary in bringing it to and 
lifting it up into the cars. 

The Committee concludes that the only methods 
or processes which can be economically employed 
for the winning of peat are those employing 
air drying. Climatic conditions in Ontario and 
Quebec (the acute fuel area) are favourable to this on 
account of the moderate rainfall, long summer days 
and comparatively high temperatures. Manufacture 
can be carried on for 100 days—from early in 
May to the latter part of August—and two complete 
spreadings of the drying area can be obtained in 
each season. 

The use of the caterpillar track is far more effective 
for supporting heavy machinery on the bog surface 
than methods previously used, while a swing 
hammer pulveriser is more efficient and satisfactory 
than the conventional types of macerators heretofore 
employed. Labour costs with the combined Anrep- 
Moore plant designed by the Peat Committee were 
reduced to a minimum in relation to the capacity 
and output of the machine. 

The peat fuel produced at Alfred was of good 
quality and suitable for domestic, industrial and 
other purposes. Owing to the high cost of trans- 


Committee as appearing the more suitable for use| portation the limit to which the material can be 
on Canadian bogs. The peat pulp-spreading devices | shipped to advantage under present freight tariffs 


usually employed in Europe consist essentially of a jis put at about 100 miles. 


Peat is also an 


bottomless box with some means for distributing the | admirable fuel for use in producer-gas plants of the 


peat evenly across its width 
the surface of the bog. 


and for moving it along | non-by-product or by-product recovery types, and 
The movement of the box | is also suitable for steam raising when the cost is low 


levels the spread to the required depth, and it is | enough to permit it to be used in competition with 
then cut either mechanically or by hand, length and | coal. The commercial production of peat on a large 
‘rosswise with discs and knives. The obiection to! scale can be conducted on many Canadian bogs. 





501 


Concurrently with the researches of the Canadian 
Committee, approval was given by the United 
States Congress for an investigation to be held into 
the commercial and economical practicability of 
utilising lignite coals and peat for the production of 
fuel oil, gasoline substitutes, ammonia, tar, solid 
fuels, gas for power and other purposes. 

The funds allocated were applied first to the 
investigation of lignite as being of prior importance, 
and only a comparatively small sum remained 
available for the work on peat. It was therefore 
decided by the United States Bureau of Mines, to 
whom the work was entrusted, that a programme 
should be followed which did not involve exhaustive 
laboratory studies and extensive field experiments, 
as these would have been much too costly under the 
circumstances. The investigation included a brief 
laboratory study of peat to determine, if possible, 
some controlling factors in the preparation of satis- 
factory fuel, char and by-products, and to ascertain 
the prospects of developing uses for peat which might 
give it a higher commercial value than it possessed 
as an industrial fuel. Further, it was necessary to 
determine the commercial value of peat and its 
products in relation to those of similar products 
from other sources. 

The results of this investigation have been recently 
published in U.S. Bureau of Mines, Bulletin No. 253 
(Washington, 35 cents), entitled ‘“‘ Possibilities for 
the Commercial Utilisation of Peat,’ which deals 
with the subject very thoroughly. It may at once 
be observed that the conclusions arrived at are In 
consonance with the findings of the Canadian Report 
on all essential points covered by both inquiries. 

In dealing with the economical production and 
use of peat in the United States it has to be borne 
in mind thatin that country other fuels of equal, or 
better, calorific value are for the most part available 
in large quantities : lignite and wood may be cited 
in the first group, and coal and oil in the second. 
The United States peat resources have been esti- 
mated at 13,827 million tons, about half of which are 
situated in the spruce, cedar and tamarack swamp 
of Minnesota, where both lignite and wood are 
obtainable at competitively low prices. In other 





peat areas, coal and oil are comparatively cheap 
owing to water transport. In the case of Florida, 
where deposits exist, the climate is warm, and there is 
little demand for fuel, while the bogs are at such a 
low level that the removal of the peat would result 
in the formation of permanent lakes. In many cases 
the removal of the peat would be undesirable, as it 
would permanently destroy the land for agriculture, 
even if the peat could be profitably extracted. 

As regards the carbonisation of peat, the chief 
factor is to find good markets for the by-products. 
At the present time these products only command 
low prices in the United States, so that the prospects 
for the profitable carbonisation of peat in that 
country are in general not considered promising. 
Further, peat is not a satisfactory fuel for the 
manufacture of town gas under prevailing conditions. 





Cetire: AN ApMIxTURE FoR ConcrEeTE.—The effect 
of finely-divided, inert siliceous material (diatomaceous 
silica) in promoting what may be termed workability 
in concrete has been known for some time. A grade of 
diatomaceous silica called ‘‘ Celite,” which is composed 
of practically pure amorphous silica, is being used on 
a large scale in the United States, as an admixture for 
concrete. The material is obtained from deposits of 
high purity, and the milling and manufacturing opera- 
tions are carefully controlled. Celite is supplied in the 
form of a light-weight powder in an extremely finely- 
divided state. It is added to the other dry materials 
in the concrete mixer, in _—— which vary according 
to the composition of the concrete, and the mix is 
handled in the usual manner. The amount of the product 
added, however, constitute only a small proportion of 
the entire mixture. In a 1: 2:4 concrete mixture, for 
instance, the percentage of Celite added, by weight of 
the cement, is from 2 to 4 per cent. It is claimed that 
the presence of the material in the concrete, not only 
improves the workability of the mixture, but gives 
greater uniformity, strength, and water-tightness. It is 
stated, further, that these advantages can be secured 
with little or no extra cost, as the increased yield of 
finished concrete in place is, in practically all cases, 
sufficient to offset the cost of the Celite used. The 
material is marketed by the Celite Products Company, 
1320, South Hope-street, Los Angeles, California, U.S.A. 
A bulletin (No. 314), entitled “Celite: an Admixture 
for Concrete,” was recently issued by the firm; it may 





be obtained on application to the Company at the 
above address, 
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THE MOTOR EXHIBITION AT | 
OLYMPIA. 


Tue Ministry of Transport returns covering the | 
nine months ending August 31, 1926, show an) 
increase of 96,306 in the number of private-car | 
licences issued, This figure, taken by itself, suggests | 
that the private-car industry must have enjoyed a | 
period of decided prosperity in the past twelve | 
months, but information from other sources indi- | 
cates that this is by no means true of all the firms 
concerned. The balance sheet of more than one 
important company has revevled a net loss on the | 
year’s trading ; and the paucity of new cars to be 
seen on the road bearing the mark of certain of the | 
older-established firms can bear only one interpreta- 
tion. The number of firms who can claim to have 
had a really successful year is, in fact, comparatively 
small, but if due weight is given to the dislocation of 
business caused by the general strike and by the 
crisis in the mining industry, there is sufficient 
ground for believing that, given an amicable settle- 
ment of the coal dispute, the industry as a whole may 
look forward to a period of reasonable prosperity. | 
Apart from the increase in the number of cars for | 
the home market—it is estimated in some quarters 





“ENGINEERING” 


that there will be a million cars on the road by 1930— 
there are signs that British motor vehicles are being 
viewed with increasing favour abroad, giving ground 
for a belief that the export trade will reach important 
dimensions in the course of the next few years. 

We have frequently expressed the opinion that 
the majority of home makers market too many 
designs, and it is noticeable from the preliminary 
lists of exhibitors at the Motor Show, which opened 
at Olympia this morning, that this tendency is still 
characteristic of British firms as a whole. Quite a 
number of firms market four different chassis, and 


there are examples of firms marketing five and even | 


six models. So long as competition was confined to 
the home market, the matter was not of outstanding 
importance, but if serious efforts are to be made to 
compete with American firms in overseas markets on 
a price basis, the only reasonable policy is concen- 
tration on one, or at most two, products. 

The number of new models at the Exhibition is 
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practice. The most marked feature of the show is 
undoubtedly the increase in the number of cars 
fitted with six-cylinder engines. At least 25 
entirely new models with such engines are being 
exhibited, the majority being of medium size and 
selling at a moderate price. There are several new 
examples of sleeve-valve engines in addition to the 
Daimler already referred to, and it would appear 
that this type of valveis being viewed with increasing 
favour. Until comparatively recently, the advan- 
tages of sleeve valves were offset by their relatively 
high weight, which limited their application to 
engines with a very moderate maximum rate of 
revolution. The introduction of the steel sleeve. 
however, has rendered it practicable to design for 
speeds up to 3,000 r.p.m., or even more. It is 
therefore not difficult to foresee that this type of 
valve, in view of its known advantages, will hecome 
a much more serious competitor of the poppet valve 
than it has been in the past. Both the single-sleeve 
operated on the Burt and McCollum principle, and 
the double-sleeve Knight valve, have proved entirely 
| satisfactory in practice, and examples of both types 
are on view at the exhibition. 

Before dealing with any of the actual models 
| exhibited, a brief reference to the relative popularity 
| of some of the more important components will not 
be out of place. We stated in our account of the 
| exhibition last year that 85 per cent. of the cars on 














about the same as last year, but there are rather the market had engines with detachable heads, and 
fewer departures from conventional design. A car | this year the figure has risen to 91 per cent. There 
with a double-six sleeve-valve engine, shown by|are now more overhead than side-by-side valve 


Messrs. Daimler, is perhaps the most striking develop- lengines; the actual figures for the three most 


ment ; but as this car is essentially in the luxury | important forms of valve gear being, overhead 
class, the design is hardly likely to react on general | 49 per cent., side-by-side 42 per cent., and sleeve 
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valves 8 per cent. Four-wheel brakes are now 
fitted to 88 per cent. of the cars marketed, as against 
80 per cent. last year. As regards the transmission 
units, 60 per cent. of the cars have four-speed gear 
boxes, the number fitted with Hotchkiss suspension 
is about the same as that of those fitted with some 
form of torque-reaction member, and nearly 90 per 
cent. of the cars are fitted with spiral bevel final 
drive. Of the remainder, 8 per cent utilize the 
worm drive. 

A typical example of a new six-cylinder British 
car selling at a moderate price is given by the 
18-50 h.p. model made by Messrs. Bean Cars, 
Limited, of Dudley. A controlling interest in the 
firm, the successors of Harper Sons and Bean, 
Ltd., has been acquired by Messrs. Hadfields, 
Limited, and it may reasonably be anticipated that 
a car of somewhat exceptional qualities will result 
from a combination of the resources of these two 
firms. The new car is illustrated in Figs. 1 to 12, 
Plate XXX and in Figs. 13 to 16 opposite, and it 
will at once be clear from these drawings that the 
design is very similar to that of the “‘ Bean 14,” 
which will continue in production, both in its 
existing form, and as a short-wheelbase model. In 
addition, as there has been a steady demand for the 
‘Bean 12” throughout the past year, this car will 
also be marketed, making four touring models 
in all. 

As the Bean works at Dudley are laid out on 
continuous-flow lines for the production of the 
12 and 14 h.p. cars, the new six-cylinder engine, 
shown in section in Figs. 1 and 2, is being made by 
Messrs. Henry Meadows, Limited, of Wolverhamp- 
ton. It is not always realised that torsional vibra- 
tions in a six-cylinder engine may be fully as objec- 
tionable as those caused by the unbalanced forces 
in a four-cylinder engine. The trouble may be 
overcome by fitting a vibration damper, but it 
may also be reduced to negligible proportions by 
stiffening up the crankshaft. As will be clear from 
Figs. 1 and 2, the latter alternative has been adopted 
in the Bean engine. The shaft is carried on four 
bearings, and has very stiff webs in addition to 
large diameter main and big-end bearings. The 
cylinders form a monobloc casting with a detach- 
able head, and are separate from the upper half 
of the crank-case, as shown in Fig. 2. Both 
halves of the crank-case are of aluminium alloy. 
The cylinder bore is 69 mm. and the stroke of 
the pistons 120 mm., giving a capacity of 2,692 
ec. The R.A.C. rating is thus 17-9 h.p. but 
the actual output of the engine is given by the 
curve reproduced in Fig. 16. It will be seen from 
this that the engine develops 50 brake horse-power 
at 3,000 r.p.m. As shown in Figs. 1 and 2, the valves 
are vertical, and are arranged along the centre line 
of the engine. They are operated by totally-enclosed 
hollow push rods, which are spring loaded at their 
lower end. The rocker shafts are in three groups, 
carried on standards bolted to the cylinder head. 
The whole head, complete with valves and gear, 
can be removed without disturbing the timing. 
Tappet adjustment is effected by screwing the ball- 
ended stud, which bears on the push rod, through 
the end of the rocker arm. The arrangement will be 
clear from Fig. 2, from which it will be seen that the 
adjustment is in a particularly accessible position. 
The whole of the valve gear is enclosed in an oil- 
tight aluminium cover. 

The magneto is mounted on a bracket bolted to 
the rear of the timing cover on the off side, as shown 
in Fig. 1, the corresponding position on the near 
side of the engine being occupied by the dynamo. 
The latter is driven through a cushion drive. Both 
units are driven by silent chains, which can be 
adjusted for tension. This is effected in the case 
of the magneto by rotating its supporting bracket 
on an eccentric housing, and in that of the dynamo 
by swinging the bracket over on the bottom bolt, 
the upper bolt holes being slotted for this purpose. 
The water pump is driven from an extension of the 
magneto shaft, which is carried through the front 
of the timing case, as shown in Fig. 1. The fan 
is driven by a belt from a corresponding extension 
of the dynamo drive. The fan spindle is mounted 
on ball bearings, which are totally enclosed and 
packed with grease, and the tension of the belt can 
be adjusted in the usual way by rotating the 





eccentrically-mounted ball-race housing. On the 
14-h.p. Bean the water-pump gland was somewhat 
difficult to pack, and this point has received careful 
attention on the new model. Referring to Fig. 1, 
it will be noticed that the pump spindle is driven 
from the magneto drive shaft through a dog. By 
removing the cap which holds the pump in place. 
and breaking the water joints, the pump can be 
lifted completely away, and the gland repacked on 
the bench. The gland may also be repacked in 
position without any great difficulty. While deal- 
ing with the water circulation, it may be mentioned 
that the water is conveyed to the head through 
separate aluminium castings bolted on the outside 
of the cylinder. These are shown on the right 
in Fig. 2, and the arrangement should facilitate 
the operation of making a tight joint between the 
head and upper face of the cylinders. 

The oil pump in the crank case is of the gear type, 
and is driven through skew gearing from the cam- 
shaft, the vertical transmission shaft being shown 
in full lines in Fig. 1 and dotted in Fig. 2. 
The oil is drawninto the pump through the hori- 
zontal filter, shown in the sump in the latter view. 
This filter can be removed for cleaning through an 
opening provided in the side of the sump. There 
is a second filter on the pressure side, in an accessible 
position at the top of the crank-case, as shown on 
the right in the same figure. After passing through 
this filter, the oil is fed under pressure to the main 
and camshaft bearings. The oil supply to the big- 
end bearings is through holes drilled in the crank- 
shaft in the usual way. A branch from the main 
oil supply is carried to the valve gear, oil being 
fed through suitable passages to all the bearings. 
and finally draining back to the crank-case down 
the passage surrounding the tappet rods. There 
is an adjustable automatic release valve in the oil 
system, through which the oil is by-passed back 
to the crank-case if the pressure rises excessively 
for any reason. In completing the description of 
the engine. it may be mentioned that an inspection 
cover is provided over the starter pinion, which 
facilitates the latter being freed in the unlikely 
event of its locking on the end of the shaft. The 
electric gear throughout is manufactured by 
Messrs. S. Smith and Sons (M.A.), Limited, with 
the exception of the magneto. which is made by the 
M.L. Magneto Syndicate, Limited. 

The clutch, shown in Fig. 1, is of the single- 
plate type with steel and fabric engagement, 
and runs dry. The method of adjusting the 
fingers will be clear from the illustration. The 
gear-box gives four forward speeds, the ratios being 
4-7, 7-75, 11-37 and 18-8 to 1. The reverse ratio 
is 24-15 to 1. The box itself only calls for brief 
comment. It will be observed from the drawing 
that the shafts are short and of large diameter, and 
that the main shaft is carried on double-row ball 
bearings. There is a positive lock for the gears in 
neutral, and a reverse stop is fitted. The spiral-gear 
speedometer drive is incorporated in the box, and 
can be seen in the illustration immediately behind 
the universal-joint housing on the left. The gate is 
arranged the opposite way round from that on the 
14 h.p. car, and it would appear preferable to have 
retained the earlier arrangement, as no doubt many 
purchasers of the new car will have previously 
owned a Bean. 

The universal joints at each end of the propeller 
shaft are of the sliding-block type, and the parts of 
the two joints are interchangeable. The rear axle is 
shown in Figs. 3 to 6, from which it will be seen that 
it is of the banjo type, and thus differs from the axle 
of the 14 h.p. car, which has a central transverse 
joint. The axle is also of the full-floating type, in 
contradistinction to the semi-floating type on the 
earlier car. Spiral-bevel wheels are employed for 
the main gears. The bevel-pinion shaft is mounted 
on two British Bock taper-roller bearings, spaced 
well apart. The rollers in these bearings are made 
from nickel-chrome steel. An oil-return spiral is 
cut on the bevel shaft to eliminate any possibility 
of leakage behind the universal joint. The depth 
to which the wheels mesh is adjustable by shims 
fitted under the flange of the bearing housing. The 
ball-and-thrust bearings, carrying the differential 
casing and crown wheel, are mounted in sleeves 
screwed into the casing, so that they can be adjusted 





either independently or together. They are locked 
by the plates shown in Figs. 3 and 6, the plates being 
readily accessible on removal of the back-axle cover. 
Special precautions are taken against oil which 
may work out of the end of the axle casing being 
thrown on to the brake drums. It will be noticed in 
Fig. 6 that any oil passing the felt pads enters a cone- 
shaped receptacle riveted to the inside of the wheel, 
from which it is flung out clear of the brakes. It is 
a matter of considerable difficulty in some makes of 
car to remove the brake drums for adjusting or 
cleaning the shoes, but in the case of the Bean this 
operation offers no difficulty. After removing the 
wheel, the drum may be taken off by withdrawing 
three countersunk screws, one of which is shown 
below the centre line in Fig. 6. The wheel studs 
pass through the brake drum and are anchored in 
the main hubs, as shown above the centre line in 
the same figure. As the brake gear on all cars is of 
necessity in a somewhat inaccessible position, its 
lubrication is frequently neglected, with the result 
that it gives trouble by sticking. This danger is 
reduced to a minimum in the car under review by 
making the camshafts as short as possible consonant 
with sufficient bearing surface. The ends of the 
shafts are splined, as shown in Fig. 6. The angle of 
the lever with respect to the cam can thus be 
adjusted within a few degrees. This form of fitting 
is adopted wherever possible throughout the car. 
As a final point regarding the axle, it may be 
mentioned that there is a low-level oil tell-tale, not 
shown in the figures ; the high level being indicated 
by overflow from the filler shown in Figs. 5 and 6. 

The front axle and brakes are shown in Figs. 7 
to 9. The axle is of H section in the centre, and of 
elliptical section at the two ends. In common 
with the other stampings throughout the car, it is 
made from Hadfield’s 40-ton steel. The swivel pins 
are of case-hardened mild steel, and are inclined 
so that the centre line approximately intersects the 
point of contact of the tyre with the road. Very 
full provision is made for excluding water and road 
dust. The front wheels are carried on a roller 
bearing at the back, and a ball bearing in front, 
the bearings being separated by a distance piece 
and locked in place by a nut on the end of the 
axle. The brake drums are identical with those 
of the rear axle. The front wheel brakes are of the 
Perrot-Servo type, and are operated by the foot 
pedal in conjunction with the rear-wheel brakes. 
It will be noticed in Fig. 6 that there is only one 
pair of brake shoes in each rear brake drum, so that 
there are only four brakes in all on the car. These 
are, however, of ample size for their purpose, and 
the resulting simplicity of the whole braking system 
has much to commend it. The rear brakes only are 
operated by the hand-brake lever, the arrangement 
of the link gear being shown in Figs. 14 and 15. 
When the foot brake is applied, the rear brake rods 
simply slide through slots in the levers connected 
to the hand brake. To avoid interference with the 
Perrot system only the brakes on the rear wheels 
are compensated. The compensating arm is held 
in position by rectangular pieces at the ends, and by 
turning the arm through 90 deg. these may be slipped 
through vertical slots in the levers and the arm 
removed. The brake rods are spring loaded to 
prevent rattle, and the whole system can be 
adjusted by three wing nuts, one on each of 
the front brake rods, and one common to all four 
brakes. 

The steering gear, of the worm and sector type, 
is shown in Figs. 10 to 12. The first figure shows a 
lock immediately under the steering wheel, but this 
is not being fitted in the latest models. The depth 
of engagement between the worm. and sector is 
adjustable. Referring to Fig. 11, it will be seen 
that the sector spindle is carried in a housing which 
is spigoted into the worm box, and as the spigot 
is eccentric with the spindle to the extent of 12 
thousandths of an inch, rotation of the housing 
varies the depth of engagement. To permit of 
this rotation being made, additional holes are pro- 
vided in the housing flange. The sector spindle is 
located longitudinally by shims under the inner 
flange, backlash being taken up by tightening the 
end pin shown in the figure against a thrust washer 
faced on the inner side with white metal. The 
steering column is carried in a plain foot bearing, 
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with a double-row ball bearing above the worm. 
The wheel is of bronze and the worm of steel. The 
control levers are held in any required position by 
friction on the split conical sleeves shown in Fig. 10. 
There are no quadrants to indicate the precise 
position of the controls, and although this is now 
standard practice on the majority of cars, it is 
none the less to be regretted. 

The springs are semi-elliptic front and rear, and 
are made from Hadfield’s silico-manganese steel. 
All shackles are canted backwards to give better 
riding, the pins being {-in. in diameter with bronze- 
bushed spring eyes. The engine is mounted on 
fibre pads, and the radiator on flexible brackets 
with rubber-insertion pads. The car has a wheel- 
base of 10 ft. 2 in., a track of 4 ft. 8 in., and a 
ground clearance of 9} in. It is fitted with either 
31 in. by 2-25 in., or 33 in. by 6 in. Dunlop 
balloon cord tyres, according to the type of body, 
and has pressed-steel artillery wheels. The dash is 
of wood to eliminate drumming, and lubrication of 
the chassis is by grease gun throughout. The 
chassis complete weighs 20 cwt. 

We have previously expressed the opinion that 
automobile designers are unduly handicapped by 
the conservatism of the motoring public. The 
latter have come to regard certain conventional 
layouts as standard practice, and are apt to look 
askance at any marked departure from the normal. 
On this account, it is fairly certain that any uncon- 
ventional design that does make good possesses 
quite exceptional merit, and this is borne out by 
one or two recent examples, of which the Trojan car, 
manufactured by Leyland Motors, Limited, Kings- 
ton-upon-Thames, to the designs of Mr. L. H. Houns- 
field, may be taken as typical. As this car has now 
been on the market for several years, its superficial 
characteristics are now well known to the public. 
Objection has been taken to the Trojan on the 
grounds that it was not a “light car,” that is, the 
cylinder capacity of the engine was over 1,500 c.c., but 
this difficulty has been overcome in the new model 
exhibited at the Show by reducing the capacity 
from 1,527 to 1,488 c.c. To compensate for the loss 
of power that would normally have resulted from 
this change in dimensions, the compression ratio 
has been slightly increased, and other changes 
made to which we shall refer later, with the result 
that the modified engine has actually a higher power 
output than its predecessor. 

In Figs. 17 to 30, on this and the opposite 
pages and on page 506, we reproduce various 
drawings of the engine and chassis, Some of 
these illustrate parts which have not undergone 
any modification for the new model, but their 
inclusion is necessary to facilitate the description. 
Before describing the construction in detail, a 
brief reference to the special features of the car 
will not be out of place. As shown in the assembly 
drawing, Fig. 17, the engine—a four-cylinder water- 
cooled two-stroke—is mounted centrally in the 
chassis, with the crank axis athwart the frame. 
The gear box, giving two forward speeds and 
reverse, is of the epicyclic type, and is mounted 
with the primary shaft in line with the engine crank- 
shaft. There is a spur-wheel reduction gear imme- 
diately behind the gear box, and the final drive 
is by a duplex roller chain to the offside rear wheel. 
There is no differential, and the drive is trans- 
mitted to the nearside rear wheel direct through the 
axle. The springs, of the double-cantilever type, 
are of quite exceptional length, and are so eflicient 
that about 80 per cent. of the delivery vans sold 
are fitted with solid tyres. The latter are also 
satisfactory for touring cars, but the public show a 
preference for pneumatic tyres which are fitted to 
about 60 per cent. of the cars. Two independent 
brakes are provided, one acting on the transmission 
and the other on the rear axle. The engine is fitted 
with a mechanical starter, operated by a hand lever 
from the driver’s seat. Only one chassis is made, 
three alternative bodies being available. These 
consist of a two or three-door four-seater touring 
body, and a 7-cwt. van body. The standard two- 
door touring car with solid tyres sells at 125/., and 
apart from the fact that it is + se one of the cheapest 
cars on the market, the control arrangements render 
it one of the easiest to drive. Owing to its un- 
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particularly suitable for those owners who have no 
wish to be forced to acquire a knowledge of car con- 
struction on the road. 

The engine is shown in Figs. 19 to 22. It will be 
observed that the four cylinders are arranged in 
pairs to the left and right of a central vertical plane. 
The upper and lower pistons of each pair are 
mounted on a common V-shaped connecting rod, and 
as the cylinders communicate by an open port at the 
inner end, as shown in Fig. 19, it is not at first sight 
obvious why the two cylinders should be employed 
instead of a single one of larger dimensions. The 
arrangement adopted has, however, distinct advan- 
tages over a twin-cylinder, two-stroke engine, 
as will be apparent later. The carburettor is 
mounted well forward of the engine, as shown in 
Fig. 17, and is connected to the crank-case by the 
induction pipe shown in that figure, and thence by 
the central passage in the cylinder block, shown in 
Figs. 20 and 21. There is a separate crank chamber 
for each pair of cylinders. The transfer passages, 
shown in Figs. 21 and 22 on the side of the cylinder 
block, communicate with the upper cylinder only 
in each case, the charge for the lower cylinder being 
drawn through the communicating port already 
referred to. On the other hand, the exhausts ports 
are arranged entirely in the lower cylinders, as shown 
in the cross section, Fig. 21. There is only one 
sparking plug for each pair of cylinders, screwed into 
the upper cylinder. The advantages of the arrange- 
ment can be most readily understood by following 
out the cycle for one pair of cylinders. Assuming 
the crank to be on the inner dead centre, both pistons 
will be at the top of their stroke, and the spark 
occurring, the charge will be fired in the upper 
cylinder first, but that in the lower cylinder will be 
fired almost simultaneously by flame propagation 
through the port. Owing to the offset of the 
cylinders, the lower piston will lead on the outward 
stroke, as shown in Fig. 19. The exhaust port is, 
therefore, opened earlier in relation to the transfer 
port than would be the case in a single-piston 
engine, and the consequent early fall in pressure 
ensures that no gas will pass into the crank-case. 





usual simplicity, and to its solid tyres, the car is 








The exhaust from the upper cylinder, and the new 
charge to the lower, ofcourse pass through the 
connecting port. On the outer dead centre, the 
pistons again line up, but on the return stroke the 
lower piston again leads, and thus makes it possible 
to close the exhaust before the transfer port. As a 
result, the possibility of any of the new charge 
passing directly into the exhaust is reduced to a 
minimum. Other advantages resulting from the 
arrangement are that the movement of the gases 
through the communicating port ensures effective 
turbulence, and that since the quality of the charge 
in the upper cylinder is superior to that in the lower 
and the plug ignites the better mixture, misfiring at 
light throttle openings is much less likely to occur. 

Our space will only permit of a brief reference to 
some of the other interesting features of this engine. 
The flame-extinguisher gauzes are placed in the 
transfer passages, as shown in Fig. 22, and it will be 
evident that they can readily be removed for cleaning 
by taking off the outer cover. As the two connecting 
rods are formed in one piece, it will be evident that a 
certain mount of springing must occur, as the angle 
between them is not constant throughout the cycle. 
The actual pressure on the sides of the cylinders 
from this cause is only a few pounds, and as it is in 
the opposite direction to that due to the explosion 
pressure, it is an advantage rather than otherwise. 
No trouble has been experienced due to the rods 
becoming fatigued by the slight bending involved. 
The engine is lubricated on a modification of the 
petroil system. After passing with the petrol into 
one or other half of the crank-case, the oil falls into 
the sump and collects in the exhaust-heated 
chamber shown in Fig. 19, the spring in the centre of 
this chamber acting as a filter. Since the chamber 
is open to the crank-case, the rise in pressure in the 
latter during the inward stroke of the pistons will 
force out the oil into a passage, from which it is 
directed to a port in the side of one of the end main 
bearings. At about mid-stroke, a corresponding 
hole through the side of the journal registers with 
this port, and the oil is then forced into the 
hollow crank-shaft, whence it lubricates the 
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bearings. After this, the oil is thrown on to 
the cylinder walls and finally drains back to the 
sump. Part of the oil is by-passed along the sur- 
face of the end main bearing before reaching the 
hole in the journal, and this oil is returned, through 
the pipe shown in Fig. 22, and through the central 
main bearing, tothe sump. The other piston, big-end 
and main bearing are lubricated in the same way 
when the crank-shaft has rotated through 180 deg., 
the whole system being in duplicate. A special 
carburettor is fitted which has been developed to 
give good slow running and starting without inter- 
fering with its capacity to give rapid acceleration 
and ample power. The carburettor is of the 
main and compensator-jet type, with a slow-running 
device, and a particularly good feature is that there 
are no adjustments which can be altered by the 
driver, the danger of incorrect setting after cleaning 
thus being avoided. The mud and water trap is 
sufficiently large to entirely eliminate any risk of 
involuntary stoppages due to choking of the jets or 
passages. Before leaving the engine, it should be 
mentioned that the bore and stroke are 2} in. and 
4% in., respectively, giving a Treasury rating of 
10 h.p. The actual power output is 12 brake horse- 
power at 1,000 r.p.m. The re-designed engine is 
fitted with roller-bearing big end, as shown in Figs. 19 
and 22. 

Turning next to the transmission gear, the epi- 
cyclic gear box and the reduction gear to the chain 
wheel, are shown in plan in Fig. 24. In this view, the 
chain-wheel spindle is shown directly behind the 
main shaft, but actually it lies somewhat below the 
latter, the section of the box below the main shaft 
being taken at an angle for the sake of clearness. 
It will be observed from the figure that the planet 
wheels, which are provided with three sets of teeth, 
are carried in a drum which is driven through a 
spring coupling by the engine. The three separate 
sun wheels, with which the planet wheels are in 
permanent engagement, are mounted, reading from 
left to right, on the transmission shaft, on an 
extension of the bell-shaped drum shown on the 
right, and on an intermediate drum with a flat 
rim. Top gear is obtained by locking the latter and 
the bell-shaped drum together. This will prevent 
any relative motion between the two associated 
pinions, thus preventing any rotation of the planet 
wheels on their own axes. The whole box will, 
therefore revolve as one unit, giving a direct drive 
on top. The low and reverse gears are obtained by 
locking the bell-shaped or intermediate drums, 
respectively, the bands for this purpose being 
visible in the figure. It is not necessary to 
follow out the action in detail in these two cases, 
as it does not differ from that of other epicyclic 
gears. 

The method of locking the two drives to obtain 
the straight-through drive is, however, unusual, 
and justifies a more detailed reference. It will be 
noticed that the transmission shaft carries a sliding 
cone, which is moved by a trunnion lever operated 
through a ball race in the usual way. The inner 
ends of two levers, which are pivoted at the periphery 
of the bell-shaped drum, bear on the surface of this 
cone, and at their outer ends these two levers are 
coupled to two half brake-bands encircling the 
intermediate drum. The mechanism for sliding the 
cone along the shaft is shown in Fig. 23. In this 
view the vertical hand lever, which serves to con- 
tract the top, low speed, or reverse bands on their 
respective drums, is shown in the centre, with the 
clutch and brake pedals on the right. It should be 
explained, however, that there is no clutch in the 
ordinary sense, its place being taken by the cone 
already referred to, which can be moved by 
either the foot pedal or hand lever. The upper of 
the two inclined rods shown to the left of the hand 
lever, is connected at one end to the trunnion lever 
operating the cone, and at the other to the lower 
end of a rocking lever. The latter is pivoted at its 
centre to the goose-necked lever visible imme- 
diately behind it. Space does not permit of our 
going into the different movements of this mechan- 
ism in detail, as they are rather complicated, but 
it will be evident that by locking the goose-neck 


lever, the cone can be moved by depressing the | 


foot pedal, or, alternatively, the same result can be 
obtained by pushing the goose-neck lever in front 
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of the hand lever. Before leaving this figure it 
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but it should be mentioned that different wheels 


may be mentioned that the lever with the hooked | are shown on the two ends, that on the left being 
handle, shown on the left of the hand lever, is | for a 28-in. by 24-in. solid tyre, while that on the 


connected to the transmission brake visible on the 
right-hand end of the gear-box transmission shaft 
in Fig. 24. The foot-brake lever is connected to the 


right is for 710 mm. by 90 mm. pneumatic tyre. 
Both wheels are detachable. The car weighs 


| 123 cwt., and the petrol consumption is about 


rear-wheel brake shown in Figs. 29 and 30. The/1 gallon to 40 miles. The wheel base is 8 ft., the 
engine is started by the inclined lever visible in | track with solid tyres 4 ft. 0} in., and the ground 


front of the gear lever in Fig. 17. 


consists essentially of a large rachet wheel with 
four teeth, with a radius arm carrying a single 
pawl of substantial dimensions. The pawl is held | 
out of engagement with the wheel until the radius | 
arm is moved, and the levers are so proportioned | 
that, with a movement of the starting lever of 
60 deg., the radius arm is moved through an angle 
of approximately 120 deg. 

The steering gear is shown in Figs. 25 to 27, from 


which it will be seen that it is of the spur-wheel | * 


reduction type, the wheels being mounted in a| 
box at the base of the column. The front axle | 
is of the tubular type, and does not call for par- 
ticular mention. The rear axle is shown in 
Figs. 28 to 30. The drawings are self-explanatory, 





The starter} clearance 9 in, The maximum speed on top gear 
mechanism is shown in plan in Fig, 22. The starter | is about 30 m.p.h. 


(To be continued.) 








GoxLp Mines In CANADA AND THE UNITED STATES.— 
The Agent-General for the Ontario Government, Canada, 
163, Strand, London, W.C.2, informs us that an interest- 
ing comparison has been made between the Homestake 
Mine of Nevada, the greatest individual gold mine in the 
United States, and the Hollinger Consolidated, the 
leading gold mine in Ontario, Canada. During a period 
of over 50 years, the Homestake mine has produced gold 
o the value of 40,000,000/7., and has paid about 
10,000,0002. in dividends. During a period of 15 years, 
the Hollinger mine has produced gold to the value of 
21,000,000/. and has paid 7,000,000/. in dividends. The 
highest output of the Homestake mine was in 1917, 
when the year’s production was valued at about 
1,340,0007. Last year the Hollinger mine produced 


| over 3,000,000. worth of gold. 
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PYROMETERS FOR SURFACE- 
TEMPERATURE MEASUREMENTS. 
THE accurate determination of the temperature of 

a heated metal surface is a problem which presents 
considerable difficulties. Until recently, such tempera- 
tures could only be measured, with any reasonable 


degree of accuracy, by adopting elaborate methods, | 


which, although suitable for use in research and testing 
laboratories, could not be employed under industrial 
conditions for routine measurements. In certain 
industries, however, notably in connection with the 
finishing of textiles, in rubber and linoleum manufac- 
ture, and in paper making, where steam or gas-heated 
rollers are employed, it has been found that the quality 
of the product may be considerably affected by varia- 
tions in the temperature of the rollers, and a demand 
has arisen for an instrument which, by a simple applica- 
tion to the rotating roller, will almost instantaneously 
indicate its temperature with reasonable accuracy. 

As a result of systematic investigations into the 
problem, the Cambridge Instrument Company, Limited, 
45, Grosvenor-place, S.W.1, have recently devised and 
patented a new form of pyrometer which fulfils these 
conditions, and has been successfully employed on 
calendering bowls, paper-making rollers, vulcanizing- 
press platens, rubber-press rollers, and other similar 
machines. This pyrometer is made in two patterns, 
which are illustrated in the accompanying engravings. 
The principal features of these instruments will be 
best understood by first considering the chief difficulties 
involved in the measurement of surface temperatures. 
The main difficulty usually lies in the fact that, at the 
surface of a solid body, the physical conditions suddenly 
change, and, consequently, the temperature gradient is 
steep. A metal surface forms a boundary, on one side 
of which is a solid medium forming a good conductor 
of heat, while on the other side is air, which is a bad 
conductor. If an ordinary mercury thermometer is 
applied to the surface, the glass wall of the thermometer 
bulb prevents the mercury from coming into direct 
contact with the metal, and it is merely the air tem- 
perature at some distance from the surface which is 
measured, The area of the thermometer in contact 
with the metal is also small compared with the area 
exposed to the air, and, therefore, much of the heat 
received from the metal by conduction is lost. This 
latter source of inaccuracy is also present if a thermo- 














| couple of the ordinary “‘ poker’ type is applied to 
the hot surface, and there is the added disadvantage 
that the heat lost from the hot junction, by conduction 
along the wires of the thermocouple, is still more 
serious in amount. 

Although these disadvantages have long been realised, 
the majority of the temperature-measuring instruments 
| hitherto designed for taking surface temperatures have 
| been based upon one or the other of these two methods, 
certain precautions, such as the provision of large 
contact surfaces and heat-insulating packing, having 
been adopted to minimise the errors, Even with the best 
instruments of the types referred to, however, reason- 
able accuracy is only obtained at the expense of rapidity 
in reading, several minutes usually being required to 
obtain a steady reading after the instrument is applied 
to the hot surface. 

In the instruments described below, which are of the 
thermo-electric type, accuracy and rapidity of reading 
are secured by utilising a novel thermo-couple, in the 
form of a thin and comparatively wide strip of 
metal, 0-01 in. thick and 0-25 in. wide, which, when 
applied to the surface of a heated roller, takes up its 
temperature almost instantaneously. The thermo- 
couple consists of pieces of copper and constantan 
welded together end to end, and rolled out so as to 
form a flexible continuous strip with a smooth surface 
on both sides. The strip is supported, under spring 
tension, in a frame which forms a convenient handle. 
The hot junction is at the centre of the metal strip, 
and when the thermo-couple is allowed to rest lightly 
upon the heated roller of which the temperature is 
required, the strip conforms to the shape of the roller, 
so that a portion of the strip, approximately 4 in. long, 
extending on either side of the hot junction, is in 
intimate contact with the hot surface. The area of 
contact is thus made so large that the heat conducted 
away along the strip is fully supplied from the portion 
of strip in contact, without any heat being lost from 
the actual hot junction. Further, since the strip is so 
thin in comparison with its width, the area of radiation 
around the hot junction is practically equal to the area 
of contact, and the rate at which the heat is radiated 
from the thermo-couple, therefore, closely approximates 
to the rate at which it is radiated from the hot surface 
under test ; the thermo-couple thus practically forms a 
part of the actual hotsurface. The conditions obtain- 











Fig. 3. 


given by the “ poker” type of thermocouple when 
totally immersed in molten metal, and similar rapidity 
of response is secured. On a clean surface, it has been 
found that a steady reading can be obtained in from 
3 seconds to 5 seconds after the thermo-couple has been 
applied. Other advantages of the strip thermo-couple 
which may be mentioned are that, since the strip is of 
metal and does not require any heat-insulating packing 
behind it, there is no blanketing effect, so that its 
application does not form a hot spot on the roller, and 
that the thermo-couple may be applied to expensive and 
delicately-finished rollers, such as the knurled Schreiner 
bowls used in textile finishing, without any possibility 
of damage due to scratching. 

The strip thermo-couple was introduced by the 
Cambridge Instrument Company a few years ago, and 
numerous instruments of the pattern illustrated in 
Fig. 1 have been in successful operation in textile, 
rubber, paper and other factories. In this instrument, 
the strip is supported beneath a carriage which rests 
upon ebonite rollers, and the ends of the strip are con- 
nected by flexible leads to a portable indicator of the 
standard thermo-electric type, or to a wall-pattern 
indicator which can be mounted in any suitable 
position. Fig. 3 shows the pyrometer being used to 
measure the temperature of a hot calender roller in the 
rubber works of Messrs. Callender’s Cable and Con- 
struction Company, Limited, Leigh. In this instance, 
a portable indicator, shown on the left of the opera- 
tor, is used. When it is desired to have continuous 
measurements of the temperature, means are provided 
for holding the thermo-couple permanently in contact 
with the hot roller. When continuous measurements 
of the temperature of a number of different rollers are 
required, a thermo-couple on each roller is connected to 
a Cambridge multi-point indicator, fitted with a 
switch whereby any one of the thermo-couples can be 
connected in circuit at will. 

The thermo-couple just described, however, has the 
disadvantage that it is necessary to have two separate 
instruments connected by leads, which may become 
entangled in various objects, or may be accidentally 
cut uppby moving machinery; moreover, it may 
sometimes be necessary to employ two operators to 
obtain a sufficiently accurate reading. In the instru- 
ment illustrated in Fig. 2, however, this difficulty has 
been overcome, a small indicator being mounted on 


able in this way approximate very closely to those| the framework carrying the thermo-couple strip, so 
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that the complete outfit comprises a portable self- 
contained unit, which measures only 9 in. by 4 in. by 
3 in., and weighs 18 oz. This instrument, known as 
the Cambridge surface pyrometer, gives results of 
sufficient accuracy for most commercial purposes. The 
cold junction of the thermo-electric circuit is situated 
within the indicator, and an automatic method of 
compensation is fitted, whereby the readings are always 
corrected for variations in this temperature. The 
indicator is calibrated to read directly in degrees of 
temperature up to 400 deg. F. or 200 deg. C., the 
scale, which is approximately 2} in. in length, being 
clearly divided with black figures on a white back- 
ground. When using the instrument for measuring 
the temperature of a hot roller, the thermo-couple strip 
is simply pressed into contact with the surface of the 
roller, and the deflection of the indicator pointer gives 
the temperature directly. 

It will be noted that, in this pattern, the thermo- 
couple strip is stretched across the ends of an inverted 
bow-spring on the under side of the handle casting. 
The reason for the introduction of rollers in the pattern 
illustrated in Fig. 1 was to give a definite position of 
contact and to prevent undue straining of the thermo- 
couple strip by the application of too great a pressure. 
It has been found, however, that when applying the 
instrument with the bow-spring support, there is a 
definite position where, owing to the tension on the 
thermo-couple and the spring support, the resistance 
to further depression becomes so high that a considerable 
effort is required to force the thermo-couple closer to 
the hot surface. It is, therefore, impossible for damage 
to occur to the thermo-couple in this way in ordinary 
use; excessive force must be deliberately used for 
any overstraining to result. 

It may be thought that when taking the temperatures 
of rotating rollers, such as those used in calendering 
machines, an error will be introduced owing to the 
effect of friction on the thermo-couple. In practice, 
however, it is found that this is not the case, and that, 
actually, the friction tends to counteract the inevitable 
small losses due to radiation or imperfect contact ; 
probably the net result is a temperature reading which 
is even more accurate than that obtained on stationary 
surfaces. The instrument, as described, is suitable for 
taking temperatures of convex surfaces only, but when 
it is required for use on flat surfaces a spring-plunger 





device is fitted, with a pad which bears upon the hot 
junction of the thermo-couple and presses it into | 
contact with the surface. In the case of rough or | 
scaly surfaces, such as boiler plates, good thermal | 
contact is practically impossible, and the best method | 
of measuring these temperatures is to insert into the | 
surface a non-corrosive stud, made, say, of Monel | 
metal, This stud would take up the temperature of | 
the boiler plate, and by applying the pyrometer to it 
the temperature could be readily measured. 





ENGINEERING TRAINING AND 
EDUCATION. T 


University of London, King’s College.—The prospectus 
of the Faculty of Engineering of University of London, 
King’s College, Strand, London, W.C.2, contains a sylla- 
bus of the classes held in the engineering department of 
the college, together with time-tables and full particu- 
lars regarding fees, entrance examinations, degree and 
diploma courses, and scholarships and prizes obtainable 
by students. The various divisions of the faculty 
comprise, civil engineering, mechanical engineering, 
electrical engineering, geology, mathematics, physics, 
and chemistry. The courses set forth in the prospectus 
are those taken by students entering for three years, 
either for the College Diploma, or the B.Sc. (Eng.), or 
both. The Michaelmas Term began on October 4, last, 
and will continue until December 22, next. The Dean 
of the Faculty is Dr. Gilbert Cook, M.I.Mech.E., 
Professor of Mechanical Engineering. 

University of London, University College.—The 
calendar for the 1926-27 (Centenary) Session of Univer- 
sity of London, University College, Gower-street, 
London, W.C.i, has just been issued by the College 
Committee. It contains, as usual, a complete pros- 
pectus of the courses of study held in the various 
faculties, together with University regulations, exami- 
nation instructions, and lists of sch.olarships, exhibitions 
prizes and medals offered to students. An outline 
history of the college is also given and lists of former 
professors, fellows, and officers are included. As has 
been the case in former calendars, particulars regarding | 
every student who attended the college during the 
session 1925-26 are given, together with lists of prizes 
and certificates awarded at the end of the academic 
year. The volume is rather larger than usgal, con- 
taining over 650 pages. The publishers are Messrs. 





Taylor and Francis, Red Lion Court, Fleet-street, 
London, E.C.4. 

National Association of Supervising Electricians.— 
The Board of Control of the National Association of 








Supervising Electricians has informed us that arrange- 
ments for the second annual competition for the 
prizes offered under the “ Economic Premiums ” 
scheme, have now been completed. Four cash prizes, 
amounting in all to 22/. 10s., will be awarded, two to 
members, and two to associates, for the four best papers, 
dealing with economic problems submitted to the 
examining board. Papers, which must not exceed 2,000 
words in length, may deal with any of the following 
subjects : (a) economics, (5) industrial relations (between 
employer and employed), (c) reduction of unit cost, and 
(d) encouragement of business. Writers of papers should 
concentrate on making practical suggestions for the 
improvement of the electrical industry as a whole. 
Papers must be addressed to the General Secretary, 
N.A.S.E., Chalmers House, 43, Russell-square, London, 
W.C.1, and must reach him not later than noon on 
November 29, next. 

The Institute of Transport.—A pamphlet containing 
the regulations governing its studentship, graduateship 
and associate-membership examinations has been 
issued by the Council of the Institute of Transport, 
15, Savoy-street, Victoria-embankment, London, W.C.2. 
The syllabus of each examination is given in detail, 
with the regulations under which a candidate may be 
granted exemption. Particulars regarding the conduct 
of examinations, regulations on the subject of fees, and 
other instructions of a similar nature are also included. 
The price of the above pamphlet, to non-members, is 
1s. net. Information on the 1927 examinations of the 
Institute will be found on page 448 of our issue of 
October 8 last. A booklet containing the papers set 
at the 1926 examinations is available and may be 
obtained on application to the secretary of the Institute. 
The price is ls., post free. 
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Industrias de Espana (Anuario de la Industria Espa- 
Rola), 1926. Edited by ADRIANO CONTRERAS, ROMAN 
Orton and Luis Orrot. Madrid: Sucesores de 
Rivadeneyra (S. A). Price 9-50 pesetas. 

The Association of Engineering and Shipbuilding Draughts- 
men. Crankshaft Design, By C. C. POUNDER. 
London : Offices of the Association. Price 2s. 

The British Navy in Adversity. A Study of the War of 
American Independence. By Capt. W. M. JAmgEs, 
C.B., R.N. London: Longmans, Green and Co., 


71, 





Limited. Price 25s, net. 

Der Bau Langer Tiefliegender Gebirgstunnel. By C. 
ANDREAE. Berlin: Julius Springer. Price 13-20 
marks, 

Lehrbuch des Maschinenbaues. Vol. I. Edited by 
Essetporn. Leipzig: Wilhelm Engelmann. Price 
24-50 marks. 

Unemployment. The Gateway to a New Life. By Gero. 


W. Mutts. London: Longmans, Green and Co., 
Limited. Price 6s, 6d. net. 

The Theory of Electricity. By G. H. Livens, M.A, 
Second Edition. Cambridge: University Press. Price 
16s, net. 

Kelly’s Directory of the Engineers, Iron, Metal and Motor 
Trades, 1926. London: Kelly’s Directories Limited, 
Price 45s, post free. 





Conrracrs.—Messrs. Geo. Waller and Son, Limited, 
of Stroud, who are licensees of Messrs. Crankless Engines, 
Limited, 20, Grosvenor-gardens, London, S.W.1, have 
obtained a contract to manufacture seven gas-engine 
driven gas booster plants for the Australian Gas Light 
Company, of Sydney. Both the gas engines, which are 
of 280 h.p. each, and the boosters, of 500,000 cub. ft. 
capacity, are of the Michell crankless type. 


—_~— 


THe Junior Institution oF ENGINEERS.—-In an 
address given to the Junior Institution of Engineers 
on October 15, Mr. R. L. Sarjeant, discussing the pro- 
spects for young engineers in China, described the 
difficulties, both racial and technical, which kept the 
conditions of life in that country in such an elementary 
state. He said that co-operation was entirely lacking 
amongst the Chinese, and that there were no really 
practical native engineers, the reason being that those 


| men who had received a technical training were of a class 


who would not undertake manual labour. These facts, 
he said, should tend to make fine openings for British 
engineers except for the almost insuperable racial 
difficulty, due to the anti-foreign feeling of the un- 
educated masses. He hoped, however, that the present 
disturbances would pass over, when great — 
should be made. Mr. Sarjeant concluded his address 
with a‘brief description of the duties required of young 
engineers, and the kind of life they would lead in China. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Though the coal strike is still in opera- 
tion, the engineering trades in this area continue to 
maintain production, which, in view of the prevailing 
difficulties, is considered remarkable. No change is 
noticeable in the condition of the raw and semi-finished 
steel trades. The big steel-producing furnaces in 
Sheffield, Parkgate, Rotherham and Penistone continue 
inactive owing to the prohibitive price asked for fuel, 
coupled with the uncertainty concerning the supplies. 
Since the furnaces closed down at the beginning of May, 
it is calculated, on an average monthly production of 
90,000 tons, that an output of something in the neigh- 
bourhood of over half a million tons of steel has been 
lost. Consequently the dearth of home-made steel is 
acute, though several small open-hearth furnaces at 
individual establishments have been re-lighted in an effort 
to overcome the difficulty. The steel famine is having a 
detrimental effect on several of the finished trades. The 
rail mills are still unable to resume production, with the 
result that the tramway extensions commenced by 
several provincial corporations have been held up owing 
to the shortage of material. Progress, however, is being 
made with the construction of tramway cars recently 
ordered. The output of railway equipment and furnish- 
ings is maintained at a satisfactory level, and the 
prospects of this department are considered bright in 
view of the new railroad schemes proposed in various 
parts of the world. Automobile steelmakers still enjoy 
active trading conditions, but the shipbuilding and arma- 
ments departments continue to suffer from the depression, 
Mixed conditions operate in the lighter trades. Engineers 
tools are being readily disposed of, while quarry and road- 
making implements are progressive lines. The light 
foundries, which are running on foreign fuel, are busily 
engaged on contracts placed for various descriptions of 
builders’ ironwork. 


South-Yorkshire Coal Trade.—During the past week 
more coal has been in circulation, but its movement 
has been governed by the emergency regulations. The 
advent of colder weather has resulted in a greatly 
increased demand for house coal, which merchants find 
it impossible to meet. Best quality household fuel is 
quoted at from 55s. to 66s. 6d. per ton at pit head, while 
inferior grades are on offer at 44s. to 50s. perton. Indus- 
trial fuel is in bigger supply, but the uncertainty of main- 
taining delivery is indicated by the fact that the big steei 
furnaces are still out of action. The essential services 
are maintained on coal being mined at local collieries. 
More outerop workings have been opened, and fuel is 
being distributed at prices ranging from 32s. to 40s, per 
ton. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade,—Very little Cleveland pig 
iron is available for the market. Customers are paying 
the high prices named for the trifling parcels to be had 
for early delivery, but they are not prepared to buy 
forward. Sellers also are disinclined to commit them- 
selves ahead, and thus transactions have shrunk almost 
to vanishing point. No. 1 Cleveland is reported to 
have been sold at 125s., and that figure is generally 
named; while No. 3 g.m.b. is 1208s.; No. 4 foundry, 
119s. ; and No. 4 forge, 118s, 6d, 

Hematite-—Mixed numbers of East-Coast hematite 
are no longer obtainable, and makers are not keen to 
book orders on terms offered for delivery when produc- 
tion is resumed, Small odd parcels of off grades of 
hematite are selling at round about 87s. 6d. 

Foreign Ore.—There is absolute stagnation in foreign 
ore. 

Coke.—Acute scarcity of coke is giving consumers 
anxiety. Home products are realising 50s. and upwards, 
delivered at local blast furnaces, and imported coke is 
selling at 40s. and upwards, delivered. 

Manufactured Iron and Steel.—Definite prices of manu- 
factured iron and steel cannot be fixed, but producers 
with parcels to offer experience no difficulty in obtaining 
substantially above fixed minimum rates. 





PreRsonAL,—The address of the British Electrical and 
Allied Industries Research Association, which has 
hitherto been 19, Tothill-street, Westminster, London, 
S.W. 1, has now been changed to 36 and 38, Kingsway, 
London, W.C.2. 

Sanps, CLays, AND Economic MINERALS.—A copy of 
the second edition of a booklet entitled ‘‘ Sands, Clays, 
and Economic Minerals for All Industrial Purposes,” 
has been sent to us by Mr. A. L. Curtis, Westmoor Labora- 
tory, Chatteris, Cambs. The pamphlet, which is certainly 
more than a mere catalogue, gives a large amount of 
data on such subjects as abrasive sands, aluminium- 
casting sands, asphalte-paving sands, asbestos sands, 
bottle-glass sands, moulding, brick-making, and building 
sands, quartz, eancer gg and sand-blast sands, 
clays, barytes, bauxite bricks and blocks, corundum, 
feldspars, fire clays, pumice, and tale. The booklet 
comprises some 30 pages, and contains a number of 
excellent plates, It has been specially written for 
manufacturers and users of economic minerals, and the 
information given is in a succinct and practical form. 
The phlet, which is priced at 1s., may be obtained 
paoetl, sy Curtis at the address given above. 
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NOTES FROM THE NORTH. | 


Guascow, Wednesday. 
Scottish Steel Trade.—The conditions governing the | 


Scottish steel trade have not changed during the week, | 
and the works are still idle. The fuel now on offer is | 
far too dear for the owners to contemplate restarting 
operations, and much of it is quite unsuitable. There 
has been a limited number of inquiries in the market for 
forward lots, but the amount of business fixed is not 
very heavy. In the black-sheet trade, some business 
is being done, and the restricted output is being dis- 
posed of without difficulty ; order books are still well 
filled. Prices all round are firm, and to-day’s market 
quotations are as follow :—Boiler plates, 11/. per ton ; 
ship plates, 7/. 17s. 6d. per ton; sections, 7/, 7s. 6d. 
per ton; and sheets, under yf to } in., 111. 10s. to 
127. 10s. per ton, all delivered at Glasgow stations. The 
f.o.b. price of sheets (galvanised corrugated, No. 24 
gauge) is 167. 10s. to 171. 10s. per ton. 


Malleahle-Iron Trade.—No change of any kind falls to 
be reported in connection with the malleable-iron trade 
of the West of Scotland. Work is confined to the 
re-rolling of steel bars from foreign billets. The current 
price of Crown bars is named as 12/. per ton, delivered at 
Glasgow stations. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade, the volume of business passing is not very heavy. 
Stocks on hand are dwindling, and, in some cases, are 
exhausted. Owing to the high prices demanded for 
available supplies, the sales are not large, and only the 
most pressing requirements are being covered by con- 
sumers. Prices are ruling high even for forward lots, 
and foundry iron No. 1 is being quoted at 5l. per ton, 
and No.. 3 at 4/. 10s. per ton, both on trucks at makers’ 
yards, for delivery after works have been restarted at 
the close of the coal trouble. 


Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
last Saturday, October 16, only amounted to 71 tons. 
Of that total, 50 tons were on foreign account and 
21 tons went coastwise. For the corresponding week of 
last year, the figures were 338 tons overseas and 75 tons 
coastwise, making a total shipment of 413 tons, 


THe Buiwpine ResearcH StTaTION.—A pamphlet 
entitled “The Building Research Station ” was published 
recently by the Building Research Board of the Depart- 
ment of Scientific and Industrial Research. The station, 
which until recently was accommodated in temporary 
premises at East Acton, has been transferred to larger and 
better equipped premises at Garston, near Watford. This 
expansion enables a more extended service to be given 
to the building industry, and that these services are 
needed has been proved by the steady growth in the 
number of requests for detailed assistance in various 
matters connected with the industry. The chief object 
of the pamphlet in question is to draw attention to the 
several ways in which the Building Research Station can 
serve the community and the building industry, and to 
ask members of the industry to give the organisation the 
benefit of their practical experience in order to render the 
service as effective as possible. It would be appreciated, 
therefore, if matters of interest or of difficulty could be 
brought to the notice of the station. Even puzzling 
minor difficulties or successes are of importance, as they 
may hold the clue to the solution of much larger problems. 
All communications and inquiries should t addressed 
to the Director of Building Research, Building Research 
Station, Bucknalls-lane, Garston, near Watford, Herts. 





Tue INnstituTION oF FuEL Economy ENGINEERS.— 
Although the first session of the Institution of Fuel 
Kconomy Engineers has already opened with a meeting 
at which a paper was read, it received its more formal 
inauguration at a luncheon held on Wednesday 
last, in the Connaught Rooms, at which the 
Right Hon. Sir Robert Horne, P.C., M.P., was the 
principal speaker. In the course of his address, 
Sir Robert said he had calculated the cost to the 
country of the coal dispute of 1921, to be nearly 
300,000,0007, He scarcely dared to imagine what would 
be that of the present dispute which had already lasted 
twice as long. He touched upon the waste entailed by 
the use of coal in its raw state. In 1924, the total coal 
consumed in this country amounted to 184 million tons, 
of which 147 million tons were used raw, the remainder 
being consumed as coke and gas, and stated that in 
labour circles, both in Parliament and out, such primitive 
use was held to be due to want of enterprise on the part 
of mine-owners. He would like to point out that in this 
matter we were not behind any other country in the 
world, and that failure existed only in the sense that 
the processes developed in the treatment of raw coal 
more economically had not yet anywhere reached a stage 
where they would attract capital; this would follow. 
He emphasised the need for technical skill, and in endors- 
ing the policy of the institution in making technical 
qualifications imperative, referred to the utility of expert 
knowledge in his experiences at the Admiralty during 
the war. He felt confident that the future prosperit: 
of the country was bound up in the proper utilisation of, 
and not the mere possession of, its greatest asset, coal, 
and that no nation would be stronger or more content 
once the present urgent technical problems had been 
solved. This solution he held to be the peculiar province 
of such associations as the Institution of Fuel 


of su conom 
—— The chair was occupied by Sir Hugo Hire, 
and the vote of thanks to Sir Robert Horns was proposed 





by Sir Herbert Blain. 


NOTICES OF MEETINGS. 


THE Puysican Society or Lonpon,—To-night, at 
5 p.m., at the Imperial College of Science, South Ken- 
sington, S.W.7. ‘‘ The Corrosion Products and Mecha- 
nical Properties of Certain Light Aluminium Alloys, as 
Affected by Atmospheric Exposure,” by Professor E. 
Wilson. “The Distribution of Intensity in a Positive 
Ray Spectral Line (Part II),” by Mr. M. C. Johnson. 
Demonstration of Selenium Cells, by Professor Thirring. 


THe INstrruTIon oF MECHANICAL ENGIN EERS.— 
To-night at 6 p.m., at Storey’s Gate, S.W. 1. Presiden- 
tial Address by Mr. William Reavell. Friday, October 
29, at 7 p.m., Informal Meeting. ‘‘ Steel Castings in 
— Engineering.” Introduced by Mr. Robert 

owe. 


THE JUNIOR INSTITUTION OF ENGINEERS.—To-night at 
7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette : 
“‘ Boiler Accidents,” by Mr. K. H. Kenyon. Friday, 
October 29, at 7.30 p.m. Lecturette: “ Distortion in 
Wireless Reception,” by Mr. A. V. Ballhatchet. 


Tue NortH oF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, October 23, at 
2.30 p.m., in the Lecture Hall of the Institute, Newcastle- 
upon-Tyne. ‘“‘ Thin Seam Mining,” by Mr. 'T. 8. Durham. 
** Description of an Old Windmill,” by Mr. J. J. Stout. 


THE INstTITUTE OF BRITISH FouUNDRYMEN: LAN- 
CASHIRE BRANCH, JUNIOR SEcTIon.—Saturday, October 
23, at 7 p.m., at the College of Technology, Sackville 
street, Manchester. ‘‘ The Story of Foundry Metals,” 
Mr. T. Mackemson. ‘ 


THe BrapFrorp ENGINEERING Society.—Monday, 
October 25, at 7.30 p.m., at the Midland Hotel, Bradford. 
Joint Meeting with the Bradford Textile Society. ‘‘ The 
Conversion of Textile Mills from Steam to Electric 
Driving,” by Mr. B. C. Johnson. 


THe INstIrvuTIoN oF CrviL ENGINEERS.—Tuesday, 
October 26, at 6 p.m., at Great George-street, S.W.1. 
The Thirty-second James Forrest Lecture. ‘‘ Radio 
Communications,” by Senatore Guglielmo Marconi, 
D.Se., LL.D. 


THe INSTITUTION OF AERONAUTICAL ENGINEERS.— 
Tuesday, October 26, at 6.30 p.m., at the Junior Institu- 
tion of Engineers, 39, Victoria-street, S.W.1. ‘‘ Aircraft 
Alighting and Arresting Mechanisms,” by Mr. G. H. 
Dowty. 


THE INSTITUTION OF AUTOMOBILE ENGINEERS: NORTH 
or ENGLAND CENTRE.— Wednesday, October 27, at 7 p.m., 
at the Engineers’ Club, Albert-square, Manchester. 
Presidential Address: ‘‘ The Debt of the Community to 
the Automobile,” by Mr. H. Kerr Thomas, 


Tue Betrast ASSOCIATION OF ENGINEERS.—Wednes- 
day, October 27, at 7.30 p.m., at the Municipal College 
of Technology, Belfast. Presidential Address: ‘ Coal 
and its Influence on Shipping and Shipbuilding,” by 
Mr. W. J. Eves. 


THE Royat Society or Arts.—Wednesday, October 
27, at 8 p.m., at John-street, Adelphi, W.C.2. Trueman 
Wood Lecture: ‘ Progress of Economic Entomology, 
with Special Reference to Australia and New Zealand,” by 
Professor Robin J. Tillyard, D.Sc., F.R.S8. 


THE Farapay Socrery.—Wednesday, October 27, 
at 8 p.m., at the Chemical Society, Burlington House, 
Piccadilly, W.1. “ Beryllium,” by Mr. A. C. Vivian. 
‘** The Chemical Constants of the Halogen Hydrides,” by 
Mr. F, I. G. Rawlings. ‘‘ The Decomposition of Nitroso- 
triacetonamine in Presence of Hydroxyl Ions. Part I. 
The Region of Small Concentration of Alkali,” by Mr. 
J. Colvin, ‘Latent Heat of Dilution of Sugar-Cane 
Solutions,’’ by Miss Freda M. Hunter. ‘‘ The Adsorption 
of Water by Colloidal Fibres,” by Mr. J. J. Hedges. 
“The Anodic Behaviour of Ferro-Manganese,” by Mr. 
A. N. Campbell. ‘‘ Abnormal Absorption of Gases by 
Steel,” by Mr. T. Carlton Sutton, ‘‘ The Observation of 
Cataphoresis in Colourless Sols.—I, Rubber in Benzene,” 
by Mr. R. H. Humphry and Mr. R. 8. Jane. ‘‘ A Simple 
Kinetic Theory of Viscosity,” by Mr. J.S8. Dunn, ‘“‘ Con- 
dition of Silver Chromate in Gelatin from Electric 
Conductivity and Diffusive Experiments,” by Mr. A. C. 
Chatterji and Mr. N. R. Dhar. 


THe InstiITvUTE oF MeTats: BrIrMIncHAM LocAL 
Srction.—Thursday, October 28, at 7 p.m., at the 
Engineers’ Club, Waterloo-street, Birmingham. Joint 
Meeting with the Birmingham Metallurgical Society and 


the Staffordshire Iron and Steel Institute. ‘‘ Fatigue,”’ 
by Professor D. Hanson, D.Sc. 
THE InstirvutIon or LocomotivE ENGINEERS 


(Lonpon).—Thursday, October 28, at 7 p.m., at the 

Engineers’ Club, Coventry-street, W.1. “ Braking of 

Fa on Electrically-Operated Railways,” by Mr, R. C. 
ond. 


Tue NortuH-Easr Coast Institution oF ENGINEERS 
AND SHIPBUILDERS.—Friday, October 29, at 6 p.in., at 
Bolbec Hall, Newcastle-upon-Tyne. Annual General 
Meeting. ‘‘ How should an Engineer be Trained ?”’ by 
Sir Theodore Morison. 


Tae InstiTvTIon or Locomotive ENGINEERS 
(Lonpon) : MaNnonester Centre.—Friday, October 29, 
at 7 p.m., at the College of Technology, Manchester. 
Chairman’s Address. ‘The Application of the Com- 
pound Principle to Locomotives,” by Mr. E. F. Lang. 


Tue Soormry or TxounicaL Enoingers.—Friday, 
October 29, at 7.30 p.m., at the Queen’s Hotel, Birming- 
ham. Address on ‘‘ The Engineer’s Bill,” by Mr. R. 
Hazleton. 





THE INSTITUTION OF MUNICIPAL AND County ENGIN- 
EERS: SoutH Mrptanp District.—Saturday, October 
30, at 10 a.m., at the Town Hall, Aylesbury. Discussion 
on ‘‘ Municipal Undertakings in Aylesbury,” by Mr. 
W. H. Taylor. ‘‘ Dashwood’s Hill By-Pass,” by Mr. E. 
Winfield. ‘‘ Land Acquisition by Compulsory Orders,”’ 
by Mr. Wm. Symon. 


THe Instrrvure or Merats: Nortu-East Coast 
Locat Srctron.—Saturday, October 30, at 6.15 p.m., 
at Neville Hall, Newgate-road, Newcastle-upon-Tyne. 
Joint Meeting with the Institute of British Foundrymen. 
Cinematograph Films: ‘‘' The Manufacture of a Turbo- 
Generator,”” ‘“‘The Manufacture of Tin Plate,” ‘* The 
Manufacture of the Mazda Lamp.” 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The outstanding feature of the week 
is the break which has occurred in the strike of miners 
in the East Monmouthshire district of the South Wales 
coal-field, where some 300 men have signed on to return 
to work on the owners’ terms with an eight hours’ day 
at the Tirpentwys Colliery. Over 200 actually re-started, 
and several other pits in the district are expected to 
resume operations shortly. Efforts will probably be 
made by the Miners’ Federation and the extremists to 
get the men out again, but it remains to be seen what the 
result will be. Meantime, over 17,000 men have returned 
to work in South Wales, and the number is steadily, if 
slowly, increasing. Colliery salesmen have agreed not 
to charge merchants more than 55s. per ton delivered 
at Cardiff for coal retailed to householders at 3s. 6d. 
per cwt. The harmful effects of the strike on South 
Wales will, however, be gathered from the fact that, in 
September, coal shipments amounted to only 8,145 tons, 
compared with no less than 2,294,804 tons in the pre- 
strike month of April last. The September exports com- 
prised 7,386 tons shipped as bunkers to steamers going to 
foreign ports, compared with 308,693 tons in April, and 759 
tons shipped coastwise, against 118,882 tons in April. 
On the other hand, imports of foreign coal to date amount 
to 1,000,000 tons. In the past week, 42,030 tons were 
landed at Welsh ports, of which amount 25,980 tons came 
from America, 2,900 tons from Germany, 3,500 tons from 
Holland, and 9,650 tons from Belgium. Cardiff received 
25,510 tons, Newport 3,980 tons, and Swansea 12,540 
tons. During the week, the first cargo of Spanish coal to 
enter South Wales arrived, the steamer Horn docking 
at Barry with 750 tons of Asturian washed small, which 
was imported by Messrs. D. M. Stevenson and Co., 
Limited, and sold to Messrs, T. Beynon and Co., Limited, 
for use at the Aberthaw and Bristol Channel Portland 
Cement Works. Coal has now been received from 
America, South Africa, Spain, Germany, Holland, 
Belgium, France, and Poland. 


Shipping Firm’s Capital.—Shareholders in the British— 
Hispano Line, Limited, met at Cardiff to-day and adopted 
extraordinary resolutions for the reduction of the capital 
of the company from 86,8251. to 34,7301. by the cancella- 
tion of capital of the nominal value of 52,0951. The 
reduced shares will continue to hold the denomination 
of 1l. by the consolidation of every five of the reduced 
shares into two shares of 1l. each, fully paid. The capital 
will subsequently be increased to the old figure in case 
the company desires to issue fresh capital. 








ACETYLENE FOR ExTERNAL ILLUMINATION.—In spite 
of the lighting restrictions rendered necessary by the coal 
stoppage, the Liverpool Civic Week authorities have been 
able to make provision for the external illumination of the 
building in which the civic week exhibition is being 
held. Oxygen-dissolved-acetylene searchlights and dis- 
solved-acetylene flare lights of a combined candle-power 
of 250,000, are being employed. The installation has 
been provided by Messrs. Allen-Liversidge, Limited, 
Victoria Station House, Westminster, London, 8.W.1. 
The civic week exhibition has been organised by The 
Liverpool Daily Post and Echo, Limited, Liverpool. 


Tue Port or ApEN.—Excluding vessels of under 200 
tons engaged in local trade, the number of merchant 
ships which have used the Port of Aden during the 
year ending March 31, 1926, was 1,046 ; the total tonnage 
of these ships. amounted to 4,323,294. The corre- 
sponding figures for the previous year were 1,079 
ships and 4,223,633 tons. Of the 17 deep-draught 
steamers which visited the Port, 5 vessels had a draught 
of 29 ft., 6 of over 29 ft., 5 of over 30 ft., and 1 of 31 ft. 4 in. 
Among other improvements carried out cag, | the year, 
the 1925-26 Administration Report of the Aden Port 
Trust states that a third oil-fuel berth was established 
in the month of April to the north of Flint Island. 
This has rendered great service, and has proved particu- 
larly useful for tankers discharging full cargoes of fuel oil. 
White-flashing gas buoys, to the number of five, were 
purchased to replace the existing green lights used for 
marking the port-hand side of the entrance channel to 
Aden Harbour. Owing to the great increase in the size 
of ships using the harbour, permeney at the oil berth, 
the Trustees approved the purchase of heavier moorings 
and buoys. A new mooring barge, with a 25-ton crane, 
has been ordered from England to replace the present one, 
purchased in 1913, and the erection of a new workshop, 
slipway and shed have also been sanctioned. The annual 
survey of the harbour indicates that further dredging 
operations will have to be undertaken in the near future. 

e Aden settlement’s electric power house is now 
completed, and the Board has sanctioned the lighting 
of Port-Trust property from this source. 
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Trrat Trip oF THE S§.S, “ Putrrr’ Pornt.”—The 8.8. 
Pulpit Point, the second of two oil-tank vessels, built 
by Messrs. Lithgow, of Port Glasgow, to the order of the 
Vacuum Oil Company, Limited, was taken for her sea 
trials on October 8, when a mean speed of over 12 knots 
was attained. A general description of the vessel, and 
her equipment, will be found in our issue of September 3 
last, page 297. 

LauncH OF THE M.S. “ Paretia.’-—On Friday, 
October 8, Messrs. Palmers Shipbuilding and Iron Com- 
pany, Limited, successfully launched, from their Jarrow 
yard, the steel single-screw oil tank vessel Patella, the 
second of two vessels built by the company to the order 
of the Anglo-Saxon Petroleum Company, Limited, of 
London. The vessel, constructed under Lloyd’s special 
survey, and on the combined longitudinal and trans- 
verse system of framing, is designed to carry a total 
deadweight of about 9,900 tons on a moderate draught, 
her length being 440 ft. The propelling machinery 
consists of a six-cylinder, four-cycle, double-acting 
Werkspoor engine, built by the North Eastern Marine 
Engineering Company, Limited. 





Tae INSTITUTION OF AERONAUTICAL ENGINEERS.—The 
1926-27 session of the Institution of Aeronautical 
Engineers commenced on Tuesday, the 12th instant, 
with a paper by Mr. M. L. Bramson, entitled ‘‘ Unsolved 
Aeronautical Problems.” An interesting programme has 
been arranged for the session, during which the meetings 
will be held in the lecture room of the Junior Institution 
of Engineers, 39, Victoria-street, London, S.W.1, at 
6.30 p.m.; usually, but not invariably, they take place 
on alternate Tuesday evenings. Minutes of Proceedings 
No. 19, of the Institution, just issued, contains reports 
of meetings held on November 10 and December 15, 
1925, and reprints a paper on practical flying by Mr. M. L. 
Bramson, and one on metal construction of aeroplanes 
by M. E. De Woitine. Copies of the proceedings can be 
obtained from the offices of the Institution at 34, Broad- 
way, Westminster, S.W.1, price Is. 6d. 
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MARCONI WIRELESS-BEAM STATION AT DORCHESTER. 


(For Description, see Page 514.) 


Fie. 10.: 


GENERAL VIEW OF PowWER PLANT. 
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DETAILS OF 1850-H.P. SIX-CYLINDER OVERHEA 


CONSTRUCTED BY MESSRS. BEAN qs, LI) 
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DOMESTIC ELECTRIC SUPPLIES. 


Tue report of the Advisory Committee on 
Domestic Supplies of Electricity and Methods of 
Charge, appointed early last year, has been 
published by H.M. Stationery Office at Is. net, 
while it is still under the consideration of the 
Electricity Commissioners. This judicious course 
not only gives the electrical industry and the pub- 
lic the earliest opportunity of learning the results of 
the Committee’s inquiry, and the conclusions to 
which it has led, but enables other opinions to be 
formulated while the outcome of the report is still 
in suspense. The wisdom of this procedure is not 
likely to be questioned, particularly when regard 
is had to the principal sources of the evidence. The 
very practical purpose of the inquiry has compelled 
the Committee to seek its information principally 
from those who are acquainted most intimately with 
the circumstances of undertakings that supply 
electricity, and these, like the distinguished members 
of the Committee itself, are found for the most part 
among representatives, direct or indirect, of the 
supply undertakings. There is not likely to be much 
dissent from their conclusions among those who 
are interested in the matter as consumers or other- 
wise ; but it is in accordance with the broad-minded 
and impartial manner in which the Electricity 
Commissioners administer their powers that oppor- 
tunity should be given to all such persons, further 
than what was afforded them in the course of the 
inquiry, to submit such observations as they desire 
while the Commissioners are still deliberating on the 
Committee’s recommendations. 

It will be observed that something like four-fifths 


| of these recommendations refer not to the relations 


of the suppliers to the consumers, but to the restric- 
tions under which supply undertakings have to 
work at the present time. The Committee has un- 
questionably been well advised in devoting a large 
part of its attention to such matters. When all 
allowance is made for the importance of protecting 
the public and of not allowing a new industry uncon- 
trolled power to acquire vested interests of which the 
full scope cannot be foreseen at the outset, no doubt 
can be felt but that the legislative measures taken 
with that object in the past have seriously impeded 





the Disdieaeie of t clectrigal enterprise, and in- 
creased the cost of current. Restrictions and safe- 
guards can be drafted so easily that sometimes the 
cost of giving effect to them has been overlooked. 
Like matter, however, expense is indestructible, 
and those who impose restrictions and procedures 
on public undertakings are apt to forget that their 
cost, often not counted or even countable at the 
time of legislation, must be paid sooner or later by 
those whom such undertakings serve. Jurisprud- 
ence recognises explicitly the duty of every individual 
so to use his rights and possessions as not to injure 
those of other people. The same principle should 
apply prima facie to the State, especially when it is 
dealing with services that provide public utilities. 
The recommendations of the Committee made with 
the view of making the operations of electric supply 
undertakings easier, quicker, and cheaper will 
doubtless be considered in detail before the Electri- 
city Supply Bill passes into law, and it is to be 
hoped that the wider and perhaps more controversial 
scope of some measures included in that Bill will 


| not prevent the more modest requirements suggested 


by the Committee from receiving the attention they 
deserve. 

The recommendations relating directly to domestic 
supplies and methods of charge will doubtless 
attract immediate attention. While it is possible 
to overrate the benefits of a supply of electric energy, 
it is common ground that its present use in this 
country is much below what would be profitable, 
both in domestic and in industrial applications. 
An essential condition of such profit is that the 
energy should be used to the best advantage, and 
an instructive part of the report deals with routine 
measures that will be necessary to that end. Like 
the report of Lord Weir’s Committee, the present 
report lays great stress on the need for providing 
the public with practical information as to the choice 
of apparatus and the method of their use. Lord 
Weir’s Committee, dealing with the case of an 
existing supply company closing down its own gene- 
rating station and taking a bulk supply, protested 
strongly against the policy of reducing salaries in 
consequence of the staff being engaged only on sales. 
It must be agreed, in fact, that salesmanship for a 
supply company should include the guidance of 
consumers in the best use of the current they buy, 
and is as much a part of the technical and economical 
regulation of the supply system as are the actual 
generating and distributing systems. The present 
report takes this position, and represents show- 
rooms, at which the public without any obligation 
to purchase can see apparatus demonstrated and 
obtain advice, as an indispensable essential to the 
desired progress. Such showrooms and service are 
in the nature of an overhead charge, forming part 
of the undertaking’s indispensable work. Every 
undertaking should have power to provide them, 
and their value should be included among other 
assets, should the undertaking be taken over by 
another body. It is suggested that such showrooms 
should be distinguished clearly from those that are 
established as an aid to sales, and may rightly be 
charged against the revenue from the sale of current. 
For the time being, it may be questioned whether 
the distinction would be desirable. The extent to 
which electric energy is being used falls so far short 
of what might be used, if both the extent and the 
best methods of its applications were better under- 
stood, that all the undertaking’s sales facilities 
might well be concentrated on what may be regarded 
as the higher grade, in which the right guidance of 
the consumer is the primary object. For such show- 
rooms to attain their purpose, they must be attended 
by an adequate staff of technically-competent men, 
and the performance of such work must be graded, 
as it is in the United States, as work proper for men 
of the best available training. 

It is, indeed, on the education of the consumer 
that the prospects of the manufacturing industries 
in their home market must ultimately depend. 
There appears to be no demand for giving public 
authorities powers to manufacture, and it is there- 
fore unnecessary to protest that such powers 
would inevitably be mischievous. The interests 
of the supply undertaking demand the utmost 
activity among manufacturers in improving the 





efficiency and reducing the cost of their products, 
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and attempts on the part of suppliers to manu- 
facture apparatus, in addition to other well-known 
objections, would operate to frustrate this funda- 
mental object. It may, indeed, be also questioned 
whether the interest of suppliers of current in en- 
couraging an active and competent body of electrical 
contractors, may not make co-operation between 
them preferable in the ultimate interest of the 
suppliers to the exercise of the undertaking’s 
powers to do installation work. An _ essential 
opening for the undertaking, with its usually 
superior financial resources, is to bridge the gulf of 
first cost which restricts a large part of the con- 
sumer’s will and ability to extend his consumption 
of current. The interests of all parties wouid be 
served if means were provided whereby the con- 
sumer could choose his own contractor from among 
those on the approved list, and the undertaking 
would discharge the cost of his work and take 
account of it in its charge for current. How that 
charge should be framed the committee is unable 
to decide generally, or even to suggest any method 
other than a flat rate as being good enough to be 
applicable at the sole option of the undertaker. 
It gives an instructive account of various methods 
that might be satisfactory, if made by mutual 
agreement, and recognises the need for something 
more elastic than the flat rate. A method men- 
tioned with approval is that in which the installa- 
tion is divided into two systems, of which the first. 
including all points, is always available, and the 
second, carrying storage heaters and _ similar 
appliances, is switched on automatically when the 
load on the first falls below a limit. It seems 
possible that, without incurring the expense of a 
second wiring, the whole load might be switched on 
to a second meter when it exceeded a limit, if it 
were not found practicable to design a meter with 
two speeds. Like the other method, such a system 
would tend to produce a domestic load factor of 
100 per cent., and the higher rate would be applied 
equally for deficient consumption. 

For the success of the contemplated develop- 
ment, due attention will have to be given to the 
suppression, as far as possible, of inefficient designs. 
Two examples taken at random may illustrate 
this necessity. The application of current to 
the heating of rooms, either as a main or an 
auxiliary source, has the considerable advantage 
over other sources of heat that it can be 
made to yield a larger part of its energy as 
radiant heat than is conveniently practicable 
with any form of fuel. For health as well as 
comfort there is no doubt as to the superiority of 
radiant over convected heat; but relatively few 
electric heating stoves are designed so as to produce 
the maximum radiation, and some, indeed, are 
contrived intentionally so as to act also as air- 
heaters. Under certain systems of charging, again, 
the use of electrical energy for heating water economi- 
cally is possible, if account is taken of the superior 
convenience; but, as with similar gas-heated 
appliances, the storage vessels are seldom lagged 
as efficiently as they might be, even if they have 
any lagging at all. At best, electric energy as 
a source of heat has to carry a serious economic 
handicap. For the purposes for which it is suit- 
able, this handicap may be sufficiently overcome by 
the utmost efficiency in applying it; and on the 
extent to which it is overcome depends the order 
of magnitude of the industry that manufactures 
appliances, and of the benefit that will be derived 
from electrification in domestic service. 








AN AMERICAN IN ENGLAND. 

In the spring of this year a party of working 
trade-union engineers was sent over from here to 
the United States to examine into the question of 
how that country found it possible to combine high 
wages with general prosperity. Shortly before this 
Messrs. Austin and Lloyd had made a similar 
journey with the same object, their conclusions 
being published in a report entitled ‘‘ The Secret of 
High Wages.”’ Accounts of each of these investiga- 
tions were published in our last volume (pages 532 
and 174), and showed that these wholly independent 
expeditions, conducted by engineers in different 
branches of the trade, had arrived at substantially 





the same conclusions. About the same time an 
American writer, Mr. Frank Plachy, jun., was as 
a matter of fact undertaking a similar voyage of 
discovery among British industries, and he has now 
published the result of his observations.* He was 
in England for some eighteen months, and in order 
to complete his study of our native ways travelled 
to Glasgow and the principal manufacturing districts 
in the North and Midlands of England. The 
occasion of his investigation was the consensus of 
articles which appeared in the American Press 
expressing the opinion that economically England 
was “ done.” This opinion was mostly based on 
second-hand information, being, according to Mr. 
Plachy, the direct result of wailings to a similar 
effect in British, and particularly in London, news- 
papers, said to have been prompted by political 
rather than industrial, considerations. A great 
American newspaper, the editor of which apparently 
was not satisfied with these jeremiads, commissioned 
the author to find out the truth. 

Mr. Plachy’s attention has by no means been 
confined to the engineering trades. He has managed 
to find out that if the British race had not been virile 
and hardy, it would have succumbed long ago to its 
cookery. The farrago of his sympathetic libel 
includes the attraction the country should have for 
American tourists, the organisation of its banks, its 
newspapers and moving pictures, its textile indus- 
tries, and much else. But by far the most uncom- 
promising and suggestive part of his work deals with 
the engineering industries, the trades associated with 
them, and the circumstances by which they are 
affected. The interest of the study lies in the 
constant comparison instituted with American con- 
ditions, and that of his conclusions in the fact 
that this study of Great Britain, from the point 
of view of an American, leads to much the same 
result as the two previous or synchronous studies 
of the United States, from the points of view of 
British engineers. The book is not an encyclopedia, 
with the whole of the facts condensed and verified. 
The author is sometimes misled into generalising 
from his own experience further than he would have 
done had it been greater. That a particular process 
of low-temperature carbonisation has been shown to 
be the potential salvation of England, that the 
Government plans for meeting the general strike 
were ridiculously inadequate compared with the 
trade union organisation which launched it, and 
that the London pavements are so much decorated 
by street artists that the newcomer finds it difficult 
to avoid stepping on the pictures, are obvious 
exaggerations, which further knowledge would have 
avoided. The value of the work lies in its sug- 
gestions, derived from superposing British industrial 
conditions on the practice of the United States. 

Perhaps the most fundamental of the author’s 
impressions is that the country has come to adopt 
“‘an institutional frame of mind,” which will have 
to be rectified if prosperity is to be regained. What 
economically is wrong, unproductive or extravagant, 
does not, so he says in effect, become right or lead to 
any other result than sterility and bankruptcy, 
merely because it is done by an institution. Depend- 
ance on institutions saps the spirit of self-reliance, 
which has shaped British character and history, and 
in particular the dole has substituted a training in 
how to live without work for the old discipline of 
having to work in order both to live and to enjoy 
life. Young men grow up without the habit of 
work; older men who had the habit when there 
were no doles, have lost or are losingit; and 
thousands of really skilled and efficient men, who 
are anxious to do as much work as they can, are 
registering their names in American consulates all 
over England, Scotland and Northern Ireland, in 
order to work at their trades in an industrially 
free country. The dole has grown to be indispens- 
able in the mind of the unemployed. According to 
the experience of an Australian propagandist which 
Mr. Plachy quotes, few of them have any interest 
in his country after they learn that in that primitive 
continent no institution exists for paying men 
without requiring work of them in return. 

That the most competent men, who presumably 





* Britain’s Economic Plight. London: Ernest Benn, 
Ltd. 7s, 6d, net, 





are the least likely to be out of a job, should be 
driven to leave the country is due primarily to 
what this independent witness describes as “ the 
greatest single bar to the prosperity of the country,” 
the influence of the trade unions. Contrasting the 
position of these bodies in England with what is 
found “in union-ridden New York,’’ he regards the 
restrictions on output and labour-saving machinery 
imposed on British production through the influence 
of some trade-union leaders as amounting to sabotage 
of the country’s means of livelihood. It is tolerated 
and has been successful because government ‘has 
continued to truckle to the labour unions.” The 
seven-hour day in coal mines, the Trade Disputes 
Act, the abnormal powers and immunities enjoyed 
by the unions, and the use to which the dominant 
leaders have succeeded in turning these provisions, 
have placed the industries of the country in a position 
of open rebellion against economic law. In America 
it is as fully recognised by trade unionists and 
manual workers, as by employers and capitalists 
alike, that to restrict output is to diminish the live- 
lihood of workers. Any means that will increase 
production is welcomed in America as heartily among 
trade unionists as among employers. It is recog- 
nised all round that nothing can be divided which 
has not been earned by production ; and employers, 
no less than workers, are keen that the men should 
increase both their production and their earnings. 
Until the same spirit inspires British workers our 
industries will be handicapped in international 
competition ; and that spirit can never be created 
while trade union influence is allowed to offer 
effective opposition to free production. 

Government, again, Mr. Plachy points out, con- 
tinues to saddle industry with a system of ferocious 
taxation, and abstains from taking a definitely con- 
structive policy by which industry can be assured 
against interference from within. So long as that 
assurance is wanting the confidence necessary to 
large business enterprises will be lacking. Without 
such confidence there can be no real expansion of 
British industry and world trade. Not only the 
volume, but the direction of taxation is stigmatised. 
At the present time the great need of the country 
is to increase its trade and, for that purpose, the 
productivity of its industries per unit of energy 
employed. Present fiscal legislation seems, on the 
contrary, to be taxing savings, out of which the 
means of production should come, rather than 
spendings. So far from encouraging works to 
keep their plant in the most efficient condition, 
income-tax administration restricts the amount to 
be allowed for depreciation to something about 
8 per cent., an allowance that ‘“‘ would have kept 
the great industrial concerns of America in their 
infancy of half a century ago.” 

A fourth point in which the situation in many 
great British industries differs from that found in 
the United States, is the imperfect co-operation 
between employers in the same line of business, and 
also between employers and workmen. American 
industries have found vastly greater advantage in 
pooling information than in maintaining tradesecrets, 
and co-operate to secure foreign markets in a way and 
to an extent that is little practised in Great Britain. 

At the present time the British Empire owns more 
than 60 per cent. of the world’s supplies of rubber 
and wool, 70 per cent. of its gold and tea, a predomi- 
nant part of its tin, 80 per cent. of its nickel, and 
99 per cent. of its jute. Great Britain alone owns 
more than 30 per cent. of its international shipping 
and more than 40 per cent. of its cotton spindles. 
In 1924 its exports of coal were some 72,000,000/., 
iron and steel 75,000,000/., machinery 45,000.000/., 
apparel 30,000,000/., and chemicals 25,000,000/. The 
whole of these figures put together were, however, 
less than the textile exports, close upon 260,000,0001., 
which formed some 80 per cent. of the total produc- 
tion. What the exports of Lancashire mills would be 
if the most efficient of them were co-ordinated into a 
unit managed on American lines cannot be conjec- 
tured; but whether in paying for imports of raw 
materials or in providing further foreign investments, 
their prosperity would add to the assets of the country 
and the demands on its engineering trades as it 
has done in the past. The market within the Empire, 
the possibilities that lie in judicious tariffs, the impor- 
tance of both these factors to the future of British 
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industry, and above all the necessity of imaginative 
development of the Empire to the permanent 
survival of British industries, are among the other 
points on which Mr. Plachy lays stress. For these 
he sees that enlightened government leadership 
is necessary, and when it comes, then, as he puts it, 
the fur will begin to fly. Such is the general effect 
of the vivid impressions left by Mr. Plachy’s journey- 
ings through our country. 





DEVELOPMENTS IN MACHINE-TOOL 
DESIGN. 


Tur older men amongst the present generation of 
engineers will have no difficulty in recalling the days 
when the accuracy of the work turned out on the 
machine tools in many shops was largely a question 
of the individual skill of the operator. The remark- 
able change which has come about in the course of 
a few years is shown by the fact that at the present 
time men with the necessary ability to operate the 
machines of those days are only to be found in the 
tool room, the great bulk of ordinary machine work 
being carried out by unskilled or semi-skilled 
operators. The cause of this change has been 
mainly economic. It was dictated by the impera- 
tive necessity of reducing production costs to meet 
international competition. The allocation of what 
were previously skilled operations to semi-skilled 
hands has, however, only been rendered possible by 
great advances in machine tool design. In effect, 
the elements of accuracy have been transferred from 
the operator to the machine, and great credit is 
due to the designers in this and other countries who 
successfully surmounted the difficulties involved in 
the change-over. 

The mechanicalisation of machine operations has 
naturally been most pronounced in those branches 
of engineering in which the output of particular 
articles has been sufficiently large to justify the 
design and construction of single-purpose machines ; 
but the advances made in all classes of machine tools 
are only less striking by comparison. In the case of 
general-purpose machines, the past fifty years has 
witnessed the development of the full automatic 
from the elementary capstan, and equally noteworthy 
developments have taken place in both grinding 
and milling machines. In a simple form, both the 
latter types of machine are of considerable antiquity, 
the milling machine in particular being attributed 
to Dr. Hooke, in 1664. In the last decade or so, 
very considerable advances have been made in the 
metallurgy of tool steels, and in our knowledge of the 
precise nature of cutting actions. These have led 
to rapid increases in both the depth and speed of 
cut. In consequence, the different parts of machine 
tools have been subject to steadily-increasing stresses, 
and a much higher degree of rigidity has become 
essential. 

The question of obtaining the maximum output 
from machine tools is closely bound up with that 
of the physical exertion involved on the part 
of the operator. This appears to be more fully 
realised in the engineering workshop than in some 
other trades. The matter is under investigation by 
the Industrial Fatigue Research Board, and it is 
interesting to note that in an interim report on this 
subject, published in April last, it was stated that 
the large and costly machines used in engineers’ 
shops, often designed by men who had themselves 
worked on somewhat similar machines of earlier 
pattern, were for the most part constructed so as to 
be easy and comfortable in operation, with the 
exception that the seated position, which would be 
possible and convenient with some machines, is 
generally ignored. The only example of a machine 
tool which was criticised as being defective from 
this point of view was a duplex vertical boring mill, 
in which it was stated that each work table and 
saddle was separately controlled, the controls being 
located at each end of the machine. As the length 
of the machine was about 12 ft., the points at which 
the tools operate might be separated by about the 
same distance on large jobs, so that the amount of 
movement required of the operator in controlling 
the work in such a case is considerable. It is, 
however, rather surprising that the only type of 
machine which the authors of the report felt it 





necessary to criticise should be of the duplex pattern. 
There are, undoubtedly, still large numbers of simple 
machines which are needlessly fatiguing to operate, 
although improvement in this direction is steady. 
It has now become common practice for manufac- 
turers to advertise that the controls of their machines 
are grouped together, but there is a wide margin 
between the fulfilment of this condition and the 
location of each control in the position where its 
operation offers a minimum of difficulty. An 
examination of the machines in almost any work- 
shop will reveal examples in which hand levers and 
operating wheels are placed in awkward positions, 
and the mechanical advantage employed for the 
mechanism is frequently such as to necessitate 
considerable exertion on the part of the operator. 
A typical case occurs in many drilling machines of 
medium size, when the table is raised or lowered by 
a pinion engaging with a rack bolted to the main 
column. In these machines the table is not always 
balanced, and when this is so, in addition to the 
excessive, exertion required to raise it, it is liable to 
run down, with damage to either the machine or the 
operator, if the locking screws are slacked back 
beyond a very small amount. 

Another typical example is the continued 
employment of a belt in conjunction with stepped 
cone pulleys for obtaining speed changes. Although 
this practice is justifiable in small and inexpensive 
machines, it is still frequently used where a gear-box 
would not only be safer for the operator, but would 
speedily pay for itself in the time saved in operation. 
In commenting on the employment of stepped cone 
pulleys in a paper read some time ago before the 
Institution of Production Engineers, Mr. G. W. 
Rawlings mentioned that an examination of the 
cone pulleys in almost any shop would show 
that quite frequently only one of the speeds 
was commonly used, despite the fact that 
changes of speed would increase the output. He 
suggested as a solution the employment of pedal- 
operated belt-changing gear, such as that fitted 
to the Ward capstans, and there can be no doubt 
that when stepped cone pulleys are employed, this 
device would effect a great saving of time. In the 
same paper, the author referred in some detail to 
the various improvements which have recently 
been effected in machine tools. Apart from the 
centralisation of controls, the most important of 
these is probably the modern practice of arranging 
for the various adjustments to be locked from 
a central point within easy reach of the work, 
and frequently by the employment of a single 
lever. Other improvements are the use of a gear- 
box on the saddle of the machine, refinements in 
feed control, and the employment of ball bearings 
and splined shafts. 

With the improvement of the tools themselves, 
there has been a corresponding development 
in machine shop layout which has had a con- 
siderable influence in speeding up production. 
More care is paid either to the arrangement of 
the machines in groups according to type, or in 
such a way that the sequence of operations on a 
particular product is carried through with a mini- 
mum of handling, a flow of work always being 
ensured in the same direction. The former arrange- 
ment is generally preferable if the work handled 
consists of a large number of small articles, or is 
of a variable nature; while the latter is employed 
where a large output of a standardised article is 
required, as in motor vehicle production. 

Another noticeable change tending to increased 
efficiency has been the introduction of electric and 
individual drives. With the employment of the elec- 
tric drive, it became for the first time practicable to 
divide the machines into small groups, each driven 
by a separate motor ; later a further step was taken 
in driving the larger individual machines by separate 
motors. Concurrently with this development, posi- 
tive drives were introduced in many cases. One of 
the greatest benefits of the modern system lies in the 
elimination of the network of belting which was to 
be found in the older shops, with all its attendant 
troubles and dangers. The high efficiency of the 
small motor of to-day now permits of the adoption 
of the unit drive to any desired extent. In this 
connection, reference may be made to a paper on 
Group Drive and Individually-Motorised Drive, by 





Mr. F. H. Penney, in the September Journal of the 
American Society of Mechanical Engineers. Mr. 
Penney lays stress on the high belt speeds involved 
in some modern workshop operations, such as wood- 
working and grinding with wheels of small diameter, 
and points out the advantages of individualised 
drive direct on the tool spindle in such cases. In 
the same paper, the author draws attention to the 
difficulties involved in overhead crane operation 
when group driving is resorted to, and to the better 
lighting and ventilation obtainable with individual 
machine drives. On the other hand, he points out 
that with group driving it is usually practicable to 
so select the tools in the group that the motor is 
always running on an efficient load; whereas with 
individual drive it must be sufficiently large to 
take the maximum load, but will be running 
for a large part of its life on inefficient fractional 
loads. 

It is rather surprising that belt drives from line 
shafting survive to the greatest extent in woodwork- 
ing shops. Exposed belts are particularly objection - 
able in this case owing to the nature of the work 
handled, and it has been the practice for many years 
to place the shafting in underground troughs com- 
pletely covering in the belts. Apart from the expense 
involved, this system renders the belting very inac- 
cessible, and it might have been thought, therefore, 
that the individual motor drive would have been 
adopted as standard practice so soon as its practi- 
cability was established. From the present position 
it can only be concluded that woodworkers are 
rather more conservative than others, but that a 
change is gradually coming about is shown by the 
relatively large number of machines with direct 
motor drive which were shown at the recent Building 
Trades Exhibition at Olympia. 








TrENnpDERS.—The Main Drainage Department of the 
Egyptian Ministry of Public Works, invite tenders, to 
be presented by November 15, 1926, for the supply, 
construction and delivery in perfect working order and 
condition, of main and branch sewers. Local repre- 
sentation is essential. The conditions and drawings can 
be seen until October 27 on application at the Depart- 
ment of Overseas Trade (room 50), 35, Old Queen-street, 
London, 8.W.1., quoting Ref. AX. 3719.—The New 
Zealand Government Railways are calling for tenders, 
to be presented by December 15, for the supply of 
switchgear, cable, motor generator sets, junction boxes 
&c., for the Hutt Valley Locomotive Workshops. Ref. 
BX 2949 (room 52) should be quoted.—The Chilian State 
Railways invite tenders for the supply and delivery of 
machine tools and equipment to be installed at the 
railway workshops at San Eujenio, Santiago. Tenders 
should reach Santiago, Chile, by December 1, 1926, 
Local representation is essential. Ref. AX 3722 should 
be quoted, while further particulars regarding any of the 
above tenders may be obtained on a; ge see to the 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1. 





41,000-KW. TourBo-ALTERNATOR SET FOR Man- 
CHESTER.—A turbo-alternator set of 41,000-kw. capacity, 
has been ordered from Messrs. Metropolitan-Vickers 
Electrical Company, Limited, Trafford Park, Manchester, 
by the Manchester Corporation. It is to be installed 
at the Barton Power Station, and will bring the capacity 
of that station up to 119,000 kw. The turbine will be 
of two-cylinder design with duplex exhaust in the low- 
pressure cylinder. It will operate at 1,500 r.p.m., under 
the existing steam conditions of the station, namely, 
350 lb. per square inch gauge pressure, 700 deg. F., total 
temperature, and 29-in. vacuum at the economic rating, 
32,800 kw. Provision will be made for multi-stage 
feed heating to a feed temperature of 300 deg. F., at 
economic rating. The main alternator is the largest 
which has ever been ordered in this country; it will 
comprise a single unit of 50,000 kv.-a. as The 
weight of the machine will be 161 tons. The rotor will 
be a single forging, 31 ft. 6 in. in length, and weighing 
61 tons. This alternator will be direct-coupled to the 
turbine and will generate current at a pressure of 6,600 
volts at a frequency of 50 cycles per second. It will 
be ventilated on the Metropolitan-Vickers patent closed- 
circuit system, part of the air being supplied by fans, 
mounted on the rotor and part by a separate motor- 
driven fan. An auxiliary alternator of 1,250 kv.-a. 
capacity, at 420 volts, for house service, will be direct- 
coupled to the main alternator, together with two 
exciters, one for each machine. These are mechanically 
built as a single unit. The present generating equipment 
of Barton Power Station includes three 25,0 
turbo-alternator sets, supplied by Messrs. Metropolitan- 
Vickers Electrical Company. The new set will conform 
to the arrangement adopted in the existing sets in that 
the main alternator will be permanently connected to 
33,000-volt step-up transformers, with switching carried 
out on the high-tension side. A complete description 
of the Barton Power Station of the Manchester Corpora- 
tion was given recently in our columns, commencing on 
page 2 of our issue of January 1, 1926. 
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useful angle, to be reflected back to earth at some 
far distant receiving station. For short waves, 1.e., 
those of which the frequency is of the order of 
6,000 kilocycles or more, ground absorption is 
considerable, and in consequence the direct range of 
the subject of short-wave radio communication has | the ground waves is limited. Generally the higher 
emerged somewhat rapidly into the stage of active | in space the aerial unit the less the absorption, or | 
adolescence. It is therefore only fair to recall | the more the energy is usefully projected ; in other 
that as early as 1916 research was initiated by | words, the flatter the angle of maximum effective 
Senatore Marconi, and about this period a small | energy projection (Fig. 2). Figs. 1 and 2, already 
number of engineers devoted themselves to the | referred to, illustrate, in cross-section, the vertical 


RADIO COMMUNICATION ON SHORT 
WAVES. 
By N. We ts, M.Sc. 
Havine passed through a protracted infancy, 





serious study of the generation and reception of very 


short waves. Amongst these pioneers first place 
must be given to Mr. C. 8. Franklin, whose work has 
been applied almost ceaselessly for over ten years to 
the subject, and to whom is due, more than to any 
other individual, the credit for its present successful 
renaissance. 

For some time past short-wave communication 
has been tentatively established over long distances, 
extending as far as the Antipodes, with installations 
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Fig.Z. 


distribution of energy from a simple half-wave 
aerial. In Fig. 1, although in the vicinity of the 
aerial the maximum intensity of energy is in the 
horizontal plane, yet, owing to the proximity of 
the earth’s surface, the maximum effective intensity 
is roughly indicated in direction and relative amount 
by the arrows. In Fig. 2, where the aerial is raised 
some distance above the earth’s surface, the effec- 
tive intensity coincides with the maximum intensity 
of emission and is in the horizontal plane. 








is liable to considerable variation ; thus, in daylight, 
h may approximate to one-third of / in darkness 
Average heights over a period of 12 months are 
80 miles in sunlight and 240 miles in total shadow, 
figures which will give some idea of the span to be 
expected between Aand B. A careful study of these 
distances for various times and wavelengths is 
directing engineers to the clue for the establishment 
of regular and reliable transmissions for prescribed 
distances, and it may be that the day is not so far 
removed when an all day and night service will be 
possible to many parts. 

In dealing with the subject of distance, it is clear, 
from Fig. 3, that the angle of propagation is an 
important: factor. This angle may be varied by 
tilting the aerial, or by suitable adjustments in 
aerial length and inductance. 

It will be appreciated that the Heaviside Layer 
is a very nebulous affair and a name that covers a 
complex problem. The amount by which the path 


| bends, and therefore the range, depends upon the 


ILLUSTRATING THE DISTRIBUTION OF ELECTRICAL FIELD DURING ONE HALF 
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CYCLE OF PROPAGATION. 
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of quite small power. The actual reason for such 
results depends on the intrinsic nature of the electric 
charge massed around our globe, and is still a subject 
for patient and prolonged investigation. On the 
other hand, there are certain known facts, accounting 
in some measure for such results, which can be 
discussed in relation to the less understood and more 
general problem. 

A short-wave aerial is generally a plain vertical 
wire, the length of which is proportional to the actual 
wavelength employed. It is known from first 
principles that as this proportion increases radiation 
goes up rapidly. Thus, in the case of an aerial one- 
half a wavelength long, the radiation equivalent is 
80 ohms. As the ohmic resistance of the wire is 
negligible, this means that practically all the power 
supplied to the aerial is radiated. For commercial 
work, the high ohmic equivalent is a valuable fea- 
ture, since an aerial system of quite small dimen- 
sions, and therefore of reasonable cost, can cope with 
a large input of power. In the case of the most 
efficient long-wave aerial, owing to the necessary 
inductive loading, the radiation resistance is low 
and the energy wasted in heat is considerable. An 
efficiency of 25 per cent. for a long-wave aerial is 
regarded as remarkable, while for a power instal- 











lation of any magnitude the low ohmic equivalent 
and the limitations of insulators necessitate a large 
and costly aerial system. 
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ILLUSTRATING THE DISTRIBUTION OF FIELD FROM A COUPLED OSCILLATORB 
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COMBINATION OF THE ABOVE TWO FIELDS, INDICATING: 
(a) ZERO ELECTRIC FIELD TO THE LEFT OF B. 
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Electro-magnetic waves travelling outwards and 
upwards are constrained by the properties of the 
medium through which they pass. The medium is 
not uniform and, in some respects, may be pictured 
as an electrical “‘mass” of varying “ density ” ; 
but whatever this conveys, the fact remains that the 
path undergoes bending. We know that a ray of 
light is bent in passing through a number of layers 
of transparent substances, such as air, water, glass, 
&c., of varying refractive indices, but, in the case 
of light, bending occurs sharply at the plane of 
juncture of the substances, while, in the case of 
radio waves, the constraint is gradual and more or 
less continuous because the strata merge. Thus 
the path of the short-wave disturbance may be 
represented somewhat as in Fig. 3. An interesting 
point is that we may treat it as if the path were a 
simple reflected ray, as indicated by Fig. 4, pro- 
ceeding in a straight line from A, impinging suddenly 
on a perfectly conducting surface (7.e., an ionised 
layer) at a great height above the earth, and thence 
being reflected to B. Such an assumption tends 
to a more satisfying physical conception, and the 
simpler mathematical analysis yields results that 
tally closely with the more complicated analysis 
involved in a refracted path. Though the sharply 
defined strata is imaginary and its height fictitious, 
it is an artifice of utility and will continue to focus 
discussion for some time. In Fig. 3 the height A in 


Another important point is that a suitably | all probability does express the height of the most 
designed short-wave aerial tends to concentrate | intensely ionised strata, but the important point is 
and to direct maximum radiation within a narrower | that its numerical value varies with the height and 
angle than is possible, mechanically speaking, in the | ionising power of the sun, and thus experiences 
case of a long-wave aerial (Fig. 1). 


The effect of | hourly and seasonal changes. Again, since the 





distance x varies with the height h, it is obvious that, 


this is that considerable energy reaches the higher | 
altitudes and penetrates the Heaviside Layer at a 


for any one wavelength, the transmitted distance | 


(6) COMBINED ELECTRIC FIELD MOVING TO RIGHT OF A. 
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wavelength. It is also obvious that the path of the 
wave disturbance cannot be treated as due to a 
single ray, but is the result of two or more component 
effects, and it may happen that these reach the 
earth with equal intensity and in such a manner as 
mutually to cancel out, a condition known by rapid 
diminution in strength of signals over a compara- 
tively short distance; this is quite distinct from 
the interference met with in long-wave transmission, 
when ground waves and sky waves converge. There 
is also a focusing effect, which spreads the wave 
image neatly out over the earth’s surface with 
graduated intensity, and this is a saving grace, 
because it accounts for continuity of signals 
over periods when conditions vary in the upper 
electrical strata. Finally, in the path of the 
wave there are magnetic and other disturbances 
reacting in such a manner that, briefly, the wave is 
twisted and its components displaced; the effect 
is independent of the original wave polarity. 
Eventually this distortion of fields may be useful, 
but at present it adds to our perplexities. 

Because of the dimensions of short waves, it is 
possible to suspend a system of vertical wires to form 
either a parabolic or a flat surface—the necessary 
framework being well within the limits of practical 
mechanical constructions—and, by taking advantage 
of phasing, to concentrate and reflect radiant energy 
into a beam. Reflection enters into both methods 
of beam projection, and we shall devote a little 
time to a more careful study of this aspect of phase 
relationship. The earlier beam installations, in 
Italy, at Carnarvon, at Portsmouth, and more 
particularly on the Island of Inchkeith,* were based 
entirely on the principle of reflection. 

Astraight conductor possesses distributed capacity 
and inductance, and forms an open oscillatory 
circuit, the natural wave-length of which is approxi- 
mately twice its geometric length. Let A, in Fig. 5, 
represent 10 m. of vertical wire, coupled to any 


4 


“ENGINEERING” 





* See ENGINEERING, vol. cxix, page 309. 
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form of transmitter that maintains it active, and 
radiating its natural, wave-length of 20m. Electro- 
magnetic disturbances are set up in the ether, and 
we may depict the electro-component by a sine 
wave symmetrically drawn on either side of A. 
If we set up another and similar length of wire B, 
5 m. to the left of A, then the impinging wave front 
from A will set up oscillations in B; in fact, B is 
electro-magnetically coupled to A. These oscillations 
will, however, be 180 deg. out of phase with those in 
A, following the law of driver and driven, so that we 
can depict the re-radiation from B by a symmetrical 
sine curve, exactly opposite to the A wave phase 
at the instant of impinging. Now observe the 
effect of the additions of these two series of waves. 
To the left of B they move in the same sense but 
are opposed in phase, that is, they cancel out ; 
to the right of A they travel in the same sense and 
are exactly in phase—that is, they add. Between 
B and A there is a standing wave, a matter of no 
importance here. The magnetic component may 
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suitably proportioned vertical wire behind the 
transmitting aerial we double the energy radiated 
outwards and in line, while no energy is transmitted 
in the reverse direction. For other directions, the 
simple geometrical construction of Fig. 6 yields 
the required proportions ; thus, for any direction 
AS, the field strength is AP + AQ forwards, and 
AP! — AQ! backwards, and if the method is worked 
out for a number of directions through 360 deg., 
the well-known heart-shaped polar diagram will 
result. The total area is equal to the area of the 
original circle representing, to some convenient scale, 
the total energy input to the aerial, while, for any 
direction, the line intercepted in that direction will 
be proportional to the field strength of radiation. 
Starting with one vertical reflecting aerial B, a 
quarter wave-length behind the vertical transmitter 
aerial A, let us add a number of other reflecting 
aerials on either side of B, and support the entire 
system by a framework, such that, in plan, the 
outline of the reflecting surface is a parabola with 
A as its focus, as in Fig.7. Then, by virtue of the 
geometrical properties of the parabola and the 
principle of reflection, all energy radiated by A 
within the angle PAQ will be reflected in the direc- 
tion parallel to the line BA. The horizontal con- 











width of aperture PQ; in the figure this width is 


two wave-lengths. Such reflectors have been con- 
structed and have worked with satisfactory results, 
but as the application of the beam became more 
important and larger installations were required, 
the difficulties of mechanical construction and the 
control of technical factors became pronounced. 
There also exists the serious drawback that if for 
any reason it is desirable to increase concentration, 
the necessary increase in the width of PQ can only 
be obtained by a wholly disproportionate increase 
in the depth of OB. 

It is difficult to describe in simple language the 
principle developed by Mr. Franklin for the large 
beam stations, but as a service is shortly to be 
inaugurated between this country, Australia, 
Africa, India, Canada and elsewhere, the subject 
is of particular interest, and in the following para- 
graph an attempt is made to indicate the under- 
lying idea. 

If in Fig. 8 the dot O represents in plan a plain 
vertical aerial, we may depict the field strength 
of the energy output by a number of equal lines 
radiating from O as centre. Let us now extend 
the single aerial into a system or row of aerials 
AB, spacing the component aerials sufficiently 


Fig.9. 





Fig. 7. 0 
SP hatlareit, Cento teaatet Osan oh rae 7@ 
& | sg 
\ | / 
x | s 
\ | 4 
\ l - 
% s 
\ | / 
~ A a e 
7 ’ on 145 
tis | a 
ee oe el 
(9762.£) B ENGINEERING 


HTT 





he, 











| \ (9762. al 


“ENGINEERING” 


Y 


“ENGINEERING 


be similarly treated ; thus we see that by placing a ‘close to each other to maintain the distribution of 


field sensibly uniform throughout the line, and, 
by suitable coupling methods and feed system, 
dividing the original supply of energy evenly and in 
phase among the aerials. Then it is fairly obvious 
that the direction of field intensity will develop some- 
what as indicated by the lines starting along AB. A 
further extension of the line AB concentrates still 
more the radiation into a fore and aft direction, 
while, in the limit, when AB is indefinitely long, the 
concentration is wholly at right angles to AB. In 
practice, the width of the system AB depends on the 
wave-length employed and the nature of the service ; 
a system four wave lengths long gives a remarkably 
good polar curve, or figure of concentration, as 
shown in Fig. 9. At the stations now in operation, 
however, the aerial system actually yields a greater 
concentration than this. 

There is an instinctive difficulty in grasping 
the fact that there may be absolutely no radia- 
tion in either direction of the line AB, but pro- 
vided the instantaneous phase is similar through- 
out, then by the time a disturbance, say from A, 
has travelled to P, a distance of one wave-length 
along AB, its phase must be exactly 360 deg. 
lagging on the disturbance then radiating at P, 
and for all points between A and P the result 


centration of energy will be proportional to the! along the directions AB or BA may be regarded as 





a series of disturbances, the phases of which differ 
from that of P by an even gradation between 
0 deg. and 360 deg.; that is, the result along AB 
is a system in perfect balance with no external effect. 
Therefore, if the line of aerials AB is exactly one, 
two, three or more wave-lengths long, there will be 
no radiation in either direction of AB. Incident- 
ally, the process of drawing the polar curves for 
such systems is one of summing the phase differences 
along a number of directions, and the theory has 
been amply verified by actual measurements of field 
strengths taken at various angles. 

We find, then, that a system of aerials, extending 
in the form of a row, radiates energy mainly in 
the fore and aft directions. If, now, a second row 
of similarly tuned aerials is situated one-quarter 
wave-length behind the transmitting row, the 
former will oscillate exactly as described in the 
paragraph dealing with reflection; moreover, the 
line of reflectors will behave similarly to the line 
of transmitters and re-radiate mainly fore and aft ; 
but the two aft radiations cancel while the forward 
radiations add, so that the combination of trans- 
mitter system and reflector system results in the 
production of a single beam of wireless energy in 
a direction at right angles to the line of aerial 
wires, and on the side opposite to that on which 
the reflector wires are situated. 

Aerials of the type described are used for the 
beam stations at Bodmin and Grimsby which form 
links in the chain of Empire communications and 
were referred to in a lecture delivered by Dr. W. H. 
Eccles before the Royal Institution in April last, 
as reported on page 599 of our last volume. The 
same form of aerial will also be employed at the 
Marconi beam station at Dorchester which is 
primarily intended for communication with New 
York. This station, which is now completed with 
the exception of the aerial system, is illustrated in 
Figs. 10 and 11, on page 510. Fig. 10 is an interior 
view of the power house of the station, and in Fig. 11 
the five tee-shaped steel towers from which the ver-' 
tical aerial and reflector wires will be suspended 
as soon as the working wave-length is definitely 
assigned, are clearly shown. 

It may be of interest to mention, in conclusion, 
that the first of the short-wave beam transmitting 
stations designed and erected by Messrs. Marconi’s 
Wireless Telegraph Company, Limited, for the 
British Post Office for the purpose of facilitating 
Empire communications, viz., that at Bodmin 
in Cornwall, has recently completed its official 
test and a high-speed wireless-telegraph service will 
be commenced by the Post Office on Monday next, 
between this country and Canada, using that station 
in conjunction with a receiving station at Bridgwater. 

The beam transmitting station in Canada is 
situated at Drummondville, 30 miles east of Mont- 
real, and the Canadian receiving station is at 
Yamachiche, 25 miles north of Drummondville. 
These stations are connected by land lines to the 
Central office of the Canandian Marconi Company in 
Montreal, and the English stations are linked in a 
similar manner with the General Post Office in 
London. The transmitting stations are rated at 
20 kw. and the wavelength used is about 26 metres. 

The official Post Office tests required that the 
stations for the Canadian service should be capable 
of communication at a speed of 500 letters per 
minute each way, exclusive of any repetitions 
necessary to ensure accuracy, for an average period 
of 18 hours daily, and that a demonstration fulfilling 
these conditions should be given by actual working 
for seven consecutive days. The test was carried out 
between October 7 and 14, and the requirements 
were fulfilled to the satisfaction of the Post Office 
authorities. Actually we understand that speeds 
of 1,250 letters per minute in each direction, i.e., 
of 2,500 letters per minute over the whole system, 
were maintained for many hours, and that the 
average speed of signalling over the whole period of 
the test was about 600 letters per minute in each 
direction. This, it is thought, will be ample to 
deal with all the traffic likely to develop between 
England and Canada for several years tocome. The 
Bodmin station will also be used for communication 
with South Africa, and two other stations at Tetney, 
near Grimsby, and at Winthorpe, near Skegness, will 
serve India and Australia, respectively. 
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REGULATIONS FOR THE ELECTRICAL 
EQUIPMENT OF BUILDINGS. 


In the two years that have elapsed since the issue 
by the Institution of Electrical Engineers of the 
eighth edition of the Regulations for the Electrical 
Equipment of Buildings, previously known as the 
LE.E. Wiring Rules, the Committee of the Institu- 
tion have had under consideration a number of 
comments and criticisms of the Regulations received 
from various interested parties, with the result that 
the Council of the Institution has recently adopted 
a recommendation of the Committee that a revised 
edition of the Regulations should be published as 
early as possible next year. It will be remembered 
that an alteration sheet, covering some of the points 
raised, was issued in July of last year, as mentioned 
on page 167 of vol. cxx of ENGINEERING, where we 
stated that other matters, including the difficulty 
experienced, in some cases, of wiring standard plugs 
with flexible cords and cables of the sizes recom- 
mended in the Regulations, were under considera- 
tion. A few of the amendments agreed to since 
that time, particularly those relating to the current- 
carrying capacities of flexible cords and cables, are 
regarded by the Committee as of sufficient import- 
ance to justify their being issued without waiting 
for the publication of the complete revised Regu- 
lations, and they have accordingly prepared a 
revised pamphlet of alterations and additions, cover- 
ing the new amendments, as well as those made in 
July, 1925. In this we notice that new columns 
have been added to the tables relating to the current- 
carrying capacities of flexible cords and cables, 
giving the number and diameter of the wires forming 
the conductor, and also that the maximum per- 
missible current has been increased in all cases. 
Other modifications relate to the design and arrange- 
ment of switchboards and distribution boards, bell 
and telephone circuits, earthing leads, lampholders, 
cables for electric lifts, &c., but it is scarcely 
practicable for reference to be made to these in 
detail. It is, moreover, unnecessary to do so, 
as the pamphlet can be obtained free on 
application to the Secretary of the Institution of 
Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2. 





THe HaArwicH-ZEEBRUGGE TRAIN Ferry.—Figures 

uoted in a recent issue of the Monthly Journal of the 

ritish Chamber of Commerce in Belgium, indicate a 
steady growth in the Harwich-Zeebrugge train-ferry 
traffic since the inception of the service in 1924. In 
January, 1925, 365 truckloads, comprising some 3,020 
metric tons of goods, were ferried from the Continent to 
England ; in the opposite direction, 41 trucks, containing 
244 metric tons, were carried. The volume of traffic 
has risen steadily, and, in — 1926, the figures were :— 
From the Continent to England, 1,156 truck loads, 
representing 9,217 metric tons of gre and, from 
England to the Continent, 113 truck loads, totalling 
1,290 metric tons of commodities. As has already 
been pointed out in these columns and elsewhere, the 
train ferry is specially adapted to the transport of goods 
for which speedy transit with a minimum of handling is 
essential, and, so far, the traffic has been mainly of this 
class. ree ogee of special wagons has, however, 
demonstra‘ the suitability of the service for the con- 
veyance of heavy loads, such as machinery. It need 
hardly be emphasised that the ferry is also oe 
suitable for the export, from this country, of locomotives 
and rolling-stock. 


Sure uy RePeatrepD-Stress Tests.—No. 1022 of the 
Reports and Memoranda of the Aeronautical Research 
Committee, deals with an experiment made to deter- 
mine whether any plastic deformation could be detected 
as the result of the unloading part of a cycle of repeated- 
tensile loading. Apparatus was designed by means of 
which a test piece could be stressed in tension, and 
could be examined and repolished while under load. The 
load being then released, a further examination could be 
made, Any changes in microst~ucture due to the un- 
loading could thus be isolated from those occurring in 
the remaining portion of a comp'ete cycle. No change 
in microstructure could be detected as a result of one 
unloading of a single crystal of aluminium from a stress 
of 1-78 tons per square inch. On the other hand, no 
change could 44 detected when the specimen was re- 
loaded to the same stress, although a multitude of slip 
bands resulted from 100,000 further cycles. Conse- 
quently the results of the experiment prove only that the 
amount of plastic strain which occurs in any one cycle 
after the first, at the of stress used, is not sufficient 
to be detected under the microscope. It is proposed 
to repeat the present experiment on further specimens 
using a much higher maximum stress. Simi work 

ill also be performed on crystalline tes. The 
report is obtainable through any of the branches of H.M. 
Stationery Office, price 6d, net. 





EXHIBITION OF INVENTIONS. 

Ir would, we imagine, be somewhat difficult to say 
what proportion of the patented or provisionally- 
protected inventions eventually become commercially 
successful appliances or processes, but the proportion 
is certainly extremely small. This is due, in part, to 
the fact that ingenious persons often spend much time, 
and not inconsiderable sums of money, in perfecting 
devices for which there is no demand, and also to the 
difficulty which the inventor often experiences in 
bringing his work, even when it is really useful, to the 
notice of persons able and willing to assist in its develop- 
ment. To guide inventors with respect to the require- 
ments of the public, to help them to exploit their 
inventions and to assist them in other ways, the 
Institute of Patentees (Inc.) was constituted some few 
years ago, and one way in which this institute has 
endeavoured to promote the interests of its members has 
been by the organisation of an annual exhibition of 
inventions. The second of these exhibitions was opened 
at the Central Hall, Westminster, on the 13th instant, 
and closes to-morrow. 

The exhibits are divided into two main sections, the 
first including articles already on the market and the 
second those awaiting development ; several prizes are 
being awarded for exhibits in the second category. 
As would be expected, the majority of the exhibits 
relate to matters, such as domestic appliances, house- 
hold labour-saving devices, wearing apparel, toys and 
games, and miscellaneous articles and appliances, not 
of direct professional interest to engineers; there are, 
however, many items of use to the latter, while some, of 
course, would draw forth more criticism than praise. 
Among the former we noticed the new Ozalid photo- 
printing paper, which was being demonstrated by 
Mr. H. W. Hodges of the Ozalid Company, 91, New 
Oxford-street, W.C.1. This paper, to which reference 
was made on page 660 of our issue of November 7, 
1924, produces permanent, true-to-scale photo prints 
in dark brown lines on a white ground. The paper, 
which is now made in this country, is printed under 
a tracing in exactly the same way as ordinary ferro- 
prussiate paper, and is developed in the dry state by 
exposure to ammonia vapour in a drawer or cupboard. 
We understand that the cost of producing Ozalid 
prints is no greater than that of blue prints, and the 
time and trouble involved are obviously less, since the 
drying process is entirely eliminated. Difficulties due 
to the stretching of the paper are also avoided, owing to 
the fact that the latter is not wetted in development. 

To those who have experienced difficulty due to the 
fact that plugs and sockets for the flexible leads 
supplying portable electric appliances are not always 
interchangeable, the Nalla plugs and sockets, manu- 
factured by Messrs. William Allan and Company, 62, 
Dale-street, Liverpool, will doubtless prove of interest. 
In these fittings, one of the pins or socket holes is 
formed on an eccentric, which can be rotated, by using 
the edge of a coin, to adjust the distance between the 
pins or holes. The jet-tube ventilators, shown by 
Messrs. Baynes and Co., 99, St. Paul’s-road, London, 
N.1, are intended for use in factories and workshops, 
and consist of an electrically-driven fan which dis- 
charges air through a wide and narrow outlet in an 
approximately horizontal direction. The air in the 
room is circulated in this way, usually without the 
addition of fresh external air, but the latter can be 
introduced if desired. Ina brake-operating mechanism 
for motor vehicles shown by The Warben Motor 
Engineering Works, 43, Mayville-road, Leytonstone, 
E.11, the brake is applied by a lever fitted with a pawl 
which engages with the teeth of a rack. The brake 
can be released by depressing a pedal and can be locked 
in the “on” position, so that it cannot be released by 
unauthorised persons when the vehicle is left un- 
attended. Another brake, shown by British Brakes 
and Clutches, Midland Bank Chambers, Queen’s-road, 
Bristol, is of the expanding type and enables the 
adjustment necessary to take up the wear of the linings 
to be made in a simple and effective manner without 
affecting the position of the operating lever. In 
applying the brake, both shoes are moved outwards 
in a straight line by rotating a pair of eccentric cams, 
so that the wear in the lining is uniform over its whole 
length. 

A device which can be used in conjunction with 
ratchet braces, breast drills, and other portable drilling 
appliances for attaching the drill to the work in awk- 
ward positions, is shown by Mr. J. H. Abel, 29, Northern- 
road, Plaistow, E.13. It consists of a roller chain, 
which is passed round the work and attached to a bar 
carrying a screw and spring feed, and also supporting 
the upper end of the brace. As the drill penetrates the 
work, the pressure is maintained by turning the feed 
screw, which is provided with a small handwheel for the 
purpose. Of other engineering exhibits we may mention 
an adjustable saw guard, shown by Mr. A. T. Roberts, 
of Aldenham-road, Oxhey, Watford, and the Pitter 
infinitely variable reduction gear shown'by the Central 
Gear Co., Limited, Woolwich-road, Charlton, S.E.7. 





This gear is of the mechanical type, giving a complete 
speed range in either direction of rotation, Finally, 
we should refer to an exhibit arranged by the Rubber 
Growers’ Association (Inc.) in conjunction with the 
Research Association of British Rubber and Tyre Manu- 
facturers, the object of which is to illustrate some of 
the more recent applications of rubber, and also to show 
some of the manufacturing processes and testing opera- 
tions being carried out. One of the items included in 
this exhibit is a hydraulic machine by Messrs. W. and 
T. Avery, Limited, of Birmingham, for tensile tests on 
rubber rings, which are rotated during the test in order 
to subject all parts of the ring to the load. The latter 
is measured by a lever and quadrant, and means are 
provided to enable the stress-strain relationship to be 
recorded graphically. 








SHIPS FOR THE LATVIAN NAVY. 


In our issue of September 17 last, on page 364, 
we referred briefly to the vessels which Messrs. La 
Société Anonyme des Chantiers et Ateliers Augustin- 
Normand, 67, Rue du Perrey, Le Havre, France, 
are building for the Latvian Navy. One of the vessels, 
mentioned in our paragraph, the mine-trawler Imanta, 
and her sister-ship the Viesturs, which latter has been 
constructed by Messrs. La Société des Anciens Chantiers 
Dubigeon, Nantes-Chantenay, have now completed 
successful trials at sea, and have been delivered to 
the Latvian Government. Both vessels have been 
built to the designs of Messrs. Augustin-Normand. 
The propelling machinery of the Imanta comprises 
two sets of 375-h.p. triple-expansion engines capable 
of .giving the ship a speed of 14 knots. The radius 
of action of the trawler is about 1,100 nautical miles, 
when steaming at a speed of 11 knots. The 
vessel carries an 80-mm. Schneider-Skoda anti-aircraft 
gun, and four Vickers machine guns. The crew 
consists of three officers, six petty officers, and 
29 seamen. The Imanta and Viesturs form part of 
a contract, which also includes the submarines 
Spidola and Ronis. 

The Spidola, was successfully launched on October 6 
last, at Le Havre, by Messrs. Augustin-Normand. This 
vessel has been constructed to the designs of the 
Ateliers et Chantiers de la Loire, Prairie-au-Duc, 
Nantes, who are in charge of the main contract ; she 
is a sister ship of the Ronis, which has been built 
at Nantes by the last-named company. The Spidola 
has a length of 180 ft., beam of 15 ft., and displace- 
ment of about 400 metric tons. The surface propelling 
machinery comprises two 650-h.p. Diesel-Sulzer-Loire 
motors, built at the St. Denis works of the Ateliers 
et Chantiers de la Loire, and capable of giving the 
vessel a speed of over 14 knots. When submerged 
the submarine is propelled by two 350-h.p. electric 
motors, which will enable the vessel to travel at a 
speed of over 9 knots. The radius of action of the 
Spidola is about 1,600 nautical miles, when travelling 
on the surface, and 85 miles, when submerged. The 
hull has been designed with a view to allow the 
vessel to dive to a depth of 164 ft. Two periscopes 
are provided to enable a watch to be kept when the 
vessel is lying at a depth of 36 ft. below the surface. 
The armament of the submarine comprises six 450-mm. 
torpedo tubes, four of which are capable of {being 
rotated. In addition, the vessel carries a 76-mm. 
anti-aircraft gun and two machine guns, which are 
also intended for the purpose of repelling aerial 
attacks. The crew will consist of three officers and 
28 seamen. 








THE APPLICATION OF TIMBER-TESTING.—We have been 
requested by Mr. C. J. Chaplin, M.Sc., M.E.I.C., officer- 
in-charge of Timber Mechanics at the Forest Products 
Research Laboratory, South Farnborough, to correct one 
or two inaccuracies which crept into the brief reference, 
given on page 347 of our issue of September 17 last, to 
his British Association paper bearing the above title. In 
place of the second half of the first paragraph, com- 
mencing with the words ‘‘The material’ on line 16 
below the title, the following matter, amplified and 
corrected by the author, should read :—‘‘ The procedure 
adopted in the testing of clear timber is generally 
as follows:—The material is selected standing in 
the forest; the logs upon their arrival at the 
Laboratory are stencilled with a sawing diagram and 
cut into sticks, 2} in. square by 4 ft. long; the 
position in the tree from which the sticks are cut 1s 
denoted with reference to the distance from the stump, 
by the letters A, B, C, D, etc. The radial sition of 
each stick with relation to the pith, and also the cardinal 

ints of the compass, are denoted by numbers and 
| aon The mechanical tests include static and impact 
bending, compression parallel and perpendicular to the 
grain, side and end hardness, shear, cleavage and ten- 
sion; the last three include strength, both radial and 
tangential with reference to the growth rings. The 
physical tests include the rate of growth, density, per- 
centage of summer wood and Boh. sein shrinkage in- 
cludes reduction in dimensions, both radial and tan- 
gential, of the specimens between the green air-dry and 
oven-dry conditions.” 
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NOTES ON NEW BOOKS. 


Tap importance of the predetermination of workshop 
operations is almost universally recognised to-day, 
although the subject can often be carried further than 
is actually done. It involves the collaboration of such 
departments as that of design, both of product and 
tools, rate-fixing, and buying, with the planning depart- 
ment, the value of which can hardly be exaggerated. 
By the predetermination of operations it is possible to 
have any special tools that may be required, prepared 
in readiness for the time when they will be needed, and 
this enables delays to be avoided and, therefore, to 
some extent, turnover to be increased. With the collabo- 
ration referred to as well, difficulties in design from the 
production standpoint also can be considered and oft- 
times removed before manufacture has been commenced; 
in a similar manner the experience of the buying and 
ratefixing departments would be likely to contribute 
something to the common good. 4s indicated by the 
title, the object of Mr. Philip Gates in Workshop 
Operations and Lay-outs for Economic Engineering Pro- 
duction (Messrs. E. & F. N. Spon, Ltd., 57, Haymarket, 
London, S.W.1. Price 7s. 6d. net), is to discuss this 
question, and he outlines in his book some of the direc- 
tions in which advantages are to be gained by the con- 
sideration of workshop oerations before production has 
been commenced. While many aspects of the question 
are discussed, design, as affecting economical production, 
is given a prominent place, and examples are quoted in 
which are indicated the good results which have fol- 
lowed alterations of design, made for the purpose of faci- 
litating production. Many examples of milling, drilling, 
turret and automatic machine jobs are shown, the 
designs of the pieces themselves, the tools required for 
manufacture, the lay-outs generally and the possible 
outputs, being discussed. The treatment is fairly 
comprehensive although in places it is somewhat 
elementary and at times superficial. The practice 
of various machine-tool makers is extensively quoted, 
although the book would have been the stronger if the 
author had drawn more on his own personal experience. 
In works where old practices still obtain, where opera- 
tions are not decided upon until they have actually 
to be performed, and the preparation of any special 
tools that may be required must follow while the work 
waits, this book would be found a useful introduction 
to the subject. It is handy in size, and contains 200 


pages. 





Photographic surveying has now become of such 
commercial importance that a demand has arisen for 
text books on the subject. A large proportion of those 
hitherto available have been military handbooks, but 
service requirements are not necessarily identical with 
those of the surveyor engaged on commercial work. 
Under the title of Phototopography, the Syndics of 
the Cambridge University Press have now published 
at 6s. net a practical manual of photographic surveying 
methods. The author is Mr. A. L. Higgins, lecturer on 
Civil Engineering at the East London College. The 
volume opens with a chapter on perspective, a subject 
with which the average surveyor is little conversant, but 
a mastery of which is essential to the intelligent practice 
of photographic surveying. In discussing the camera 
equipment the author mentions a number of lenses 
as suitable. Everyone of these is of German origin 
and make, although it was officially reported at the close 
of the war that these lenses, excellent as they were, 
had been definitely excelled by a simpler type of British 
design. The earlier section of the volume is taken up 
with a description of those methods of surveying by 
photography which were mainly worked out in Canada, 
by Delville. The geometry, by means of which it is 
possible to translate pictures into plans, is very 
thoroughly discussed. Stereoscopic methods are next 
dealt with, but the only apparatus mentioned for 
rc photographic surveying is that developed 

y Zeiss. 





The fact that the coal resources of this country are 
of national importance is sufficiently well realised not 
to require stressing, but it is probably not so widely 
understood that in the natural course of events the 
more easily mined seams, i.e., those nearer the surface, 
and the better quality coals, become in course of time 
exhausted, and it then becomes necessary to study the 
question of exploiting deeper or inferior seams. Data 
to enable the national coal resources to be made use 
of to the best advantage are being collected by the Fuel 
Research Board in connection with the physical and 
chemical survey of the coal seams of Great Britain. 
The sixth report of a series of special papers in this 
connection was published recently and is entitled 
“ The King Seam of the Lancashire Coalfield” (London, 
Adastral House, Kingsway, W.C.2, price 1s. 6d. net). 
This King seam is already being worked in certain areas 
where it is of good quality, but in other districts it 
contains a large number of dirt bands which under 
present conditions render its exploitation unprofitable. 


If, however, economic methods of utilising low-grade 
coal of this class should be perfected in the near future, 
many such inferior seams might become workable. 
Usually, the King seam at its best consists of two 
coals separated by a shale or dirt parting of varying 
thickness. A band of cannel coal often occurs at the 
top of the seam in the South Lancashire Coalfield, 
whilst in certain districts the King splits up into two 
or more distinct seams. The lump and better qualities 
are used for domestic coal, and it is used to a limited 
extent for gas making and as\bunker coal, but it is 
mainly used for manufacturing purposes, being bitumin- 
ous and moderately caking. Volatile matter content 
ranges from 36 to 43 per cent., calculated on the coal 
exclusive of moisture and ash. The ash content varies 
considerably in different districts and also frequently in 
different horizons in the same section, due largely, where 
the seam is of inferior quality, to the number of dirt bands 
present and the extent to which the latter are removed. 
But even after the separation of all visible dirt, the coal 
in some parts of the field still contains a high percentage 
of inherent ash—particularly in the neighbourhood cf 
the Irwell Valley fault. Sulphur content ranges from 
1-5 to 3-5 per cent. A detailed examination carried 
out to determine to what extent the coal could be 
cleaned so as to minimise the ash content showed that 
the seam lends itself to treatment by washing. It has 
also been found to be suitable for low-temperature 
carbonisation without blending. The report reproduces 
a number of sections of the King seam from various 
districts and the results of coal analyses. A sketch 
map of the Lancashire Coalfield supplied by the 
Geological Survey, showing the localities mentioned 
in the report is also reproduced. 


Inorganic colloids, including the alkali silicates 
commonly known as water-glass, were tried as substi- 
tutes for the resin size of the paper industry forty years 
ago, when the cost of resin began to figure as a heavy 
item in paper manufacture. The properties of inorganic 
colloids were not understood then, however, and it is 
only in the last 20 years that the special relation of 
the silicate colloids to the resin colloids has received 
proper attention. The problem was taken up in Ger- 
many before the war by Mr. Th. E. Blasweiler, then 
assistant to Professor Emil Heuser in the Institute for 
Cellulose Chemistry at Darmstatt. It is noteworthy 
that the instigation of the research, which the war 
interrupted, came from the silicate manufacturers. 
Blasweiler’s papers, published in the Papierfabrikant 
procured for him a prize from the German Association of 
Pulp and Paper Technologists. The award is recorded 
by Mr. C. F. Cross, in a foreword to his English trans- 
lation of these papers published under the title 
“The Use of Sodium Silicate for the Sizing of Paper” 
(Constable and Co., Limited, price 10s. 6d. net). The 
book is more a detailed account of laboratory researches 
than a guide for practical men, and is divided into 
sections on pure mineral sizing, silicate and resin sizing, 
silicates and fatty acids, animal glue, starch and casein. 
For rapid printing, paper is said to be best sized 
with silicate alone because it absorbs oil and dyes 
more rapidly; sizing with potato starch and silicate 
greatly improves the strength of the paper. Mr. Cross 
considers silicate a very economic form of colloid, 
capable of improving the sizing in various ways, as 
well as also the loading and the texture of web and 
sheet, but the co-operation of the craftsman is still 
required. 





The successful development of the extended use of 
electricity must depend on the experience of the user 
in regard to freedom from trouble and breakdown. 
It is, therefore, essential that installations should be 
carried out with the best materials available, whether 
in the case ,of cables, switches, fuses, lamps or 
appliances for use in heating and power generation. 
In this respect the development is largely in the hands 
of the electrical contractors, and their success in 
business will depend on the conscientious manner 
in which this part of the work is done. For 
the guidance of such firms, various regulations have 
been framed by representative bodies, such as the 
Institution of Electrical Engineers, but until now we 
have not come across a general book, covering in its 
treatment the entire work of the electrical contractor. 
There are many young engineers, who have taken up 
this phase of work, who must have experienced 
considerable difficulty in finding the information they 
desired. That condition has now been changed by 
the appearance of a book entitled Hlectrical Contracting, 
by Mr. H. Ayres Purdie. This has been recently pub- 
lished by Messrs. Ernest Benn, Limited, of 8, Bouverie- 
street, London, E.C.4, at a price of 10s. 6d. net. The 
book is described as a guide and handbook, specially 
designed to meet the needs of all those engaged in 
business as electrical contractors, and it should un- 
doubtedly prove of value in this direction. The text 
of the work has not been complicated with highly 
technical matter arid, indeed, is concentrated on arous- 





ing the reader’s interest in the practical points of actual 
wiring, the need for regulations, and the business matters 
which must be studied to attain complete success in 
this branch of work. The information given in it is 
thoroughly sound and practical, and the book has only 
to be scanned to be appreciated. 





We have received a copy of Part I of a new pub- 
lication, entitled “ Pitman’s Engineering Educator,” 
which is being issued by Sir Isaac Pitman and Sons, 
Limited, under the editorship of Mr. W. J. Kearton, 
A.M.I.Mech.E., A.M.IL.N.A. The work is to. be 
completed in 30 fortnightly parts, each of which is 
priced at 1s. 3d. net. The contributors include 
Professor A. H. Gibson, Sir Robert Hadfield, Mr. 
A. G. M. Michell, and Mr. J. Swinburne. The object 
of the publication is, in part, to assist those, of whom 
there are many in our smaller towns and villages, who 
are unable to attend good technical classes, and also to 
supplement and broaden the knowledge of their more 
fortunate contemporaries who are able to take a 
regular course at a good technical school. To this end, 
it is proposed to include articles on subjects outside of 
the ordinary curricula. In Part I, now published, are 
to be found initial lessons on a very wide range of 
subjects. Mr. W. G. Bickley, M.Sc., commences a 
series on mathematics for engineers, with an article in 
which he introduces algebraic notations in a very 
simple and direct way. This is followed by a lesson 
on the theory of heat engines, contributed by Mr. 
E. B. Cole, B.Sc., and Mr. G. W. Bird, Wh.Fx., 
B.Sc., commences a series on applied mechanics. 
Other sections deal with machine construction and 
drawing, with engines of various kinds and with pumps. 
Mr. J. G. Horaer contributes articles on machine tools 
and on testing and erecting. Some notes on engi- 
neering history are written by Mr. E. A. Forward, 
who reproduces illustrations of stone hammers, flint: 
saws and axes, and their successors of the Bronze and 
Tron Ages. There is also an engraving of an Egyptian 
chariot wheel, dated 1400 B.c. 

The tenth volume of “ The Annual Reports of the 
Society of Chemical Iudustry on the Progress of Applied 
Chemistry, 1925,” published by the Society, at Central 
House, 46-47, Finsbury-square, E.C., at the price of 
12s. 6d. to non-members and 7s. 6d. to members, does 
not include the reports on sanitation and explosives, 
which were given last year, but is, with its 706 pages, 
rather larger than last year’s report. There have 
again been changes in the compilers of some sections. 
We notice that Dr. J. G. King, of the Fuel Research 
Station, reports on gas, destructive distillation and tar 
products, which has been kept separate from the fuel 
section. Mr. Pitkethly, of the Anglo-Persian Oil 
Company, deals with mineral oils; Mr. D. J. Norman 
with fibres and textiles; Dr. 8. S. Pickles with rubber ; 
and Mr. H. F. Richards, of Liverpool, with non-ferrous 
metals, which had no separate section in the previous 
volume. The first general section on plant and machi- 
nery has again been prepared by Mr. 8S. G. M. Ure, 
of the Chemical Engineering Department, University 
College, London. Seven new beetroot sugar factories 
have been erected since the British Sugar Subsidy Act 
was passed in March, 1925, and refineries are also being 
built. Here, as elsewhere, artificial silk is encroach- 
ing upon the natural silk and cotton markets. 
Two hundred weaving sheds and cotton mills are 
working on artificial silk in Lancashire, and several 
new companies and factories have been established in 
this country. As regards the fixation of nitrogen, the 
Billingham works of Synthetic Ammonia and Nitrates, 
Ltd., have been extended, and the United Alkali Com- 
pany also synthetises nitric acid,; some other works 
have closed their retort houses; a Casale plant is 
planned for New Zealand, although in England the pro- 
cess has not yet been adopted. Mr. Ure’s remarks, which 
concern England in the first instance, are interesting, but 
we regret that in his comments on new inventions of 
evaporators, filters, centrifugals, electrostatic precipi- 
tation, &c., the patent number is given without the 
name of the patentee in a good many cases. Mr. E. C. 
Evans, in the section on fuel, might very well have 
stated that the fuel which Brunler burns under water 
is oil, and not coal. Dr. King notes the present 
tendency towards high temperatures—as high as the 
refractories will stand—and narrow cross-section in 
coke ovens. It is a curious fact that, while artificial 
rubber seems to have lost all interest, the search for 
artificial resins continues to be vigorously pursued. 








TRIAL Trip or Tue §.S8. ‘‘Sruarrstar.’—The steel 
twin-screw steamer Stuartstar, built at the Hebburn 
shipyard of Messrs. Palmers Shipbuilding and Iron Co., 
Limited, to the order of the Blue Star Line (1920), 
Limited, of London, made a successful trial trip on 
Thursday, October 7, 1926. During the trial a speed 
of over 15} knots was attained. A brief description of 
the vessel, written on the occasion of her launch, will 





be found in our issue of April 2 last, on page 450. 
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LABOUR NOTES. 


AcTING on the authority of the districts, which were 
claimed to have favoured action on the lines of the 
South Wales resolution by 460,150 votes to 284,336, 
the Executive Committee of the Miners’ Federation 
on Thursday last week decided to revert to the demand 
for the conditions prevailing before the stoppage, to 
call for the withdrawal of the safety men, to ask the 
Trades Union Congress to put an embargo on the move- 
ment of foreign coal, and levy the other unions in aid of 
the miners, to order a stoppage of outcropping, and to 
intensify propaganda in the districts in which men had 
returned to work. So far the efforts to get the safety 
men out have not met with any appreciable success, 
The opinion of the transport workers, including the 
railwaymen, seems to be that an embargo is imprac- 
ticable, and trade unionists generally are agreed that, 
in the circumstances of the moment, a levy is out of the 
question. A meeting of the General Council of the 
Trades Union Congress has, however, been called for 
to-day to consider the request of the miners for both. 
For propaganda purposes, the Executive Committee 
of the Federation formed itself into a ‘* Central Council 
of War,” with headquarters at the offices of the Notting- 
hamshire Miners’ Association, and on Tuesday they 
began operations in and from that centre. The degree 
of success which is attending the new movement is not 
easy to estimate, but, taking the country all over, it is 
probable that many more men are going in than are 
coming out, 








Communists themselves are much less reticent about 
the rea] aims of their movement than their opponents, 
as a rule, are. In his opening speech at the annual 
congress of the Communist Party, Mr. Bell, the chair- 
man, said that one of the greatest crimes of the General 
Council of the Trades Union Congress was that, while it 
flirted with the general strike, it made no preparations 
to carry through the elementary machinery of organisa- 
tion to protect the workers from the intimidation of the 
** blacklegs”’ and ‘“‘ scabs,” that the Government had 
prepared at that time. Trade union leaders, like 
Cramp had said ‘* Never again,” but the Communists 
were under no illusions. There would, and must, be a 
“next time.’ The general strike was the sharpest 
weapon in the armoury of workers short of insurrection, 
and they must prepare now to use it with skill when the 
time came. Meanwhile, a new leadership, cleansed 
from traitors, was wanted in the trades unions and the 
Labour Party. The General Staff must have full 
power. Workers’ committees must be organised at the 
place of work, and the workers in the fighting forces 
must be told the truth and brought into the closest 
alliance with the movement. 





Mr, Pollitt declared that the main task of the Com- 
munists was to become immersed in the detail of trade 
union work, in order to get responsible spokesmen of the 
party on the floor of the Labour Party conference. 
That could only be done by going there as trade union 
delegates, and it was necessary for them to make 
immediate preparations for carrying out that policy. 
The Margate conference compelled them to face the 
fact that, even if they had to drop one or two of their 
individual activities, they must get hold of the branch 
presidents and branch secretaries’ jobs in the trade 
unions, They had a grip of the machine, and the 
Communists had to take a leaf out of their book. The 
old leadership of the Labour movement was discredited. 
The Communists were not yet strong enough to take up 
the new leadership, but they would go ahead with the 
detail work. They must fight more fiercely the pseudo- 
Left Wing, which was only standing in the way of a 
clear fight between the Communists and the policy that 
the Labour Party stood fo~, as expressed by Mr. Williams 
and Mr, MacDonald. 





Mr. Campbell said that the general strike of the future 
would have to be on a higher plane, and not merely an 
affair of industrial stoppage of workers. There must be 
workers’ control of food supplies, workers’ propaganda 
in the Army and Navy, and workers’ active self-defence 
against special constables. The whole movement must 
be prepared so that the mass strike of the future should 
be led by revolutionaries and aot by rabbits. 





According to The Ministry of Labour Gazette, employ- 
ment in September, though showing a further slight 
improvement on the whole, continued to be severely 
affected by the coal-mining stoppage. In the iron 
mining, pig-iron, iron and steel, tinplate, heavy 
engineering, shipbuilding, cotton, lace, jute, linen, 
pottery, and glass bottle industries, it was very bad. 
Among skilled workers in the building trades and in 
agriculture, however, it continued good generally. 
The principal improvements recorded were in the 
pottery and wool textile industries. Among the work- 


people (numbering approximately 11,900,000) insured 
against unemployment under the 


Unemployment 


Insurance Acts in Great Britain and Northern Ireland, 
the percentage unemployed at September 20, 1926, was 
13-9, as compared with 14-2 at August 23, 1926, and 
12-0 at September 21, 1925. Among the members of 
those trade unions from which returns were received, 
the percentage unemployed was 13-6 at the end of 
September, 1926, compared with 13-3 at the end of 
August, 1926, and with 11-4 at the end of September, 
1925. The percentages given for September 20, and 
August 23, 1926, include coal mining, those miners 
who were not disqualified for benefit under the Unem- 
ployment Insurance Acts by reason of the dispute being 
taken as unemployed for the purpose of the percentage, 
but not those who ceased work owing to the dispute. 
In other industries (excluding coal mining) the per- 
centage of unemployment at September 20 was 14-5, 
as compared with 14-8 at August 23. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during September resulted in an increase of nearly 
5,000/. in the weekly full-time wages of over 70,000 
workpeople, and in a reduction of about 2001. in those 
of 4,000 workpeople. These figures do not include the 
effect of any changes in the rates of wages of coal 
miners, which may have been made on resumption of 
work, as to which complete statistics are not yet 
available. The principal increases in rates of wages 
during the month affected hosiery workers in the 
Midlands, whose bonus was raised from 7d. to 8d. 
on each shilling earned, iron-ore miners in Cumberland, 
iron puddlers and millmen in the West of Scotland, 
and hosiery bleachers, dyers, &c., in the Midlands. 
There was a small reduction in the wages of iron 
puddlers and millmen in the North of England. 





During the nine completed months of 1926 the 
changes reported to the Ministry of Labour, in the 
industries for which statistics have been compiled, 
resulted in net increases amouating to 15,5001. in the 
weekly full-time wages of about 134,000 workpeople, 
and in net reductions of about 89,000/. in those of 
nearly 900,000 workpeople. These figures are ex- 
clusive of the effects of any recent changes in rates of 
wages in the coal-mining industry. In the correspond- 
ing period of 1925, there were net increases of 76,0001. 
in the weekly full-time wages of over 830,000 work- 
people, and net reductions of over 152,000/. in those 
of nearly 970,000 workpeople. 





The general stoppage of work in the coalmining 
industry, which began on May 1, involved nearly a 
million workpeople in that industry in a loss of about 
21 million working days in September. The aggregate 
number of working days lost by workpeople taking 
part in this dispute was about 108 million up to the 
end of September. Apart from the coalmining dispute, 
the number of trade disputes, involving stoppages of 
work, reported to the Department as beginning in 
September, was 16; in addition, 17 disputes which 
began before September were still in progress at the 
beginning of the month. The total number of work- 
people involved in these thirty-three disputes (including 
those thrown out of work at the establishments where 
the disputes occurred, though not themselves parties 
to the disputes) was about 2,000, and the estimated 
aggregate duration of such disputes in September 
was about 15,000 working days. 





Great Britain has ratified two Conventions adopted 
by the Seventh Session of the International Labour 
Conference of the League of Nations. One Convention 
deals with the granting to foreign workers, who suffer 
personal injury due to industrial accidents, the same 
| treatment in respect of workmen’s compensation as 
a country grants to its own nationals, provided thatthe 
country from which the workman came has also 
ratified the Convention. The other deals with the 
payment of compensation to workmen incapacitated 
by occupational diseases, a schedule of such diseases 
being included in the Convention. Great Britain has 
now ratified twelve of the twenty-three Conventions 
adopted by the International Labour Conference. 





The Zimes correspondent at Geneva states that at 
last week’s session of the Governing Body of the 
International Labour Office, M. Albert Thomas, in 
reviewing the question of the eight-hour day, stated 
that the Washington Convention was not in danger, 
as many people believed, and that several big countries 
were now preparing to ratify it, but it was necessary 
to take all possible steps to obtain, from every country, 
a speedy ratification of the convention. The Govern- 
ing Body appointed a committee of 12 of its members 
to report, at its next session, on the present position 
in regard to the question of the eight-hour day, with 
a view to taking action which may assist the Director 
of the International Labour Office in his efforts to 
hasten the ratification of the Washington Convention. 














The American Federation of Labour’s Metal Trades 
Department, which consists of thirteen organisations 
with an aggregate membership of 500,000, has decided , 
to affiliate to the International Metal Workers’ Federa- 
tion. Some weeks ago Mr. J. T. Brownlie (Great 
Britain), M. Labe (France), Herr Dissmann (Germany), 
and M. Ilg (Switzerland) were sent to the United States 
by the Central Committee of the International for the 
purpose of inducing the Americans, if possible, to 
line up with their fellow metalworkers on this side 
of the Atlantic. They addressed the Annual Conven- 
tion of the Metal Trades Department of the American 
Federation of Labour at Detroit last month, and, as 
a result of their appeal, the Convention, on the recom- 
mendation of a Committee, decided to affiliate and to 
instruct the constituent unions to take the necessary 
steps to give effect to the decision. 





The October Report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders states that, 
at the end of September, 30,295 members were “ sign- 
ing the books,” as compared with 29,129 in August ; 
4,222 members were paid superannuation benefit 
during the month, as compared with 4,273; and 
2,645 were in receipt of sick benefit as compared 
with 2,384. The expenses for September were 
124,8711. 4s. 10d. ; in August they were 117,695 133s, 8d. 





The Executive Committee of the United Society 
of Boilermakers and Iron and Steel Shipbuilders 
intimate that the proposed reductions in administra- 
tion costs and scales of benefit have been rejected 
by the members. by 6,450 votes to 5,887. A con- 
siderable number of letters were received, they add, 
from branches stating that they were not against 
the proposals as a whole. Their objection was to the 
proposed reduction of superannuation and sick benefits, 
particularly the superannuation reductions. As the 
majority against the proposals as a whole was only 
4} per cent. of the total vote, it was more than evident, 
the executive point out, that the majority of the 
members favoured the proposals other than those 
relating to superannuation. Since it wasimpossible to 
continue expenditure on the existing scale, it has 
been decided that, with the exception of the proposed 
superannuation reductions, all the other reductions 
in salaries, administration cost and benefits should 
be adopted. The reductions in benefits outlined in 
the original proposals—other than superannuation— 
are to take effect as from Thursday, September 30, 
and the reductions in salaries and administration costs 
‘as from the beginning of the October quarter. 





The Ministry of Labour states that on October 11, 
1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain, 
was 1,536,300, of whom 1,177,800 were men, 41,900 
boys, 274,600 women, and 42,000 girls. Of the total 
number, 78,900 were ‘persons normally in casual 
employment.” On October 4, 1926, the number of 
unemployed persons was 1,572,700, of whom 1,186,928 
were men, 44,226 boys, 296,783 women, and 44,763 
girls; and on October 12, 1925, it was 1,258,825, of 
whom 1,008,527 were men, 36,896 boys, 183,806 
women, and 29,596 girls. The total of 1,536,300 on 
October 11 does not include ‘“ persons who ceased 
work in the coalmining industry on account of the 
dispute.” 





In the latest official report of the United Pattern- 
makers’ Association, Mr. Findlay, the general secretary, 
says that the organisation’s unemployed list still gives 
cause for concern, while the miners are on strike. 
When the current year opened, there was an adverse 
balance of 13,000/. in the general funds. That adverse 
balance must now be, he reckons, in the region of 
23,000/., and while the present conditions obtain it 
must necessarily increase. The Executive Council 
intend, it is intimated, to consider the whole matter 
of finance at their next meeting on November 4 and 5. 





Owing to the depressed state of the tinplate industry, 
the Joint Standing Committee of the South Wales 
Tinplate Industrial Council at Swansea has decided 
not to renew the ex gratia bonus of 7} per cent. which 
has been paid to the workmen for many months 
past. This means that the wages of lower-paid work- 
men will be reduced by 3s. 4d. per week. 





Coat In CzEcHO-Stovak1a—According to a recent 
issue of the Monthly Review of Central Europe, published 
by Anglo-Austrian Bank, Limited, 24-28, Lombard- 
street, London, E.C. 3, the Ostrau collieries, Czecho- 
slovakia, exported 200,000 tons of coal, via Hamburg, 
during the month of August. Previously, exports of coal 
had been negligible quantities. In addition, some 
20,000 tons were purchased by Italy. The total output 
of coal in the Ostrau mines during August amounted to 
923,022 tons, a rise of 30-5 per cent. over the July figure. 
The pits are working full time, and it is stated that the 
future outlook is very hopeful. 
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4-12-2 TYPE THREE-CYLINDER LOCO- 
MOTIVE FOR THE UNION PACIFIC 
RAILROAD. 

(Continued from page 414.) 


ConTINUING our description of the large 4-12-2 type 
three-cylinder locomotive which the American Loco- 
motive Company of New York recently built for the 
Union Pacific System, we now have to deal with the 
boiler. The great length of the locomotive has been 
utilised to provide exceptional fire-box volume and 
also unusually liberal smoke-box volume, one object 
being to avoid excessive tube length. The latter is, in 
fact, the railroad company’s standard of 22 ft. This 
gave a smoke-box length, from front tube plate to 
smoke-box front, of no less than 11 ft. 4 in. The 
large volume thus provided should prove very effective 
in evening the draught and distributing the work over 
all the boiler tubes, The fire-box is fitted with a Gaines 
arch or wall and a combustion chamber, giving a long 
flame path combined in this design with a good depth 
of box, obtained in a manner which we describe below. 
_ The boiler barrel is composed of three rings. The | 
first course is parallel, and consists of 3-in. plate, with an | 
internal diameter of 7 ft. 6 in. The second course is 
tapered, being 7 ft. 7 in. in diameter at the front and 
enlarged to 8 ft. 7 in. inside at the back. All the taper 
is worked into the upper part of this course. The third 
course is again parallel and 8 ft. 9 in. in internal dia- 
meter. These two courses are of l-in. plate. The 
wrapper plate of the fire-box has a thickness of } in., | 
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while the throat sheet is also of this thickness, but the 
back head is % in. thick. The fire-box measures 
184} in. long inside, by 108} in. wide. The fire-box 
plating is 3 in. thick for the sides, crown and back, the 
throat being 4 in. thick. The parallel course of the 
combustion chamber has a thickness of 3 in., while 
the fire-box tube plate is 4 in. thick. The front tube 
plate is in. thick. The combustion chamber has an 
internal length of 6 ft. 84in. It has a height internally 
of 5 ft. 5,4; in. on the central vertical plane. The 
foundation ring is 6 in. wide at the front leg and 5 in. 
wide at the sides and back. The front water leg and 
the back head of the boiler slope forward, as is usual in 
modern American practice. The water space between 
the underside of the combustion chamber and the 
barrel plating is 64, in. The crown stays of the fire-box 
and combustion chamber are direct to the shell plating. 
Flexible stays are used at the shoulders of the fire-box 
and combustion chamber crown plates, and partly 
down the sides. The dome is on the taper course of 
the barrel. It is said to be the largest dome yet put 
on a locomotive boiler; the opening is 40 in. in diameter, 
and over flanges the dome itself measures 59} in. 

The boiler contains 262 tubes, 34 in. in outside 
diameter. Of these, 222 are ordinary boiler heating- 
surface tubes, while 40 are used to accommodate the 
superheater elements. The fire-box contains five 
water tubes 3} in. in outside diameter. 

In order to secure sufficient depth for the fire-box 
with the 63-in. driving wheels, the trailing drivers are 
let into the underside of the box, in front of the Gaines 
arch wall. This wall stands 2 ft. 6 in. back from the 








The 


front end of the box, as shown in Fig. 48, above. 
arch wall is 9 in. thick, leaving a distance of 12 ft. for 


the length of the grate proper. The Gaines fire-brick 
wall contains six vertical air passages, the tops of which 
are covered with special bricks, shown in Figs. 47 and 48, 
deflecting the air back over the fire. The part of the box 
in front of the Gaines wall is lined at the bottom and 
sides with fire- brick, the floor being sloped on either side 
to a small hopper, shown in Figs. 46 and 48. The ash- 
pan is of the hopper type and is shown in Figs. 49 to 
55. It is carried up on either side of the box on the out- 
side, as in Figs. 51 and 54, The central part is divided 
into two deep self-cleaning hoppers, sufficiently narrow 
not to interfere with the lateral movement of the wheels 
of the trailing truck, the limiting position of which is 
indicated in Fig. 49. The ash-pan is fitted with two 
chain-operated doors, which can be manipulated by 
handwheels from the ground level. The doors are held 
closed by a pawl and ratchet. 

In Fig. 56, on page 520, we give an illustration 
representing a front view of the upper part of this 
locomotive, from which it will be clear how difficult is 
the designer’s task of arranging for the accommodation 
of all the fittings required on these large machines. 

(To be continued.) 





THe Institute or Metats.—The Secretary of the 
Institute of Metals, 36, Victoria Street, London, 8.W.1, 
informs us that the latest date for the receipt of papers 
intended for presentation at the annual general meeting 
of the Institute, to be held on March 9 and 10, 1927, is 
November 15, next. 
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THE ACTION OF HYDROGEN ON | 
HOT SOLID COPPER.* | 


By Cyriz 8. Smiru, B.Sc. (Hons.), D.Sc., and 
Professor CanLE R. Haywarp, S.B. 


THe embrittlement which occurs when copper is 
heated in hydrogen was first observed by Heyn.t | 
Pillingt measured the relative rates of diffusion of 
various gases through copper, and suggested that the 
brittleness was due to the formation of steam by the 
reduction of cuprous oxide ; the steam being unable to 
diffuse out as rapidly as it is formed, a high pressure | 
is therefore developed and the grains of the metal 
blown apart. This theory is now generally accepted 
as correct, and certainly no better one has ever been 
put forward. Previous investigators have, without 
exception, worked with rolled or drawn copper, and no 
systematic work on cast copper is recorded, although 
references to the violence of the action are to be found. | 
The authors of all previous papers have considered | 
that “ gassed’ copper is absolutely ruined and that | 
there is no possible method, short of actual remelting, 
whereby it can be restored to its former condition. 
It was therefore felt that there was room for further 
work along these lines, and it is hoped that the present 
research will be of use as it fills in these gaps, and 
especially because it throws a new light upon the 
mechanism of the action of hydrogen on hot solid 
copper. 

Physical Tests on Gassed Copper Wire.—A number 
of tests were made on samples of copper wire which 
were heated in hydrogen at various temperatures up 
to 1,050 deg. C., the action at high temperatures being 
especially studied, as this has received but scant 
attention at the hands of other investigators. The 
wire used was 0-073 in. diameter and contained about 
0:03 per cent. to 0-04 per cent. of oxygen. Samples 
4 in. long were used, and were heated in an electric | 
tube furnace for 30 minutes, being cooled in the furnace. | 
Electrical conductivity and tensile tests were made on 
the specimens, at least three of which were treated 
together at each of the temperatures used. It is 
realised that the tensile test is not the most sensitive in | 
revealing embrittlement. Probably some form of | 
modified Sankey repeated-bend test would be prefer- | 
able, but the tensile test was adopted because it is the | 
test most easily interpreted and most readily under- | 
stood by engineers. The results of the tests are given 
in Fig. 1. The values given for reduction of area were 
obtained from measurements of the diameter away 
from the point of fracture, and are really comparable 
to the elongation on infinite length, unaffected by local 
necking. The elongation was measured on 2 in. 

In Fig. 1 it will be noticed that, after the severe 
embrittlement which occurs at 700 deg. to 800 deg. C., 
a very marked, but hitherto unrecorded, recovery of 
strength and ductility takes place. There is no doubt 
that the extreme brittleness of gassed copper is caused 
by innumerable fine cracks, and it seems reasonable 
to suppose that the recovery at high temperatures is 
due to a closing of these cracks by a sort of sintering 
action. It is well known that tungsten powder heated 
to a temperature of about 200 deg. C. below its melting- 
point will sinter to a compact mass quite free from 
voids. That a similar action will occur with copper 
was shown by a simple experiment in which a loose pile 
of copper filings was laid in a boat and heated in 
hydrogen at 1,025 deg. C. for an hour. On cooling, 
the mass was examined, and found to have shrunk 
to a rod which, although still of low density, was quite 
coherent, and would bend through an angle of about 
60 deg. before breaking. The word “sintering” is 
used with some reluctance, as it is generally employed 
in reference to the treatment of ores and implies a 

artial fusion. No better term has, however, been 
ound, and its use is apparently justified by its adoption 
in the literature on tungsten metallurgy. 

It is quite possible that the smaller deterioration of 
copper gassed at elevated temperatures may be due to 
a change in the mechanism of the action between the 
hydrogen and the oxide, but, if this were the case, no 
recovery would be expected if copper, first completely 
deoxidised by treatment at a low temperature, were 
then annealed at a high temperature. A series of 
experiments to determine this, revealed an even greater 
recovery than before, as will ive seen by examining 
Fig. 2, in which are plotted the results of tensile tests 
on wire gassed at 650 deg. C. and then annealed, at 
the temperatures named, in hydrogen. The peculiar 
maxima in the curves at 900 deg. C. are larger than 
the supposed experimental error, but no theory is 
advanced to account for this. At temperatures in 
the neighbourhood of 1,000 deg. C., the strength of the 
annealed metal is nearly double that of the gassed, and 
the ductility is very much higher. Annealing ~in 





* Paper read before the Institute of Metals, Liége, on 
September 3, 1926. Abridged. 
+t Heyn, Z.v.d.I., 1900, vol. xliv, page 508. 


} Pilling, Trans. Amer. Inst. Min. Eng. 1919. Vol. Ix, | 
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nitrogen gave similar results, but the ductility did not 
increase to the same extent, probably owing to slight | nile , , 
oxidation of the cracks by traces of oxygen in the | ¢ is total expansion in inches and p is the penetration, 
nitrogen used. Copper wire which had previously | alsoininches. The exact meaning of the terms can best 
been gassed at 850 deg. C. showed no increase of | be seen in Fig. 6. Assuming that the density of the 
strength on annealing till the temperature of gassing | copper crystals themselves remains unaltered during the 
had been exceeded, but recovery was rapid above this. | action, the values represent the amount of voids along 
Low-Temperature Gassing.—A number of lengthy | & straight line drawn through the deoxidized portion 
annealings were carried out to determine the highest | and apply to the hydrogenated metal alone, unaffected 
temperature to which copper could safely be heated | by its actual thickness. The figures are really the 
in a reducing atmosphere. Seventy hours in hydrogen | cube of the volume unsoundness or loss of density, and, 
at 360 deg. C. had little effect on the mnechanionl | 2. want of & better term, the value -*- x 100 will be 
properties, though microscopic cracks appeared on the | 2 : 2p : 
surface of the broken specimens. Heating in hydrogen | referred to as “ per cent. linear unsoundness,”’ or simply 
for 20 hours at 415 deg. C., caused a very distinct loss in | ‘‘ unsoundness.” 
strength, though 30 minutes at 455 deg. C. had no| Influence of Temperature on Penetration.—(a) Low- 
effect. The wire was ruined by heating for 24 hours | Oxygen Copper.—Samples of cast copper with 0-03 per 
at 500 deg. C., and at 550 deg. C., 30 minutes was suffi- | cent. of oxygen were treated in hydrogen for 2 hours 
cient to make the metal quite brittle. About 400 deg. | and the penetration and expansion measured. This, 
C. should, therefore, be regarded as the highest tempera- | and the other copper used, was obtained during the 
ture to which copper can be heated in practice if it is | various stages of the poling of a charge of electro 
liable to be exposed to reducing conditions. | lytic copper, and oxygen is practically the only impurity. 
Penetration of Hydrogen into Cast Copper.—When a| The depth of penetration rises rapidly and more or 


depth of penetration, the figures being 55 x 100, where 


piece of copper is heated in hydrogen, the gas will | 
diffuse in gradually and remove the oxide from the | 
outer layers to a depth depending on both the time and | 
temperature. A large number of experiments were | 
carried out to determine the possibility of completely | 
removing oxygen from cast copper without melting it, 


less uniformly as the temperature increases, whilst 
the unsoundness shows a slight maximum at about 
800 deg., and is practically horizontal above 850 deg. C. 
Another set of samples containing 0-05 per cent. 
oxygen gave very similar results. 

(6) High-Oxygen Copper.—Using cast copper with 


this being a step in a new method for the production of | 0-15 per cent. oxygen, the surprising results plotted 
deoxidized copper. It should be emphasised that the | in Fig. 9 were obtained, the time of heating being 
following experiments were carried out with cast copper, | 2 hours. There was very little penetration at 750 deg. C., 
'for all previous work has been done with rolled or | but at 800 deg. C. the hydrogen had penetrated to a 
drawn copper rod, which gives quite different results. | depth of 0-5 in., whilst at 900 deg. C. the penetration 
Cast bars of copper, 1-5 in. in diameter, with various | had dropped to one-third of this value and increased 
oxygen contents, were obtained, and from these were | but little at 1000 deg. C., the highest temperature used. 
turned small cylinders 1-25 in. in diameter and 1-75 in. | This result was quite unexpected, and several series 
long. These specimens were then heated in an electric | of tests were run to check it. In all cases it was found 
tube furnace in an atmosphere of nitrogen until the that greater penetration was obtained at intermediate 
desired temperature was reached, when hydrogen was | than at high temperatures, when the oxygen content of 
admitted and a stream kept flowing through the furnace | the copper was above 0-07 per cent. A second run, 
until the specimen was ready to be removed. This | made with 0-15 per cent. oxygen copper, gave results 
was done by pushing the specimen to the end of the | in which the peak at 800 deg. is less broad, but no less 
|furnace tube and cooling by external application of | definite than in Fig. 9. The expansion curve, 1, Fig. 11, 
|water. In this manner, the sample was not exposed to | shows a maximum at 800 deg.-825 deg. C. and a falling 
| the air until it was too cold to oxidize. A thin section | off at higher temperatures, whilst the unsoundness 
| was then cut from the specimen, roughly polished and | curve has a sharp peak at a low temperature, and is 
etched by a special method, which will be described | somewhat indefinite up to 900 deg. C., after which iti 
|later, which differentiated clearly between the de- | falls rapidly, till at 1025 deg. C. it has only one-third 
|oxidized and unaltered metal. The depth to which | of its maximum value. It is thus very evident 


| the hydrogen had penetrated was then measured under that the cracks formed are less in magnitude at high 





|@ microscope with a moving stage micrometer, at six | temperatures, which fact agrees with the indication 
| points of the circumference, and the average taken. | of the mechanical tests that a sintering action occurs at 
| The diameter of the cylinders was also measured, before ; temperatures above 850 deg. C. 

and after treatment, and the expansion obtained. It} Curves similar in form were obtained from copper 


was found useful to express this as a percentage of the of oxygen content 0-10 and 0-07 per cent., though there 
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is greater penetration at high temperatures, and the 
abnormal penetration becomes less as the oxygen 
decreases. 

The abnormal penetration at intermediate tem- 
peratures, and low penetration at high temperatures, 
occurs only in cast copper, and is an entirely new 
observation. To account for it, the following theory 
has been developed: It was indicated by the mechanical 
tests on gassed wires, and proved by the unsoundness 
measurements on the penetration specimens, that heat- 
ing at high temperatures causes the cracks to close and 





Fig.1. EFFECT OF HEATING IN HYDROGEN ON PROPERTIES 
Oo 


F COPPER WIRE. 
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cracks will follow the eutectic patches in cast copper, 
and will be more or less of a microscopic nature between 
the oxide particles. The area originally occupied 
by the eutectic will become a spongy network of fine 
cracks, quite pervious to hydrogen, which will be able 
to penetrate rapidly and deeply. On raising the tem- 
perature, or carrying out the action at a high tempera- 
ture, these cracks will be closed and the hydrogen has 
then no more free paths, but must advance through the 
solid copper by true diffusion. According to this 
theory, the penetration in the abnormal range should 
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across the boundary which would tend to bring the 
two together. If, however, the grains are made to 
recrystallise, and many smaller grains to form, and 
grow, it is quite conceivable that there will be con- 
siderable unbalanced force at the surfaces of the grains, 
which, starting from the points of contact, would tend 
to bridge small gaps and bring the two surfaces into 
closer contact. Now, it is well known that in cast 
metals the grains approach equilibrium very rapidly 
immediately after solidification, and will not recrystal- 





Fig.2. EFFECT OF ANNEALING ON COPPER 
WIRE GASSED AT 650°C. 
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Fie. 18. Cast Copper, 0°03 PER 


Cent. OXYGEN. UNETCHED. 


x 100. 


produces more dense metal, and it is reasonable to 
suppose that the reduced penetration at high tempera- 
tures is due to this, for the gases have less free circula- 
tion. The mechanical tests show that there is very little 
“sintering ’’ at temperatures below 850 deg. C., and 
the voids formed do not close. At about 800 deg. C., 
therefore, the hydrogen will diffuse through the first 
layers of the copper till it meets an oxide globule, 
when steam will be generated and the metal blown 
apart. More hydrogen can then pass readily through 
the cracks thus formed to the reaction surface, where 
the cracks are extended further into the metal. These 








Fig. 71.EXPANSION AND UNSOUNDNESS 
OF CAST COPPER HEATED IN HYDROGEN. 
0-15 PER CENT. OXYGEN. 
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Fie. 19. As Fia. 18. TREATED IN 
Hyprogen aT 875 Dea. C. 
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GEN PEROXIDE. xX 100. 


be somewhat uneven, following the eutectic patches, 
but at high temperatures it should be more uniform. 
An examination of the sections showed that this was 
exactly what happened. 

A slight addition to this theory is necessary to account 
for the normal penetration which occurs with low- 
oxygen copper, and certain other observed facts. It 
appears that recrystallisation is necessary before the 
sintering action responsible for the closing up of the 
cracks can take place. It is quite reasonable to sup- 
pose that, in the case of two large grains having balanced 
surface energy, there will be very little force acting 


| will remain open. In the case of high-oxygen copper, 
the generation of large quantities of steam is quite 
| sufficient to strain the metal enough to cause recrys- 
| tallisation, and therefore the cracks will close if the 
| temperature is sufficiently high. 
Microscopic examination is in full and complete 
support of this theory. Fig. 18 is a photomicrograph 
| of cast copper with 0-03 per cent. of oxygen, and needs 
no comment. The same metal, after heating in 
| hydrogen for 2 hours at 875 deg. C., is shown in Fig. 19, 
in which long thin cracks are seen to be following the 
grain boundaries of the original copper, and no new 
crystals are observed. Heating at 1,025 deg. C. caused a 


| few crystals to form along the cracks, but general re- 





| crystallisation is quite absent, and the cracks have not 


closed (see Fig. 20, page 522). High-oxygen copper 
gives quite different results. Fig. 21 is of cast copper 
with 0-15 per cent. oxygen, whilst Figs. 22 and 23 
are of the same material after treatment at 750 deg. C. 
and 950 deg. C., respectively. At 750 deg. C., the area 
originally occupied by eutectic has become a network 
of fine cracks, and innumerable small crystals can be 
observed forming in the large grains of the cast copper. 
At 950 deg. C., which is in the high-temperature, 
low-penetration range, the metal is seen to have 
completely recrystallised and become heavily twinned, 
whilst no signs of patches of cracks or oxide are visible, 
but only a very few holes and thin cracks. 

The spheroidisation of the oxide particles which 
occurs when copper is annealed, must also be con- 
sidered as a possible explanation of the smaller penetra- 
tion of hydrogen at high temperatures. The effect of 
this is to collect the fine particles of eutectic oxide into 
large globules, which are spaced at greater intervals, 
and thus reduce the tendency to form continuous 
spongy cracks. This action undoubtedly does occur 
to a considerable extent, but it would affect penetration 
in both high-and low-oxygen copper, and is not, there- 
fore, a sufficient explanation. In cast copper, the 
oxide occupies a position at the boundaries of the 
grains, and a crack starting in the eutectic can proceed 
for a comparatively long distance before it encounters 
the obstruction of a grain boundary, which would 


| make it change its direction. If the copper be strained 


and annealed, and especially if it be hot-worked, it 
will recrystallise, and the new grains will be oriented 
in a manner perfectly at random, unaffected by the 


| oxide particles. If the forging is only slight, the oxide 


| particles will still be arranged in much the same way 
| as in cast metal, but will have spheroidised slightly. 
| Partly owing to this spheroidisation, but principally 
| owing to grain-boundary interference, the long spongy 


cracks characteristic of cast copper will not be formed, 
and it is not to be expected that forged copper will 
show the maximum found in cast-metal penetration. 
Influence of Time on Penetration.—Fig. 26 shows the 
increase of depth of penetration with time for copper 
with 0-12 per cent. oxygen at a temperature of 900 deg. 
C., well in the high-temperature range. The curve is a 
parabola and is fast becoming horizontal. In the first 
half-hour, the depth of penetration was 0-07 in., but 
towards the end of the run, the same interval of time 
increased the depth by only a little over (-Olin. The 
expansion and unsoundness results showed that copper 
with 0-10 per cent. oxygen, treated in the abnormal 
penetration range, gave a curve which was practically 
straight, as was anticipated. Low-oxygen copper, 
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containing (0-05 per cent. oxygen) at 900 deg. C., also 
gave a curve which was a straight line over the entire 
time necessary to penetrate right to the centre of the 
specimen. 

Etching.—Before the depth of penetration could be 
measured, it was necessary to etch the sections in such 
a way as to differentiate clearly between the deoxidized 
rim and the centre which had not been affected by 
hydrogen. The difference was visible on an unetched 
specimen only after careful polishing and at high 
magnification, and no etching reagent was found which 
would show to the naked eye the junction between the 
eutectic and the network of fine cracks existing in the 
low-temperature treated specimens. A method of 
etching by heating in hydrogen was developed, which 
was very satisfactory and showed the two areas very 





distinctly, without any magnification, as the oxide in 
the centre of the sections was reduced and caused | 
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ENGINEERING. 
could good properties be restored to it. It occurred 
to the authors, however, that it should be possible to 
weld up the cracks, which are the sole cause of the 
brittleness, and thereby obtain ductile and strong 
metal once more. After many preliminary tests which 
are omitted here, the following experiments were carried 
out which show beyond doubt the feasibility of this. 
Samples of copper with 0-115 per cent. of oxygen were 
heated in hydrogen at 815 deg. C. (in the abnormal 
penetration range) till they were deoxidized through 
their entire section. They were then cooled in hydro- 
gen, removed from the furnace, and wrapped in copper 
foil, the purpose of this being to prevent the oxidation 
of the surface cracks during the forging operations, 
which were carried out in air. After further annealing 
for about 45 minutes in hydrogen, at 1000 deg. C., the 
specimens were withdrawn and rapidly hammered to 





weld the foil coating into close contact, and to close the 


surface cracks, after which the specimens were hot- 
rolled down to 0-5 in sq., the first pinch of the rolls 
being heavy and carried out at about 950 deg. C., its 
object being to close as many cracks as possible. A 
few cracks formed on the surface at first, but the 
appearance of the bars improved as the rolling pro- 

The samples before rolling were of different; 
diameters, in order to determine the amount of reduc- 
tion which was necessary to effect improvement. The 
turning of tensile test-pieces from the rolled bars 
removed the few corner cracks which existed in some 
of the bars. On testing in tension, the bars gave the 
results recorded in Table II. 

Even reduction from 0-75 in. to 0-5 in. had increased 
the tensile strength about sevenfold, whilst after 50 
per cent. reduction in diameter the gassed copper had 
regained most of its strength and was of really remark- 
able ductility. The very high ductility is shown 
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especially by the figures for the 
reduction in area, which are far 
in excess of those of the original 
copper. Fig. 37 is a photomicro- 
graph of deoxidised and _hot- 
forged metal, and shows a com- 
plete absence of cracks and oxide 
particles. A portion of the test- 
piece 623 was drawn down to wire 
0-08 in diameter. The electrical 
conductivity of this, after anneal- 
ing, was 101-1 per cent. on the 
Matthiessen scale, and so compares 
very favourably with the best 
conductivity-copper of to-day. 
The great ductility of the wire was 
shown by twist tests, in which 
samples 6 in. long withstood 105 
to 110 twists before breaking. 
Owing to the method of prepara- 
tion, the copper should be entirely 
deoxidised and quite immune from 
deterioration on further heating in 
reducing gases. 

These experiments definitely 
establish that gassed copper is not 
ruined beyond hope of recovery, 
though it is very doubtful if it 
would ever pay to apply the 











JUNCTION OF AREAS. ETCHED IN HYDROGEN. X 10. treatment necessary to an article 
which had become embrittled in 
service, as it would, in general, 

| TaBLE II.—-Tensile Tests on Gassed and Hot-Rolled | be cheaper to replace it. The experiments suggest, 
| Bars, 0-5 In. Sq. however, a method for the production of a pure 
| ca | deoxidised copper of high ductility and electrical 
Elonga- | Reduc- | conductivity. Copper deoxidised by the usual methods 
pes es | Tensile tion. _—_ tion of | always contains smh&ll quantities of phosphorus or some 
, SER: Strength. Percent. Area. | other reducing agent which reduces the conductivity 

| | Lb./in.2 on2in. | Per cent. = me 
| very considerably, but metal made a? 
nS Fass OTC | ah RET | pure oxidised copper in hydrogen, followed by the 
Fe atx Rona Covren, Brews ex x gut | as gy gga | nema fgg Ceatment wold bol amon er 
; F Acie insets: : 646 | Gassed eg ae See een is ‘ purity and of excellent electrical conductivity. The 
rolled .. de ..| 2,950 0-8 0-0 | great ductility of the deoxidised metal would be 
considerable roughening of the surface, whilst the part | 647 | Gassed at 0-5 in., not | |a@ great asset in processes where the copper has 
which had already been affected by the gas remained | g,, gale? ai 9.55 in| 7888 0-0 | to be severely worked, though it is realised that 
smooth. No final polishing of the surface was needed, * | Gtolled to0-3in. | 18,050 8-0 21-5 | the cost of the production might more than balance 
but the specimens were finished on a canvas wheel with | 644 Gassed at 0-75  in., | i | the saving of annealing costs during manufacture. 
fine carborundum suspension. Fig. 28 shows the g,. ,jled tod din j:| 8080 125 (44-0) | Moreover, the abnormal penetration of hydrogen into 
etched surface at a magnification of 10. Clb; eee 55-0 31-3. | high-oxygen copper at intermediate temperatures 
Restoration of Good Mechanical Properties to Gassed | 643 | Gassed at 1 in., rolled | ; | permits the deoxidation of comparatively large 
Copper.—Hitherto all writers on the subject have 623 yan gery eg i aS. S82 82-0 | sections of copper in a reasonably short time, and 
considered that gassed copper was completely ruined, rolled to0-5 in. | 32,500 60-8 87-3 | suggests the treatment of wire bars before rolling 


and that by no treatment, short of actual re-melting, aa ei ee a down to rod. 
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A MUNICIPAL UTILITY VEHICLE. 


Tue Associated Daimler Company, Limited, Black- 
horse-lane, Walthamstow, London, E.17, in conjunc- 
tion with the Eagle Engineering Company, Limited, 
Warwick, recently completed for delivery to the 
Lambeth Borough Council, a 1,000-gallon pressure- 
watering, and municipal utility vehicle, a general view 
of which is shown in Fig. 1, above. The vehicle is 
designed for spraying and washing, under pressure, 
paved city streets and for gutter flushing. Moreover, 
in an emergency, it may be used for fire-extinguishing 
purposes. The vehicle is also equipped with tipping 
gear, which is clearly shown in Fig. 1; the tank can 
be removed and a tip body fitted so that the vehicle 
can be used for ordinazy haulage purposes. The chassis 
of the machine is the standard A.D.C., 5-ton model, 
and the engine is the four-cylinder A.E.C. type, develop- 
ing 45-h.p. at 1,000 r.p.m. The 4-speed gear box, on 
top gear, with the engine running at a speed of 
1,000 r.p.m., gives a road speed of 14-08 miles 
per hour; the other gears give road speeds of 8-33, 
4-98, and 2-76 miles per hour, respectively. The 


|last-named speed is also obtained in reverse. The 
| front axle is an “I ”’-section stee] stamping, and the 
| back axle is of nickel-steel ; an overhead worm is fitted, 
land the worm transmission gear is carried in a 
detachable casing. 

Hand and foot brakes of the internal-expanding type 
operate on the rear wheels, The weight of the vehicle 
is borne on semi-elliptical springs and, in addition, an 
arrangement of rubber springs is provided. These 
latter, in conjunction with the main springs, constitute 
a graduated suspension system, 

The centrifugal pump, which distributes under pres- 
sure the water contained in the tank, is shown in Fig. 2. 
It is driven by means of a chain from a counter-shaft, 
out of the gear box cover, and the drive is operated 
from the cab. It is used in connection with road- 
sprinkling and washing operations, and may also be 
utilised for such subsidiary purposes as tank filling 
from road-side supplies, drainage work and first-aid 
fire extinguishing. The pump can moreover be applied 
to the washing of pavements, courts and passages, 
into which the vehicle cannot enter. Dust-laying opera- 
tions are carried out by means of the two sprinklers 
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located at the rear of the vehicle and shown in: Fig. 3. 
The amount of water delivered under pressure from 
each sprinkler, and the direction of the issuing spray, 
are controlled in the usual manner from the driver’s 
cab; there are controlling levers on each side of 
the vehicle and these are clearly seen in the illustra- 
tion. The two sprinklers are together capable of spray- 
ing a road from 50 to 60 ft. in width. The washing of 
the road is effected by means of four fish-tail jets placed 
underneath the chassis, forward of the rear wheels, 
and set at such an angle that the water, under pressure 
from the pump, is directed towards the near side gutter. 
When the surface dirt has been hardened by heavy 
traffic, the road is first of all damped by means of the 
sprinklers. The near-side jet can be isolated from the 
other three and used for flushing the gutter. This 
operation does not require the use of the pump. When 
the machine is used for fire-extinguishing purposes, 
the pipe leading from the pump to the sprinklers is 
disconnected or removed and a fire hose fitted in its 
place. The contents of the tank may be utilised or, 
alternatively, the water can be pumped direct through 
the machine. 
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| the extreme position. The lever 6 is fulerummed inter- | comprises a governor, driven by the engine, fitted with 
| mediate of its length and may be rocked by means of a | rotating weights o!, 02, which, when a predetermined 
| pivotal and gelf-adjusting nut through which a screw | speed of the engine is exceeded, impart angular move- 
| 8 extends, the said screw being operated by a hand wheel | ment to a lever p, on which is pivotally mounted an 
| or other suitable handled member. (Sealed.) | overbalanced tumbler Q held against turning movement 
| 249,277. W. Savage, Lincoln, and Ruston & about its pivot by a fixed catch q3, from which it is released 


Hornsby Limited, Lincoln. Drag Buckets for | 
Excavating. (4 Figs.) February 7, 1925.—The inven- | 
| tion relates to drag buckets for excavating of the type | 
|in common use on dragline machines, which buckets a 

| are pivotally supported from a hoisting cable d oy a | 
| bail 6 and connected at the sides and at, or near, the for- | 
ward end to a hauling cable e, through extensions or | 
continuations f thereof, (hereinafter called “* hauling side | 
chains ”’) whilst a holding line g is coupled to the end of | 
the hauling line and passes over a pulley h disposed pre- | 
ferably at the junction of the hoisting line with the lifting 

bail to a point of attachment ¢ at the front of the. 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. | 


248,563. John Marston, Limited, Wolverhamp- | 
ton, and J. E. Greenwood, Wolverhampton. 
Internal-Combustion Engines. (1 Jig.) March 7, | 
1925.—The invention relates to the lubrication of | 
internal-combustion engines having flywheels contained | 
in the crank chamber, which flywheels are utilised to throw | 
oil into the cylinder to lubricate it. According to the | 
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| bucket or scoop. According to the invention, hauling 
| brackets are mounted on vertical, orsubstantia/ly vertical, 
| pivots on the usual fixed side brackets or the sides of 
| the bucket, and the hauling brackets are provided with 
| horizontally-disposed eyes or holes s to accommodate 
the ends of the hauling side chains f, which chains are 
thus capable of a swinging movement vertically about 
| the eyes or holes in the horizontally swinging hauling 
brackets. Preferably, the swinging hauling brackets 
invention, a lip or gutter 5 is placed high up on the | are each provided with a number of horizontal eyes or 
side of the crank-case 2 on which the flywheel rim is| holes s, so arranged that the position of the extremities 
descending, so that the oil is only taken from the flywheel | of the side chains may be altered to vary the digging 
after it has been carried round past the cylinder mouth | angle or effect of the bucket. (Sealed.) 


12. The oil, therefore, has an opportunity of entering | 
the cylinder before being taken out of the crankcase. | STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


(Sealed.) 
| 249,333. Ransomes, Sims and Jefferies, Limited, 
LIFTING AND HAULING APPLIANCES. |Ipswich, and F. A. Garrett, Ipswich. Steam 
249,660. Clarke, Chapman and Co., Limited, Generators. (8 Figs.) April 9, 1925.—The invention 
Gateshead-on-Tyne, and W. A. Woodeson, Gates- | Telates to water-tube steam generators heated by waste- 
head-on-Tyne. Hoisting Machinery. (2 Figs.) March 6, | heat gases. In a generator, according to the invention, 
1925.—The invention relates to a direct-grip windlass, | the water-tubes 3 connecting the upper and lower drums 
capstan, winch, cable lifter or other hoisting machine | 2, 1 are arranged in banks, each of which is confined 
in which a spur wheel is clutched to, and declutched from, | in @ separate flue, each flue having a partition 7 among 
the cable holder or drum whilst remaining in permanent | the tubes of the bank so that the gases flow in the required 
gear with the driving pinion. According to the invention, | direction up one side and down the other. The partition 

this is achieved by rigidly securing to the driving shaft 




































































a pinion 1, having teeth of such dimensions that the | 2 
teeth of the sliding main wheel 2 are always in full engage- shy, 
ment therewith. Combined with this gear is a lever 6, | 
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(249,333) 

|7 is formed by closing the spaces between one or two 
rows of tubes with hematite or fireclay, or other suitable 
| fillets, preferably built up in short lengths, each fillet 
having concave grooves in two sides to fit against the 
adjacent tubes. The central row of tubes may be used 
for this purpose and may be of larger diameter than the 
others. A water-cooled partition,is thus provided which 
will resist the heat of the gases, the heat absorbed by the 
water, however, being utilised in the boiler. (Sealed.) 


248,682. C.E. Jones, Blundellsands, near Liver- 
pool. Engine Stop Motions. (2 Figs.) June 19, 
1925.—The invention relates to distant-control devices 
of the governor type adapted to operate the stop motion 
of an engine when the latter exceeds a predetermined 
speed. According to the invention, the overspeed device 





directly engaging the annular groove 5 provided in the | 
boss of the wheel 2 for so moving the same as to bring | 
the clutch teeth 3 into and out of engagement. In order 
that this may be effected in a reliable way without pro- 
ducing undue wear, the end of the lever 6 is formed with 
@ part 7 which, in cross section, resembles a wheel tooth 
of involute shape, the groove 5 being of an appropriate 
shape to co-act smoothly therewith, say of truncated V 
shape in cross section. The lever end 7 extends circum- 
ferentially of the hub groove 5 for a distance such that a 
good bearing surface is afforded, the flanks being shaped 
to contact uniformly with the walls of the groove in 
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when the angular movement is imparted to the lever, 
whereupon the pull of gravity on the overbalanced tum- 
bler Q, by turning the latter about its pivot, imparts 
further angular movement to the lever p, which angular 
movement actuates the stop-motion device by operating 
the control switch of electromagnetic actuating means, 
and/or by imparting movement to mechanically-operated 
means. (Sealed.) 


TEXTILE MACHINERY. 

247,263. T. Barbour, Belfast. Spinning Mach- 
ines. (2 Figs.) November 7, 1924.—The invention 
relates to machines for spinning rope yarns, and has for 
its object to enable the material to * aid on the bobbin 
at an absolutely uniform tension and so avoid the 
necessity for the usual drag arrangements which are 
used to k the tension on the yarn. The invention 
consists in the combination with a positively gear-driven 
flyer, of a positively driven bobbin, the revolutions of 
which, in relation to those of the flyer, are controlled and 
regulated by a variable-speed and differential drive. The 
flyer A has, at its upper end, a tubular shaft a carrying 
a helical gear wheel a? meshing with a corresponding 
wheel a5 on a shaft at. The bobbin is slidably and 
rotatably mounted upon a spindle C, supported at its 














(247,263) 


The bobbin is driven by 4 
carrier plate b attached to the mywer end of a tube dt 
slidably and rotatably mounted upon the spindle ©. 
The lower end of the tube 6! is rotatably mounted in @ 
bracket b? projecting from a sleeve 63 slidably mounted 
on a rod b4, The sleeve b3 is formed with rack teeth 
which gear with a pinion rotated in alternate directions. 
Projecting from the lower end of the flyer A is a tubular 
boss a5, supported in a bearing which encircles the tube 
61, Rotatably mounted on the tubular boss a5 is 4 
helical gear wheel 67, having keys which engage keyways 
on the tube b! and impart a rotary motion to it and to the 
bobbin. The gear 67 is driven by a similar wheel 1°, the 
speed of rotation of which is controlled by a cone and 
differential motion to drive the bobbin at a varying speed 
as its diameter increases.—( .) 


lower end by a bracket c. 
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A MECHANICAL AUTOGRAPHIC 
EXTENSOMETER. 


By F. C. Turner, M.Eng., A.M.I.E.E. 


AvuToGRAPHIC extensometers by recording the 
stress-strain relation of a sample for any chosen 
part of the test, give a great deal of information not 
otherwise easily available. By taking simultaneous 
readings of the applied load and of a purely strain- 
measuring extensometer, the stress-strain curve can 


designed by the author partly for demonstration to 
students in the Materials Testing Laboratory of the 
Universit; of Sheffield, and partly for research. For 
these purposes a robust instrument was required which 
would give a visible record throughout the test, and 
which would be accurate within known limits. — It 
was assumed that points on the resulting curve could 
be located to 1, in. by direct measurement, so an 
attempt was made in the design to make the two 
scales accurate to that limit. Arranged for normal 




















IJ, the movement of the point J being communicated 
through a steel tape to a reduced diameter of the 
drum D, thus giving at the paper surface twice the 
movement that obtains at the point J. 

The extensometer portion, shown in detail’ in 
Figs. 3 and 4, consists of two Duralumin stirrups A 
and C (Fig. 1) carried on the test piece by hardened 
steel centres. In order to grip the specimen 
throughout the test—especially at the later stages, 
when if the material is ductile its diameter decreases 
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be determined up to the yield. Again, using gener- 
ally a coarser measuring device, the curve above the 
yield up to the maximum load can be found. To 
investigate the behaviour of the test piece at the 
yield conditions, and between the maximum and 
breaking stresses, an autographic extensometer is 
practically essential. The extension at fracture can 
sometimes be found with sufficient accuracy by 
placing the broken parts together, but where the 
broken surfaces are irregular they do not fit, and the 
true extension is a matter of conjecture. From an 
autographic chart this extension can be easily and 
definitely determined. The study of the effect of 


various rates of loading, and of ‘“‘cold working” | 


by repeated loading, is facilitated by such an 
instrument. 

The extensometer to be described, which is illus- 
trated in Figs. 1 to 9, above and on page 526, was 


| working, -,'; in. on the extension scale is equiva- 
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0-9 Tons Per Sq.In. 
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lent to 0-001 in. at the test piece, and on the 
stress scale to 0-2 tons per square inch. In 
the finished article an accuracy has been achieved 
of the order of ;3; in. on the chart. The extenso- 
meter has been made throughout in the workshops of 
the Applied Science Department of the University. 
The apparatus, shown diagrammatically in 
Figs. 1 and 2, and in the views reproduced in 
Figs. 8 and 9, may be regarded as composed of three 
main parts. They are (Figs. 1 and 2) an extenso- 
meter ACEJ, which magnifies the strain ten times, 
a compensating frame F, and the drum assembly 
and stress recorder DBSR. The extensometer is 
shown arranged for use on a hydraulic-type testing 
machine, as this type automatically reduces the 
applied load as the specimen “‘ necks.” The exten- 
| sion of the test piece is magnified by the single lever 
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considerably—one centre on each stirrup is free to 
move laterally and is held up to the test bar by a 
spring. With centres ground at 60 deg. a spring 
pressure of 20 Ib. is sufficient for such materials as 
copper and mild steel. The bottom stirrup carries 
four rods, to which an upper bracket can be rigidly 
clamped at any suitable position. The best position 
of this upper bracket (which carries the main fulcrum 
for the lever IJ) will depend on the gauge length of 
the test piece, and on the desired zero position of the 
lever. Fig. 3 shows the instrument fixed to a 
standard 2-in. test length. The upper stirrup, 
although enveloping the four rods, is in no way 
constrained by them during the test. By means of 
a pair of links E, the mean motion of C operates on 
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the short end of the lever at I. The test piece is | 
thus free to extend dissimilarly at the two sides, the | 
mean extension of the test length controlling the 
point J. The lengths of the links E and tape T are | 
such that no appreciable error occurs due to the 
circular path of J. Ona calibration test, where the 
equivalent extension of the test piece was measured 
to 0-0005 in. at equidistant, diametrically-opposed 
points, and the chart measured to ,1,, in., a straight 
line relation with the mean extension held through- 
out the extent of the test—in this case for 0-560 in. | 
strain. Further, the curve showing this propor- | 
tionality returned through the same points during | 
equivalent contraction of the specimen, thus showing | 
there was no lag in the lever system. This excep- 
tional reproduction is no doubt due to the design of 
the knife-edge assembly. The knife edges are of | 
hardened steel, and rest on the edges of two pairs of | 
hardened plates. The edges of the two adjacent | 
plates are inclined at 120 deg. in a plane at right | 
angles to the knife-edge axis, and are also inclined to | 
each other along the axis of the knife edge. The_ 
knife edge is thus supported at each end by a point | 
instead of the usual surface. This design, originated | 
by Professor F. C. Lea, gives true kinematic motion 
of the highest order, and is shown in Fig. 3; it is, 
fitted to all pivotal points of the extensometer, with | 
the exception of the lower end of the links E, where | 
a plain steel-bushed bearing is fitted. 

The outer end J of the lever will move downwards | 
an amount equal to ten times the strain on the test- 
piece, sless the upward movement of the whole 
extensometer, due to extension of the part A-H of | 
the specimen, and the settling of the bottom end | 
of the specimen in the grips. To compensate for 
this bodily upward movement, connection is made 
between the stirrup A and the drum D by the | 
frame F, The drum is carried by the bracket B, | 
which is free to rotate about the axis OQ, Fig. 2. 
A knife edge K on the frame, axial with the test- 
piece, supports the bracket B at a point in line with 
the point of contact of the tape T with the drum, 
Thus the rotation of the drum relative to the pencil 
P is proportional to the movement of A relative to C | 
and independent of bodily movement of the test- 
length. The frame was built up from two Duralumin 
airship struts which were available. These, lightened, 
were connected by aluminium straps at the top and 
middle, and steel straps at the bottom. The middle 
and bottom straps are fixed with wing nuts to 
facilitate removal of the instrument from the 
machine. The resulting frame is very rigid and 
extremely light. The bottom straps hang from 
knife edges on the stirrup A, which are in the same 
horizontal plane as the two centres. To relieve 
these centres from some of the weight of the frame 
and drum, a small weight W acting through a lever 
balances practically the full load, leaving just 
sufficient pressure on the bottom stirrup to ensure 
knife-edge contact. 

Figs. 5 and 6 give details of construction of the 
drum assembly. The drum consists of a thin copper 
cylinder carried by a cast-iron disc. A central 
spiral spring acts in opposition to the extension 
movement. The tension of this spring is adjustable. 
A smooth paper chart, held in place round the drum 
by two rubber bands, is smoked by means of a 
flame of coal-gas passed through benzine. The 
pencil is a smooth steel pin carried on a light arm 
from a central control tube. This arm is free to 
rotate on the tube, but not to move axially. When 
in use on a hydraulic machine, the pressure of the 
oil gives a measure of the stress. In this case the} Jn conclusion, the author wishes to acknowledge 
oil acts on a brass piston R (Fig. 2) sliding in a/ his indebtedness to Professor F. C. Lea, O.B.E., 
lapped steel liner. By changing the size of the liner | D.Sc., not only for the facilities for constructing 
and piston, the stress scale is altered to suit special | this extensometer and the knife-edge system incor- 
tests. The pencil control tuke is held against the porated in it, but also for much valued advice and 
piston by two controlling springs SS, acting through | assistance. 

a yoke Q and a thrust ball bearing. The weight of | 
the yoke, pencil, and of part of the tube and springs | ae enema eg | ——- ——_ poems: 
; _ - TURERS,——Lhe secretary 0 16 epartment oO cientinic 
nt ena by a in passing over a pulley to a and a Research, 16, old Queen-street, West- 

alance weight. hus, the pressure of the tube on | minster, London, S.W.1, informs us that a licence under 
the journal through which it slides is practically zero. | section 20 of the Companies (Consolidation) Act, 1908, 
Oil passes the piston during a test, and is collected | _ been issued w bradiger Trade oe oe eee 
through a cock on the underside of the bracket B, | Amotition of British Paint, Colour and Varnish Mann- 

For use on a lever type tester, the pencil control } ment because the above-named association is in com- 
tube and piston would be replaced by a rod passing | pliance with the conditions laid down in the Government 
right through the oil pipe union, and threaded at | scheme for the encouragement of industrial research, 


a he secretary of the association is Mr. J. B. Graham, 
that end. A nut geared to the jockey weight would | g, st. Martin’s-place, Trafalgar-square, London, W.C.2. 


Fig. 8. 


then control the pencil ; the yoke and springs being, | 
of course, removed. 

The line drawn on the smcked paper is fixed in 
“‘ white polish,’’ which enables blue print copies to 
be made directly. Reproductions of such curves 
are shown in Fig. 7. The original lettering on the 
charts was, of course, intended for direct printing, 
and has therefore been enlarged, in Fig. 7, to be 
serviceable. Curve A shows the result of a test 
on drawn copper. The three lines indicate stresses 
of 5, 15, and 25 tons per square inch. The definite 
breaking point at 15 tons per square inch should be 
noted. The extension in this case was 0-475 in. in 
2 in. The extension scale is the same for all the 
curves. The effect of cold working on drawn brass 
is shown in curve B, which is drawn to the same 
stress scale. Curves C and D have been obtained 
using a larger piston (R, Fig. 2). Curve C is for 
a mild steel of about 0-15 per cent. C, the rate of 
loading being such that the yield at 24:2 tons per 
square inch was reached in 30 seconds. Curve D 
shows a partial curve for a nickel-chrome steel. 
In this case as the parts of the curve up to the yield 
and at the breaking condition only were required, 
a large scale was chosen, the piston being against 
a limiting stop during the greater part of the test. 
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Bulk Cargoes, By A. C. Harpy. London: Chapman 
and Hall, Ltd. [Price 21s. net.] 

To the people of the United Kingdom the 
descendants of those who built up the present 
world-wide system of sea transport, the subject 
of carrying freights is of very natural interest. It 
appeals not merely to those who are personally 
interested in the construction of vessels for the 
purpose, the provision of machinery for their pro- 
pulsion or for the handling of the goods, or to those 
who are concerned with the business of the shipping 
trade or the navigation of ships; it appeals to all 
who desire clear views and reasonable knowledge 
of their country, which is so dependent on the 
preservation of the efficiency of sea trading for 
the maintenance of the welfare of its people. 
Great Britain must obtain her grain; the raw 
materials of many of her basic industries, such as 
cotton, wool and rubber ; and the oil fuel for her 
boilers and engines from her Dominions overseas, 
her colonial possessions or from foreign countries. 
Again she must, in normal times, export some of 
her coal resources to assist in balancing her inter- 
national trade. On the continuance of all these 
activities depends the prosperity of the country. 
It is therefore likely that very general interest will 
be taken in Mr. A. C. Hardy’s book which deals 
with a section of this subject. The author has 
the ability of clear description, which makes his 
work, though intended primarily for technical 
readers, easily understandable by all. It can, 
be recommended for study by those who are 
generally interested in the’ prosperity of British 
industry and the trade statistics of the country, 
although not professionally engaged in pursuits 
directly associated with its conduct, as well as 
to those for whose consideration the work was 
pfincipally compiled. 

he sea-borne freights of the world may be 
divided into package cargoes and bulk cargoes 
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and it is the latter section of the subject, with which 
the author is concerned. The essential differences 
between the two types of cargoes are: the dissim- 
ilarities in regard to unfillable space, the necessity 
for other means of handling bulk cargoes than are 
used for package cargoes, and the effects which the 
altered position of the centre of gravity and char- 
acter of the load, in the two cases, may have on 
questions relating to the stability of the ship and 
on its stress-resisting characteristics. 

Speaking generally, freighters carrying cargoes in 
bulk may be divided into two groups: the first for 
dealing with the transport of a specific commodity, 
such as ore, coal or oil, and the other a compromise 
type, which is capable of carrying freights of 
different characters to meet the needs of seasonal 
traders and passage each way, inward and outward, 
with different cargoes. The features of each type 
of vessel, with the many variations which the 
specific characters of different freights necessitate, 
are dealt with fully and clearly by Mr. Hardy in 
his book, not merely in regard to the positions of the 
propulsion machinery, but also in respect of con- 
structional features and the means of charging and 
discharging the ships. The oil tanker is a special 
case, demanding the separate treatment which the 
author gives toit. In this section, reference is made 
to the longitudinal system of construction, intro- 
duced by Sir Joseph Isherwood, but the matter 
was evidently prepared at a time which did not 
permit of the inclusion of any remarks on the great 
development, known as the bracketless system, 
due to Sir Joseph and his son. 

The manner in which the requirements in the case 
of coal carriers have been met is clearly described, 
with the assistance of many line illustrations, as well 
as photographic reproductions, of representative 
types of vessel. Hatchways on colliers demand 
special consideration by the naval architect. Wide 
hatches are advantageous, as they permit easy 
trimming during loading and ensure a wide radius 
of action for the grabs used in unloading. Dimen- 
sions, however, must be restricted, due to considera- 
tions of longitudinal strength, the space occupied 
by covers, hatch beams and securing equipment, 
when the hatches are open and the resistance of 
large covers against being staved-in, when there is a 
heavy seaway. Such questions are subjects of 
consideration in the book, the issues involved are 
satisfactorily treated, and the solutions advocated 
are thoroughly sound. Transport on inland water- 
ways, an important phase of cargo transport in bulk, 
is another matter on which very useful matter is 
provided. Self-unloading types of freighters are 
used in many cases where a single type of bulk cargo 
is transported. They are fitted with machinery for 
the discharge of the cargo, and thus their use results 
in a reduction of the time the boat needs to spend 
at the terminal ports and, when other factors are 
similar, the provision of an increased earning 
capacity. Many examples of types of these vessels, 
in use in various trades and throughout the 
world, are described in the book. Sufficient has 
been said to indicate the ground covered in this 
interesting volume, and it may be added that 
everything is dealt with in such a way that the 
readers can be left in no doubt as to the significance 
of every point brought out. This book can be 
recommended, without any hesitation, to all who 
are interested in the sea transport of bulk goods. 





Petroleum Development and Technology in 1925. Pub- 
lished by the American Institute of Mining and 
Metallurgical Engineers, Inc. New York, 1926. 

Tue American Institute of Mining and Metal- 

lurgical Engineers is now a body of nearly 9,000 

members. Of these, 885 are primarily interested in 

petroleum, and 363 and 384 other members place 
petroleum as second and third, respectively, in 
their interests. The Institute thus constitutes one 
of the largest groups of professional men intimately 
connected with petroleum, and has, since 1913, 
possessed a technical committee devoted to petro- 
leum problems. In 1923, this committee was given 
the status of a division. The division arranged for 
petroleum symposiums in connection with the Insti- 
tute meetings held at Casper, Wyoming, in August 

1925, and at Los Angeles and New York in January 

and February, 1926. This volume, of 784 pages, 





reprints the papers presented on these occasions 
and the discussions to which they gave rise. 

The papers are grouped under the headings: 
production engineering, refining technology, trans- 
porting engineering, production, and petroleum 
economics. Noteworthy among the communica- 
tions in the first group are Professor Uren’s Prob- 
lems of Deep Well Pumping; papers on Cleaning 
Oil Wells by Compressed Air and by Heated Oil, 
by Messrs. A. A. Beard and R. A. Bonnell, and by 
Mr. W. J. Knox; on the History of Production 
of the Salt Creek Field by Messrs. E. L. Eastbrook 
and C. M. Rader; and on Mining Petroleum in 
France and Germany by Messrs. G. S. Rice and 
J. A. Davis, of the Bureau of Mines. These latter 
gentlemen visited the fields at Pechelbronn, Alsace, 
and Wietze, north-east of Hanover, in 1923, and 
they submit an estimate of mining costs at these 
places, although they could not obtain any official 
data. Oil-well cleaning by compressed air at 100 lb. 
per square inch has been applied by the Tidal 
Oil Company in Wyoming to wells up to 2,800 ft. 
deep. Thecleaning by hot oil aims only at removing 
the wax; in the asphalt wells of Coffeyville the 
hot oil damaged the leather and canvas cups at the 
bottom of the well, but it increased the yield. The 
process of mining oil, which Mr. Leo Ranney 
describes in another paper, may be characterised as 
an extension of the last-mentioned processes, but it 
is so far only a scheme. A shaft is sunk down to 
the oil sand or lower. Tunnels are driven, not in 
the sand, but in the cap rock above or below it, 
and pipe lines are laid along the tunnels for forcing 
compressed or hot air, or steam, into the sand. 

Various new cracking processes are explained in 
the second section on refining, among which we 
may mention Mr. J. Egloff’s paper on Simultaneous 
Topping, Cracking and Coking of Heavy Oils by 
the Dubbs Process, Mr. W. A. Peter’s Develop- 
ments in the Fractionation of Petroleum, and 
several papers on the economic effects of cracking. 
So far cracking does not appear to have materially 
affected the prices of gas oil and Diesel engine oil, 
but it has increased the refinery efficiency in the 
production of motor fuel. A very interesting con- 
tribution to the section on transportation engineering 
is Mr. Nelson B. Delavan’s experimental investiga- 
tion of the cause of breakages in crude-oil pipe lines. 
According to Mr. Delavan, faulty design and weak 
materials are less responsible for the pipe fractures 
than is often suggested; pump hammer, he states, 
would do little damage if proper air and vacuum 
chambers were provided. After long experimental 
work with single-cylinder pumps, electrically driven, 
Mr. Delavan (of the Goulds Manufacturing Company) 
found that his chambers did good service at six 
different stations where pumping was carried on by 
duplex or triplex pumps driven by Diesel engines, 
and he proposes further to test his alleviator, a 
spring-loaded vertical cylinder, the hollow plunger 
of which is fitted with an air-charging tube and a 
long stuffing box. The general technological 
progress of the last fifteen years in the oil industry 
is outlined in the introductory notes by Mr. Julius 
Fohs. The collected papers give a good idea of 
the variety of problems which are now receiving 
due attention. 





Lehrouch der ‘Bergwerksmaschinen (Kraft und Arbeits- 
maschinen). By Dr. H. HorrmMann. Berlin: Springer. 
[Price 24 marks.] 

Tis work appears to have been prepared with the 

object of being used as a text-book in the course on 

machinery given in the mining school at Bochum. 

It deals almost exclusively with German and 

Swiss designs, and even with this limitation has so 

much to introduce into its 372 large pages and 

524 drawings and diagrams that a good deal of the 

subject matter has had, as the author remarks, to 

be treated in a condensed form. This condensation 
appears particularly in the relatively small number 
of examples given of machines for strictly mining 
purposes, the intention of the book being apparently 
to insist rather on a thorough knowledge of the 
machines that are described in detail, and an 
intelligent comprehension of the principles on which 
they work, than on an acquaintance with a large 
number of variant forms in which such machines 
have been introduced into practice. The author 





may be congratulated on his success in carrying 
out this intention, and it must be added that where 
his description is limited to typical examples of each 
variety of machine, adequate references are given to 
papers or works in which a greater variety are given. 

In dealing with a special branch of engineering 
the first difficulty that an author has to face is to 
decide how much his reader may be supposed to 
know already. The German tendency is to put 
this prior knowledge fairly low, and to include in 
the textbook much matter necessary for under- 
standing the subject-matter proper, but, neverthe- 
less, not relating more specially to it than to other 
branches of engineering. As a rule the treatment 
of this preliminary or ancillary matter in German 
text-books is well done. It has necessarily to be 
much more condensed than that given in text- 
books of the ancillary subject, and many German 
writers seem to have a sense of perspective that 
enables them to give well-balanced précis of their 
subjects. Dr. Hoffmann’s work is no exception 
to this rule, and shows very fairly the strength as 
well as the weakness of his method of treatment. 
A good half of this work consists of information 
that would be as much in place in a book on any 
other branch of practice in which power is used 
as in a book on mining machines, and to this 
considerable extent the speciality of the exposition 
is necessarily diluted. On the other hand, it is 
no bad thing in considering a special branch of 
practice to rehearse the most important facts 
and doctrines on which it depends, going back as 
nearly to first principles as may be necessary or 
possible. M. Jourdain knew quite well what 
prose is, but preferred that his teacher should 
proceed as though he did not. A reader will have 
no difficulty in skipping what he really knows 
already, but to have it under his hand may be 
convenient if his knowledge of any point happens 
to be rusty. The one thing inexorably needful is 
that the précis of the postulated knowledge shall be 
clear and accurate, as it seems to be in this work. 

The scheme of this preliminary exposition is 
well illustrated in the chapter on thermodynamics 
with which the book opens. Nothing more is 
given than the fundamental facts connecting the 
state, temperature, volume and pressure of a fluid 
and the work done by or on it, and more than half 
the chapter is devoted to the construction and use 
of diagrams in dealing with these data. The use, 
for example, of 6 ¢ and I ¢ diagrams is not merely 
stated in theory, but their practical application 
explained by a variety of examples, which leave 
the reader in the desired position of regarding such 
curves as practical tools of his trade. In a similar 
spirit a statement of the fundamental facts of 
combustion precedes a general description of the 
lay-out of a boiler plant, and of its standards of 
performance, and special descriptions of typical 
means of firing and designs of boiler and their 
appurtenances. A short account is given of the 
dimensioning of steam and air mains, with compre- 
hensive tables and diagrams, and the six following 
chapters, completing about half the book, deal 
with reciprocating steam engines and turbines, 
their regulation, and appliances, such as condensers, 
for improving their performance. Two chapters 
then describe appliances fitted to shafts for use in 
connection with their mechanical working, and give 
examples of various elements of construction used 
in typical steam-driven machines. Reciprocating 
pumps, centrifugal and turbo-pumps, reciprocating 
compressors, and turbo-compressors are dealt with 
in the four next chapters, and are followed by the 
longest chapter in the book, which deals in detail 
with compressed air and its various applications 
in mining. This is completed bya short account of 
high-pressure compression, with examples of com- 
pressors, working up to 2,500 lb. per square inch. 
Short chapters deal with refrigerating machines 
and their applications in mining, and with ventilation 
fans. The concluding chapters are devoted to 
internal-combustion engines of various types, in- 
cluding locomotives, the application of electricity 
to the transmission of power in mines, and the de- 
scription of apparatusfor measurement used in mines. 

A feature of the book is the unusual wealth of 
illustration, much of it original in character, which 
is well adapted to extending its usefulness. 
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THE BODMIN AND BRIDGWATER 
WIRELESS BEAM STATIONS OF 
THE BRITISH POST OFFICE. 


In out last week’s issue, on page 514, we published 
an article by Mr. N. Wells, M.Sc., explaining the 
principles of radio communication on short waves 
by means of reflecting aerials, and it may now be of 
interest, therefore, to describe the methods by which 
these principles are applied in practice. This we 
are able to do by the courtesy of Messrs. Marconi’s 
Wireless Telegraph Company, Limited, Marconi 
House, Strand, London, W.C.2, who have supplied 
us with particulars of the Bodmin transmitting 
station and the Bridgwater receiving station, 
through which two stations, as stated in the con- 
cluding portion of the article above referred to, the 
British Post Office authorities are now operating a 
high-speed telegraphy service between this country 
and Canada. 

The same two stations will shortly operate a 
similar service between Great Britain and South 
Africa, and other pairs of stations at Tetney, near 
Grimsby, and at Winthorpe, near Skegness, will 
work with corresponding stations in India and 
Australia, respectively. We shall, however, confine 
our attention, on this occasion, to the Bodmin and 
Bridgwater stations, which constitute the English 
end of the beam wireless services for Canada and 
South Africa, and are illustrated in Figs. 1 to 5 
on this and the opposite pages. Before commencing 
our description of these stations, however, we may 
record some statements recently made by Senatore 
G. Marconi in explaining the remarkably high 
efficiency obtained by the beam system of radio 
communication. At a distant point, he stated, the 
strength of signal produced by a beam transmitter, 
with a receiver of the same type, was of the order 
of 100 times that produced at the same point by 
a non-directional transmitter of the same power 
radiating equally in all directions. Moreover, 
since the strength of the received signals increased 
as the square root of the power of the transmitter, 
it would be necessary, in order to produce with the 
older form of non-directional transmitting and 
receiving apparatus results equivalent to those 
obtained on the beam system, to employ a power 
10,000 times as great. Such powers would, of 
course, be quite impracticable. 

The Bodmin station is located near the Bodmin- 
Truro road, about 4} miles south-west of the town 
from which it takes its name, and at an elevation of 
about 460 ft. above sea level. Of the two aerial 
systems, that for the South African beam extends 
eastwards from the buildings, while that for the 
Canadian beam, which we illustrate in Fig. 1, is 
on the western side of the station. The buildings, 
which are steel-framed structures with concrete 
walls, are divided into three sections, one containing 
the power-house, battery room and offices, and the 
other two forming the transmitter room and 
absorber house, respectively. The power-house 
building is 115 ft. in length and is divided into two 
bays 34 ft. 4 in. and 22 ft. 10 in. wide. The whole 
of the machinery is housed in the larger bay, the 
interior of which is a!most identical with that 
illustrated in Fig. 10, on page 510 ante, which is 
actually a view of the power house of the Dorchester 
station, which will be used for the Marconi Com- 
pany’s service to the United States. The smaller 
bay of the Bodmin power-house building contains 
the switchboard, behind which are the stores and 
battery-room, and the rectifiers. The main power 
supply is provided by three Ruston and Hornsby 
three-cylinder, vertical, colc-starting oil engines, 
developing 165 brake horse-power at 300 r.p.m., two 
of which are easily capable of carrying the full load 
of both transmitters, leaving one in reserve. They 
are fitted with specially heavy flywheels, weighing 
7 tons each, and the three engines are mounted on a 
large concrete block weighing about 300 tons, 
resting on Coresil cork pads 24 in. thick, under which 
is a concrete raft. The cork pads have been 
provided to prevent any mechanical vibration from 
reaching the valves of the transmitters, which must 
be kept absolutely steady. Each engine is con- 
nected by a flexible coupling to a 92-kw. compound- 
wound dynamo by Messrs. Newtons, of Taunton, 
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generating direct current at 440 volts, the direct 
current being used for the motors driving the 
generators supplying power to the various circuits. 

There are three main-power alternators, of 
50 kv.-a., generating single-phase current at 1,000 
volts and 300 cycles, and this current, after having 
been stepped up and passed through rectifying 
valves and smoothing apparatus, is supplied to the 
anodes of the transmitting valves in the form of 
direct current, at a pressure of from 8,000 volts to 
10,000 volts. Three “‘ drive-power ’’ alternators, of 
1-2 kv.-a. each, generate single-phase current at 
220 volts and 500 cycles, which is stepped up, 
rectified, and smoothed for supplying high-tension 
current at 2,000 volts to the anodes of the valves 
in the drive, or master-oscillator, panels of the 
transmitter. Two other single-phase alternators, 
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each having an output of 20 kv.-a. at 500 volts and | negative voltage to grids, and other purposes. The 
300 cycles, are provided for heating the filaments of | switchboard controlling the whole of the generating 
the rectifying valves, the current being stepped plant is similar to that shown on the right of Fig. 10, 
down to 11 volts or 12 volts for the purpose. One | on page 510 ante, and calls for no particular comment. 
of these machines is sufficient to supply the filaments; To provide the high-tension direct current for 
of all the rectifiers for both transmitters, the other | the anodes of the transmitting valves, rectifiers 
being kept as a stand-by. The filaments of the | of the thermionic-valve type are employed, and two 
main-oscillator valves are supplied with direct | sets of rectifiers are provided for each transmitter ; 
current at 24 volts, produced by two generators, | they are located in a railed and screened enclosure 
each of which is of 18-kw. capacity. One of these |in the power house. Each rectifying set consists 
machines is capable of supplying the current for the | of a main rectifier and a drive rectifier, the former 
filaments of all the main oscillators, and also of | having a bank of 16 M.R.7a valves, and the latter 
charging the batteries which supply current for | two valves of the same type. Associated with the 
heating the filaments of the drive or master-oscillator | main rectifiers are two transformers, one to step 
valves. |up the current, which is generated at 1,000 volts 

Two other direct-current generators are pro- | and 300 cycles, to 10,000 volts for the anodes, and 
vided for lighting, &c., and there are several | the other to step it down to a suitable value for the 
batteries for lighting, filament heating, supplying | filaments. Two chokes and three banks of con- 





densers are provided for smoothing out the ripples 
from the rectified current supplied to the trans- 
mitters. 

The drive rectifiers are generally similar to the 
main rectifiers, except that current is supplied 
to them at 220 volts and 500 cycles and stepped 
up to 3,000 volts for the anodes. From the recti- 
fiers, the high-tension direct current is conveyed to 
the transmitting room by lead-covered cables, 
isolating links being provided for disconnecting the 
anode supplies from the transmitters and earthing 
the cables and smoothing condensers at the same 
time. Similar links are also fitted to enable the 
anode supplies to be changed over to either of the 
two drive panels, each of which is tuned to one of 
the wavelengths on which the station works, as will 
be explained later. 

It will be readily understood that for working 
with short waves such as are used in the beam 
system, stability of wavelength is of the utmost 
importance, and extreme care is essential in the 
design and construction of the apparatus to secure 
this feature. The most important unit for main- 
taining constancy of wavelength is the drive or 
master oscillator, the object of which is to main- 
tain the intermediate and main oscillatory circuits 
at the same frequency as that of the drive. The 
oscillatory circuit of the latter is coupled to another 
oscillatory circuit, known as the No. 3 magnifier, 
which acts partly as an amplifier and partly as a 
stabilising circuit, and the No. 3 magnifier is, in 
turn, coupled to another similar circuit known as 
the No. 2 magnifier. The latter is again coupled 
to the grid circuit of the No. 1 magnifier, which is 
the main power oscillator of the transmitter and sup- 
plies energy to the aerial. Fig. 2,on page 528, shows 
one of the transmitters which, as will be seen from 
this illustration, is divided into four sections. 
That on the extreme left is the main-oscillator panel, 
and includes the high-frequency coupling circuit to 
the feeders which convey the energy to the aerials. 
The two centre panels each include the drive circuit 
and the No. 2 and No. 3 magnifiers for the two 
different wavelengths, while the right-hand panel 
carries the absorber units, the object of which will 
be explained later. 

For the main oscillator, two type C.A.T.2 oil- 
cooled valves are employed. Oil is used for cool- 
ing the anodes in preference to water, for the reason 
that, in short-wave work, it is particularly important 
to reduce valve capacity and resistance losses to a 
minimum, and oil is, of course, a good insulator. 
The oil used is mainly kerosene, with a little trans- 
former oil added to improve the insulation. Kero- 
sene, it may be remarked, has the property of rapidly 
carrying away the heat generated, has good insu- 
lating properties, a comparatively high flashpoint, 
and is not easily carbonised in contact with hot 
surfaces ; it has, of course, the additional advantage 
of being cheap. About 300 gallons of oil are circu- 
lated per hour through the cooling system of each 
valve, and additional cooling is provided for the 
filament, grid and anode seals by air blast. The 
filaments each require 50 amperes at from 18 to 21 
volts, the current, as already stated, being supplied 
from a 24-volt direct-current motor generator. 
The arrangements for the high-tension supply to 
the anodes have already been explained, but we may 
now mention that the total input to the anodes of 
the two valves is about 18 kw., with a feed of 1-1 
amperes per valve. The negative potential on the 
grids, in normal working, is in the neighbourhood of 
400 volts. 

The No. 2 magnifier, which supplies power to the 
grids of the main oacillator, includes two M.T.9r 
air-cooled valves, the filaments of which each require 
123 amperes at 19 volts. The anode supply to these 
valves is taken from the same source as that for the 
main-oscillator valves, but the current is passed 
through absorbing resistances which reduce the 
potential in the “ marking ”’ condition, i.e., when a 
dot or dash is being transmitted, to about 5,000 volts, 
the feed then being about 150 milliamperes. In the 
spacing condition, #.e., in the intervals between the 
dots and dashes, these valves oscillate very weakly, 
so that the oscillations in the main oscillatory circuit 
cease entirely. For the.No. 3 magnifier, an M.T.10 
air-cooled valve, which requires a filament current of 
7-5 amperes at 12-5 volts and an anode feed of 





530 


ENGINEERING. 


[Oct. 29, 1926. 








80 to 90 milliamperes at 2,000 volts, is employed. 
A similar valve is used for the drive circuit, and the 
anode and filament currents are approximately the 
same as those for the No. 3 magnifier. : 

A little consideration will show that, since the 
main oscillators function only during the marking 
periods, the load on the engines and generators 
supplying the anode current would be thrown on 
and off at each dot and dash transmitted, unless 
special precautions were taken to equalise the load 
over the whole period of working. The apparatus for 
this purpose is mounted on the panel shown on the 
right of Fig. 2, and comprises main and sub-absorbing 
circuits and keying circuits. On the extreme right 
of Fig. 2 will be seen two high-speed signalling relays, 
which are operated by land line from London, either 
being used at will by means of the change-over 
switch mounted on a sloping panel under the bracket 
carrying the relays. The relays, only one of which 
is used at a time, are the only connection between 
the land line and the transmitter, and the tongue of 
the relay is the only mechanically moving part 
employed for the operation of signalling. The 
keying current from one of the relays is stepped up 
to the grids of two oil-cooled absorber valves, of 
the C.A.M.2 type, through two D.E.T.1 valves, 
connected in parallel and included in the sub- 
absorber circuit. The potential variations thus 
imposed on the grids of the main absorber valves 
are such that the valves are made conducting during 
the spacing periods and non-conducting during the 
marking periods, and, as a result, the high-tension 
current, which is supplied to the main oscillator 
during the marking periods, is diverted through the 
vil-cooled valves to absorbing resistances during the 
spacing periods. The resistances are in the form of 
mats and are located in the absorber house, which 
is a small building situated near the transmitting 
room. The mats are arranged in three banks for 
each transmitter and are cooled by air supplied by 
two Sturtevant blowers; other blowers in the 
absorber house supply the air for cooling the seals of 
the main-oscillator valves, as mentioned above. 
While referring to the absorber house, we may 
mention that it also contains an oil-supply tank for 
the valve-cooling system, and three motor-driven 
centrifugal pumps, which circulate the oil to the 
valves in the transmitter room through underground 
pipes. A short length of rubber tubing is inserted in 
each oil-pipe line at the transmitters, to prevent any 
vibration from being conveyed to them along the 
pipes; oil-flow indicators are also provided in 
the transmitter room to control a warning bell which 
rings in the event of the oil flow ceasing. 

Before passing on from the transmitting arrange- 
ments, we should mention that the apparatus can be 
entirely controlled from the centre of the transmitter 
room, where the control tables are located. One 
table carries three potentiometer-type regulators, 
one controlling the voltage of each of the main 
power alternators, while three similar regulators 
control the voltage of the drive-power alternators. 
There are also two filament-control tables, one for 
each transmitter, carrying variable resistances for 
switching on and shutting off the filament current 
for the valves in easy stages. The resistances, it 
may be remarked, are completely cut out of circuit 
during normal working, being only used in starting 
up and closing down. Variable resistances on the 
transmitter panels themselves are provided to allow 
for slight differences in the filament voltages of 
valves of similar types and for minor voltage 
variations on the main filament *bus-bars.. Other 
tables in the transmitter room carry instruments 
for controlling the land lines, and a local oscillator 
with a beat-note amplifier and loud speaker to 
enable the outgoing signals to ne heard and adjusted. 
There is also a standard wavemeter for checking 
the wave-length of the signals transmitted. In the 
case of the Canadian transmitter, the normal wave- 
length used is just over 26 m., and this wave-length 
was employed in the official tests referred to on 
page 515, ante. It may, however, be desirable at 


times, owing to special atmospheric conditions, 
to employ a different wave-length, and complete 
arrangements, some of which have already been 
referred to above, have been made to enable this to 
be done. The actual change from one wave-length 
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to the other can be accomplished in from 7 to 





10 minutes. As in the case of the oil engines in 
the power house, each transmitter is mounted on 
a concrete raft resting on Coresil cork pads, to 
prevent mechanical vibrations from reaching the 
high-frequency circuits and valves. The trans- 
mitters also stand on copper trays, which serve both 
as electrical screens and as receptacles for any oil 
that may escape from the valve-cooling systems. 

The method of supplying the high-frequency 
current from the transmitter house to the aerial 
system is particularly interesting, as the use of 
such short-wave lengths renders special precautions 
necessary to reduce the high-frequency resistance 
and losses from stray capacities; with a wave- 
length of 26m., it may be mentioned, the frequency 
is 11,500 kilocycles per second. For this reason, 
it was necessary for the feeder to be air insulated, 
and it was therefore constructed of two concentric 
copper tubes. The outer tube is earthed and 
carried on iron standards driven into the ground, 
while the inner tube is insulated from the outer 
tube by rings of porcelain spaced at intervals. 
With this arrangement, the feeder is both mecha- 
nically and electrically symmetrical through- 
out its length. The length of the feeder tube from 
the transmitter to each individual wire of the 
particular aerial system it supplies, is also arranged 
to be the same. Two feeders for both the Canadian 
and South African services, and one for each of 
the two wave-lengths used, run from the transmitter 
building along the front of the aerial system at 
about 100 ft. from the centre line of the masts. 
As can be seen in Fig. 1, on page 528, there are 
five masts, forming four bays, for each aerial 
system, two bays being allocated for each of the 
two different wave-lengths employed ; one feeder 
runs from a feeder-ammeter box in the transmitter 
room to the centre point of each pair of bays. At 
this point, there is a junction box dividing the 
feeder into two branches, one of which goes to 
the centre of each bay. Here there is another 
junction box, and the feeder is again divided 
equally and branched as before, the process being 
continued until there is one branch for each pair 
of aerial wires. At this point, there is an aerial 
coupling box, a number of which can be seen in 
Fig. 1. and in this box the feeder is again split 
up so that there is an individual feed to each aerial 
wire. Arrangements are made so that a transformer 
may be placed in each feeder junction box, to 
assist in balancing the feeder system so as to ensure 
the equal distribution and correct phase relation of 
the currents to each aerial wire. In addition to 
these coils, condenser tubes, consisting of short 
lengths of feeder tubing, may be fitted at the 
coupling boxes for the same purpose. In each 
aerial coupling box there are two coils, mounted 
on porcelain insulators. Both coils are connected 
at the bottom to the casing of the box, which is 
earthed, and tappings from the feeder tube and 
aerials are connected to suitable points on each 
coil, which then act as auto-transformers. The 
lead-in from each aerial is brought through a 
porcelain insulator at the top of the box, as shown 
in Fig. 1. It should be noted that the aerials and 
feeders are adjusted so that the system as a whole 
acts as a pure resistance load on the transmitter, 
and there is no reflected wave up and down the 
feeder system. 

In the ammeter box in the transmitter house, 
there is a change-over link which can be connected 
to either feeder. On the internal side of the link, 
two loops of feeder tube are so arranged that 
three high-frequency thermo-ammeters come into 
proximity, although actually connected at dis- 
tances of 32 ft. apart along the feeder. Any 
reflected waves in the feeder system, that might 
result from something having got out of adjustment, 
are immediately indicated by different readings on 
the three ammeters. By keeping a watch on these 
ammeters the correctness of the adjustment of 
the whole feeder system can be observed and 
maintained. Owing tothe great length of tubing 
in the feeder system, special precautions had to 
be taken to provide for expansion due to variations 
in temperature. In the outer tubing, spun-metal 
expansion joints are inserted every 16 ft., these 
each allowing a longitudinal movement of } in. 
In the middle, and at every 160 ft. in the case 





of greater lengths, there is an expansion box for 
the inner feeder tube. This consists of a short length 
of fixed copper tubing. A copper sleeve is sweated 
on to the end of the length of inner feeder tube, 
and this is slotted at the end where it fits over 
the fixed tube, and has spring clamps fitted round 
the outside to ensure contact. A good sliding 
contact is thus obtained, which allows a movement 
of as much as 4 in. 

As the beam leaves the aerial system at right 
angles to the plane of the masts, the latter are 
arranged in line at right angles to the great circle 
bearing on the distant station. The exact orienta- 
tion of the aerial systems at Bodmin is 157 deg. 
52 min. west of true north for the Canadian system 
and 70 deg. 47 min. east of true north for the South 
African system. The masts, which were manu- 
factured and erected by the Armstrong Construction 
Company, weigh 38 tons each, and are of steel 
lattice construction, measuring 287 ft. in height 
to the top of the cross arm, which is 90 ft. in length. 
Their form is clearly shown in Fig. 1, which is a 
view of the Canadian aerial at Bodmin, and also 
in Fig. 4, on page 529, which shows the masts for 
both the Canadian and South African services, at 
the Bridgwater receiving station. The design of 
the aerial and reflector systems, it should be 
mentioned, is identical at the transmitting and 
receiving stations. The masts, which are 12 ft. 
square in plan, are spaced 650 ft. apart. They 
are stayed by steel-wire guy ropes attached to 
each leg at a point 216 ft. from the ground level, 
and to 20-ton concrete blocks placed 110 ft. from 
the base of the mast, while each end mast has four 
back stays to take the strain of the triatics, which 
run between the cross arms of each pair of masts 
and serve to support the aerial and reflector wires. 
There are two steel triatic cables for the aerial wires 
and two for the reflector wires, arranged so that the 
distances between the centre lines of each pair is 
approximately equal to a quarter of the wavelength. 
Each pair of triatics forms a double-catenary sus- 
pension system, and, at each point of suspension 
for the aerial or reflector wires, the triatics are con- 
nected by a horizontal steel wire. To this are 
attached two silicon-bronze wires which, with the 
horizontal steel wire, form an equilateral triangle 
with the’ base uppermost and the apex pointing 
downwards. The aerial and reflector wires are 
attached to the apex of the triangle, but to ensure 
that each wire shall terminate at the same distance 
above the ground level, tails of varying lengths are 
inserted between the vertical wires and the triangles 
to allowfor the sag in the triatics and for irregularities 
in the contour of the ground. 

The lower end of each aerial and reflector wire is 
connected to a balance-weight structure, as shown in 
Fig. 1, the object of the arrangement being to 
impart an even tension to each wire and to steady 
the whole system against the effect of the wind, it 
being obviously most important that the mean 
distance separating the rows of aerial and reflector 
wires should be kept constant under all weather 
conditions. The balance-weight structure for each 
wire consists of a horizontal iron arm, 7 ft. in length, 
pivoted to a vertical support, formed of two iron 
uprights set in a concrete block. Each aerial or 
reflector wire is terminated with a series of insulators 
and connected, by means of a chain and hook, to the 
free end of the balance-weight arm. Immediately 
below the wire, a concrete block is suspended from 
the arm, the block weighing 60 lb. for the aerial 
wires, and 30 Ib. for the reflector wires. A concrete 
block counterweight is also suspended from the arm 
between the uprights of the supports. In order to 
prevent the wires from breaking in gales of excep- 
tional severity, a special form of trigger attachment 
has been used in connection with the chain and hook 
by which the wire is attached to the arm. A wire 
runs from the hook to one of the uprights and the 
length of this wire is such that when the arm has 
risen about 5 ft., the hook is automatically released 
from the eye. A check wire is, however, attached 
to the aerial wire and the arm, to prevent the former 
from becoming completely detached, and this 
allows for a play of 11 ft. The check wire is norm- 
ally looped along the arm, and secured by a few 
turns of lead wire, which breaks as soon as the 
strain is applied. 
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The alternative wave-length on which the Canadian 
service will be operated, has not yet been fixed, but 
in the two bays used for the 26-metre wave-length 
there are 32 aerial wires in all, and 64 reflecting wires. 
Each aerial wire is divided into three sections linked 
by inductances, or phasing coils, the ends of which 
are connected to the aerial wire by insulators fitted 
with corona rings ; some of these units can be dis- 
tinguished in Fig. 1. The reflector wires are each 
divided into five lengths separated by strings of 
insulators. The wire used, for both aerials and 
reflectors, is either No. 10 gauge copper, or No. 16 
gauge copper-clad steel, the latter having the 
advantage that it allows a smaller section to be 
employed, and thus reduces the wind effect. In 
Fig. 3 we reproduce a polar curve taken at a radius 
of 6,217 ft. from the Bodmin aerial used for the 
Canadian service, showing that practically the 
whole of the energy radiated is confined within an 
angle of 5 degrees, on each side of the axis. We 
understand that the radiation in other directions 
is less than 5 per cent. of the total. 

We may complete our description of tue trans- 
mitting station with a brief reference to the earthing 
arrangements, which, as might be expected, differ 
materially from those of stations working on long 
wavelengths. As previously stated, the outer 
tube of the feeder system is continuous throughout 
its whole length, and, being carried on iron standards 
driven into the ground, it is effectively earthed in 
this way. Each aerial coupling box is earthed by 
means of 12 plates, each 3 ft. square, arranged in a 
circle of 25 ft. radius round the box. The trans- 


‘mitters themselves have each an independent earth 


consisting of 6 ft. by 3 ft. galvanised iron plates, 
arranged along the outside of the transmitter build- 
ing and connected by copper strips to the copper 
trays on which the transmitters stand, as already 
mentioned. Both masts and stays are earthed with 
galvanised-iron wire and galvanised-iron plates, 
measuring 3 ft. by 18 in., set in the ground in a 
vertical position ; one plate is provided for each 
mast, and one for each stay. 

The site for the Bridgwater receiving station is 
located near the village of North Petherton, 2} miles 
south of Bridgwater, and is about 60 ft. above sea 
level, with open country surrounding it in all 
directions. There are two main buildings, con- 
structed of brick, one forming the engine-room and 
the other the receiver room and officers. Power 
is generated by two 18 h.p. Aster petrol-paraffin 
engines, direct coupled to 10 kw. Metropolitan- 
Vickers dynamos, generating continuous current 
at 110 volts. They are used for charging the station- 
lighting battery and for driving four motor-generator 
sets, two of which are employed for charging the 
8-volt filament batteries, and the other two for 
charging the 220 volt batteries which supply the 
anodes of the receiving valves. The main switch- 
board comprises generator, battery and distribution 
panels, and there is a second switchboard with 
panels for each of the anode and filament battery- 
charging sets. 

Fig. 4 illustrates the masts for the aerial system 
at Bridgwater, the five masts on the left of the illus- 
tration being used for receiving from Canada and 
the other five for the South African service. They 
are exactly similar to those at Bodmin, except that 
the feeder tubes are slightly smaller. It should be 
pointed out, however, that, in receiving, the reflector 
wires not only reflect back to the aerial wires the 
energy received from the Canadian transmitter, 
but also screen the aerial from signals coming from 
the opposite direction. Provided that the incoming 
signals are of the correct wavelength for which the 
aerials and reflectors are tuned and spaced, the 
energy received by the reflectors is returned to the 
aerials exactly in phase with that directly received, 
and this accounts for the high efficiency of beam 
reception as compared with that of a simple non- 
directional aerial system. By means of transformers 
and by careful attention to the design of the feeder 
system, the energy received in all the aerial wires 
is added and conveyed to the receiving apparatus. 

The two receivers used at Bridgwater are illus- 
trated in Fig. 5, the group of panels on the left being 
used for the Canadian service and that of the right 
for the South African. The complete receiver com- 
prises nine units, each contained in a copper- 





Screened box to prevent interaction between them. 
The nine units are each arranged in three vertical 
groups on an iron rack, and any unit can easily be 
changed if necessary. The connections between 
the units are made at the back and tuning controls 
are fitted on the front, together with switches and 
listening points which enable an audible check to 
be made on the incoming signals. A control panel 
is mounted on the top left-hand corner of each 
receiver, and this enables the voltages for the various 
valves in circuit to be tested. A valve socket is 
also provided to enable the characteristics of any 
valve to be tested, with the aid of measuring instru- 
ments mounted on the control panel. The feeder 
terminal units, one of which is provided for each 
wavelength, are located one above the other on the 
right hand side of each receiver. These are used for 
connecting the aerial system to the receiver, and each 
contains two low-loss tuned intermediate circuits, 
arranged so that a very weak coupling between them 
can be obtained. The advantage of weak coupling 
is, of course, that it gives additional selectivity and 
freedom from atmospheric and other disturbances, 
and its use is rendered possible by the fact that the 
signals are usually very powerful. 

The second intermediate circuit is coupled, by 
a variable coupling, to the input circuit of the 
receiver, which is tuned to the frequency of the 
incoming signals. Coupled to this circuit is the 
first heterodyne circuit containing an oscillating 
valve which produces, with the incoming signal, a 
beat frequency corresponding to a wave length 
of 1,600 metres. The signal on this new frequency 
is subjected to three stages of high-frequency amplifi- 
cation on the push-pull system, and is then rectified 
and again heterodyned. The second heterodyne 
can be used to produce an audible beat frequency, 
or to change the wavelength up to about 10,000 
metres. A switch is provided to change from one 
frequency to the other, and when the audible beat 
frequency is in use, the operator is able to listen 
in to the signals while tuning the initial circuits of 
the receiver. On the 10,000 metre wavelength, 
the signals are again amplified in three stages, and 
are afterwards rectified and applied through a 
milliameter and a limiting valve to the recording 
circuit. This is of the direct-current bridge type, 
and provides both marking and spacing current for 
operating a high-speed relay, which, in turn, keys 
the Post Office land line to London ; when required 
it can be used to operate a check undulator at the 
receiving station. The receiving and recording 
apparatus, as well as the transmitters were designed 
and constructed at the Chelmsford works of the 
Marconi Company, and the whole of the valves 
were manufactured by the M.O. Valve Company 
at Hammersmith. As already stated, the Canadian 
service is now in regular operation, and this, we 
think, marks one of the most important stages in 
the development of Empire communications. 
There can be little doubt that the facilities for cheap 
and rapid communication provided by this and the 
similar stations, which will work with the other 
Dominions and India, will do much to preserve and 
enhance the political and commercial integrity of 
the whole Empire. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


TuE first general meeting of the winter session 
of the Institution of Mechanical Engineers was 
held at Storey’s-gate, Westminster, on Friday, 
October 22, at 6 p.m., the President, Mr. William 
Reavell, occupying the chair. 


Tue LATE Mr. W. H. ALLEN. 


Before proceeding with the formal business of 
the meeting, Mr. Reavell referred to the death on 
September 3 of Mr. W. H. Allen, of Bedford. In 
deploring the loss thus sustained by engineers 
generally, and the Institution in particular, the 
President referred to the warm interest exhibited 
by Mr. Allen in the education of apprentices and 
others, his recent generous donation of 1,000/. to 
enable the Institution to send a student to Cam- 
bridge being cited as evidence of its sincerity. Mr. 
Allen might also almost be styled the father of the 





very useful Benevolent Fund of the Institution 


from his long connection with it. The President 
had been authorised by the council to transmit 
a letter of condolence to Mrs. Allen. 


Minutes oF Last Meetine, &c. 

The Secretary then read the minutes of the 
summer meeting at Ipswich, Norwich, Colchester, 
and Chelmsford. He also stated that at the last 
meeting of council on July 9, a total of 57 members, 
associate members, associates, graduates, and stud- 
ents had been elected, and 38 transferences, made. 


PRESIDENTIAL ADDRESS. 

Mr. Reavell then delivered his presidential 
address, which will be found in abstract on page 549 
of this issue. During the course of this he referred 
to an interesting development in the use of a very 
small electrically-driven rotary air pump which 
was described and illustrated in vol. cxx of 
ENGINEERING, page 816. An example of this little 
appliance was exhibited, and Mr. Reavell described 
how it had been most successfully made use of in 
connection with surgical operations. In this appli- 
cation the pump and motor are mounted on a 
portable stand which also held two glass flasks, 
connected with the pump by rubber tubing. In- 
ternal glass tubes running nearly to the bottom 
of the flasks were connected by long rubber tubes 
with German silver suction nozzles. These were 
used to follow the course of the surgeon’s instru- 
ments during an operation, and by absorbing, 
through the vacuum created in the flasks, the dow- 
ing blood and other fluids, rendered the use of swabs 
quite unnecessary. As swabbing usually takes up 
about 50 per cent. of the time required for an 
operation, the use of the pump had reduced the 
period in which a patient needed to be under the 
influence of an anaesthetic by that amount. It had 
thus undoubtedly enabled many patients with defec- 
tive hearts to undergo treatment which would other- 
wise be too trying for them. 

At the conclusion of the address a vote of thanks 
was proposed by Sir John Aspinall, who remarked 
that Mr. Reavell’s address had contained much 
that must be perfectly new to many members. 
Alluding to the President’s reluctance to speak to 
the meeting on the subject which formed his life 
work, Sir John said he knew of no one else who 
was so well qualified to do so. He was sure the 
Institution congratulated itself on having Mr. 
Reavell as president. He concluded by a reference 
to some qualities which go to make the true engineer, 
and which he believed Mr. Reavell possessed in a 
marked degree, speed in decision, the keeping of a 
strong hold over oneself, firm’ control of men, 
knowledge of finance, and appreciation of the 
problems of his work, and so on. 

Mr. Michael Longridge said one of the privileges 
of old age was that of performing the pleasing duty 
of seconding the vote of thanks to the president. 
He was not sure that a formal vote was really 
necessary, as the meeting had shown its apprecia- 
tion of the address by listening for an hour in 
interested silence unbroken only by applause or 
appreciative laughter. 

The vote was then put to the meeting by Sir 
John Aspinall and carried with acclamation. In 





expressing his appreciation, Mr. Reavell said he 
realised that the delivery of an address was only 
one of the presidential duties. He was trying to 
fulfill the promises he made at the time of his elec- 
tion to carry out the other duties to the best of his 
ability. The subject he had chosen was fascin- 
ating to him, and he was glad that it had apparently 
proved interesting, though it would have been 
possible, had time permitted, to have expanded it. 

It was then announced that there would be an 
informal meeting on Friday, October 29, from 7.0 
to 8.30 p.m., the subject being “ Steel Castings in 
Mechanical Engineering.” A ballot for members 
of the Informal Meetings Sub-Committee for the 
session 1926-27 would take place at this meeting. 
On Monday, November 1, a visit to Messrs. Kryn 
and Lahy’s Metal Works, Letchworth, would take 
place. On Friday, November 5, at 6 p.m., a general 
meeting would be held at which the Thomas 
Hawksley Lecture would be given by Professor 
E. G. Coker, D.Sc., F.R.S., the subject being 





‘‘ Elasticity and Plasticity.” 
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THE MOTOR EXHIBITION AT 
OLYMPIA. 
(Continued from page 506.) 

THE statement is frequently made that auto- 
mobile designers have concentrated on improving 
engine performance to the neglect of the other 
mechanical parts of the vehicle. Such a view is 
easily refuted, since, had chassis design remained 
stagnant, it would have been impossible to take 
adequate advantage of the characteristic features 
of the modern engine. The performance of the 
most recent cars as a whole does, in fact, afford 
the best answer to those who belittle chassis 
improvements. The new car with the double-six 
cylinder engine, shown on the stand of the Daimler 
Company, Limited, Coventry, may justly be taken 
as epitomising the progress that has been made in 
both engine and chassis design in the past few 
years. Opinions would probably differ as to what 
constitutes an ideal car performance, but a top-gear 
performance of from three to over 80 miles an hour, 
without perceptible snatching or vibration, and 
without the noise of the engine becoming in any 
way noticeable, a high rate of acceleration, light 
steering, and a freedom from unpleasant pitching 
or rolling throughout the entire speed range, appear 
to leave little to be desired. 

Various views of the complete car and its com- 





Fie. 32. 


ponents are given in Figs. 31 to 45, above, on 
Plate XX XII, and on page 533. As the performance 
to which we have referred depends largely on the 
even torque of the twelve-cylinder engine, we may 
fittingly commence our description by a reference 
to the torque curves given in Figs. 47 to 49. In these 
figures low-speed torque curves are given for the 
double-six, in comparison with four-, six- and 
eight-cylinder engines of the same mean torque 
capacity. The chain line on the diagrams repre- 
sents the mean torque, and they bring out in a 
striking manner the advantages of increasing the 
number of cylinders. Those who wish to do so 
can readily obtain the average torque of the double- 
six throughout its range from the brake horsepower 
curve in Fig. 46, and this figure will also enable 
them to compare the performance with other 
engines on a capacity basis, the bore and stroke 
of the double-six being respectively 81-5 mm. and 
114 mm. Incidentally, the curve shows the large 
amount of power required to drive a large car at 
high speeds. A speed of 60 m.p.h. corresponds 
to an engine speed of 2,480 r.p.m., from which 
the engine revolutions at other road speeds can 
be readily calculated. The chassis is made with 
two different wheelbases, the longer chassis 
weighing 42} cwt. 

General views of the engine are given in 
Figs. 44 and 45, and it is shown in section in 





Figs. 33 to 35. The axes of the two sets of cylinders 
are inclined at 55 deg., both sets being slightly 
offset from the centre line. The cylinders in each 
set are formed as two monobloc castings, each 
comprising three cylinders. Opposite pistons in 
each set are coupled to the same crankpin, one 
of the big ends being forked to pass over the other. 
The crankshaft is of substantial dimensions, and 
there is a main bearing between each pair of 
cylinders, making seven main bearings in all. In 
addition to the security provided by the stiff 
crankshaft, torsional vibrations are guarded against 
by the provision of a Lanchester vibration damper, 
shown in Fig. 34, on the forward end of the shaft. 
The connecting rods are of the usual H-section 
high-tension steel, and aluminium-alloy pistons are 
fitted. These have split skirts to eliminate slap, 
as shown in Fig. 33; the two halves being lightly 
pressed against the cylinder walls by two helical 
springs at the bottom of the skirt. The sleeve 
valves are arranged on the Knight principle, which 
the Daimler Company have brought to a high degree 
of perfection. Following the practice introduced 
by the firm last year, the sleeves are of steel, and 
it is not too much to say that without this develop- 
ment it would have been impossible to design an 
engine on the Knight principle to give a performance 
comparable with that of the double-six. It will 
be noticed from the power curve that the engine 
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EXHIBITS AT THE OLYMPIA MOTOR-CAR EXHIBITION. | 


(For Description, see Page 532.) 




















Fig. 55. CuHassis witH 14-45-H.P. Six-CyLinpeR ENGINE; CLEMENT TALBOT, LIMITED. 











Fic. 56. View or 14-45-H,P. Cuassis ; CLEMENT, TALBOT, LIMITED. 
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57. Rear View or Lancra-LAMBDA CHASSIS. 











Fie. 58, Lancia-LamMBpA CHassis witH 16-H.P. Four-CyLinpER ENGINE; Curtis AUTOMOBILE CoMPANY, LIMITED. 
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can be speeded up to 3,000 r.p.m., and this is 
only rendered possible by utilising extremely light 
sleeves. These are, in fact, only about 14 mm. 
thick. The inner sleeve is plain, but the outer is 
provided with shallow grooves, both inside and 
out. To avoid the juxtaposition of two steel 
working surfaces, the inner side of the outer sleeve 
is lined with a non-ferrous alloy. Both sleeves 
are drilled with a series of small holes throughout 
their length, the holes in the inner sleeve being 
visible in Fig. 33. The operation of the sleeves 





hardly calls for special comment, as it follows the 
usual Daimler practice, but it may be mentioned 
that the two valve-operating shafts are driven by 
separate silent chains from the crankshaft at the 
rear end of the latter. Before dealing with the 
drive for the various components, it should be men- 
tioned that the system of ignition now standardised 
for all Daimler cars is employed for the double-six. 
This consists of a combination of the coil and magneto 
systems, the function of the magneto being confined 
to supplying high-tension current to the distributor 
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|on the coil system. The current can be obtained 
|at will from either the magneto or coil, and the 
| arrangement is therefore sometimes referred to as 
| dual ignition, but the description is hardly accurate 
}in that there are only one set of plugs for each 
|cylinder line. The layout of the magneto and 
| distributor drive is shown in Figs. 34 and 35, 
the latter being a section through the axis of the 
| water pumps at the forward end of the engine. 
| It will be observed that there is a skew-gear wheel 
near the end of the crankshaft, engaging with corre- 
| sponding gears on upper and lower cross shafts, 
| the former serving to drive the two magnetos, 
| and the latter the two water pumps. Both shafts 
|are carried in ball bearings, and the upper also 
| serves to drive the two distributors by skew gearing 
}on the ends of two vertical shafts, one of which is 
| Shown at the top in Fig. 34. The distributors 
| project through the engine cowling at the top, 
as shown in Figs. 32, 44 and 45, and their accessi- 
| bility can readily be judged from these figures. 
| In the last figure the coils are also visible projecting 
| through the dash. The dynamo is mounted on 
the near side of the engine at the rear end, and is 
| driven by a separate silent chain, totally enclosed 
|in the chain housing visible behind the flywheel 
'in Fig. 44. The position of the starting motor 
| will be clear from this figure. 

One of the greatest difficulties associated with the 
design of six-cylinder engines is to get an even 
distribution of the charge between the various 
cylinders. In an investigation carried out at Lough- 
borough College on a six-cylinder aero engine of 
early design, it was found that the variation in power 
as between individual cylinders was as much as 
30 per cent. on full throttle. Although modern 
induction systems no doubt give marked improve- 
ments over the case quoted, there are still appreciable 
power variations along the line, and for this reason 
the means taken by the designers of the double-six 
engine to get even distribution are of exceptional 
interest. It will be observed from Figs. 32, 44 
and 45 that the main induction pipe is duplicated, 
the upper horizontal portion having a water pipe 
passing axially through it. The charge from the 
carburettor passes directly into the upper pipe, 
as shown on the right in Fig. 33, where it divides 
and passes along it in both directions. It then 
enters the lower pipe near the ends and is distributed 
to the various cylinders, one of the branches being 
seen in section on the left in Fig. 33. In this view 
the water passage in the upper pipe is not shown. 
Another point which has recently received increasing 
attention is the provision of some means for filtering 
the air before it reaches the carburettor. The 
necessity for this is clearly brought out by some 
analyses of carbon deposits recently published . by 
Messrs. A. Duckham and Co., Limited. In these it 
is shown that the mineral matter in the deposits is 
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frequently as high as 10 per cent., and in one case 
reached 14°7 percent. It will be noticed in Fig. 33 
that the carburettor air inlets do not communicate 
directly with the atmosphere, but instead are on the 
ends of a large conduit running across the engine. 
The centre of this conduit communicates with the 
atmosphere througk the bell-mouthed chamber 
between the cylinder banks, the opening to the 
chamber being covered with gauze. The proximity 
of the two exhaust pipes results in the air being 
warmed before entering the induction system. As 
will be clear from Figs. 32 and 45, the space between 
the cylinders is covered over with an aluminium 
cowl, under which the blast from the fan is directed. 
The two exhaust systems are separated throughout 
the length of the chassis, and are fitted with separate 
silencers and tail pipes. 

The engine is lubricated by pressure from a 
gear pump of the usual type, situated in the sump, 
and driven by skew gearing from one of the valve- 
operating shafts. The oil is fed, through the system 
of piping shown in Fig. 33, to the main bearings 
and the bearings of the two operating shafts. The 
big ends are supplied through the crankshaft in 


the usual way. An interesting feature of the | 


Fig. 47. COMPARISON OF TORQUE CURVES. 


(AT LOW SPEED i.e. INERTIA FORCES NEGLECTED). 











and as in addition the majority of the components 
conform with previous Daimler practice, we do not 
propose to refer to them in any great detail. The 
steering gear forms an exception, an entirely new 


design havingtbeen necessitated by the width of 
ithe engine. 


The layout can be gathered from 
Fig. 32, from which it will be seen that the box 
containing the worm and sector is bolted high upon 
the dash, the motion being transmitted to the 
usual mechanism on the front axle through a 
vertical rod and ball-crank lever. The arrange- 
ment necessitates a particularly/rigid dash, and this 
is accordingly made in the form of a strong alu- 
minium-alloy casting, with a wide base bearing on 
the frame. The steering is exceptionally light 
throughout the speed range, and there is no suspicion 
of wheel wobble even at speeds in the neighbour- 
hood of 80 miles per hour. This can only be 
regarded as a remarkable achievement in view of 
the fact that the long wheelbase model is fitted with 
37 in. by 7-3 in. balloon tyres, and is no doubt 
largely due to the rigidity of the whole steering 
mechanism, and to the provision of ball bearings on 
the various motion pins. 

The engine and gear box are mounted in an 


4 AND 12 CYLINDERS. 


Fig. 36. The latter brake is operated by the hand 
lever, while the brakes on the wheels are actuated 
on the Dewandre. vacuum system, the controls being 
operated by the foot pedal. 

As already mentioned, the chassis is made with 
alternative wheel bases of 13 ft. 7 in. and 12 ft. 
1l}in. The former is associated with a 5 ft. track, 
but the shorter chassis can be supplied with either 
5 ft. or 4 ft. 9 in. track. The turning circle for the 
long wheelbase model is 54 ft., and for the short 
wheelbase model 52 ft. The total length of the 
longest model is 19 ft. 64 in., the width over the 
front wings being 6 ft. 4 in. The clearance below 
the engine is 74 in., and below the axle 8} in. The 
petrol tank holds 24 gallons, and the consumption 
is 1 gallon to 10 miles. A variety of bodywork is 
available to suit customers’ requirements. 

In commenting upon the 1925 Exhibition, we 
expressed the opinion that, although there was no 
car on view fitted with a supercharger, it was possible 
that this fitting might subsequently be adopted 
for sports cars. This view is confirmed in the 
present exhibition, two different makers having 
adopted a supercharger for their fastest models. 





Fig.48. COMPARISON OF TORQUE CURVES. 
(AT LOW SPEED i.e.INERTIA FORCES NEGLECTED). 


Supercharging has undoubtedly made more progress 
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The supply to the top of the sleeves is from a second 
priming valve, which is operated in conjuction with 
the petrol primer when starting up. Oil is thus 
injected into the induction system, from which it is 
drawn into the combustion space on the suction 
stroke of the pistons. 

Before describing the chassis, attention may be 
called to the appearance of the complete car as 
shown in Fig. 31. This view shows the chassis 
fitted with a saloon-de-luxe body, in which a com- 
modious boot is formed behind the rear seats; and 
it will at once be noticed that the graceful lines 
are accentuated by the scheme of colouring adopted. 
In the example illustrated, two shades of grey are 
employed, the darker shade being utilised to break 
the rigidity of the line between the body and the 
head. Details such as the roof are finished in 
black. The body has an unusually high waist line, 
giving greater privacy to the passengers without 
interfering with their view. From the illustration, 
it will be evident that the rear seats are in front of 
the rear axle, and this no doubt assists in the 
comfortable riding which is very noticeable in these 
seats. In our opinion, the appearance of the car 


as a whole is slightly marred by the petrol tank, 
but it is difficult to suggest in what direction an 
improvement might be effected without interfering 
with the accessibility of the filler. 

The assembled chassis is shown in Fig. 32, and 
various details are given in Figs. 36 to 43. These 
drawings are to a great extent self-explanatory, 





gives four forward ratios of 1, 1-56, 2-08, and 
3:24 to 1, the reverse rates being the same as the 
first forward gear. The ratios specified refer to the 
long wheelbase model, and for the short wheelbase 
model with a 5 ft. track. The ratios given refer to 
the actual gear-box ratios and must be taken in 
conjunction with the rear axle reduction. 
Hotchkiss suspension is employed, and while 
there still appears to be a wide difference of opinion 
among the leading manufacturers as to whether this 
is the most desirable form of rear-axle mounting 
for the heavier cars, there is no doubt that it is 
entirely satisfactory when associated with the even 
torque of a 12-cylinder engine. The final trans- 
mission, as shown in Figs. 37 to 40, is of the under- 
slung worm type, the worm ratio being 8/35 on all 
three models of the double-six car. Details of the 
propeller shaft and universal joints are given in 
Figs. 36 to 39, the first figure showing the sliding 
joint at the forward end of the shaft. The uni- 
versal-joint pins are carried in ball bearings. The 
construction of the rear axle will be clear from Figs. 
40 and 41, from which it will be seen that it is 
built up with a separate central casing. The worm 
wheel shaft is carried on roller bearings with a 
double ball thrust race, and the transmission shafts 
are carried on ball bearings at- both ends, with a 
single ball thrust race at the inner ends. In addi- 


|tion to the brakes on the four wheels, details of 
| which are given in Figs. 40 to 43, there is a trans- 
‘mission brake behind the gear box, as shown in| 





by Messrs. Riley (Coventry), Ltd., a firm to which we 
had occasion to refer last year, as the producers of fast 
cars of exceptionally high quality. We illustrate the 
new supercharged model in Figs. 50 to 54, on page 
535, and Plate XXXI, from which it will be seen 
that many of the distinguishing features of their 
11/40 h.p. model, described on page 504 of our issue 
for October 23, 1925, have been retained in the new 
car. We stated that an earlier sports model, a 
modification of the standard touring car, was capable 
of a road speed of over 70 m.p.h., the engine being 
of the side-by-side valve type with a capacity of 
1,498 c.c. By adopting overhead valves, and by 
fitting a supercharger, the new engine of the same 
capacity enables the makers to guarantee a road 
speed of 80 m.p.h. 

The supercharger is in no sense an auxiliary fitting, 
but is neatly incorporated with the engine. Its posi- 
tion below the radiator is clearly shown in Fig. 51. It 
is of the Roots type with three-bladed impellers, and 
is driven directly from the crankshaft. The air is 
drawn in through the carburettor, which is mounted 
on the near-side of the engine as shown in Fig. 54. The 
connecting pipe to the supercharger is plainly visible 
in Fig. 51, which also shows the pipe which carries 
the compressed charge to the cylinder block. The 
latter pipe is also shown in Fig. 53. On entering the 
cylinder block, the charge is delivered through a pas- 
sage between the second and third cylinders to a 
longitudinal induction pipe cast in the block, and 
running above the cylinders, from which it finally 
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enters the latter. The rise in pressure imparted by 
the supercharger is about 7 lbs. per square inch, 
resulting in an increase of horse power at 3,600 
r.p.m., from 55 to 70. The valves are mounted 
vertically, and are on the longitudinal centre line 
of the engine, the form of combustion space adopted 
giving a very high efficiency. The valves are | 
operated by push-rods, as shown in Fig. 54, the 
rods being made from high-tension steel tubing. 
They are spring loaded at the bottom to avoid clatter 
at high speeds. A three-bearing crankshaft is 
employed as in the 11/40 h.p. engine. The pistons 
are made from magnesium alloy and the connecting 
rods are of Duralumin. The oiling system follows 
standard practice, a gear-pump, driven by spiral 
gearing from the camshaft, being fitted in the engine 
sump. The pump supplies oil under pressure to the 
various bearings, such as the main bearings and 
big ends, and a by-pass from the main system conveys 
oil to,the hollow rocker shaft, from which the rocker 
arm bearings are supplied. The pressure in the 
oil supply to the overhead valve system can be 
regulated by a set screw, the end of which enters 
the oil way. The rocker arms are drilled so that a 
spray of oil is directed into the ball cups at the top 
of the operating rods. The valve gear is totally 





enclosed in a suitable cover, and suplus oil drains 


the earlier car, where special attention was given 
in manufacture to ensure accuracy, and the same 
remarks apply to the new supercharged sports 
model. In conclusion, it may be mentioned that 
the wheelbase is 9 ft. 6 in., the track 4 ft. 4in., and 
the overall length of the car 13 ft. 

The majority of the new six-cylinder cars have 
engines with a Treasury rating of 18 or more horse- 
power, but there are a few examples in which the 
makers have catered for the owner who has to give 
careful consideration to his annual taxation and 
petrol bills. Amongst the six-cylinder cars of 
relatively small cylinder dimensions, the new Talbot, 
with an R.A.C. rating of 13°8 h.p., affords an in- 
teresting example of the excellent value which can 
now be obtained in this class. The car is shown 
on the stand of Messrs. Clement Talbot, Limited, 
Barlby-road, Ladbroke-grove, W.10, and is known 
as the 14/45 h.p. model. Two general views of the 
chassis are reproduced in Figs. 55 and 56, on Plate 
XXXII, and from the first of these it will at once be 
evident that the layout has resulted in a very clean 
design. 

The engine has a bore and stroke of 61 mm. 
and 95 mm., the capacity thus being 1,666 ¢.c. The 
cylinders are formed as a monobloc casting, with 
a detachable head. The valves are of the over- 
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back to the sump through the passages surrounding 
the rods. The tappet adjustment is very neatly 
carried out. The bearing stud has a cone-shaped 
head, and when this is drawn up by the locking nut 
it expands a split ring, with an outside thread 
which screws into the rocker arms. The latter 
are spring spaced in the usual way to facilitate 
removal of the valve springs. The camshaft is 
driven by a silent chain, which also serves to drive the 
dynamo. The latter is mounted on the near side 
of the engine at the front, as shown in Fig. 54, and 
the tension of the chain is varied by swinging the 
dynamo in its eccentric housing. As the dynamo and 
magneto are in line, a flexible coupling is provided 
between them, which takes up any eccentricity 
caused by the alteration in the position of the 
dynamo axis. 

It is not necessary to describe the chassis in full 
detail, as it is generally similar to that of the 11/40 
h.p. model which we dealt with last year. The 
main difference lies in the fact that, in order to 
ensure stability on the road at high speeds, the 
rear axle is underslung and the front axle has a 
correspondingly increased drop. A plan of the 
11/40 h.p. chassis and a section of the rear axle were 
given on page 504 of our issue for October 23, 1925, 
and it will be sufficient to recall a few of the leading 
features. The clutch is of the cone type, with a 
woven fabric facing, and works in oil. The gear box 
IS a Separate unit, and whereas with the 11/40 h.p. 
model alternative ratios are available, only one set 
can be supplied with the sports car, the ratio being 
4-7, 7-3, 11-4 and 18:2 to 1. The reverse ratio is 
23-1to1. The final transmission is by spiral bevels 
made from 3 per cent. nickel steel. Semi-elliptic 
Springs are fitted to both axles. The steering gear 
is of worm type, with a complete wheel, and is 
mounted on ball bearings throughout. The depth 
of meshing of the worm and wheel can be adjusted 
by rotating the worm casing in an eccentric housing. 
We referred to a number of points, when describing 


head type, and are operated by push rods from the 
camshaft in the crank-case. The mounting of 
the rocker arms is extremely ingenious, and greatly 
facilitates tappet adjustments. Instead of the 
usual central bearing, there is a groove across 
the top of the rocker, which is in contact with 
a knife edge formed on the bottom of a cylindrical 
plug. The latter slides through a hole in a bracket 
attached to the cylinder head, and can be held in 
any desired position by a clamping bolt. To 
adjust the tappet clearance, a feeler of the required 
thickness is placed on the top of the valve stem, 
the rocker arm is then mounted with one end rest- 
ing on the push rod and the other on the feeler, 
and the knife edge is brought down until it makes 
contact with the groove. The plug is then locked 
in position and the feeler removed, giving a rapid 





and accurate setting. The valve gear is totally 
enclosed by a detachable cover, forming a chamber 
which communicates by suitable passages with the 
crank-case. The gear thus operates in an oil mist, 
additional lubrication for the rockers being obtained 
by a by-pass connection from the main pressure 
oilsystem. The crankshaft is made with disc webs, 
and is machined all over. It is carried on four 
bearings attached to the upper half of the crank-case, 
which is cast integral with the cylinder block. The 
gear box is bolted directly to the crank-case, 
but the bottom half of the latter can be detached 
without disturbing the box. The pistons and con- 
necting rods do not call for special comment, as they 
follow the usual practice. The big end bearings are 
of white metal cast into the rod, while the main 
bearings are die-cast. Cooling is on the thermo- 
syphon system, and there is no fan at the forward 
end of the engine, its place being taken by a flywheel 
fan, which can be seen in Fig. 56. The induction 
system is of the hot-spot variety, contact being 
made with the exhaust pipe at one point. The 
carburettor is a Smith five-jet, with starting and 
mixture control, and is fitted to the front end of the 





manifold, as shown in Fig. 55. 
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A Delco ignition 
system is fitted as standard, although provision is 
made for substituting a magneto if preferred. 

Although, as has already been stated, unit 
construction is adopted for engine and gear-box, 
the clutch pit is open, resulting in unusual accessi- 
bility at this point. The clutch is of the plate type, 
with a single Ferodo-lined disc, and runs dry. It is 
completely enclosed, and provision is made for easy 
adjustment. The gear-box can be detached without 
interfering with any part of the engine. The 
forward ratios are 5-875, 9-66, 13-45 and 23-19 
to 1, the reverse ratio being 17-39 to 1. The shafts 
in the box are short and of large diameter, and run 
on ball or roller bearings. Transmission is by an 
enclosed propeller shaft, as shown in Fig. 56. The - 
torque tube is attached to the rear end of the gear- 
box through a hemispherical bearing. The universal 
joint behind the box is encased by the housing, and 
is automatically lubricated by oil from the gear-box. 
The centre of the propeller shaft is supported by a 
ball bearing mounted in the torque tube to avoid 
any possibility of threshing at high speeds, The 
rear axle is a built-up unit, the side tubes being 
spigoted into a central casing. The driving shafts 
are mounted on ball bearings, the axle being of the 
semi-floating type. Spiral-bevel wheels are em- 
ployed for the final drive. The front axle is of the 
usual H-section at the centre, with extensions. of 
circular section. As will be clear from Fig. 55, 
the rear axle is carried on cantilever springs, and the 
front axle on semi-elliptic springs. In the case of 
the front springs, a departure has been made from 
normal practice by fitting the shackles at the front 
instead of the back, and it is claimed that by this 
arrangement both the steering and the general 
riding of the car is improved. The front-wheel 
brakes are operated on the Perrot system, and both 
they and the rear brakes are fitted with aluminium 
shoes lined with Ferodo. The drums are fitted 
with cast-aluminium dust covers, which carry a 
self-locking nut, serving to expand the ends of the 
shoes opposite to the actuating cams. This has the 
effect of increasing the total diameter of the shoes 
to compensate for wear. Among minor points, it 
may be mentioned that all the electrical connections 
are grouped in a junction box mounted beside the 
engine, thus avoiding a complicated arrangement of 
wires behind the facia board; and that the petrol 
filler is provided with a special valve, which must be 
closed before the last two gallons of petrol can be 
withdrawn from the tank, the arrangement con- 
stituting a simple warning device. The luggage grid 
folds over the petrol tank, and is covered by a false 
lid when not in use. The car has a wheelbase of 
10 ft., a track of 4 ft. 7} in., and a ground clearance 
of 8in.; it can, however, be supplied as a Colonial 
model with an extra inch of ground clearance. 

One of the most interesting cars which has been 
produced in recent years is undoubtedly the Lancia 
Lambda, the unconventional appearance of which 
will be familiar to many of our readers. We 
described a 14-h.p. car of this make—shown by the 
concessionnaires, The Curtis Automobile Co., 
Limited, 18, Berkeley-street, W.1, at the 1924 
Exhibition—on page 575 of our issue of October 
24, 1924, and it may be recalled that among other 
special features, this car had the side members of 
the frame carried up to form the skeleton of the 
body, a structure resembling a box girder being 
obtained by utilising the dashboard frame and other 
cross members as stiffening pieces. It will be evident 
that this form of construction is unsuitable for 
saloon-body mounting, and as the demand for this 
type of bodywork has greatly increased in the last 
year or two, the firm have developed a new type of 
chassis to which such bodies can be fitted. 

The new chassis is shown in Figs. 57 and 58, on 
Plate XX XIIT, from which it will be seen that many 
of the characteristic features of the earlier model are 
retained. Amongst these may be mentioned the 
special suspension system referred to in our earlier 
article. From the general views it might be 
judged that the frame is exceptionally heavy, but 
such an impression is quite misleading, as strength 
is secured by the depth of the side and cross members, 
the gauge of the metal being much less than that 
employed for side-frame members of conventional 
type. The actual weight of the complete chassis is 








ENGINEERING. 


[Oct. 29, 1926. 





approximately 21 cwt., which compares favourably 
with that of ordinary cars in the same class, while 
the rigidity of the frame is considerably greater. 

A four-cylinder engine is again employed for the 
new car, but whereas the earlier engine had a bore 


and stroke of 75 and 120 mm., that fitted to the | 


car illustrated has a bore of 79 mm., the stroke being 
unaltered. The capacity is thus 2,352 c.c., and 
the R.A.C. rating 15-6 h.p. An unusual feature to 
which we referred in our previous description was 
that the cylinders were set in pairs inclined at an 
angle of 14 deg., and slightly staggered. This form 
of construction has also been adopted for the new 
car. The valves are of the overhead type, operated 
by an overhead camshaft, which is fitted at the 
front end with a special cam bearing against a spring- 
loaded plunger. The object of this arrangement is 
to compensate for the irregular turning moment on 
the shaft caused by the compression and release of 
the valve springs. The camshaft is driven from the 
crankshaft by a vertical spindle at the front end of 
the engine, the motion being transmitted by skew- 
gearing top and bottom. The lower pair of wheels 
are respectively of steel and gun-metal, while the 
upper combination consists of a steel wheel on the 
vertical spindle driving a fibre wheel on the camshaft. 
The valve adjustment consists of a simple screw, 
with a locking nut, in the end of the rocker arm. 
The whole of the valve gear is enclosed in a cover in 
the usual way, but there is an auxiliary oil pump 
housed in the end of the cover, driven from the 
camshaft by a dog, which is automatically brought 
into engagement when the cover is placed in position. 
The pump is of the slow-speed plunger type driven 
through a worm-reduction gear, and is employed 
to keep a constant oil level in the engine sump. 
The working parts of the engine hardly call for 
special comment, but it may be mentioned that 
the four-throw crankshaft is carried in three 
bearings, the connecting rods are of high-tension 
steel, and the pistons of aluminium alloy. The 
Zenith carburettor is mounted at the rear of the 
engine, and the mixture passes directly into a 
herring-bone induction pipe cast in the cylinder 
block. 

The main oil pump is of the gear type, and is 
mounted in the sump at the bottom of the vertical 
spindle which drives the camshaft. It supplies 
oil under pressure to the main and big-end bearings, 
and the-oil is also forced through a passage in the 
camshaft, from which it is directed to the rocker 
bearings and the camshaft skew gearing. The cams 
dip into small depressions cast in the cylinder 
head, and the surplus oil drains back into the 
crankcase through a passage at the rear end of 
the block, and also through a return way at the 
forward end, where it lubricates the vertical spindle 
bearings. The engine is fitted with a large pressure 
filter in addition to the suction filter employed on 
the earlier engines. Both the filters are in an 
accessible position on the side of the engine. 
Pump circulation is employed for the cooling 
water, the pump being mounted on the front of 
the engine on the near side and driven by a skew 
gear on the vertical spindle. The driving shaft 
for the pump is extended backwards, and serves 
to drive the dynamo and magneto, which are in 
one unit. 

Turning next to the chassis components, it may 
be mentioned that the front and rear axles are 
identical with those employed on the earlier model. 
The clutch is of the multi-disc type, with alternate 
fabric and metal discs, and runs dry. A four-speed 
gear-box is fitted, giving forward ratios of 4-1, 
6-02, 7-38 and 13-1 to 1, the reverse being the same 
as the first forward ratio. The propeller shaft is of 
the open type, with a central ball bearing, and is 
completely covered at the top by the housing 
shown in Fig. 57. There is a flexible dise coupling 
at each end of the shaft, and a ball-type universal 
joint behind the central bearing. Both the gear-box 
and front joint on the transmission shaft are under 
the bonnet, and can be dismounted from the front 
of the dashboard. The brakes are of the internal 
expanding type, and operate on ribbed drums of 
large diameter on the four wheels. There are only 
two shoes in each of the rear brakes, which are 
either expanded separately by the hand lever, or 
in conjunction with the front-wheel brakes by the 
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foot lever. The brakes are cable-operated, and 
are fully compensated. A Bosch lighting system 
is fitted, with the new dimming device introduced 
by the makers. The chassis is made in two lengths, 
the wheelbases being 10 ft. 2 in. and 11 ft. 23 in. 
The track is 4 ft. 74 in. and, as already stated, 
the weight of the chassis, with spare wheel, tyre 
and tools, is approximately 21 cwt. The earlier 
chassis is still being manufactured for open touring 
models. 
(To be continued.) 





THE PLENTY-STILL OIL ENGINE. 


Ir is generally accepted in the steam trawling 
industry that four to five tons of coal are burned for 
every ton of fish caught. Apart from the question 
of the cost of this large amount of fuel, there are 
considerations of space and of the vessel’s trim, and 
it would therefore appear that anything in the way of 
less bulky fuel and more compact machinery would 
be well worth consideration. On the other hand, 
the steam winch required for handling the nets has 
proved itself hitherto the most suitable, because the 
most reliable, appliance for this work, and consequently 
the steam engine has so far well maintained its place 
in the fishing industry, and to a greater extent than 
in some other branches of the mercantile marine, in 
which the Diesel engine has obtained a good footing. 
It is not implied that the Diesel engine has not been 
used in trawlers, for it certainly has been so. employed, 
but we believe only so far to a limited extent. 

One of the most promising arrangements for this 
class of work would appear to lie in the well-known 
combination of steam and internal-combustion prin- 
ciples as adopted in the Still engine. This has been 
frequently referred to in our columns, and was fully 
described and illustrated in ENGINEERING, vol. cxiii, 
pages 275 and 309 et seg. Messrs. Plenty and Sons, 
Limited, of Newbury, have recently completed a small 
unit on this principle, known as the Plenty-Still engine. 
We illustrate this in Figs. 1 to 3, on this and the opposite 
pages. Steam-internal-combustion combinations would 
a ira to possess certain qualities which are very desir- 
able from the trawler’s point of view, but are lacking in 
the ordinary Diesel engine. If a steam winch is part of 
the necessary equipment on a trawler, the ordinary 
Diesel propelling equipment would require the provision 
of a donkey boiler, which would have to be fired with 
either coal or oil, and started up from cold. This 
proves a lengthy and tedious operation to those 
accustomed to have steam always on their winches. 
An exhaust-gas boiler would be of little use on such 
a craft for this purpose. The Plenty-Still engine has, 
of course, a regenerator which utilises the heat from 
the cylinder water-jacket, to supply steam to the 
underside of the piston. This is connected with a 
boiler fitted with an oil burner, and always containing 
water and steam. Normally this boiler acts as a heat 
storage tank, conserving the heat remaining in the 
regenerator after supplying steam to the piston, but 
the lighting of the boiler burner would rapidly bring 
the evaporative rate up to that required to work 
the winches. The burner can be started up without 
delay, as steam for atomising the oil, or working 
the pressure pumps, as the case may be, is always 
available. 

Again, one of the difficulties met with in a trawler 
fitted with an oil engine lies in the conditions under 
which these vessels work. Their proportions usually 
result in excessive pitching, and the sudden immersion 
in the water of a racing propeller is liable to pull a 
Diesel engine up altogether. The steam side of the 
Plenty-Still engine could, however, keep the engine 
going under these conditions. As is well known, also, 
the Diesel engine has practically no overload capacity, 
but with the steam element in combination with it a 
considerable overload can be handled without increas- 
ing the mechanical stresses, while at slow speeds the 
flexibility of the steam engine is a great advantage, 
to say nothing of the ease in starting and manoeuvring. 

The experimental Plenty-Still engine, illustrated 
in Fig. 1, opposite, is a single-cylinder two- 
stroke engine, and is for this reason provided with a 


| heavy flywheel. The cylinder is about 14% in. in 


diameter (370 mm.), with a stroke of 17} in. (450 mm.). 
The speed is 250 r.p.m., when developing about 130 


| brake horse-power. The fact that the engine is a 


single-cylinder one is also responsible for the heavy 
box-column form adopted, but for trawler work, 
where 400 to 600 h.p. are required, the engines can be 
built with three or four cylinders with skeleton columns, 
having the intermediate spaces closed in by light 
splash casings. Under these circumstances also the 
steam could be used expansively, two or more cylinders 
being worked as low-pressure cylinders and a condensi 
set being provided. These are, however, details wit 
which we are not immediately concerned, our present 
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purpose being to describe the various interesting 
features of the engine as constructed. 

The vertical section, given in Fig. 3, shows that the 
cylinder consists of four castings, namely, the bottom 
belt, which takes the piston at the bottom of the 
stroke; the bottom cover; the cylinder head, or 
liner; and the top, or mantle. Of the first two 
little need be said except that the bottom cover is 
provided with the steam and exhaust valves and 
ports. The liner takes the piston at the top of the 
stroke and, at its lower end, are ports for the scaveng- 
ing air and exhaust gases. The relative sizes of these 
ports is well shown in Fig. 2, where the liner is seen 
at the right-hand side. The smooth appearance of the 
liner is due to a stee] ring shrunk on over the numerous 
radia] gills or ribs which serve the double purpose of 
strengthening its thin wall and facilitating the trans- 
mission of heat to the water surrounding it. These 
ribs are shown in Fig. 3. The mantle is shown on the 
left of Fig. 2. It is merely an outer shell to the water 
space. The gas-tight joint between the liner and the 
lower belt of the cylinder, and the water-tight joint 
between it and the mantle, are both made by one ring 
of studs. It may be noted that the lagging of the 
mantle is not continued down to the stud heads, 
though they are covered by a removable strip which 
allows of access to the nuts; this arrangement avoids 
disturbing the lagging when the mantle requires 
removal. Water-tightness at the point where the 
liner passes through the mantle is ensured by a stuffing 
box and gland. It should be noted that complete 
accessibility is afforded to all parts of the cylinder 
by breaking these joints. 

(To be continued.) 








THE LATE MR. R. ST. GEORGE 
MOORE. 


WE note with regret the death of Mr. Richard St. 
George Moore, which occurred at his home in London 
after a long illness, on October 20 last. Mr. Moore had 
been a partner in the firm of Messrs, St. George Moore 
and La Trobe- Bateman, civil engineers, 5, Victoria-street, 
London, S.W.1, since 1913. The second son of the late 
Mr. Charles Moore, he was born at Claughton Grange, 
Birkenhead, on September 3, 1858. He received his 
early education partly in England and partly in 
Germany, and, in 1876, entered the shops of Messrs. 
Laird Brothers, Birkenhead, as a pupil. After com- 
pleting a three years’ apprenticeship with the Birken- 
head firm, he served a fourth year under Mr. Thomas 
Barham, Assoc. M.Inst.C.E. In 1880, the young 
engineer entered into partnership with Mr, C. G. Clarke 
at Hull, and was subsequently engaged in the con- 
struction of Skegness pier, and of the sea wall at Brid- 
lington. Mr. Moore severed his connection with 
Mr. Clarke in 1885, and came to London, where he 
practised as a civil engineer on his own account. 
Amongst other works, he was responsible for the design 
and construction of the St. Leonards pier, and of the 
Brighton Marine Palace and pier. This latter work was 
begun in 1894, and the sum involved in the whole 
contract amounted to 76,0007. During the years from 
1892 to 1895, Mr. Moore was engineer-in-charge of 
the construction of the West Hampshire Waterworks. 
In 1893, he designed and subsequently superintended 
the building of an extension and pavilion for Ryde 
pier. In 1895 he was responsible for the design of 
the works for the Brighton and Rottingdean Seashore 
Electric Tramway, and, later, in association with 
Mr. Magnus Volk, he directed the construction of the 
Tramway. 

Other works carried out under Mr. Moore’s control 
were the building of Swanage and Tenby piers and the 
extension of Ilfracombe harbour. He was engaged in 
the erection of the big wheel which was a feature at the 
Paris Exhibition, 1900. He was also responsible for 
the Gosport and Alverstoke sewerage works, Southall, 
Southborne and Milton water towers, and other inland 
water-supply and civil-engineering works. Further- 
more, he was consulted with regard to waterworks at 
Baku, Tiflis, Arad, Singapore, and Arequipa. He 
subsequently became engineer to the Hankow Water- 
works Company, and in 1908, while residing in China, 
was appointed engineer for xu section of the Hankow- 
Canton Railway. After completing his work in China, 
Mr. Moore returned to London and, in 1913, entered 
into partnership with Mr. F. W. La Trobe-Bateman. 
From that date and until his death, Mr. Moore was 
associated with Mr. La Trobe-Bateman in the con- 
struction of a number of important civil engineering 
works. These include the Mountain Ash Urban District 


Council Waterworks, which were commenced in 191] 
and were finished in 1919, the Gloucester Corporation 
Waterworks, begun in 1914 and completed in 1920, and 
the Bideford Urban District Council Waterworks, 
commenced in 1921 and finished in 1923. During the 
war, Mr. Moore was appointed Deputy-Director of the 
Special Construction Department, Admiralty. 


In 1920, 





he was engaged by the Corporation of Calcutta to 
report on the extension of the Calcutta Waterworks. 
His recommendations were adopted, and the works, 
the cost of which will amount to approximately 
2,000,0007., were commenced in 1921 and are still 
in course of construction. Particulars regarding the 
Calcutta Waterworks were given on page 280 of our 
issue of March 2, 1923, and on page 178 of our issue of 
August 1, 1924. Mr. Moore was elected an associate 
member of the Institution of Civil Engineers on 
December 4, 1883, and a full member on April 2, 1895. 
He was also a past president of the Society of Engineers. 





THE LATE SIR JAMES W. SZLUMPER. 


Tue death of Sir James Weeks Szlumper, which 
occurred on October 26 last, at his residence in Kew 
Gardens, Surrey, removes a civil engineer who was 
well known in the early days of railway construction 
in this country. The son of the late Mr. Albert 
Szlumper, of Wavertree, Liverpool, he was born on 
January 29, 1834. He was educated privately and 
served his engineering apprenticeship in London. At 
the age of 25 he was appointed assistant to Mr. Hamilton 
Fulton, the engineer of the Manchester-Milford Railway. 
Two years afterwards Mr. Fulton died and the young 
engineer succeeded to his position. The project of 
linking up Manchester with Pembrokeshire was, 
however, soon afterwards abandoned, on account of the 
difficulties encountered. He was next engaged in the 
construction of the railway line between Aberystwyth 
and Carmarthen, which included the steep gradient near 
Strata Florida (Cardigan). He also built the line from 
Aberystwyth to the Devil’s Bridge (Cardigan). Subse- 
quently, Sir James was engaged by Mr. David Davies, 
then a noted railway contractor, to construct the Barry 
Railway, and later the line from Cardiff to Ogmore 
(Glamorgan). The Vale of Glamorgan line, constructed 
by him for the old Barry Railway Company, linked up 
one end of the Barry line with the Great Western 
system. The Cardiff-Ogmore line, on the other hand, 
was constructed in order to facilitate coal transport ; 
it avoided certain gradients which existed on the 
Great Western Railway line. Sir James was also 
responsible for the building of the Pontypridd, Caer- 
philly and Newport Railway, which was constructed to 
act as a competitor of the Taff Vale Railway. Sir 
James’s brother, Major A. W. Szlumper, C.B.E., now 
chief engineer of the Southern Railway, was his pupil 
and was afterwards his chief assistant in Wales. After 
serving for some years as county surveyor of Cardigan- 
shire, Sir James came to London and, in the year 1878, 
began to practise as a consulting engineer. He 
remained in active work until the end, attending at his 
office, 17, Victoria-street, S.W.1, as recently as three 
weeks ago. A member of the first Town Council of 
Richmond, which was constituted in 1890, he first 
became Mayor in 1894, and was knighted by Queen 
Victoria in that same year. He was again elected to 
the mayoralty in 1900-01 and in 1904-05. He was a 
Justice of the Peace for the County of Surrey and a 
Magistrate and Deputy-Lieutenant for Cardiganshire. 
Sir James became an associate member of the Institu- 
tion of Civil Engineers on December 6, 1864, and was 
elected to full membership on May 21, 1867. 





BOOKS RECEIVED. 


Department of Overseas Trade, Report on the Commercial 
Economic and Financial Conditions in Japan, June 30, 
1926. By R. Bovuttrer. London: His Majesty’s 
Stationery Office. [Price 2s. 6d. net.] 

Proceedings of the Institution of Railway Signal Engineers, 
1926. Part I, February to August. Reading: Offices 
of the Institution. [Price to non-members, 7s. 6d.] 

La Legge del Calore Secundo il Metodo Sperimentale e la 
sua incompatibilita col Secondo Principio della Termo- 
dinamica, By GAETANO InvatpI. Milan: Stabilimento 
Grafico Stucchi Ceretti, E.C. 

Electrical Technology. Part I. By H. Corton. To be 
completed in eight weekly parts. London: Sir Isaac 
Pitman and Sons, Limited. [Price ls. net.] 

Erddruck, Erdwiderstand und Tragfahigkeit des Bau- 
grundes. By Dr. Ing.e.h. H. Krey. Berlin: Julius 
Springer. [Price 21 marks.] 

Battleships in Action. Vols. I and II. By H. W. Witson. 
London: Sampson Low, Marston and Co., Limited. 
Price 42s. net two volumes. ] 

Der Wiederaufbau der Deutschen Handelsschiffahrt. By 
Dr. Hans E. Priester. Berlin: Julius Springer. 
{Price 10.50 marks. } 

The Gasoline Automobile. Its Design and Construction. 
Vol. I. The Gasoline Engine. By P. M. Hetpr. 
Seventh Edition. Nyack, N.Y.: P.M. Heldt. 
don : Iliffe and Sons, Limited. [Price 40s. net. ] 

Alternating-Current Rectification and Allied Problems. 
By L. B. W. Jotury, M.A. Second edition. Revised 
and enlarged. London: Chapman and Hall, Limited. 
[Price 30s. net.] 

Mines De ment. Safety in Mines Research Board. 
Paper No. 28. The Spontaneous Combustion of Coal : 

Most Readily Oxidizable Constituents of Coal. 

By W. Francis and R. V. WHEELER. London: His 

Majesty's Stationery Office. [Price ls. 6d. net.] 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Mixed conditions prevail, and in 
several directions output is badly restricted by shortage of 
materials and by lack of fuel, but on the whole employ- 
ment is spread over a wider basis than was the case a 
fortnight ago. Supplies from the big open hearth steel 
batteries are cut off, but when adequate supplies of 
fuel are available at reasonable prices, these will resume 
operations with much larger tonnage of work than has 
been in hand for a long time. Similarly, orders continue 
to accumulate at the heavy engineering departments. 
Some progress is being made in these departments in the 
meeting of urgent contracts, but in most cases manufac- 
ture is handicapped by excessive costs arising from the 
coal stoppage which more than absorb the whole margin 
of profit. Foreign iron and steel is being used to supple- 
ment local supplies, though for specialised lines of 
manufacture Continental materials are unsuitable. 
Railway steel is an expanding line, and there is also more 
business circulating in colliery requirements on British 
account. Sheffield and Penistone will benefit from the 
placing of an order from the Central Argentine Railway 
for 800 all-steel bogie wagons of 25 tons capacity. The 
Sudan Government Railways have also placed contracts 
for bogie-covered goods wagons with firms associated 
with local undertakings. British automobile engineers 
are still taking large supplies of constructional and other 
steels, Some anxiety is expressed as to the approaching 
exhaustion of stocks at local works. The medium and 
heavy trades, though hampered by shortage of manu- 
facturing materials, are making substantial headway. 
A big business is being done with the Colonies in various 
classes of tools, notably in picks and shovels. ‘There is 
also a fair demand on home and export account for files, 
saws, and hammers. House builders’ ironwork, stove 
grates, and water pipes are going away freely on inland 
account. Business in garden tools has suffered a seasonal 
contraction, but there are a fair number of orders on hand 
for various classes of cutting parts for delivery to agri- 
cultural engineers in Lincolnshire. 


South Yorkshire Coal Trade.—The outstanding develop- 
ment of the week is the announcement of the completion 
of arrangements for the formation of a big coal-selling 
combine in this district. The Rother Vale Collieries are 
to operate in conjunction with Messrs. John Brown and 
Co., Limited, and the Dalton Main Collieries Limited, 
under the title of The Rotherham & District Collieries 
Association, Limited, as from November 1. The annual 
coal output of all the parties concerned will be rather more 
than four million tons. This development was recently 
forecast by Lord Aberconway. Business is greatly 
restricted in the local coal market. The major portion 
of output is going to the emergency services, leaving only 
a small tonnage for free disposal. Consequently, high 
prices are the general rule, both best hards and best house- 
coal commanding as much as 60s. per ton at pits. In 
some cases a further premium is asked upon early 
deliveries. Some of the South Yorkshire collieries are 
contributing small tonnage to the market at Hull, but in 
the circumstances export trade is virtually dead. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Sales are on an extremely 
limited scale due to the scarcity of iron. Imports from 
the Continent are now large, and the cargoes arriving are 
in fulfilment of contracts made at fully 30s. below current 
rates for Cleveland pig, but producers abroad are so well 
sold that they are no longer keen to book orders at 
comparatively cheap rates, and several firms have 
advanced their quotations. Messrs. Bolckow, Vaughan 
and Company, the only firm producing Cleveland pig, 
quote No. 1 at 125s.; No. 3, g.m.b., 1208.; No. 4, 
foundry, 119s. ; and No. 4, forge, 118s. 6d. 


Hematite.—Mixed numbers of East Coast hematite 
are unpurchasable, but off grades were selling at varying 
figures in the neighbourhood of 88s. 6d. 


Foreign Ore.—Complete stagnation characterises the 
foreign ore branch of trade. 


Coke.—The difficulty of securing adequate supplies of 
coke is unrelieved, and prices are on ay ra level. For 
blast-furnace purposes foreign coke is realising up to 55s. 
delivered here, and home products command a much 
higher figure. 


Manufactured Iron and Steel.—Sales of finished iron and 
steel are very few and small, but customers are understo 
to be prepared to place substantial orders so soon as the 
position as regards fuel supplies warrants preparation 
for the re-opening of idle works and consequent guarantee 
of delivery over certain periods. Definite prices are not 
easily obtained, but producers with parcels to sell experi- 
ence no difficulty in realising well above fixed minimum 
figures. 





Cee: AN ADMIXTURE FOR CoNCRETE.—In our 
issue of October 22, last, on page 501, we gave a brief 
description of a grade of diatomaceous silica, termed 
“‘Celite,” which is being used on a large scale in the 
United States as an admixture for concrete. We stated 
that the material was marketed by the Celite Products 
Company, 1320, South Hope-street, Los Angeles. 
California, U.S.A. This is the address of the chief 
office of the firm. The firm is, however, represented by 
an office in this country, at Windsor House, 46, Victoria- 
street, Westminster, London, S.W.1. 
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NOTES FROM THE NORTH. | 


Guasecow, Wednesday. 


Scottish Steel Trade.—Another week has passed, and 
the conditions governing the Scottish steel trade have 
not changed, nor is there the slightest sign apparent 
of a possible restart at the works in the immediate future. 
The current price of fuel is prohibitive, and until it 
comes down considerably, and is reasonably plentiful 
there will be no thought of a resumption of operations 
at the steel works. There is little business passing 
but any lots on offer command a high price. Last 
Thursday there was a joint meeting in London of the 
Scottish, English and Welsh steelmakers to consider, 
amongst other things, the matter of prices. It was 
agreed to advance the price of ship plates, sections and 
joists by 5s. per ton, but to make no change meantime in 
boiler plates. The current official quotations for delivery 
in the Clyde area will now be as under :—Ship plates, 
81. 2s. 6d. per ton ; sections and joists, 7/. 12s. 6d. per ton ; 
with boiler plates unchanged at 11/. per ton. This advance 
in prices means little at the moment, and is mainly for 
forward lots, as much higher rates prevail for any lots 
now changing hands, but it gives an indication that the 
members of the Steel Makers’ Association are of opinion 
that, after the coal strike is over, the tendency will be 
for a higher level of prices, which will mean dearer 
buying for them also. Another factor which was not 
overlooked was the fact that Continental prices have 
hardened. In the black sheet trade the conditions 
are unchanged, and the demand for both black and 
galvanised sorts continues good. The output is limited, 
but is fairly satisfactory considering the prevailing 
conditions. 

Malleable Iron Trade.—-In the malleable-iron trade 
of the West of Scotland there is little fresh to report. 
Operations are largely confined to the re-rolling of steel 
bars, but some sections and hoops are being turned out 
from Continental material. High prices are ruling 
generally. ‘“‘Crown’”’ bars are called 12/. per ton, 
delivered at Glasgow stations. 


Scottish Pig-Iron Trade.—The position of things in the 
Scottish pig-iron market has not altered over the week. 
Stocks, while smaller, have not been very much drawn 
upon since last report, as the high = demanded for 
foundry iron is against business. The current quota- 
tions for the latter for forward delivery are 5/. per ton 
for No. 1 and 4/. 10s. per ton for No. 3, both on trucks 
at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, October 23, amounted to 277 tons. Of 
that total, 272 tons went overseas and 5 tons coastwise. 
For. the corresponding week of last year, the figures 
were 432 tons to foreign destinations and 80 tons coast- 
wise, making a total shipment of 512 tons. 


Wages in the Pig-Iron Trade Advanced.—The joint 
secretaries of the Board for the Regulation of Wages 
in the Scottish pig-iron trade have received intimation 
that the average net selling price for the months of 
July, August and September was 8ls. 10d. per ton. 
This means that there will be an increase in the wages 
of the workmen of 4 per cent. on the basis rates. 





EXHIBITION OF ELECTRICAL, OPTICAL AND PHYSICAL 
APPARATUS.—The seventeenth annual exhibition of 
electrical, optical, and physical apparatus will be held 
at the Imperial College of Science and Technology, 
South Kensington, London, §.W.7, on January 4, 5 
and 6, 1927. The Councils of the Physical Society and 
of the Optical Society have decided again to include, in 
addition to the well-established trade section, a research 
and experimental section similar to that successfull 
initiated in January last. The groups in this section wi 
comprise (a) exhibits illustrating the results of recent 
physical research and improvements in laboratory 
practice ; (b) effective lecture experiments ; (c) repeti- 
tions of famous historical experiments. Accommodation 
for these will be provided in rooms distinct from those 
devoted to the trade exhibits, and a section of the 
catalogue will be allotted for their description. Offers, 
giving preliminary particulars of the proposed exhibit, 
including space and other facilities required, should be 
addressed to the secretary of the Physical Society at the 
Imperial College- of Science and Technology, as early 
as possible, and not later than November 16 next. 





TENDERS.—His Majesty’s Trade Commissioner at Wel- 
lington, N.Z., reports that the Public Works Department 
are calling for tenders, to be presented by January 18, 1927, 
for transmission line steel towers for the Waikaremoana 
electric power scheme, Firms offering British material 
should apply to room 48, quoting Ref. AX. 3732.—The 
South African Railways oul Harbours invite tenders for 
the supply and delivery of 12 boilers for Class 7-C engines, 
and 8 locomotive boilers for 6-H class engines. Local repre- 
sentation is in practice essential. Tenders should reach 
Johannesburg not later than December 9, 1926. Drawings 
and specifications can be seen, until October 30, on 
application to room 50 quoting Ref. AX. 3742.—There is 
also a call for tenders for the supply and delivery of 
structural bridge work for :—I. Bridge at 14 m. 33 chs. 
Imvani, St. Mark’s Line. 2. Boksburg East Footbridge. 
3, Longmarket Street. Maritzburg Footbridge under 
Tender No. 908. Tenders must be received by the South 
African Railway ge oo Offices, Johannesburg, by 
November 2, 1926. 1 representation is essential. 
Firms should quote Ref. AX. 3752. Further parti- 
culars regarding the above tenders may be obtained on 
application to the Department of Overseas Trade, 35, 





Old Queen-street. London, S.W.1. 


NOTICES OF MEETINGS. 





Tue Instirutrion oF MECHANICAL ENGINEERS— 
To-night at 7 p.m., at Storey’s Gate, S.W.1. Informal 
Meeting. ‘‘ Steel Castings in Mechanical Engineering,” 
introduced by Mr. Robert Lowe. Friday, November 5, 
at 6 p.m., Thomas Hawksley Lecture. ‘‘ Elasticity and 
Plasticity,” by Professor E. G. Coker, D.Sc., F.R.S. 


Tue Junior Institution oF ENGINEERS.—To-night 
at 7.30 p.m., at 39 Victoria-street, 8S.W.1. Lecturette. 
“Distortion in Wireless Reception,” by Mr. A. V. 
Ballhatchet. Friday, November 5, at 7.30 p.m. Lec- 
turette. ‘‘ Steel Castings and Their Relation to Mecha- 
nical Engineering,” by Mr. Robert Lowe. 


THE INSTITUTION OF MuNICcIPAL AND County EnaI- 
NEERS: SoutH Mip.LanpD District.—Saturday, October 
30, at 10 a.m., at the Town Hall, Aylesbury. Discussion 
on “‘ Municipal Undertakings in Aylesbury,” by Mr. W. H. 
Taylor. “ Dashwood’s Hill By-Pass,” by Mr. E. Win- 
field. ‘Land Acquisition by Compulsory Orders,” by 
Mr. Wm. Symon. 

Tue Instirore oF Merats: NortsH-East Coast 
Loca Srction.—Saturday, October 30, at 6.15 p.m., 
at Neville Hall, Newgate-road, Newcastle-on-Tyne. 
Joint meeting with the Institute of British Foundrymen, 
Cinematograph Films: ‘The Manufacture of a Turbo- 
Generator,” “The Manufacture of Tin Plate,’ “ The 
Manufacture of the Mazda Lamp.” 


THE Royat Instrrution.—Monday, November lI, at 
5 p.m., at Albemarle-street, W.1. General Meeting. 
Tuesday, November 2, at 5.15 p.m. “‘ The Acoustics of 
Public Buildings,” by Dr. G. W. C. Kaye. 


TueE InsTITUTE OF TRANSPORT.—Monday, November 1, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Annual 
General Meeting ‘“ Docks in Relation to Railways,” 
by Mr. C. 8S. Page. 


THE Socrety or ENGINEERS.—Monday, November 1, 
at 5.30 p.m., at the Geological Society, Burlington-house, 
Piccadilly, W.1. ‘“‘Some Products of a Small Machine 
Shop,” by Miss A. Ashberry. 


THe Institution oF AUTOMOBILE ENGINEERS: 
Bristot CeENtRE.—Monday, November 1, at 6.45 p.m., 
at the Merchant Venturers Technical College, Bristol. 
“The Effect of Reduced Intake-Air Pressure and of 
Hydrogen on the Performance of the Slow-Speed Solid 
Injection Engine,” by Mr. G. F. Mucklow. 


THE Braprorp ENGINEERING Socrery.—Monday, 
November 1, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford, ‘‘ The Choice of Steels for General 
Engineering Purposes,” by Mr. A. P. Hague. 


Tue INSTITUTION OF THE RUBBER INDUSTRY.—-Monday> 
November I, at 8 p.m., at the Engineers’ Club, Coventry- 
street, W.1. ‘‘ Production of Standard Plantation 
Rubber,” by Mr. F. B. Jones. 


Tue Royat Society or Arts.—Tuesday, November 2, 
at 4.30 p.m., at John-street, Adelphi, W.C.2. Dominions 
and Colonies Section. ‘‘ The Importance of Rubber in 
the Economic and Social Progress of the World,’ by 
Sir Stanley Bois. 


Tue Institute oF TRANSPORT: WESTERN LocaL 
Srection.—Tuesday, November 2, at 5.30 p.m., at the 
University, Bristol. ‘Schedules, Time-tables, and 
Duties of a Road Undertaking,” by Mr. R. G. Pittard. 


Tue InstituTION oF Crvin ENGINEERS.—Tuesday, 
November 2, at 6 p.m., at Great George-street, S.W.1. 
Srosies Meeting. Address by the President, Mr. Frederick 

mer. 


Tue INSTITUTION OF ELEOTRICAL ENGINEERS: SoUTH 
Mrptanp Stupents’ Sect1on.—Tuesday, November 2, 
at 7.15 p.m., at the University, Edmund-street, Birming- 
ham. ‘The Tungar Rectifier,” by Mr. A. P. Hill. 


Tue Institute or Metrats: Nortu-East Coast 
Locat Section.—Tuesday, November 2, at 7.30 p.m., 
at the Armstrong College, Newcastle-on-Tyne. “ Light 
Alloys,’’ by Dr. L. Aitchison. 


THe NorTHAMPTON ENGINEERING COLLEGE EnGt- 
NEERING Socrety.—Wednesday, November 3, at 
5.30 p.m., at St. John-street, E.C.1. “ Electrical 
Machinery in Manufacture,” by Mr. A. N. D. Kerr. 


THe InstTiruTIoN oF ELEcTRICAL ENGINEERS.— 
Wednesday, November 3, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. ireless Section Meet- 
ing. Inaugural Address by Professor C. L. Fortescue. 
Thursday, November 4, at.6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. “The Design of City 
Distribution Systems, and the Problem of Teniteadien 
tion,” by Mr. J. R. Beard and Mr. T. G. N. Haldane. 


THe INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS.—Wednesday, November 3, at 7 p.m., 
at Caxton Hall, Westminster, S.W.1l. ‘‘Small Hot- 
Water Supply Systems,” by Mr. W. E. Fretwell. 


Tue LiverpooL ENGINEERING SocreTy.—Wednesday, 
November 3, at 8p.m. at 9, The Temple, Dale-street, 
Liverpool. Inaugural Address by the President, Mr. 
J. E. Lloyd Barnes. 


Tue INSTITUTION OF AUTOMOBILE ENGINEERS.— 
Thursday, November 4, at 7 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. Joint Meeting 
with the Royal Aeronautical Society. ‘The Effect of 
Reduced Intake-Air Pressure and of Hydrogen on the 
Performance of the Slow-Speed Solid-Injection Engine,” 
by Mr. G. F. Mucklow. 





THE Institution oF MECHANICAL ENGINEERS: 
NortH WESTERN Brano#.—Thursday, November 4, at 
7.15 p.m., at the College of Technology, Manchester. 
“The Value of Increased Steam Pressure for Power 
Generation,’”’ by Mr. H. L. Guy. 


THE InstituTE or MetTats: Lonpon Locat Section. 
—Thursday, November 4, at 8 p.m., at the Royal School 
of Mines, South Kensington, 8.W.7. ‘‘ The Structure 
and Properties of the Aluminium-Silicon Alloys,” by 
Mr. A. G. C. Gwyer. 


THE InstituTION or Furt Economy ENGINEERS.— 
Friday, November 5, at 6 p.m., at the Royal Society of 
Arts, John-street, Adelphi, W.C.2. Lecture: ‘“ Pul- 
verised Fuel Firing for Steam Boilers,” by Mr. R. Jackson. 


Tue Institute oF TRANSPORT: YORKSHIRE LOCAL 
Section.—Friday, November 5, at 7 p.m., at the Town 
Hall, Leeds. ‘“ The Railways of Australasia,” by Mr. C. 
Travis. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : LONDON 
SrupEents’ SzoTIon.—Friday, November 5, at 7 p.m., 
at Savoy-place, Victoria-embankment, W.C.2. ‘The 
Rugby Radio Station,’’ by Mr. E. H. Shaughnessy. 

THE INnstiTuTeE oF BritisH FoUNDRYMEN: LAN- 
CASHIRE BRANCH.—Saturday, November 6, at 4 p.m., at 
the College of Technology, Sackville-street, Manchester. 
“The Manufacture and Properties of Blackheart Mal- 
leable Cast-Iron,’’ by Mr. A. E. Peace. é 


Tue Institute oF British FoUNDRYMEN: BIRMING- 
HAM, COVENTRY, AND West MIDLANDS BRANCH.— 
Saturday, November 6, at 6.30 p.m., at the Engineers’ 
Club, 13, Waterloo-street, Birmingham. “ Labour 
Conditions in American Foundries,”’ by Mr. J. T, Kay. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Slowly but surely work is being 
resumed at the Welsh collieries, batches of men returning 
at various pits. The output is, however, still negligible 
and easily absorbed by consumers in the district, The 
question of the distribution of output, as more and more 
coal becomes available, was di d by colliery sales’ 
agents at Cardiff yesterday when it was suggested. that 
the present emergency committee, set up by the Mines 
Department of the Board of Trade, should continue to 
control the output until normal conditions were restored, 
rather than have Government control. Representatives 
of the Coalowners’ Association will place the matter 
before the Mines Department, who have already indicated 
their intention of keeping an embargo on exports until 
the home requirements are satisfied. Meanwhile imports 
of foreign coal continue on a very active scale, no less 
than 82,990 tons being received in the past week, of which 
61,220 tons were landed at Cardiff, 7,390 tons at Newport, 
and 14,380 tons at Swansea. Of the total, the United 
States supplied 71,390 tons, Germany 5,450 tons, 
Holland 2,150 tons, Belgium 3,250 tons, and Spain 
750 tons. The enormous loss which the coal strike is 
inflicting on South Wales will be realised when it is 
mentioned that in the four weeks ended October 3, only 
7,079 tons of coal and coke were shipped from Cardiff, 
Penarth, Barry, Newport, Swansea and Port Talbot, 
compared with 1,673,854 tons in the corresponding 
period of last year, while patent fuel shipments were 
reduced from 95,282 tons to but 7,115 tons. In the first 
nine months of 1913 coal and coke exports totalled 
29,713,990 tons, but in the past nine months they 
amounted to only 10,100,546 tons, a decrease of 19,613,444 
tons. On the other hand imports of coal have been 
raised from nothing to 710,970 tons. 


Wrecked Steamer Refloated.—The Italian steamer 
Valsesia which ran ashore on Friar’s Point rocks, Barry, 
with a cargo of 7,700 tons of American coal in August 
last, and broke her back, beside splitting in two, was 
refloated and beached in the past week by Mr. James 
Hindmarsh, M.Sc., mi ing director of the Cornish 
Salvage Co. (1918) Limited, who eed to salve the 
steamer on @ no cure, no pay basis. The two halves 
of the vessel were floated separately and now lay on the 
beach awaiting an inspection to ascertain whether it will 
be commercially worth while to take her into dock and 
effect repairs. 








ContTracts.—Messrs. Cammell Laird & Company, 
Limited, Nottingham, have received an order from the 
Central Argentine Railway for 800 25-ton all-steel bogie 
low-sided wagons; and their associated company, the 
Midland Railway Carriage and Wagon Co., Limited, 
Birmingham, have received an order from the same 
railway for seven first-class bogie dining cars. 





Junior InstriTuTION OF ENGINEERS.—On October 22, 
at a meeting of the Junior Institution of Engineers, 
Mr. R. H. Kenyon described a number of boiler accidents 
which had occurred within the last 30 years, giving the 
cause of the trouble in each case and fixing the respon- 
sibility for the occurrence. Many of the accidents dealt 
with were due to carelessness or ignorance in the work- 
ing of the boiler: others were attributable to the lack of 
proper inspection and in consequent oveglooking of weak 
places in the shell or the tubes. Accidents due to faulty 
design were not infrequently found, but sometimes 
occurred in old plant not made or altered to modern 
specifications. Some of the most interesting failures, 
which were illustrated by lantern slides, were caused by 
wasting, or grooving, of the plates round seams con- 
cealed by either lagging or brickwork, which had not 
been removed for inspection purposes, 
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OUR ELECTRICAL POSITION. 


An idea is abroad that. all is not well with the 
economic life of this country. The idea is not 
conditioned by the present serious disturbance 
caused by the coal strike ; its basis is wider than the 
immediate incidence of this or any other specific 
disturbance. It would, if it could, go to the root 
of things. As all good or evil is comparative, some 
of those in whom this idea has burned brightest, 
have, of late, attempted to point its moral, by 
instituting comparisons between the economic life 
of this country and of others, particularly of the 
United States of America. A few days ago. another 
treatise on the same subject was presented to us. 
It may well be that the author of this treatise— 
Dr. W, H. Eccles—desires to claim no kinship with 
teachers who would have us mould our ways on 
the activities of Mr. Ford, but in effect his thesis 
is theirs, Speaking as President of the Institution 
of Electrical, Engineers, in his inaugural address, 
Dr. Eccles naturally concerned himself with elec- 
trical matters, but, avoiding technicalities, pre- 
sented an. interesting collection of data showing the 
relative position of this country in various branches 
of. electrical activity. The broad effect of his 
address was that all is not well with us. 

Dr. Eccles divided the subject of his comparative 
survey intoa number of convenient groups, such as 
the consumption of electricity per head of popula- 
tion ; the selling price of electricity ; the units sold 











jannually per kilowatt installed; the amount of 


railway electrified; the extent of the inland tele- 
graph service; the number of . telephones per 
hundred. of population ; the .telephone, conversa- 
tions per instrument per annum; the miles of 
submarine cable ;_ the number of wireless stations ; 
and the exports of electrical manufactures. It 
will not be necessary to say that under most of these 
headings Dr: Eccles was able to show that this 
country did not hold a leading place. This in itself 
would not necessarily place him among those who 
would have-us strain our vision overseas and learn 
wisdom from abroad, Indeed, in one part of his 





address, referring to interconnection and the back- 


wardness of power generation generally in this 
country as compared with some others, he said 
“That the state of affairs should be remedied all 
will agree. There are strong differences of 
opinion as to the means by which progress should 
be made—of these differences of opinion I, say 
nothing, but leave everyone to draw his own con- 
clusion from the facts I have set forth.’ This 
idea, . however, that the address is a mere 
collection of facts is not the final impression left 
by it, and Dr. Eccles many times strayed into the 
idea that things. were done. better _ elsewhere, 
concluding by stating, in reference to the origina- 
tion of inventions, that we have too few technical 
colleges and research laboratories. 

The main thesis that this eountry is backward in 
many spheres of electrical activity we have no 
desire to dispute, but cannot admit that bald tables 
giving, for instance, the output of electricity per 
head in 1923 in Norway as 1,800 units, in the 
United States as 528, and Great Britain as 155, are 
fair either to British engineering or British enter- 
prise. The same may be said about the tables 
referring to practically any of the headings into 


5| which the address was divided. Taking the figures 


we have just quoted, it is manifest that the figure 
stated for Norway, unless information is given 
about the percentage of these units used for elec- 
tro-chemical processes with which this country 
cannot compete, is no more evidence of better 
engineering or better enterprise in that country, 
than is the fact, that Georgia has higher mountains 


556 | than England, evidence that it is a more enter- 


prising community. 

Dr.. Eccles himself pointed out that these com- 
parisons: by consumptions per head are not sound, 
but they are continually being put forward by 
others than him. To keep count of the number of 
derogatory comparisons which have been ‘ made 
between. the domestic. electric consumption in this 
country and in the United States, is quite impossible. 
A fact that it is just as well to realise and act on, 
is that the United States of America is a more 
wealthy country than Great Britain, and in the 
present direction of affairs is likely to remain so. 
** An American in England,” of whom we gave some 
account last. week, explained what he described 
as our, backwardness as being due among other 
causes to over-taxation. In view of the ultimate 
destination of'much of that taxation, the criticism 
might, ‘perhaps, have come more gracefully from 
other. hands, but the statement is correct, and, 
unfortunately, must.to some considerable extent be 
put up with., It is not the whole explanation of the 
relative position, but it is a large. part of it, that 
the general population of the country is not suffi- 
ciently prosperous to utilise electric power in their 
homes to the extent that is common in the United 
States. A very siniple but very radical factor in 
the question is the cost of house wiring, and it 
would be of great interest to.know what proportion 
of the houses in the United States were wired when 
they were built. Dr. Eccles stated that in Great 
Britain only 18 per cent. of the houses were electri- 
fied, which we take it is the same thing as being 
wired. This is an enormous handicap to the rapid 
development of the use of electricity. for domestic 
purposes, but is not in itself evidence of lack of 
enterprise of any sort. It is mainly to be explained 
by the age of most of our dwellings, and by the 
existence. of a very active gas industry. The 
Electric Development Association, in conjunction 
with the Electric Lamp Manufacturers’ Association, 
is now conducting an active campaign to improve 
our position in this respect, and.this will certainly 
assist in raising our percentage figure. 

The comparative figures of the use of electricity 
in various countries are, however, naturally not 
determined solely by the domestic demand, and our 
position is also much below that of some others in 
industrial, applications. If, however, one allows 
proper, weight to the legislative interference which 
the electrical industry in this country has had to 
suffer from: birth onwards, and. to the fact that 
many of our industries are of very much older 
standing than, say, those of the United States, then 
our relative position will be found not unsatisfac- 
tory. Dr. Eccles gave the output of electricity 
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per head’ of population in 1925 in the following 
figures :—Canada, 1,190; Switzerland, 1,070; the 
United States, 623; France, 248, Italy, 197; 
Great Britain, 190; Germany, 185. As _ before, 
these bald figures mean little without much explana- 
tion. We cannot now examine them in detail, but 
one or two obvious comments suggest themselves. 
Oanada is a new country in which many services 
are carried out electrically, which in older countries 
are carried out by other agencies, while the enormous 
local development around Niagara must have much 
effect on the figure for the whole country. Switzer- 
land is a country rich in water power, in which 
main-line railway electrification has been carried 
out to the extent of 1,750 miles, and 14 per cent. 
of the total electrical consumption is accounted for 
by railway operation. Clearly no comparison of any 
value can be made between the overall consump- 
tion in Switzerland and Great Britain until facts 
of these kind are duly taken account of, as well 
as the whole question of the fuel situation in the 
two countries. 

It is not necessary to indulge in further comments 
of this kind to make our main point that general 
overall consumption figures of this kind may be, 
and usually are, quite unfair to this country, without 
very close analysis. The very high position occupied 
by France is, however, of interest, and may be given 
a little attention. This country has, of course, 
important water powers which have been developed 
to a very considerable extent, while she is carrying 
out railway electrification on a large scale. There 
is no doubt that in recent years she has made very 
great progress in electrical applications on a scale 
which has only been rendered possible by the 
depreciation of the currency, and which we cannot 
emulate in the same way. Dr. Eccles states that 
“In France the State is giving financial assistance 
towards the universal electrification of agriculture.” 
Activity of this kind will certainly help in improving 
the consumption per head, but it is not of a type 
that is likely to be generally welcomed in this 
country. 

Apart from legislative interference, one of the 
main causes of the comparative slowness of electrical 
growth in this country is the very high cost of 
distribution. We have already referred to the cost 
of house wiring, and an equal or greater handicap 
lies in the cost of distributing mains. This particu- 
larly affects such development of the electrification 
of agriculture asis being carried out in France. No 
very long memory of electrical legislation in England 
is required to remember when overhead mains were, 
in effect, forbidden. We have lived beyond’ that 
stage, but Dr. Eccles stated that the cost of trans- 
mission lines to feed outlying districts is, to-day, 
twice as great in this country as even in the United 
States. This is clearly a great handicap, and is very 
largely due to the fact that we insist on a quality 
of work which is not considered necessary elsewhere, 
while our labour costs are very high compared with, 
say, France and Italy. All our industries, and our 
whole standard of life, are suffering from our efforts 
to set our house in order after the war and to pay 
our debts. So far, one of the chief advantages we 
have obtained from that procedure is a feeling of 
conscious rectitude, but financial purity should pay in 
the long run, and we may surely look forward to the 
time when our electrical consumption will increase 
more rapidly than its present 18 per cent. a ‘year, 
and our rural distribution systems approximately 
more nearly to what now exists in many parts of the 
Continent. There is nothing either in our technical 
ability or enterprise to prevent this. 





WIRE FOR STEEL ROPES. 


‘Tue selection of wire for the manufacture of steel 
cable is manifestly a process that increase of know- 
ledge is making increasingly difficult. The second 
report of the Wire Ropes Research Committee of 
the Institution of Mechanical Engineers, published 
within the last two years, illustrated how variable 
may be the results, which, under different conditions 
of manufacture and use, may be given by ropes 
made from wires of apparently identical composition 
and strueture. The problems so suggested have not 
been solved completely, and behind them lies the 
quite independent series of complexities that may 


arise from variations in’ the\chémical composition of 
the wires, and in the heat treatment and mechanical 
working that they may have undergone. Not’ ‘so 
long ago such circumstances would have led to the 
| formation and exploitation of trade secrets, which 
| imperfect knowledge can do much to foster. . Trade 
secrets, though even now not wholly wn, are 
less fashionable than they were... Many industries 
have come to,the conviction that more can be 
gained by exchanging information than by conceal- 
ing it, and among these the wire-drawing industry 
is taking a conspicuous place. The most recent 
text-book on the subject has been written’ by the 
head of the metallurgical department of a well- 
known wiremills, whose research laboratories also 
have been placed repeatedly at the disposal of other 
investigators. Results, for example, obtained by 
Dr. E. M. Horsburgh from tests so made have more 
than once appeared in these columns*'; and at the 
recent meeting of the Institution of ‘Engineers and 
Shipbuilders in Scotland, Dr. Horsburgh presented 
a further contribution from similar investigations, 
which well indicates the sort of problem that arises 
on the choice of wires for use in the manufacture of 
steel ropes.+ 

The chief aim of the experiments in question was 
to detect any difference in properties’ between 
large-grained mild steel wire and rope wire of a 
usual composition and structure. According to 
general practice, rope wire has a fairly high carbon 
content, and after having been “ patented ’’—that 
is, in effect, normalised at an extra high tempera- 
ture and cooled slowly, so as to produce a fine 
structure of sorbite, or disseminated pearlite, in 
large grains of ferrite—is cold drawn through one 
or more passes, and becomes hard, tough and strong. 
The mild-steel wire is said to have been’ very low in 
carbon, and after having been given the desired 
large grain by suitable tensile strain and heat 
treatment, was drawn through one or more passes, 
so as to remove the circumferential envelope of fine 
grains that the process had left. ~ Under ‘tensile 
stress the distortion of the individual grains could 
be followed microscopically. 

Among the various tests to which these wires 
were subjected, special attention,is drawn to one, in 
which the wires were swaged at one section by 
hand-tapping with an ordinary engineer’s hammer, 
the wire being rotated slightly at ‘each stroke, so 
that it should be deformed as little as ‘possible. 
The large grained wire showed surface markings 
from the swaging, while the rope wire did not ; but 
when the wires were broken by tensile loading, the 
large-grained wire never broke at the *swaged 
section, however small a length was taken for the 
test, while the rope wire broke nowhere else, and 
at a sensibly lower load than a corresponding 
unswaged wire. It was evident, therefore, that the 
swaging had strengthened the large-grained wire 
and weakened the rope wire. By an interesting 
discussion developed in the coursé of his paper, 
Dr. Horsburgh connects this result with the visible 
structures of the wires and with their probable 
atomic constitution, both in the mass and at the 
boundaries of the grains, and offers an explanation 
of the behaviour of the two wires. He also derives 
from his results, viewed in the light of this discussion, 
some practical suggestions as to the choice of ‘wire 
for ropes, which he puts forward with the reservation 
that, by themselves, the tests would not justify final 
conclusions, though these are supported by some 
general impressions derived from rope-wire testing. 

Substantially, these conclusions amount to this. 
The ordinary practice of wire-rope making uses 
steel that has been so drawn as to exhibit something 
like its greatest hardness'and tensile strength. But 
this quality, though it may be suitable for plough 
steel, is not from all points of view the best for 
winding ropes in general. High tenacity is doubt- 
less the chief essential in winding ropes, and for this 
reason ropes made of the hardest and strongest steel 
have often been thought the best. In use, however, 
durability and reliability under shock are almost as 
important as strength. A straight, steady pull is 
far from being the only stress to which a rope is 


* Engineering, cxii, page 707; and cxiv, page 759. 
+ ‘* Large-grained Steel: Wire and ia Comparison with 





Rope Wire,” read before the Institution of Engineers 
and Shipbuilders in Scotland, on October 5, 1926. 








subjected, pr/ultimately the’ most' dangerous. The 
examination of discarded haulage ropes may show 
that they stand nearly the original tensile breaking 
load, although benditig' and torsion tests prove that 
the individual: wires’ are worn out, and may for 
instance fail to stand a single complete bend. This 
seems td point to the desirability of using a wire with 
a little less, than the maximum tensile strength and 
some degree of deformability, in which the sacrifice of 
a certain amount: of strength would be accompanied 
by a slight ability to yield under shock, without 
parting, A fruitfilsuggestion was made some time 
ago by Mr. Brearley that a hardened steel possessed 
in its hardness a quality which could be exchanged 
for toughness pro rata, according to the extent 
of tempering. Dr. Horsburgh makes a somewhat 
analogous suggestion in regard to the effect of cold 
working, from which wire derives its. exceptional 
hardness and strength. Roughly speaking, he says, 
a steel! wire of definite composition and structure 
can undergo a certain amount of work ; and if that 
amount has all been applied by the draw plate, none 
is left for the accommodation that is necessary when 
the wire is put into service in a rope. ;, 

The actual structure. most desirable in a rope wire 
seems therefore to be a compromise. The fine 
sorbitic structure must doubtless be preserved, but 
the size of grain must depend on the use,to which the 
wire is to be put.. Too large a grain may weaken 
the wire unduly against tensile stress or shock. 
Mr. A. T. Adam’ has ‘pointed out. that’ the larger 
grains give longer fibres with, as a rule, better 
torsion tests, while smaller ‘grains give shorter 
fibres and generally a better bend test. For the 
time being no data seem to be available to decide the 
actual sizes. that should be preferred for various 
purposes. To some degree, the extent to which a 
rope yields: under shock—and the same is true of 
twist and bend—is affected by its lay, but more 
information will be required before the respective 
parts played by the lay of the rope and the structure 
of its constituent wires can be precisely defined. 
As Dr. Horsburgh observes, it would be very 
instructive if the life history of ropes could be 
correlated with the formation of the wire, but the 
necessary data. are not available at present, ..The 
effect, however, of his present paper, which is rather 
descriptive and jsuggestive than quantitative, is to 
indicate that! there is.room:for some definite and 
practicable experiments; in which series of similar 
wires, differihg only in ‘single properties, such’ for 
instance a8 size of prain, might be tested in parallel, 
The value of suggestive experiment, such as the 
present paper discloses, is not disparaged by 
remembering that a broader basis of information is 
now desirable for practical purposes, and indeed for 
the closer definition of even théoretical conclusions. 





NOTES. 
Tue RoyaL AERONAUTICAL SOCIETY. 


As a mark of appreciation of the services to 
aviation of Sir Alan. Cobham, with particular 
reference to his recently completed return flight 
from this country to Australia, a reception, at 
which Sir Alan and Lady Cobham were present, 
was held by the Royal Aeronautical Society in the 
King Edward VII Rooms at the Hotel Victoria, 
London, on Monday evening last, the 25th instant. 
the members and guests being received by Colonel 
the Master of Sempill, chairman of the society. A 
lantern lecture by Sir Alan, describing his Australian 
flight, followed the reception, the lecturer being 
introduced by the president of the society, Air 
Vice-Marshal Sir W. Sefton Brancker. Referring 
briefly to the work of the society, Sir Sefton 
mentioned that its constitution had recently been 
altered to include in its membership practical men 
working on aviation both in the air and on the 
ground. A system of provincial branches had been 
arranged for, and it was hoped also to establish 
branches in the Dominions. He announced also 
that the Council had conferred upon Sir Alan 
Cobham the highest honour in their power, having 
elected him an Honorary Fellow of the Society. 
They had also elected Sergeant Ward and Mr. Capel, 
Sir Alan’s mechanics, Life Associates, and, were 
considering what could be done to perpetuate the 
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memory of Mr. Elliott, the mechanic, who, it will 
be remembered, was fatally injured in the early 
stages of the outward flight by a stray bullet fired 
at the machine, when it was flying low over the 
River Euphrates, in Mesopotamia. With regard to 
Sir Alan Cobham’s Australian and other previous 
long-distance flights, Sir Sefton pointed out that these 
differed from the achievements of the aviators of 
other countries in that they were accomplished as a 
result of private enterprise. Sir Alan he described 
as a great international asset, in that he was develop- 
ing our Imperial communications and at the same 
time tending to promote international understanding 
and peace in Europe. 


PRESENTATION OF THE KELVIN MEDAL TO 
Str CHARLES PARSONS. 


Brrore the delivery of the James Forrest lecture, 
at the Institution of Civil Engineers, on Tuesday 
last, which lecture is reprinted in an abridged 
form elsewhere on this page, the President of the 
Institution, Sir William Ellis, G.B.E., presented 
the Kelvin Medal for 1926 to the Hon. Sir Charles A. 
Parsons, K.C.B. The medal, it will be remembered, 
was founded in 1914, principally by British and 
American engineers, to commemorate the achieve- 
ments of Lord Kelvin in those branches of science 
which are especially applicable to engineering work. 
The award, which is made every three years, is 
decided by a committee of the presidents of repre- 
sentative engineering institutions, after considera- 
tion of recommendations received from similar 
bodies in all parts of the world, and the medal is 
presented to the person whom the committee con- 
sider to be most worthy to receive this recognition 
of pre-eminence in the branches of engineering with 
which Lord Kelvin’s scientific work was identified. 
In making the award, Sir William Ellis briefly out- 
lined the development of the steam turbine, referring 
particularly to its application to marine propulsion, 
but also mentioning some of the many other direc- 
tions in which Sir Charles’ work has benefitted man- 
kind. In his reply, Sir Charles, after expressing the 
gratification he felt at the award, mentioned some 
interesting incidents in his early training and sub- 
sequent career, and recalled the fact that Lord 
Kelvin, when asked to express an opinion on the 
utility of the steam turbine and the value of the 
patents, had spoken strongly in their favour. He 
also generously acknowledged the assistance he had 
received in the development of the turbine from 
numerous patrons, colleagues and assistants, men- 
tioning particularly, in this connection, the name | 
of the late Sir William White. We are confident 
that engineers throughout the world, who are 
perhaps best able accurately to assess the value of 
Sir Charles’ work, will experience keen satisfaction 
at this latest mark of appreciation of his services, 
and will join with us in expressing the hope that his 
activities may continue for many years. 


THe GotpsmitHs CoMPANY EXTENSION OF THE 
Crty AND GuiILps ENGINEERING COLLEGE. 


The Goldsmiths Company Extension of the City 
and Guilds Engineering College was formally 
opened by His Royal Highness the Duke of York, 
on Thursday of last week. As Mr. Herbert Wright, 
chairman of the executive committee, pointed out, 
the Imperial College of Science and Technology 
received its charter some twenty years ago, at which 
early date it was evident that considerable exten- 
sions would be necessary to cope with the growing 
demand for engineering education. This demand 
was met and the new building provided for by the 
munificence of the Goldsmiths Company. The 
foundation stone was laid in 1909, and the new 
extension completed shortly after the declaration 
of war, at a cost of 87,000/., the building covering 
8 acres. Sir Dugald Clerk, F.R.S., the Prime 
Warden of the Goldsmiths Company, who also 
spoke at the opening ceremony, said that, although 
the new extensions were completed in 1914, it was 
not until 1926 that they were ready for educational 
purposes ; that was due mainly to the war, during 
which period the buildings were occupied by the 
military authorities. Even in 1919 the necessary 
funds for rates and general maintenance were not 
available, but now, some twelve years after the 


it effectively, due very largely to the generosity of 
the Clothworkers Company. The extension con- 
tains an hydraulics laboratory of 12,000 sq. ft., 
designed for the study of problems connected with 
the supply and distribution of water, and is arranged 
so that research and course work may be carried out 
simultaneously without interference. There are 
two large tanks, with two centrifugal and one two- 
stage 8-in. pump; a shallow sump at the west end 
is connected to the pump sump by two flumes, 
fitted with a sluice gate and weirs; in the larger 
flume towing experiments, for the calibration of 
current meters, are possible at low speeds. A 


| vertical cast-iron tower is used for orifice experiments. 


There is also a Francis turbine of 12 h.p. for 50 ft. 





head ; a Pelton wheel of 7 h.p. on 30 ft. head ; and 
a Francis turbine of 8 h.p. on a 10 ft. head. There 
are also laboratories for motive power and strength 
of materials, and for cements, reinforced concrete 
and structural engineering, the whole having an area 
of 17,628 sq. ft. On the ground floor the principal 
machines are a 100-ton machine for columns and 
beams ; an arch-testing apparatus for concrete or 
brickwork ; a slab-testing machine ; a compressing 
machine ; a vertical wire-rope tester; presses of 
40 tons and 150 tons for concrete cubes; and a 
complete equipment for testing steel wires. In the 
basement are machines for testing concrete and 
road materials, &c. The laboratory for motive 
power and strength of materials, which is arranged 
for work on internal combustion engines and heat 
transmission, &c., contains a uniflow steam engine 
of 200 h.p., a Curtis steam turbine of 200 h.p., con- 
densing plant, oil and petrol engines, and various 
testing machines. The railway laboratory, of about 
3,200 sq. ft., contains a wind flume for speeds up to 
60 m.p.h., in which models of trains, &c., may be 
placed. It is to be equipped for post-graduate 
work in railway engineering. 








AN EARLY STEAM CARRIAGE 
EXPERIENCE. 


SoME time ago we published a photograph and short 
account of the Yarrow and Hilditch steam carriage, 
built in 1861, at the works of Dr. Thomas William 
Cowan, at Greenwich. We have recently had the 
opportunity of seeing a letter written at the time of 
this vehicle’s appearance, of which we have permission 
to reproduce part, giving a very vivacious account of 
an early experience in its career. The letter was 
written by a young lady residing in Horsham to a 
Mrs. Field, aunt of Mr. Cowan and resident at Portslade, 
Brighton, and the various persons referred to were 
mostly well known in Sussex. The writer, who was 
then twenty-one, was engaged to be married to Mr. Cowan 
at the time, and is, we are glad to say, still with us, 
and capable of taking an interest in developments in 
mechanically-propelled vehicles. The letter runs as 
follows :— 
My Dear Mrs. FiEtp, 

‘“‘T must write and tell you all about the visit of 
the steam carriage to Horsham. Tom would have 
done so himself, but he sends his love, and his time 
is so fully occupied just now that he will do so a 
little later, and I have been such a bad correspondent 
lately that I feel quite glad to have a subject of so 
much interest to write to you about. Last Saturday 
morning I received a line from Tom saying we might 
expect him, Mr. Winton and the carriage in the 
course of theday. Soof coursewe were all expectancy, 
but hour after hour wore on, and stili they did not 
come, and between eleven and twelve at night we 
went to bed fearing an accident must have happened. 
On Sunday they came by train from Merstham for 
a few hours, which place they reached late on the 
preceding evening. A pin came out of one of the 
wheels at Croydon and detained them 8 hours there. 
They left us again on Sunday evening, to return 
to Merstham for the carriage, which we quite hoped 
would be here in the morning somewhen, but owing 
to bad roads and a little piece of flint which got in 
some part of the machinery they were greatly 
delayed, and we heard nothing of them till 6 o’clock, 
when news arrived that they were at Faygate, but 
could get no further, as they had consumed all 
their coals. So Papa despatched two horses to 
bring them in, and they got here about 9. We 
never knew Horsham in such a state of excitement 
before ; everyone has been so anxious to see the 
engine, and our yard has been regularly besieged by 
people flocking in to see it..; Young Mrs. Padwick 
was one of the first who came with Mr. Winckworth, 








completion of the building, it was possible to occupy 


and they both seemed very. pleased with it, and so 


indeed was everyone. On Tuesday there was a 
good deal to be done in cleaning it and making some 
alterations, and yesterday the people were gratified 
immensely by seeing it rush about the town. Mama 
and I had two rides in it, and Mr. Winckworth and 

a great many more people rode also. We went as 

far as Miss Hepworths twice, and came at such a 

tremendous pace down hill, and all the way down 

the West Street, bringing the people to their doors 
and windows as we I wish you could have 
heard the praises bestowed on Tom for the way in 
which he turned the corners. It has afforded 
immense amusement to the boys of the town, who 
could hardly have gone to school while the carriage 
was here. Yesterday evening, after making four 
excursions in the town, it steamed up to the station 
to go home on a truck with 13 people in it and crowds 
to see and cheer it off. There are a great many 
improvements required to make it at all suitable for 

a long journey, and there certainly are inconveniences 

to be put up with. The blacks are rather trouble- 

some, and the horses do not like it, but for all that 

I don’t think I ever enjoyed a ride so much; it was 

such fun to see all the people looking out and to feel 

as if we were flying through the air. . . .” 

The letter actually bears no date, but this is approxi- 
mately fixed as some time in March or April, by other 
references which it contains. The writer goes on to 
speak with pleasurable anticipation of a visit to London 
for the opening of the great Exhibition, regretting at 
the same time that this would have to be curtailed, 
as some of the servants of the house were leaviny, a 
trouble even then occasionally experienced. The 
document concludes with a postscript request, very 
typical of the period, for likenesses of Mr. and Mrs. 
Field, ‘“‘ as I have such a beautiful album tc put them 


in. 





RADIO COMMUNICATIONS.* 


By Senatore GuetieELMo MaRcont, G.C.V.0O., D.8c., 
LL.D., Hon.M.Inst.C.E. 


I HAVE naturally chosen for my discourse the subject 
of radio-communications, which has become a most 
important science and industry, and whilst being still 
dependent for its future advance and development on 
scientific research and speculation, already requires 
for its practical and successful working the sound 
application of good engineering principles and know- 

e. 

A the very early days of “ wireless,” when electric 
waves were first, beginning to be employed for practical 
purposes, we only spoke of wireless telegraphy, but, 
with the advance of the art, electric waves have been 
more and more widely utilised, not only for wireless 
telegraphy, but also for wireless telephony and broad- 
casting, direction finding at sea and in the air, for the 
control of mechanisms at a distance, such as targets, 
torpedoes, flying machines, and other similar devices 
used principally for war purposes, and, more recently, 
also for the transmission of pictures and facsimilies, 
and television. I hope you will not think me too 
visionary if I say that it may be possible that some 
day electric waves may also be used for the transmission 
of power, over moderate distances should we succeed 
in perfecting devices for projecting the waves in parallel 
beams in such a manner as to minimise the dispersion 
and diffusion of energy into space. 

The achievements and possibilities of radio trans- 
mission have already become so vast, so far reaching 
and so complex, that you will easily understand that, 
did I not confine myself to a very small part of the 
subject, I could not, within the practical limits of this 
address, give you any detailed information of the 
numerous engineering difficulties which we have had to 
face and have endeavoured to solve. I therefore pro- 
pose merely to skim over my subject, just pointing out 
some of the difficulties we have had to contend with, 
and how we believe we have been able, in some measure 
at least, to overcome them. 

I think we are still far from being able to say that 
wireless is based on well-understood foundations, unless 
of course, we should go back to the arrangements used 
in the past which, to my mind, have become more or 
less obsolete. There is no doubt that, speaking gener- 
ally radio engineers four or five years ago thought they 
knew much more about the subject than we think we 
know to-day. Laws and formule were announced 
and accepted showing which wave-lengths were best 
adapted for various distances, and indicating what 
amount of power would be necessary in order to be 
able to communicate over any given distance; but, 
unfortunately, it soon became apparent that the 
logical application of these laws and formule brought 
us to the necessity of employing, for long-distance 
transmissions, such enormous and expensive aerial 





* Thirty-second James Forrest Lecture delivered to the 
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Abridged. 








544 


ENGINEERING. 





[OctT. 29, 1926. 








systems and such large amounts of power as to make 
the methods so costly, in capital expenditure and opera- 
tion, that only a very small margin of profit would 
remain when the system was worked in competition with 
modern cables and land lines. 

These high costs made it very difficult, if not impos- 
sible, to bring about any substantial reduction of 
telegraph rates, which has always been one of the 
principal aims from the time when I first demonstrated 
the possibility of establishing a wireless telegraph 
service between England and America. I am convinced 
however, that now the whole theory and practice of 
long-distance radio-communication is undergoing a 
most radical and beneficent change, or what we might 
be quite justified in terming a revolution. 

Commercial long-distance wireless telegraphy has 
been carried out up till very recently, exclusively by 
stations employing wave-lengths from 8,000 m. to 
about 30,000 m., and using several hundreds of kilo- 
watts at the transmitting end. The latest and largest 
station of this type in England is the Post Office Wire- 
less Station at Rugby, which, in normal conditions, has 
a world-wide range throughout of the whole of the 
24 hours. The aerial of this station is supported by 
eight towers each 820 ft. high, and the total power used 
for transmitting and auxiliary services amounts to 
about 1,400 kw., of which 500 kw. is fed to the aerial 
for radio-telegraphic purposes. The wave-length used 
for the transmission of messages is of 18,740 m. The 
Carnarvon station, owned by the Marconi Company, 
and used for communicating with the United States, 
employs a wave-length of 14,080 m. Its aerial is 
supported by 16 towers or masts 400 ft. high and the 
power used is 305 kw. The station at Buenos Aires, in 
the Argentine, designed for communicating with 
Europe over a distance of about 6,000 miles, employs 
800 kw. of electrical energy and an aerial supported by 
10 towers, each about 680 ft. high. This station 
normally works on wave-lengths of about 12,000 m. 
and 16,000 m. Many other stations of similar size 
and type are operating in the United States, Germany, 
France, Italy, and in some other countries. Their cost 
is something of the order of 500,0001. each, but con- 
sidering that their speed of transmission is not very 
high, their cost and their running expenses, which 
necessarily include interest on capital outlay, deprecia- 
tion and power consumption, have been found to be 
high. 

Ten years ago, during the war, I began to consider 
the possible aPternative which might be offered by an 
exploration of the capabilities for point to point com- 
muncation of those electric waves which had never yet 
been used for practical radio-telegraphy, that is, waves 
only a few metres in length, and I was particularly 
attracted to this line of research because I was, of 
course, well aware that with these waves, and these 
waves only, it would be possible to project most of the 
radiation in a narrow beam in any desired direction, 
instead of allowing it all to spread in every direction. 
I was greatly impressed by the advantages which such 
a system would possess, if found workable, through the 
saving of energy which might result, and also by the 
possibility of reducing tapping or interference, together 
with mutual interference between stations, even if 
working on very small differences of wave-length. 
During some of my first experiments on these lines, 
carried out in Italy, and during subsequent tests, I 
was most valuably assisted by Mr. C. S. Franklin, of 
the Marconi Company. These researches were con- 
tinued by Mr. Franklin in consultation with me at 
Carnarvon, and in 1917, with a wave-length of 3 m., a 
range of over 20 miles was readily obtained when using 
a reflector at the transmitting end only. Mr. Franklin 
has since followed up the subject with great thorough- 
ness, and in further radio-telephonic tests in June, 
1920, obtained strong and clear speech in Kingston 
Harbour, over a distance of 74 miles from the sending 
station. 

In August, 1921, he repeated these tests over a 
land range of 97 miles between Hendon and Birming- 
ham.* I might point out that there was nothing to 
indicate to us that these distances constituted the limit 
of the range of the waves employed. This could only 
be satisfactorily tested and ascertained by means of a 
movable station, and with this object in view tests 
were commenced by myself ani Mr. Franklin in the 
spring of 1923, by means of a special receiving station 
installed on the S.Y. Elettra. f 

In the Hendon-Birmingham experiments the in- 
creased efficiency brought about by the use of reflectors 
was confirmed, and clearly demonstrated by average 
measurements, which showed that the intensity of the 
energy received, when reflectors at both the trans- 
mitting and receiving stations were employed, was 200 
times that of the energy which could be received with 
no reflectors. During April, May, and June of 1923 
a systematic series of long-distance tests was carried 
out over varying distances between a small experi- 





mental transmitting beam station at Poldhu in Corn- 
wall, and a receiving station installed on the steam 
yacht Elettra. A wave-length of approximately 92 m. 
was employed, and it was soon ascertained that the 
Poldhu signals could be clearly and reliably received 
during daylight up to distances of 1,250 nautical miles. 
The Poldhu sending station was at that time using 
about 12 kw. in the aerial. The night signals came in 
always with great strength and regularity up to the 
maximum distance to which the yacht was able on that 
occasion to proceed, which was as far as the Cape 
Verde Islands, situated 2,320 nautical miles from 
Poldhu, and the strength of the signals received there 
left no doubt in my mind that the practical range of 
the signals was very greatly in excess of that distance. 

I think I am right in saying that up till that time the 
general impression prevailing amongst most technical 
experts in regard to the behaviour of short waves 
was :— 

Ae That their range during daytime would be very 
short. 

(2) That the night ranges, although occasionally 
considerable, would be exceedingly variable and 
freaky, and therefore altogether too unreliable to allow 
these waves to be of any use for long-distance com- 
mercial working. 

(3) That any considerable stretch of intervening 
land, especially if mountainous, would seriously reduce 
the distance over which it might be possible to com- 
municate. 

The 1923 tests, carried out between Poldhu and the 
Elettra, had the result, however, of completely convinc- 
ing me and my assistants that the above impressions 
or conclusions were quite wrong in so far as they con- 
cerned waves of about 100 m. or less. Moreover, a 
fact more or less expected was also observed, and this 
was, that even in the tropics, atmospheric electrical 
disturbances were always very much less troublesome 
when receiving on short waves than with the much 
longer waves which, at that time, were being used 
exclusively for all practical long-distance radio-tele- 
graphy. The variations of strength, and what is now 
termed “fading,” were proved to be very much less 
serious than I had anticipated, and results obtained 
over even the maximum distances could always be 
repeated during the many weeks these tests lasted. 

The results of the Elettra tests were set forth in a 
technical report, drawn up at that time, and were also 
described in detail in a paper which I read before the 
Royal Society of Arts on July 2, 1924.* In this paper 
I ventured to predict that, by means of these compara- 
tively small-power stations, a far greater number of 
words per 24 hours would be transmitted and received 
between England and her distant Dominions than 
would be possible by the then existing or proposed 
powerful and expensive long-wave stations. These 
tests were continued in February and March, 1924, with 
the object of determining the maximum practical range 
of these waves, independently of any akvaasane to be 
gained by the use of reflectors or directional methods, 
and we found that, whilst the day range of a 92-m. 
wave was about 1,400 nautical miles at that time in 
the North Atlantic, good communication could be 
established during the dark or semi-dark hours with 
the United States, the Argentine and Australia, that is, 
across world-wide distances. During these tests a 
wireless-telephony experiment was also carried out 
with Sydney, when, for the first time, intelligible speech 
direct from England was received and understood in 
Australia. 

In August and September, 1924, further tests were 
carried out between Poldhu and the S.Y. Elettra, with 
the object of endeavouring, if possible, by the employ- 
ment of still shorter waves, to overcome the limitation 
of the hours of working brought about by the effects of 
daylight. Tests were therefore carried out over 
varying distances with four wave-lengths of 92, 60, 47 
and 32 metres, respectively. These tests enabled me 
to discover the important fact that, over long distances 
the daylight range of practical communication steadily 
increased as the wave-length was reduced below 92 m., 
the 32-m. wave being received all day at Beirut in 
Syria, over a distance of 2,100 miles, whilst the 92-m. 
wave began to fail over this track, which is mostly 
across land, at a distance not much in excess of 1,000 
miles. At the same time, the 60-m. wave appeared to 
be slightly better than the 92-m. during daylight, the 
47-m. still better, and the 32-m. very much better. 
We naturally presumed, and later experience confirmed 
our anticipation, that still shorter wave-lengths would 
be affected by daylight to an even lesser degree. It 
was therefore proved, to our satisfaction at least, that 
daylight absorption decreased very rapidly with the 
shortening of the wave-lengths below 92 m. This 
discovery, apart altogether from its practical import- 
ance, raises scientific questions of the highest interest 
in regard to the possible theoretical explanation as to 
how these waves travel round the earth. It is clear 
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that the results cannot be explained by mere refraction, 
as the signals received over world-distances are many 
thousand times stronger than they could ever be by 
this effect. The generally accepted explanation is that 
the effect must, in some way or other, be due to the 
ionization of the high-level atmosphere, which is 
supposed thereby to constitute a conducting layer of 
rarefied and ionized gases, forming a kind of shell 
concentric to the surface of the earth and capable of 
reflecting, or bending, the waves. Such a conducting 
layer is often referred to as the “‘ Heaviside Layer.” 

In October, 1924, transmission tests were carried out 
on a wave length of 32 m. to specially installed receivers 
at Montreal, New York, Buenos Aires and Sydney 
(Australia), and it was at once found to be possible to 
transmit messages, when utilising only 12 kw. or less 
at the transmitter, to New York, Rio, and Buenos 
Aires, even when the whole of the great circle track 
separating these places from Poldhu was entirely 
exposed to daylight. With Australia, however, it is 
only possible to have a complete daylight track for 
2 or 3 hours at a time, and, furthermore, the scientific 
aspect of the test is complicated by the fact that the 
waves have several ways of getting round, with com- 
parative ease, if they can get there at all, as a large 
portion of Australia is not very far from the antipodes 
of England. The Australian tests showed, however, 
that it was possible to get through for about 23} hours 
out of the 24. I would like to point out that most of 
these very long-distance tests were carried out without 
the use of reflectors at either end, and merely with the 
object of ascertaining the range and general capabilities 
of these waves. 

In these first beam experiments carried out in Italy 
and in England, the reflectors were constituted by a 
number of vertical wires parallel with the antenne and 
spaced around it on a parabolic curve of which the 
transmitting or receiving antenne constituted the 
focal line, but in the more modern stations an arrange- 
ment devised and patented by Mr. C. S. Franklin has 
been more advantageously employed. In this arrange- 
ment, the antenne and the reflector wires are disposed 
so as to constitute grids parallel with each other, the 
aerials or antenne being energised simultaneously 
from the transmitter at a number of feeding points, 
through a special feeding system, so as to secure that 
the phase of the oscillations in all the wires is the same. 
It has been proved by calculations and confirmed by 
experiments that the directional effect of such an 
arrangement is a function of its dimensions relative to 
the wave-lengths utilised. A similar system of aerials 
and reflecting wires is used at the receiving stations. 


(To be continued.) 





Supers or Etectrio FurRNAcES.—Messrs. 
Automatic and Electric Furnaces, Limited, Elecfurn 
Works, 173-175, Farringdon-road, London, E.C.1, 
inform us that they have available, for the use of 
engineering societies and technical associations, a com- 
plete series of lantern slides illustrating electric furnaces. 
The slides include hardening, tempering, and annealing 
furnaces (the latter being for ferrous and non-ferrous 
metals, glass, &c.), together with their component 
parts, automatic temperature controls, and wiring 
diagrams connected with various forms of circuits. Full 
descriptions of the slides, in the form of a lecture, can be 
supplied if required. Further particulars may be 
obtained from the directors of the company at the 
address given above. 


LANTERN 





Tue Report ON THE NEWCASTLE CoLLision.—The 
report of the inquiry into the circumstances of the 
collision, which occurred on the evening of August 7 
last, at Manors Junction, Newcastle, on the L. and N.E. 
Railway, has just been issued by the Minister of 
Transport. The train in question was the 9.47 p.m. 
electric train running on the circular journey from 
Newcastle and back again, via Monkseaton and Heaton. 
It came into sidelong collision with a goods train which 
was crossing in front of it immediately west of Manors 
station. The fact that the motorman’s body was 
exentually discovered lying under the bridge, near 
Heaton station, shows that the train was uncontrolled 
when the collision occurred, and had, moreover, run 
about a mile without any driver. This fact at once 
raised the question as to why the automatic feature, 
commonly known as the “ dead-man ”’ control did not 
come into operation and stop the train. After the debris 
had been removed, the controller handle was found on 
the full power notch, the button of the dead-man con- 
trol being tied down by means of two handkerchiefs, in 
such a manner as to indicate deliberate intention, rather 
than sudden impulse. The nature of the injuries sustained 
by the dead motorman leave no doubt that he met 
his death by contact with the leading pier of the bridge, 
as he was leaning out of the train with his back towards 
the direction of travel. The deliberate tampering with 
the automatic-control, by the motorman, is, of course, & 
very reprehensible practice; it is, moreover, difficult 
to detect. The company, the report adds, will no doubt 
take this opportunity of calling the special attention of 
all pose the danger of interfering with this very 
important apparatus, and will impress upon motormen 
their serious responsibility in the matter. 
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LETTER TO THE EDITOR. 


THE INSTITUTION OF CIVIL 
ENGINEERS. 
To THE Eprror oF ENGINEERING. 


Str,—The ‘following appointments have recently 
been filled; and in each case (at the time of the appoint- 
ment) the successful candidate did not belong, in any 
category of membership, to the Institution of Civil 
Engineers :— 

City Engineer, Sydney, N.S.W. 
City Engineer, Glasgow. 
Engineer, River Tees Conservancy Board. 

It will be agreed at once that these are appointments 
of considerable importance. If a medical officer of 
health had been appointed to Glasgow or Sydney, 
without holding the qualifications considered essential 
by the Medical Association, or even if one had been ap- 
pointed at a less salary than they considered sufficient, 
it is easy to imagine the outcry that would arise. The 
Institution of Civil Engineers, however, does absolutely 
nothing to protect its members in this way. They 
maintain an attitude of “ masterly inactivity” which 
is inadequate for the circumstances of to-day. 

As an associate member I meet many of my own age 
and standing in the Institution, and I hear very strong 
views expressed from time to time regarding the 
apathetic attitude of the Council towards the younger 
members. I am sure the Council would be very much 
surprised if they could be made aware of the extent of 
the discontent and dissatisfaction and even anxiety 
which exists. Many with whom I have discussed this 
matter, especially those who are also members of other 
Institutions, are seriously considering whether the 
advantages of belonging to the “‘ parent ”’ Institution 
are really worth the money. The heavy annual sub- 
scription might be much more profitably invested, 
say in an endowment insurance policy, or better still, 
could be made to do useful work in a widows and orphans 
fund. 

Other institutions are full of life and activity. 
When appointments are advertised, they point out to 
the public bodies concerned the desirability of con- 
sidering the claims of those who have gone through the 
expense and trouble of the long training prescribed by 
their rules, their examinations, &c. It is, however, 
considered beneath the dignity of the Institution to 
take such action, and the result is that their men are 
let down. 

I trust that when the older members who at present 
govern the Institution realize how bitterly some of us 
feel in the matter, a new and vigorous line of policy 
will be adopted. 

The associates outnumber the full members by over 
3,000 ; they contribute £7,000 more to the funds, yet 
they have not a single voice on the Council. Probably 
no institution is governed in a less democratic manner. 

Yours faithfully, 
Sapper (1914~—19). 
Manchester, October 25, 1926. 
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EXTENSIONS TO THE DERBY COR- 
PORATION ELECTRICITY WORKS. 


THE official opening of the extensions to the Derby 
Corporation Electricity Works on Tuesday, last, 
was the occasion for the publication of some interest- 
ing figures which illustrate very well the growth in the 
sale of electric current in an important industrial 
borough. A reference to these figures, which are the 
records of the Derby Electricity Works for 32 years, 
in conjunction with the description of the new exten- 
sions illustrated in Figs. 1 to 10 on pages 540, 546 and 
547, will indicate the rapid acceleration in demand of 
late years and suggest the scale on which present-day 
supply schemes must be planned. 

The original plant of the Derby Corporation Elec- 
tricity Works consisted, in 1894, of six 100 h.p. dynamos 
generating single-phase alternating current, and three 
Lancashire boilers. It was increased in 1896 by the 
addition of two 250 h.p. engines and a Ferranti engine 
and alternator of 1,000 h.p. In the year 1897-8, using 
this plant, a total of 340,783 units was sold. In 1904 
the Derby electric tramways system was opened and 
direct current as well as alternating current was re- 
quired. Four Parsons turbo-generators and two more 
1,000 h.p. Ferranti engines and alternators were in- 
stalled to meet increased demands, while water-tube 
boilers with chain-grate stokers replaced the older 
type. The effect of these changes is seen in the follow- 
ing figures. In 1903-4, the total units sold were 
1,490,611 and the coal consumption per unit generated 
was 10 lb. In 1905-6 the total units were 2,617,642 
with a coal consumption of 7-9 lb. In 1908 a new 
works was opened, the equipment ultimately con- 
sisting of three turbo-generators of 750 kw. capacity 
each. In 1912-13 a total of 6,142,666 units was sold, 








the coal consumption of 7-45 lb. not greatly differing 
from that of 1905-6 when the output was not much 
more than a third. In January, 1913, however, the 
Borough Electrical Engineer, Mr. T. P. Wilmshurst, 
M.I.E.E., presented a report advocating much larger 
plant, and a 2,000 kw. turbo-generator was laid down. 
At the same time the decision was made, an important 
one in the light of recent events, to adopt three-phase 
alternating current for all new plant. The 
for 1914-15, of 7,941,609 units sold, and 5-12 Ib. of coal 
consumed per unit indicate the effects of the cHange. 
Further additions were made during the war period 
and also in 1922. In 1917-18 the output was 16,986,137 
units and the coal consumption 3-92 lb. per unit. ~ In 
1925-26 the former had risen to 29,030,976 units and 
the latter decreased to 2-18 Ib. 

It must be understood that much of the original 
machinery has been scrapped, the old works now 
housing only a —_ of transformers. The station 
now contains the following turbo-alternators, one 750 
kw. direct current machine running at 1,800 r.p.m.; 
three 2,000 kw., one 4,000 kw., one 750 kw., and one 
10,000 kw., all alternating current machines and 
running at 3,000 r.p.m. The last machine is the one 
which forms the present extension in the engine room 
and is described more fully below. There are also four 
rotary converters. In the old boiler rooms are eleven 
Babcock and Wilcox boilers with economisers and 
superheaters fitted with chain grate stokers, and work- 
ing at a pressure of 180 Ib. per square inch, Six of 
these are rated at 28,000 lb. per hour evaporation, 
and five at 26,000 lb. In the new boiler room are two 
Babcock and Wilcox boilers with economisers and super- 
heaters arranged for firing with pulverised coal on the 
** Lopulco ”’ system, and working at a pressure of 300 
lb. per square inch. These will be more particularly 
referred to later. 

We may deal with the engine-room extensions first. 
The room containing the units enumerated above isshown 
in Fig. 3, the new 10,000-kw. turbo alternator having 
been accommodated in a space at the far end imme- 
diately under the group of windows. Considering the 
big difference in capacity, it does not greatly differ in 
size from the older machines in the foreground of the 
figure, a fact which testifies to the, recent striking 
advances in detail design and working pressure. It was 
constructed by Messrs. C. A. Parsons and Co., Limited, 
of Newcastle-on-Tyne, and is a single-cylinder pure 
reaction turbine. The first stage has a rotor diameter 
of 19} in., with a blade { in. high. The height of the 
last blade is 14} in. on a diameter of 40 in., discs 
threaded on the rotor shaft being used for the latter 
stages owing to the size of the rotor. All blades are of 
mild steel, and all but the four last rows are end 
tightened. In accordance with Messrs. Parsons’ 
practice, axial holes were bored through the shafts to 
examine them for soundness. 

The alternator is of the revolving field and stationary 
armature type, with voltage regulation effected entirely 
in the exciter shunt field circuit, the exciter being direct 
coupled. The excitation winding is laid in radial slots 
milled out of a solid forging, the rotor being of the 
barrel type. The stator core conductors are of Parsons’ 
helically stranded coreless cable. A closed circuit 
system, using surface air coolers, is provided, the 
cooling air entering the stator along its whole length 
and circumference. The ventilating fan is situated in 
the basement. The machine is designed to give a 
maximum continuous output of 10,100 kw. at’ 3,000 
r.p.m., with a 3-phase current, 50 cycles, 6,600 volts. 
The economical rate is 8,000 kw; the normal power 
factor is 0-8. 

The surface condenser is spring supported, and is of 
Messrs. Parsons’ manufacture. It contains 4,720 
tubes, } in. in external diameter, the total cooling 
surface being 12,500 sq. ft. Air extraction is effected by 
a Mirrlees multijector. The water surface is arranged 
two flow and 9,500 gallons are circulated per minute. 
The circulating pump, of the direct motor-driven 
centrifugal type, is situated some distance away on an 
island between the River Derwent and a byepass, 
rotary screens being provided at the intake. 

At one end of the old boiler house is fitted a de-super- 
heating apparatus of the Arca type, consisting of a 
combined reducing valve and de-superheater. This is 
necessitated by the fact that the new boilers, working 
at 300 lb. per square inch pressure, supply steam also 
to the old steam mains, which carry 180 lb. per square 
inch only. The reduction of temperature is: from 
750 deg. F. to 550 deg. F. The de-superheater and 
pipes for both steam and feed water were supplied by 
Messrs. Aiton and Co., Limited, Derby. The steam 
pipes are of solid-drawn steel with the flanges welded 
on by the carbon arc process and branches by the 
oxy-acetylene process. Corrugated expansion bends 
are fitted to take the somewhat abnormal amount of 
expansion arising from the high temperature employed. 

The control board and gallery are clearly shown in 
Fig. 3, four feeder, two interconnector, one machine, 
and three spare panels, the last not equipped, having 





been added. To control the output from the new 
10,000-kw. (12,500 kva) turbo-alternator, additional 
6,600 volt switchgear has been provided in an annexe 
to the station. This extra high-tension switchgear is, 
like the old switchgear, made by Messrs. The British 
Thomson-Houston Co., Limited, Rugby, and is of the 
cellular pattern. The cells consist of artificial stone 
slabs built on a steel framework. Phase barriers and 
duplicate bus-bars are provided. 

The oil circuit-breakers are of the solenoid-operated 
pattern. The old bank of switchgear is aeastdunder 
the gallery and is connected to the new one in the 
annexe by duplicate bus-bars laid in a stone and steel 
conduit. In order to ensure that the interconnector 
circuit-breakers shall handle faults that are too heavy 
to be broken satisfactorily by the circuit-breakers on 
the old equipment and on the four new feeders, which 
are smaller than the new circuit-breakers, the tripping 
transformers and relays’ are arranged so that if 
a fault is within the capacity of the old switchgear, 
the interconnector circuit-breakers will not operate, 
as the fault setting on them is slightly below the ruptur- 
ing capacity of the larger of the old breakers. The new 
generator is provided with a balanced current pro- 
tective gear, in which the B.T.H. biassing transformer is 
used, and automatic field suppression switches, There 
is in addition a station transformer equipment. A 
special feature of all the new switchgear is the inter- 
locking arrangement by which access to a cell is pre- 
vented unless the conductors in it are dead. It also 
makes it impossible for the air-break bus isolating 
switches to be opened or closed on load. 

Outside the main station is a unit transformer con- 
nected solidly to the new generator. This is for supply- 
ing power to the station auxiliaries at 400 volts. 
Situated in the basement is a low-tension switchboard 
of the B.T.H. back of panel type, which takes both the 
leads of the secondary of the above transformer and 
those of the station transformer. It is provided with 
hand-operated oil circuit- breaker and overload and earth 
leakage protection. There are two sets of bus-bars, one 
across both panels and the other limited to the unit 
transformer panel only. Any further unit transformer 
which may be added, consequent on the fitting of more 
generators, will require the former set of bus bars to be 
continued over the whole board. As regards the other 
set, each unit transformer is thus provided, the auxi- 
liaries for that particular generator taking their supply 
from it. For starting up and in case of emergency, 
an alternative supply is taken from the station trans- 
former. The switchgear is arranged in such a manner 
that it is impossible to parallel the station transformer 
and the unit transformer. Dealing now with the new 
boiler-room, the note of progress is maintained by the 
adoption of a pulverised-coal conveying, storage, and 
firing system ouppied by International Combustion, 
Limited, Africa House, Kingsway, W.C.2, . There are 
two boilers manufactured Messrs, Babcock and 
Wilcox, Limited, Renfrew. They are of the marine 
cross-drum type, and each has a heating surface of 
8,851 sq. ft. The boiler tubes are divided into two 
banks, or nests, with a space between them in which is 
accommodated the superheater. The heating surface 
of each superheater is 2,690 sq. ft., and, as it is exposed 
to gases which have passed over a portion only of the 
boiler tubes, a superheat temperature of 700 deg. F. 
to 750 deg. F. is attained. The normal evaporation per 
boiler is 60,000 Ib. of water per hour from and at 212 
deg. F., the working pressure being 300 lb. per square 
inch. Anoverload of 80,000 lb. can be obtained from 
each boiler. A Foster economiser, made by Messrs. The 
Power Specialty;Co., Ltd., of Aldwych House, W.C.2, is 
coupled to each boiler immediately behind the combus- 
tion chamber on the main floor level. Each consists 
of 16 rows of elements with 10 tubes per row, the 
total heating surface per economiser being 5,616 sq. ft. 
With the normal] load on the boiler, the issuing gases 
at 610 deg. F. can be reduced to 350 deg. F. The 
corresponding figures on the maximum overload are 
725 deg. F. and 367 deg. F. Of course, such a low 
temperature of gases at exit precludes natural draught, 
and the place of a tall stack is taken by an induced 
draught fan, of which there is one to each boiler dis- 
charging into a common horizontal flue. This leads 
into the stack visible in Fig. 1. Each fan can handle 
54,000 cub. ft. of flue gas per minute at a temperature 
of about 400 deg. F., and at a pressure of about 4 in. 
water gauge. Each is driven by an 85-h.p. variable- 
speed motor. Fig. 1 is a reproduction of a photograph 
of the exterior of the boiler-house extension, The 
tower at the side contains the cyclone separators for 
the pulverised-fuel plant, and is 99 ft. high above the 
ground level. 

Fig. 2 is a view of the interior of the boiler-house. 
At the bottom of the figure are seen the two pulverising 
units and the lower part of the combustion chambers, 
which extend some distance above the main floor. 
On the top of the combustion chambers is the operating 
platform, and between them at this level is a panel 
with recording instruments. On the platform above 
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this the coal feeders may be distinguished situated at 
the bottom of the pulverised-coal storage bunkers, 
each of which can contain 35 tons of the prepared fuel. 
To the right of the figure is the raw-coal bunker, 
with a capacity of 325 tons. This, like the storage 
bunkers, is of steel, and its top is situated 71 ft. above 
the ground level. The lower part tapers to a chute 
leading into the rotary steam dr'er below it. Thence 
the coal descends to the pulverisers already mentioned 
and shown more clearly in Fig. 8. 

We do not propose to describe the ‘‘.Lopulco ” 
apparatus in great detail, having already done so as 
lately as September 24 on page 381 e¢ seg., but may 
now trace the course of the coal from the electric 
lorries, in which it arrives at the power station, to 
the burners, with perhaps here and there a little 
amplification of cur former account. From the lorries 


the coal is tipped into a steel hopper, lumps being | referred to as being visible in Fig. 2. 
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of 6-in. pitch. The two chain wheels are 27 in. in 
diameter, 97 ft. from centre to centre, and the elevator 
is cased in. The drive is by a belt from a motor of 
15 h.p. running at 710 r.p.m. and fitted with double- 
The elevator has a capacity of 30 tons 
of coal per hour when running at a speed of about 120 ft. 
per minute. The coal is discharged from the elevator 
on to a short scraper conveyor, with scrapers 20 in. 
wide. It is completely encased and is 30 ft. from 
centre to centre. The chain speed is about 96 ft. 
per minute, the drive being obtained from the top 
shaft of the elevator through a pair of angular bevel 
wheels. This part of the work presented difficulties 
arising from the site, which, however, were successfully 
surmounted by the makers, Messrs. the Ewart Chain- 
belt Company, Limited, Derby. 

From the bunker the coal passes to the dryer already 
The pipe to the 


prevented from entering by a grid on the top of it.| right of the drier in this figure is a bye-pass direct 
A sliding door in the hopper regulates the feed to the | to the pulverising mill should the coal] in use at any 


elevator. This last has malleable-iron buckets, 15 in. | time not require to be dried. 


At present only one 


long and 2 ft. pitch, bolted to a single Ley bushed chain | drier is fitted, but provision is made for a second when 
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it is necessary. The. drier consists of an outer casing 
with an internal rotating cylinder carrying a number of 
cast-iron tables with steam coils cast in:them and fed 
with steam through the spindle, trunnion fashion. The 
coal is tipped on to the first set of tables, automatically 
spread, and then, at the next revolution transferred 
to the next lower table to undergo a similar process. 
This is repeated all down the drier, and the dried coal 
falls into a hopper, and thence to a bifurcated chute 
feeding either mill, passing on its way a magnetic 
separator for the retention of tramp iron, well shown in 
Fig. 8. The vapour produced in drying is carried off 
by heated air currents set up by the fans shown in 
| Fig. 6. The rationale of this process is well explained 
| in the article previously referred to. 

| There are two 6-ton Raymond pulverisers. This is 
a mill operating by passing the coal between rollers 
and a circular steel track against which they are kept 
by centrifugal force. A full description of this mill, 
with figures, is given in the above-mentioned article ; 
that is, on page 381 of the present volume, and a 
further account is therefore unnecessary. The same 
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may also be said of the course of the pulverised coal 
from the mills to the cyclone separators above the 
raw coal bunker, to which it is elevated by the action 
of the exhauster fan visible in Fig. 8. Nor is it 
necessary to! describe more particularly the path of 
the coal from the cyelones to the storage bunkers, 
and thence into the screw-feed conveyors, which pass 
it into the burners, as this has already been done on 
page 382. 

We give, however, in Fig. 4, a reproduction of a 


photograph of the feeder boxes for these two boilers | 
which shows clearly the relation of the coal worms to 


the air inlet pipes, and that of the coal and air discharge 
pipes to the burners. There are six feeders and burners 
to each boiler in this installation. A shaft runs along 
the front of the group of feeders, and is provided with 
six worms, and driven by a 9-h.p. variable-speed 
motor. 

These gear with worm wheels, carrying clutches, 
on the coal worm spindles. The levers shown in 
Fig. 4 can, by engaging these clutches, put any 
burner into action, the speed of the coal worm lying 
between the limits of 35 r.p.m. and 140 r.p.m. The 
angled pipe is’ that conveying the primary air; the 
vertical one is the outlet for this air and the fuel, 
which have been thoroughly mixed by & paddle at 
the end of the feeder. Below the feed'gallery the 
pipe descends at an angle, and is coupled to the 
burner box as shown in Fig. 5. Here there are two 
small dampers in each box for further control of 
air just at the point of entry to the combustion 
chamber, and for inspection of the flame. These are 


operated by worm wheels gearing with sectors, a | 
construction which will be clearer from Figs. 9 and 10. | Aiton deaerator ca 


From these figures the shape of the burner nozzles 
will also be gathered, though it may be pointed out 
that the bottom edge is slightly corrugated. The 
supply pipe @ is' continued direct’ into the nozzle e, 
which passes through the upper part of the box in 
such a manner that any air entering through the 
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above the water screen, which consists of 12 solid 
drawn steel boiler tubes 4 in. in external diameter, 
coupled to headers outside the furnace. The standard 
‘“* Lopulco ” practice is followed in the general con- 
struction of the combustion chamber for which reference 
may he made to the article of September 24. Ashes 
are raked out through doors at the back of the 








furnaces into a covered pit, from whence they are 
conveyed to tanks by vacuum apparatus provided 
by Messrs. The British Vacuum Cleaner and Engin- 
eering Company, Limited. 

The boilers are controlled from the burner gallery, 
where there is fitted a compactly arranged instrument 
board, shown in Fig. 7, providing complete information 
as to, running conditions. The load in kilowatts on 
the generators is indicated on the instrument at the 
top of the panel. Below this are two sets, one for 
each boiler, of Electroflo meters for the feed water. 
The top dial gives the water passing per hour, the 
middle one is the total flow meter, and the bottom 
one is a recording instrument. At the wings are 
Bailey’s sector draught gauges giving the draught 
at. three points, and below them Bailey’s steam and 
air-flow meters. Two Mono automatic CO, indicators 
complete the board, On this gallery, too, in addition 
to the burners, are the handwheels for regulating 
the secondary air, boiler and economiser pressure 
gauges, and a telephone. The ease in handling and 
the cleanliness of operation of this system of firing is 
perhaps no more marked than on this gallery, though 
elsewhere in the boiler house there is no evidence of 
dust and dirt. 





The feed water arrangements are provided with an 
ble of dealing with 140,000 Ib. of 
| water per hour. About 95 per cent. of the dissolved 


| Zases are remoyed by increasing the temperature of 


the water,at the same time as its pressure is decreased 
/and the major part of the remainder hy means of a 
de-activating material which only requires renewal at 
|intervals of 15 to 18 months. Although the feed 


damper 6 flows completely yound it by the air space d, | circuit of the new boilers is entirely closed, this degasifi- 
so sheathing the issuing jet with air. The damper c, | cation is rendered necessary by the use of the feed 


on the contrary, admits air on the inner side of the 
jet. The primary air supply amounts to about 
15 per cent. of the whole, the fan serving the six 
burners of each boiler having an output of 5,000 
cub. ft. per minute at 16 in, water gauge. The 
secondary air is introduced through.a number of 
ports in the front and sides of the combustion chamber, 
having passed between interspaces in the combustion 
chamber walls and thereby become heated. Such 
combustion chamber has a volume of 6,507 cub. ft. 


water from the old system when the new boilers are 
supplying steam to the old mains, Feed make-up is 
obtained from a double .effect distilling evaporator 
supplied by Messrs. P. and B. Evaporators, Limited, 
Westminster, which will produce 10,330 Ib. of distilled 
water at 212 deg. F, free from oxygen and chemically 
pure per hour with an expenditure of live high-pressure 
steam of 1,780 1b. per hour. ‘This apparatus is situated 
in the rear of the new boiler house. 

It is the new boiler house and its contents which 
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| form perhaps the most striking portion of the extensions. 
It is a steel-framed structure, partly covered at the sides 
with brick walls and partly panelled with ferro-concrete. 
It is approximately 113 ft. long by 96 ft. wide by 80 ft. 
high to the eaves of the central span. Space is provided 
for the erection of three more boilers when required, 
and the small addition to the pulverising plant which 
would be involved thereby. Access to every part of 
the new plant is provided by well-arranged platforms 
and easy staircases, while a lift running the ful! height 
of the tower is also fitted. The boiler installation, 
taken as a whole, is an excellent example of work of 
Messrs. International Combustion. 

The opening of the extension was marked by a 
luncheon at which Lt.-Col. J. T. C.’ Moore-Brabazon, 
M.C., M.P.; Parliamentary’ Secretary to the Minister 
of Transport, was present. In proposing the toast of 
the Electricity Committee of the County Borough of 
Derby, he stated that the tendency had been to look 
upon the generation of electricity as a local task, 
whereas it was a national one. In conclusion, we should 
mention that as stated in ENGrnEeERING of October 15, 
Mr. Wilmshurst vacates his office on November 1, to 
take up the appointment of Electricity Commissioner. 





PERSONAL.-We_ are informed that the firm of 
Messrs. St. George Moore and La Trobe-Bateman, 
consulting engineers, will henceforth be conducted by 
the surviving partner, Mr. F. W. La Trobe-Bateman, 
at -No, 5, Victoria-street, London, S.W.1. 


Institution or NavaL ArcuHiTects.—The secretary 
of the Institution of Naval Architects informs us that the 
next annual meetings of the Institution will commence 
on Wednesday, April 6, 1927. The Council will be 
pleased to consider papers on subjects relating to naval 
architecture or marine’ engineering, and offers or 
suggestions for papers should, if possible, be sent in by 
the close of the present year. The offices of the Institu- 
tion are at 5, Adelphi-terrace, London, W.C.2. 


UNDERGROUND StREETS or Lonpon.—-A large party 
of the Districts Koremen’s Association of the South 
Metropolitan. Gas, Company recently paid a visit of 
inspection to the underground streets of the City of 
London, They were conducted by Mr. W. J. Liberty, 
public-lighting superintendent of the City of London, 
who showed the visitors the contents of these under- 
ground passages and emphasised their utility from 
| main-laying and house-service point of view. 


Farau AcciIpENT TO FRENCH PassENGER AEROPLANE. 
—The Air Ministry announces that, as a result of an 
investigation into the causes of the accident which 
occurred near Dymchurch, in Kent, on August 18 last, 
to a French passenger-carrying aeroplane on a_ flight 
from Paris to Croydon, the following conclusions have 
been reached: The aircraft came into collision with 
the roof of a farm building when the pilot was 
manceuyring to land, the collision being due to an 
error of judgment on the part of the pilot, who was 
attempting to land on account of the bad weather 
conditions prevailing at the time. No defect developed 
in the aircraft or in any of the engines during the flight. 
The machine, it may be added, was a four-engined 
Blériot biplane belonging to the Air Union, and the 
accident unfortunately resulted, in the death of two 
passengers and the pilot, as well as in injuries to several 
other passengers. 
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LABOUR NOTES. 


Norutne has taken place since the date of our last 
issue to suggest that there will be any other end to 
the coal stoppage than simple collapse. In spite of the 
activities of the Miners’ Federation’s ‘‘ War Council,” 
the number of men at work is steadily increasing, and 
a tendency to break away is developing even in areas 
which have hitherto strongly adhered to the Federa- 
tion’s policy. These are, Sloneh nobody seems to 
have the courage to admit it, effects of the indifferent 
leadership, which has characterised the movement from 
the first. At more than one critical moment, when 
openings for negotiations have presented themselves, 
Mr. Herbert Smith, and his associates on the executive, 
have deliberately broken contact, and by doing so did 
more to dishearten their followers than anything else 
was capable of doing. It is not surprising, in these 
circumstances, that the rank and file are inclining to 
take matters into their own hands and act indepen- 
dently of the central body. Reorganisation of the 
Federation is not now merely a probability; it is a 
certainty. € 

On Friday last week, the General Council of the 
Trades Union Congress met the full Executive Com- 
mittee of the Miners’ Federation for the purpose of 
discussing the request of the miners for a special trade 
union conference to consider a proposal to levy the 
members of the affiliated unions, in aid of the miners, 
and impose an embargo on imported coal. After the 
miners’ representatives had retired from the meeting, 
the General Council considered the matter separately, 
and decided to call a special conference of executive 
members of the affiliated unions for November 3, in 
the Kingsway Hall, London. The special conference 
will deal only with the levy, the General Council 
deciding that the question of an embargo was one on 
which the principal unions concerned must be con- 
sulted. In well-informed Labour circles the opinion 
is freely expressed that none of the unions is likely 
to ballot its members on the question of a levy. The 
transport unions, including the railwaymen, have 
already indicated that they believe an embargo on 
imported coal to be impracticable. 





On Tuesday evening a meeting took place at 10, 
Downing-street, between representatives of the Trades 
Union General Council and the Prime Minister, who 
was accompanied by the Chancellor of the Exchequer 
and the Minister of Mines, on the subject of the 
present situation in the coal industry. The proceedings 
were private. It is understood that the deputation 
suggested that if the Government had no fresh proposals 
to make—Mr. Baldwin stated in the House of Commons 
on Monday that it had none—it might convene a 
conference with ‘‘an open agenda” to discuss the 
possibilities of a settlement. The Government, it was 
indicated to the deputation, inclined to favour the 
conference proposal, but the General Council would 
need to have, it was stated, a mandate from the miners 
to act, and also be able to give an assurance that the 
representatives of the men at the proposed conference 
would be armed with authority to work out a settle- 
ment, covering the twin questions of hours and wages. 
On the following day the General Council got into touch 
with the Executive Committee of the Miners’ Federa- 
tion and suggested an early meeting between the bodies. 
A meeting of the miners’ executive had already been 
called for Tuesday, but, in view of this request, Mr. Cook 
agreed to bring it forward. The meeting will take 
place to-day. 





In the course of his presidential address at Newcastle, 
on Tuesday, to the British Commercial Gas Association, 
Mr. John E. Cowen declared that is was never more 
necessary than at present to stop and think, and review 
our position, both as employers and employed. “ Let 
both sides get down to facts and realities,” he said, “ and 
endeavour with good will to bring this country back to 
prosperity, for the general prosperity of the nation is 
the only true source of prosperity for all classes of our 
population. I am not advocating reduced rates of pay, 
but more output for the wages paid. It does not follow 
that the men employed in manufacturing the article 
containing the lowest labour cst per unit are the men 
with the lowest weekly wages. It depends entirely 
upon the amount of work done at the particular rate of 
pay. The greater the quantity of work performed, the 
higher the wage that can be paid. The real cause of the 
prosperity of America is the greater output per man, 
which has reduced the cost and increased the demand ; 
and this has largely been brought about by the appli- 
cation of the system of payment by results. If we are 
to have a large extension of that. system in this country, 
mutual trust and confidence must take the place of 
suspicion between employer and employed.” 





The number of collective agreements reported to the 
French Ministry of Labour as having been signed in 








1925 was 126. Of these 25 were in the textile, clothing, 
&c.; industry, 15 in building, 18 im mining, 13 in’ trans- 
port, 11 in food preparation, 10 in the leather trades 
and 10 in agriculture. The information supplied shows 
that 54 agreements were concluded between employers’ 
ompecieions and workers’ organisations, 27 between 
individual employers or unorganised groups of .em- 
ployers and workers’ organisations, .and one as a result 
of the formation of a permanent joint committee. The 


period of validity provided for in the agreements was in 
the majority of cases indefinite, although 28 agreements 
were to remain in force for limited periods ranging 


from one month to five Clauses relating to 
minimum wages were included in 107 agreements and 
25 contained provisions concerning hours of labour, 
In 10 cases provision was made for the payment of 
cost-of-living aliowances to vary with the changes in 
the cost-of-living index numbers. Four agreements 
provided for the establishment of joint committees 


for the settlement of all disputes between employers 


a 


The executive council of the International Associa- 
tion of Machinists has decided to re-affiliate immediately 
with the International Metalworkers’ Federation. 
M. Konrad Ilg, the general secretary of the Federation, 
and Mr. J. T. Brownlie, the secretary of the British 
section, attended a meeting of the council at, Montreal, 
and formally invited the Association to rejoin. The 
council agreed to do so, and, in its official intimation of 
the decision, hope is expressed that the other organisa- 
tions in the Metal Trades Department of the American 
Federation of Labour will follow the example. 


and workpeole. 








At a meeting of the National Council for the Tram- 
ways Industry—the first since the general strike—a 
memorandum was adopted in which the trade union. 
representatives admitted that, in calling a strike 
without notice, they contravened the agreements with 
the tramway authorities which were members of the 
council, and agreed that such authorities did not 
by re-employment or re-instalment of men surrender 
any legal rights they might have to claim damages 
arising out of the stoppage from strikers and others 
responsible for it. They undertook, in future, not to 
instruct their members to strike without exhausting 
al] the machinery of the Council. The agreements in 
existence on May 3, 1926, are to remain in force, the 
National Council is to resume its functions as provided 
for in the constitution, and the Council or any section 
of it is not to support, in any way, constituents who take 
unauthorised action, but is to “ take all possible steps 
against any such unauthorised action.” 





The issue of Industrial and Labour Information for 
October 18 contains a fuller summary than has appeared 
in the newspapers of the debate at Geneva on the 
subject of the Hours’ Convention. M. Albert Thomas 
referred to the statements made at the first sitting by 
the representatives of several Governments, and went 
on to describe the present position of the hours question 
in the chief industrial countries. In Great Britain, 
he stated, it had been recognised by the official autho- 
rities that the Act authorising the prolongation of hours 
of work in mines did not infringe the principle of the 
eight-hour day, and that it would not form an obstacle 
to the ratification of the Washington Convention. It 
appeared, also, that, in Italy, the Decree of June 30, 
1926, providing for a possible extension of the working 
day to nine hours had not been put into application, 
and that in practice hours of work had remained the 
same as before. The Italian Government, moreover, 
had declared that this decree would not affect in any 
way the engagement, which it had taken, to apply the 
Washington Convention, as soon as the conditions 
attached to its ratification were realised. 





M. Thomas also noted, the reporter goes on to say, 
the declarations of the German delegate, according to 
which the Bill relating to the Protection of Workers 
and Hours of Labour would shortly be considered by 
the Federal Government. This Bil! contained clauses 
in conformity with the Washington Convention, the 
ratification of which would be made possible by the 
passing of the Bill. Assurances had been given that 
it would be discussed in the near future by Parliament. 
Further, if it were true that the campaign against the 
eight-hour day was developing at the present moment in 
a part of the French Press, there was every reason to 
believe that the Government had no idea whatever of 
going back on the engagements it had made, and that 
the Bill, relating to the ratification of the Washington 
Convention, would shortly be considered by the Senate. 
In these circumstances, M. Thomas concluded, the 
international situation of the eight-hour day was 
far from being compromised. In fact, there had been 
no retrogression. At the same time, it was necessary 
to continue energetically any efforts which tended to 
obtain, from the various Governments, an early and 
common ratification of the Washington Convention. 





The Governing Body, on the proposal of M. Sokal, 
Polish Government répresentative, decided to set up a 
Committee of twelve of its members—four Government 
representatives, four workers’ representatives, and 
four employers’ representatives—to inquire into the 
position of the hours question and submit a report to 
the next session, “with a view to the adoption of 
Measures to reinforce the efforts of the Direetor to 
hasten the ratification of the Washington Conventions.” 





seabe Ministry of, Labour states that. on Qotober 18, 

> num unemployed persons on registers 
of Employment Exchange int Great i was 
1,520,500, of whom 1,171,600 were men, 41,300 boys, 


women, and 40,000 girls. - Of the total number, 

),600 we: Persons nonmally in etal er ent.’” 
On r 11, 1926, the mu ofunemployed persons 
was 1,536,332, of whom 1,177,782 were men, 41,981 


boys, 274,585 women, and 41,984 girls; and on 
October 19, 1925, it was 1,238,158, of whom 996,590 
were men, 35,350 boys, 177,541 women, and 28,677 
os 7 total of 1,520,500 on October 18 does not 

“persons who ceased work in the coalmining 


industry on account of the dispute.” 


a 

In view of the special et of trade union 
executives to consider the tion of a levy in aid of 
the miners, the National Union of Sailors and Firemen 
decided to take a ballot of its members, not only on the 
levy, but also on the proposal to impose an embargo 
on foreign coal. In a letter circulated to the branches, 
Mr. J. Havelock Wilson, the.general secretary, said : 
“Crews of vessels under charter will understand that 
under the Merchant Shipping Act men who, having been 
engaged for the voyage, refuse during the course of the 
voyage to carry out their’lawful contract are liable to 
@ penalty not exceeding 12 week’s imprisonment. In 


‘addition, if they combine with others to refuse to carry 


out their lawful contract, they are liable to an additional 
12 weeks’ imprisonment. Where crews decide to diso- 
bey with a view to refusing to carry out their contracts 
the union cannot provide such men with legal assistance, 
as to render such assistance would be an unconstitu- 
tional act and contrary to the rules and constitution of 
the union. Should a majority vote decide in favour of 
refusing to engage or sign on board ships that are known 
to have been chartered to carry coal, every member of 
the Union will be expected to refuse to engage on such 
vessels. I therefore advise you that on receipt of this 
circular you, will convene meetings from time to time 
and explain to the members the.exact position. Having 
done this, you will issue forthwith to each member 
taking part in the meeting a ballot paper. Every 
facility for privacy must be given to members when 
recording their votes. The ballot papers must be 
counted on November 2, 1926, and the result forwarded 
to head office on that day.” 





The ballot of the members of the Civil Service 
Clerical. Association on the question of continuing the 
affiliation of the organisation to the Trades Union 
Congress, has resulted in a majority of 4,341 for main- 
taining the connection on a total vote of 15,631. In 
the course of some comments on the ballot Mr. W. J. 
Brown, the secretary of the Association, stated that 
the total membership was 19,600, so that the percentage 
of members voting was 80-1. Including the overseas 
vote—which had not yet come in—the percentage poll 
would probably turn out to be nearer 90 per cent. The 
women’s vote and the girls’ vote were much less in 
favour of affiliation than the men’s. There was no doubt 
at all, Mr. Brown added, that hundreds of votes had 
been influenced by resentment of the idea of any inter- 
ference with the. rights of organisation in the Civil 
Service: .The, Government would. be well advised, 
he said, to take a lesson from the result. 





At the, annual general meeting of the Central Board 
of the Shipbuilding Employers’ Federation, which 
took place in Edinburgh on Friday last week, the 
employers’ representatives on the Joint Committee 
which recently investigated the question of foreign 
competition and the conditions obtaining in the British 
industry, reported. fully with regard to the attitude 
of the trade unions towards the report, and particularly 
to the procedure to be followed in giving effect to the 
recommendations of the employers’ and workmen’s 
representatives, for the more economical working of 
the industry. The meeting decided to pursue negotia- 
tions on the lines of the report, and the expectation is 
that an early conference with the unions will be 
arranged. 





THe Gas EncIneER’s Pooxer Boox; ERRatuM.— 
We have to correct two misprints in our notice of this 
book, published in our Notes on New Books columns 
on, page 472 of last week’s issue, The name Wombly 
should read Wanklyn. . In the last sentence of the review, 
reference was made to the constituents of coal, and the 
word pisain in that sentence should be fusain. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Address by the President, Mr. Witt1am REAVELL.* 

THE choice of a subject for a presidential address is, 
I imagine, one which is usually approached with some- 
what mixed feelings. A man is naturally disinclined 
to write about his own life work, partly because he 
may appear to others to be didactic, and partly because 
he does not wish to be guilty of, in any way, magnifying 
the importance of anything he may have achieved. 
In his career, whatever branch of the engineering 
profession he may have specialised in, and especially 
if he is a manufacturer, he has been brought into con- 
tact both with labour problems and economic diffi- 
culties, and he is, as a result, strongly tempted to deal 
with such matters in the light of his garnered experience. 
In weighing up the matter I have come to the conclusion 
that, however tempting it might be to deal with econo- 
mic questions, particularly in view of the great changes 
brought about internationally by post-war conditions, 
the adage that ‘“‘ the cobbler should stick to his last ” 
is so true that I have decided to deal with the subject 
of Compressed Air, which has engaged my attention 
for the last thirty years. 

The history of air-compression dates back at least 
to the second century B.c., to the Grecian school at 
Alexandria, particularly Ctesibius and Hero who were 
familiar with, if not actually the inventors of, syphons, 
fountains, and forcing pumps, all operated by air 
pressure. Hero’s treatise, ‘‘ De Pneumatica,”’ describes 
the uses of compressed air by the priests.of ancient 
Egypt e.g. a fire kindled on an altar containing air 
which, expanding, drove water out of a vessel into a 
bucket which descended and pulled a rope attached to 
posts beneath the temple doors, thus opening them 
mysteriously. Statues were also made to utter sounds 
by means of heated air, one famous image saluting the 
sun as long as it shone, the solar rays providing the 
heat necessary. 

Organs with piston bellows were described by Vitru- 
vius and Hero, and organs were known to Archimedes 
and Plato, whilst Nero had a famous specimen. He 
was also a player of the bagpipes, an instrument illus- 
trating a very ancient use of compressed air. Jeremiah 
wrote, “The bellows are burned, the lead is consumed 
of the fire, the founder melteth in vain.” Homer, who 
is supposed to have lived about 850 B.c., wrote, 
“The adverse winds in leathern bags he braced, 
compressed their force, and locked each struggling 
blast ” (Odyssey, 10). Ancient Egyptian sculptures 
show bellows with valves. Rotary blowing machines 
were used in the reduction of the Peruvian silver ores 
in 1545 by the Spaniards. 

In Hoover’s translation of “De Re Metallica” by 
Georgius Agricola, a.p. 1556, fans and bellows are 
described as used in mining in that day. In quaint 
language he says: ‘‘ Blowing machines are made with 
bellows and by its blasts the shafts and tunnels are not 
only furnished with air through conduits or pipes, but 
they can also be cleared by suction of their heavy and 
pestilential vapours.” 

In describing their manufacture, the units of measure- 
ment which he uses are worth quoting: “‘ The bellows 
is a double one, such as goldworkers use and sometimes 
smiths. In the middle of the bellows there is a board 
in which there is an air-hole, five digits wide and seven 
long, covered by a little flap which is fastened over the 
air-hole on the lower side of the board; this flap is 
of equal length and width. The bellows without its 
head is three feet long and at the back is one foot and 
one palm wide and somewhat rounded, and it is three 
palms wide at the head ; the head itself is three palms 
long and two palms and a digit wide at the part where 
it joins the boards, then it gradually becomes narrower. 
The nozzle, of which there is only one, is one foot and 
two digits long; this nozzle, and one-half of the head 
in which the nozzle is fixed are placed in an opening 
of the wall, this being one foot and one palm 
thick.” 

Coming nearer to our own day, compressed air was 
used in diving bells by Smeatom and Rennie, whilst 
its use for the transmission of power was suggested 
by Denis Papin in 1695 in his book, ‘“ Recueil de 
diverses piéces touchant quelques nouvelles machines,” 
also by several early nineteenth-century workers, and 
actually put into practice by 1845 in French coal 
mines, transmitting about 750 ft. from the compressor. 
The Proceedings of this institution, of 1856, contain a 
description of a compressed-air engine at Govan 
Colliery, which had then been working over six years, 
and @ paper, in 1874, mentions 26 compressed-air haul- 
ing engines as being at work in the Powell Duff 
Collieries, In 1849, a pneumatic rock drill was made 
in America, and similar means were introduced, in 
1861, in cutting the Mont Cenis Tunnel, resulting in a 
much quicker rate of progress. The introduction of 
the compressed-air drill at the famous Calumet and 
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Hecla copper mine met with opposition from the miners, 
but the Rand drill was accepted there in 1872. 

Brunel used compressed air in sinking bridge piers 
—Saltash, in 1854, for instance—whilst his unfortunate 
experiment in building the South Devon Atmospheric 
Railway has been described in the Proceedings of 1899, 
and the Institution possesses a section of the pipe. A 
similar method of railway construction was suggested 
as early as 1810 by G. Medhurst, patents being taken 
out in 1824 by John Vallance, and in 1827 and 1836 
by John Hague, to whom the development of this kind 
of transmission was mostly due. He also designed 
pneumatic cranes, some of which were at work at Whit- 
stable until 1886, and a pneumatic tilt-hammer. 

In 1881, W. D. Scott-Moncrieff read a paper before 
the Institution, on his compressed-air engines for tram- 
ways, several other systems following during the 
eighties. Sir George Cayley designed a hot-air engine 
in 1807, although he did not patent it until thirty years 
later. Ericsson’s famous engine was produced in 1826, 
and patents for Robert Stirling’s air engines were taken 
out in 1827 and 1840. The dispatch of letters by pneu- 
matic means was introduced in 1853, by Latimer 
Clark, who used a 1}-in. tube between the Central and 
Stock Exchange stations of the Electric and Inter- 
national Telegraph Company, London. Pneumatic 
tubes are still in use for postal work in London and 
other principal cities, various systems having been 
adopted, 

The air-compressor itself is made to-day in many 
forms, from the hand pump, of which perhaps the 
commonest type is the bicycle pump, to power-driven 
machines of various types, depending upon the volume 
and pressure required. For small machines, the 
single-acting type with one, two or more cylinders is 
usual practice, though the horizontal straight-line 
compressor of double-acting construction is common 
in America and is occasionally built here. 

This single-acting type persists until a size is reached 
where the greater cost of the moving parts of the 
double-acting type is offset by the fact that in that 
type both sides of the piston are used, and, therefore, 
for a given cylinder diameter twice the volume is dealt 
with per revolution. This size varies in practice with 
the pressure. Above 500 to 600 cub. ft. per minute 
and for pressures of 60 to 100 Ib. per square inch, the 
double-acting type is usually adopted, and is of the 
two-stage, intercooler type. This construction is con- 
tinued as the volume required increases, till a size is 
reached which enables the turbo-compressor to be 
constructed at a lower cost. For lower pressures and 
vacua, rotary machines are being increasingly used. 
The multi-stage turbo begins to replace the rotary 
compressor and the double-acting, two-stage com- 
presssor at different volumes, depending upon the pres- 
sure to be obtained. It will be obvious that, in deal- 
ing with turbo machines, variations in volume through a 
considerable range are obtained by merely increasing 
the width of the throat-way in the impellers, but as the 
pressure required increases, this can only be dealt 
with by adding another compression stage, i.e., 
another impeller and casing. Consequently, when low 
pressures are required the turbo type will beat the 
piston type in first cost at lower volumes than if high 
pressures are required, as in the latter case more stages, 
2.e., more impellers and casings, are required. There- 
fore, it is a question of pressure rather than volume 
which determines the size of machine at which it is 
more economical to use the turbo instead of the piston 
principle. Progress in the immediate future may be 
in the direction of increasing the peripheral velocity 
of turbo-impellers, as suitable higher tensile steels are 
produced at reasonable prices. As the increase of 
pressure per stage which can be obtained rises as the 
square of the peripheral velocity of the impellers, it 
will be obvious that higher peripheral speeds mean that 
a smaller number of stages could then be used with the 
turbo machine, and the effect of this on the reduction 
of cost means that, under such conditions, the turbo 
machine may replace the reciprocating machine for 
lower volumes than is at present the case. 

It is, perhaps, proper to point out that the air is 
only used as a means of transmitting and utilising 
energy, and the cases where it is desirable to use it 
do not always turn on the question of efficiency, but, 
in many cases, of convenience. For example, air 
being obtainable everywhere, enables the compressing 
plant itself to be placed, when desired, quite close to 
the point at which energy is required. Again, in some 
cases air is used on account of the simplicity of the 
plant required, and because, as a rule, the compressed 
air is cool before use, so that there is no temperature 
problem, as would be the case if steam were used in 
portable tools. 

Compressed air is not often used expansively; in 
other words, the air pressure remains constant almost 
throughout the whole stroke of the machine which is 
utilising it. This is true, for example, in all types of 
portable pneumatic tools. In such tools compressed 
air is used as a means of transmitting energy because 





it is, on the whole, the most convenient way of using 
such energy. Theoretically, the ideal way of using 
compressed air efficiently would be one in which the 
air is first compressed adiabatically, no attempt being 
made to extract the heat by water-jackets or coolers, 
and the heated compressed air would be immediately 
used in an air engine placed beside the compressor, the 
air being used expansively down to the temperature 
at which it was originally admitted to the air- 
compressor. In practice, such cases rarely occur, and 
owing to the fact that air is usually used at some 
distance from the compressor it is generally cooled to 
atmospheric temperature by the time it reaches the 
point of application. The effect is to reduce the original 
available volume of air by the time it enters the air- 
motor, so that in the ordinary way not only is there 
loss due to the non-expansion of the air in use, but 
there is this added loss due to diminution in volume. 

Some of this loss can be efficiently recovered by using 
a reheater near the point of application of the com- 
pressed air. This will often be found to be useful 
where pneumatic picks or drills are used in open 
quarries. If the air is to be used expansively, a reheater 
must be used. The reheaters may be fired by coal, 
coke or oil. Reheaters are not, as a rule, used to 
recover the heat energy in order to use the air ex- 
pansively, but rather to increase the volume of air at 
the same pressure so as to enable a greater number of 
tools to be used from a compressor of given size. They 
are, however, not frequently met with in practice. It 
is obvious that if an attempt is made to use cold 
compressed air expansively, in expanding it will 
fall rapidly in temperature, resulting in trouble due to 
the freezing of the moisture in the air, which may 
cause blockage of the air-ports by the ice which would 
be formed. 

Perhaps the best-known illustration of air being used 
expansively is in the air-lift system for raising water. 
In this case the super-incumbent weight of water 
above each globule of air is gradually reduced as the 
column of water is rising to the surface, and the reduced 
pressure of air due to expansion of each air globule or 
bubble is equalled by the reduced weight of water above 
it. No trouble in such a case arises from freezing, 
because the expanding air bubbles are prevented from 
falling considerably in temperature by the circum- 
ambient water. 

Probably the best-known application of compressed 
air is in the operation of the pneumatic tools, to be met 
with in shipyards, boiler works, bridge building and 
general engineering works. In laying down such a 
plant, provision should be made for dealing with 
variations in demand for compressed air, by using in 
combination with the air reservoir in or near the 
compressor house, some automatic arrangement con- 
trolling the compressors themselves. 

Compressed air is largely used in mining operations. 
In coal mines the air is used to operate longwail 
cutters, pneumatic picks and heading machines ; 
occasionally also for pumping and for haulage. The 
brakes for larger colliery winders are usually also 
operated by compressed air. Compressed air loco- 
motives, though not met with to any extent in British 
mines, are sometimes used in America and on the 
Continent. In other forms of mining the reciprocating 
compressed air rock drill, provided with a rotating 
mechanism, is almost universally used, the drill being 
carried on a tripod oron a column, or, in smaller sizes, 
being used as a hand drill. Compressing plants for 
these drills vary from small portable plants for pro- 
specting work up to large installations, driven electri- 
cally or by hydraulic power or steam. Perhaps the 
largest and best-known example of the latter is in 
South Africa. Here, in the gold-mining area on the 
Witwatersrand, many thousands of rock drills are 
used, principally of the jack-hammer type. Although 
precise figures are not available as to the number 
used, some idea may be obtained from recently- 
published figures of the output of the Victoria Falls 
and Transvaal Power Company. During the year 
1925, the maximum load developed by the turbines in 
their power-house reached 260,000 h.p., and of the 
energy sold, one-sixth was in the form of compressed 
air. The groups of mines on the Rand purchase 
their air from the Victoria Falls Company on the 
basis of a fixed price per thousand cubic feet, delivered 
in pipes at 100 to 120 lb. pressure per square inch. 
The compressing plant consists of turbo-compressors 
of large individual volume, and this installation 
probably represents the greatest concentration of 
turbo air-compressors in the world. A computation 
on the basis of six cubic feet of air compressed per 
horse-power would mean that 260,000 cubic feet of 
air per minute is capable of being compressed and 
delivered for these Rand gold mines. 

I have referred to the use of pneumatic tools in 
cutting the Mont Cenis tunnel, and in modern tunnelling 
the compressed-air equipment forms a most important 
part of the plant employed. In connection with the 
construction of the various London tube railways, 
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compressed air is used for injecting the grouting behind 
the cast-iron segmental lining. Where the strata 
through which the tube is driven is water-logged, it is 
used for holding the water back, the section under 
construction being closed off and protected by air locks. 
Compressed air is also used to-day for cutting in heavy 
clay by means of the pneumatic spade, which will deal 
more efficiently and quickly with the clay to be removed 
than the older method of the pickaxe and shovel. 
With the higher cost of labour in America, the use of 
compressed air for open trenching work has been 
. developed more quickly than in this country, and it is 
claimed that the average quantity of material moved is 
about five times as much with the pneumatic tool. 
In connection with the repair of city streets, compressed 
air easily ousts hand labour, and portable compressors, 
each operating a number of pneumatic concrete 
breakers, are a familiar sight in London streets to-day. 
The concrete breaker, though built on the same 
principle as the pneumatic hammer, is a very much 
heavier tool, relying as it must do on its weight and the 
pressure applied by the operator, to ensure that the 
full force of the blow on the tool is effectively used to 
break away the concrete. 

In railway work the compressed-air brake or the 
vacuum brake is now settled practice. On electrified 
railway systems both types of brakes are used, and 
under the pressure system the compressed air also 
operates the doors of the carriages and the cages of the 
passenger lifts. The use of compressed-air brakes is 
now spreading to tramcars and other electric vehicles 
and commercial vehicles generally. 

In the navies of the world, air under pressure has for 
long been a recognised method for extracting the 
maximum duty from the boilers, and it is the medium 
by which the torpedo is propelled. The locomotive- 
torpedo is said to have been invented in the ’sixties by 
M. Luppis, an officer of the Austrian Navy, and deve- 
loped experimentally by Mr. Robert Whitehead, the 
engineer of a factory at Fiume. After the Austrian 
Government had experimented for some years, the 
British authorities paid a sum of 10,000/. for a descrip- 
tion and an inspection of the machine, and in 1870, on 
the Medway, Mr. Whitehead exhibited a torpedo to 
British officers. It was 14 ft. long, propelled by a 
pneumatic engine worked by air at a pressure of 600 Ib. 
per square inch, and attained a speed estimated at 
8 knots. 

The pressure to which the air vessel in the torpedo 
is stored to-day is 2,500 lb. to 3,000 Ib. per square inch, 
and the engines are mostly of the four-cylinder 
‘* Brotherhood ” type. Americans use air turbines, and 
in some types horizontal engines are used. In the 
modern torpedo the issuing air from the storage chamber 
is used to support the combustion of oil, and the heat is 
used to evaporate water and superheat the steam 
formed. The heat and the products of combustion, 
plus the nitrogen, pass on to the engine. The com- 
bustion takes place in a small chamber between the 
reducing valve and the engine. Under these conditions 
the power developed reaches 250 h.p., and the com- 
bustion chamber and fittings to achieve this weigh 
about 51lb. A measure of the advantage gained by this 
method will be obtained from the fact that when cold 
air was used the consumption was roughly 75 lb. per 
a.h.p. per hour, while with the modern combustion 
system the consumption falls to 15 Ib. 

In submarines compressed air is stored in a number 
of reservoirs at about 160 atmospheres pressure, which 
can be recharged by motor-driven air compressors. The 
air is used for charging and ejecting torpedoes, but its 
principal use is’for expelling water from the ballast 
tanks when the vessel is submerged and it is desired to 
rise to the surface. To economise in the use of the 
high-pressure air, low-pressure blowers are also fitted, 
which, as soon as the conning-tower hatch is opened, 
are started and complete the expulsion of the water 
from the ballast tanks. 

Another important use for compressed air is that of 
raising water from deep wells by the air lift. Though 
invented in the eighteenth century and actually used in 
Germany at that time, it was not until late in the 
nineteenth century that it came into anything like 
general use. 

It is, of course, necessary in designing an air-lift to 
select a suitable depth for the pipes to give the most 
efficient result. There are no generally accepted rules 
for the design of air-lifts, as so many variable factors are 
involved that it is practically impossible to calculate 
exactly the yield of any air-lift before it is actually 
installed. Most text-books dealing with compressed 
air give some formule for determining the various 
factors, such as the sizes of pipe to be used and the 
submergence or depth to which the pipes must be 
immersed in the water for a given lift, but in practice 
the engineers who specialise in this work design their 
installations by the result of their experience with 
conditions as nearly as possible similar to those under 
consideration. The air-pressure at starting is simply 
that due to the head of water above the junction of the 





air and water pipes, but in ordinary wells the water- 
level drops as pumping proceeds, until the point is 
reached where the water flowing into the well just 
balances the quantity which is being pumped out. This 
has the effect of reducing the working pressure required 
for the air, until this point has been reached. This drop 
in level has to be taken into account in deciding the 
depth of submergence, which it is generally agreed 
should not be less than about 50 per cent. of the total 
length of pipe up to the point at which the water is 
discharged, this being reckoned with the water at its 
lowest level. This is the chief difficulty met with in 
designing air-lifts, as the exact amount by which the 
level will drop can only be determined by pumping out 
the quantity of water required and measuring the 
resulting difference in level. 

While it is not claimed that air-lift pumping is the 
most efficient method of raising water from a deep well, 
there are so many advantages in the system that when 
all costs, including upkeep, are taken into consideration, 
it generally proves to be a cheap method in the end for 
moderate lifts. In the case of a deep-well pump of 
good design, the actual power expended in raising water 
will probably be a little less than in the case of an air- 
lift, but overhaul and repair may be much more 
expensive, owing to the working parts being in the well 
and, therefore, inaccessible, while in the air-lift there 
are no parts in the well except the pipes themselves, and 
the air-compressor, which contains all the working parts 
in the system, is installed on the surface, where it can 
easily be attended to and kept working at its maximum 
efficiency. There is, therefore, no deterioration by 
corrosion of parts which have to work under water, and 
also no danger from frost, as any water in the educ- 
tion pipe falls back into the well when pumping is 
stopped. Sand or other foreign matter, including acids 
or chemicals, will not interfere with its working, as they 
do not come into contact with anything except the pipe. 

Compressed air is used occasionally to raise oil on 
the air-lift system, and although in many oilfields the 
depth of the oil from the surface necessitates somewhat 
high air-pressures, the system obviously has the 
advantage that where the oil is charged with particles 
of sand and other foreign matters, the excessive wear, 
which under such circumstances is unavoidable with 
pumps, is avoided with the air-lift. An interesting 
method of the use of air in the oilfields has been in use 
for some time in America, and is known as the “ Smith- 
Dunn” or the “ Marietta” process, the latter name 
being due to the fact that it was first used at Marietta, 
in Ohio. According to the report on the matter issued 
by the Department of the Interior of the United States 
Government, it is estimated that only from 10 per cent. 
to 20 per cent. of the oil present in oil-bearing sands is 
usually extracted. The theory set out in this report is 
that when the well is drilled the expansion of the gases 
in the oil-bearing area forces the oil upwards, and it is, 
of course, well known that a large quantity of gas is 
discharged from these wells also. Consequently, when 
the gas-pressure has fallen, the oil ceases to rise to the 
ground level and the well is abandoned, unless pumping 
is resorted to. The Smith-Dunn system consists in 
connecting the outlet of certain wells in an oil-bearing 
area to an air-compressor. Compressed air is forced 
down these wells and permeates the oil-bearing sands, 
charging them again with pressure, in this case air- 
pressure, and causing the adjacent wells to deliver oil 
again. 

Compressed air has also played an important part 
in the development of the modern internal-combustion 
engine. It is used with practically all forms of this 
engine as a ready and safe means of starting. In 
the Diesel engine, high-pressure air was first used 
as a means for injecting the fuel oil. Though in many 
heavy-oil engines the oil is injected by oil pumps 
at a very high pressure through nozzles with extremely 
fine perforations, the system of injection by compressed 
air is still used in the majority of Diesel engines. 
With Diesel marine engines it is usual also to install 
auxiliary compressors, independently driven by 
steam engines, oil engines or electric motors, to 
provide high-pressure air for starting and reversing 
the engines. When first installed these compressors 
were of such a capacity as to be able to take the place 
of the main compressors on the engines themselves 
at need. With the advent of the solid injection 
marine engine, these auxiliary compressors were still 
retained for starting and manceuvring the engines, 
for which purpose storage reservoirs of ample capacity 
are provided and charged to pressures varying from 
500 Ib. to 1,000 lb. per square inch. 

The practice of some builders to-day is to eliminate 
the independent auxiliary compressor when large 
auxiliary Diesel engines are installed for driving 
dynamos for supplying current to electric auxiliaries, 
such as deck winches, steering gear, pumps, &c. 
In its place the compressor on the auxiliary engine 
is made of much larger volume than is required solely 
for supplying injection air to the auxiliary engine, 
so that the surplus air can be used to replenish the 





starting reservoirs. In such cases it is desirable that 
the air compressors should be provided with a means 
of altering the clearance in the stages of these com- 
pressors, so as to retain the most suitable ratios of 
compression in each stage. In the latest form of 
such engines, constructed on the two-stroke cycle, 
either single or double acting, air under a low pressure 
is essential for scavenging purposes. In the smaller 
engines of this type it is supplied by scavenging pumps 
directly attached to the engine, but in larger installation 
the scavenging air is supplied by turbo-compressors or 
scavenging pumps driven either by electric motors 
or steam turbines. 

Compressed air is also used with this form of engine 
as a supercharger, by which means air above atmospheric 
pressure enters the cylinder on the suction stroke, 
and a greater amount of fuel can be burned efficiently. 
In the development of aeroplanes a supply of air is 
used under pressure for supercharging when high 
altitudes are to be reached. By use of a supercharge, 
the power developed by the aeroplane engine at high 
altitudes can be restored to that obtainable at sea-level. 
It is, of course, known that as high altitudes are 
reached the weight of air—and, therefore oxygen 
aspired during the suction stroke—is reduced, and 
consequently the weight of petrol which can be used 
also falls; hence the reduction in power. The use of 
the supercharger enables the equivalent of atmospheric 
pressure at sea-level to be used at the highest altitude, 
thereby greatly increasing the height or, as it is termed 
the ceiling which the aeroplane can reach. Great 
credit is due to Dr. Rateau in this connection for his 
ingenious design of a small and very high-speed turbine 
operated by the exhaust gases from the engine. It is 
directly coupled to the turbo which aspires the rarefied 
air, compresses it and delivers it to the engine at 
sea-level pressure. 

I may fittingly conclude by referring to some little- 
known uses which may be of interest to the engineer. 

A system is now in use by means of which a hydraulic 
forging press is supplied with the water under high 
pressure by means of an accumulator, which is loaded 
by high air-pressure instead of by weights. The 
hydraulic cylinder of the accumulator is turned on the 
outside, and works inside another cylinder containing 
a small quantity of oil, on the surface of which high- 
pressure air is admitted. This air is supplied from a 
relatively large air receiver in which the high pressure 
is maintained by a small air-compressor. The object 
of the large receiver is to maintain the air-pressure 
above the hydraulic ram at as nearly a constant pres- 
sure as possible, and in practice it is found that it is 
maintained within about 5 per cent. The leakage 
of air is very slight indeed, owing to the oil seal in the 
cylinder, and, further, the air-compressor is only used 
for altering the pressure when different hydraulic 
pressures are required. 

One advantage of the system is that the hydraulic 
pressure can thereby be quickly reduced or increased 
to suit the size of the pieces which are being forged, 
and this effects a considerable economy when forging 
light pieces, because the hydraulic pressure can be 
regulated exactly to suit the weight of the work. 
Another advantage is that it renders the hydraulic 
press itself much more rapid in action. This is due to 
the fact that if the accumulator is weighted with 
metallic ballast, the total weight on the hydraulic 
accumulator cannot be arrested quickly, whereas the 
forging press comes to a sudden stop at the end of its 
stroke and thereby a big overload is experienced in 
the pipe, on the valve, and the various joints in the 
hydraulic circuit. With the air-ballast accumulator 
the kinetic energy in the accumulator moving parts 
is enormously reduced, and the overload on the piping 
line is hardly noticeable. Further, the system much 
reduces the cost of the heavy foundation work which 
is otherwise required under the accumulator. 

In paper-making machinery the use of a vacuum 
has been recently described in a paper read before 
the Institution, but the use of air-pressure jets is not 
so commonly known. One of the most difficult problems 
in paper-mill operation is to reduce the amount of 
“broke” or spoilt paper incidental to the modern, 
fast-running machines. The use of compressed-air 
devices is stated to enable speeds of from 1,100 to 
1,200 ft. per minute to be maintained in modern 
American and Canadian mills. 

In this system the first use is when the moist paper 
is taken from the bottom couch to the first felt. A 
narrow strip of the moist paper is separated longi- 
tudinally from the remainder of the width of the paper 
by the use of the water knife, 7.e., a jet of water blowing 
on to the moist paper coming over the machine wire. 
This strip is lifted up by air-pressure from a nozzle 
below, and carried on to the first felt. Another air- 
jet blows it on to the second felt, and so on through 
the three or four presses. From thence, by air-jet, the 
strip is blown over to the first steam-heated drier and 
thence through each consecutive group. When this 
narrow strip has reached the last drier the water-jet 
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is fed across the moist paper as the latter is travelling 
forward, by which means the strip is widened until 
the full width of the moist paper is passing through the 
machine, being lifted at each stage by the air-jets. 
When a complete reel of paper has been produced, air 
is again used. The operator directs the jet of air down 
on the drum, which splits the sheet right across the 
drum. A new spindle having been previously lowered 
into position, the loose end of the paper which has 
just been split off winds round this. The completed 
reel is then lifted off and the new spindle moved into 
the position thus vacated, where it remains until in 
turn it is completed. 

To exert the intense pressure required to fold several 
thicknesses of dense cloth without applying moisture, 
modern practice includes the use of compressed air 
operating upon a piston, which, through leverage, 
enables the necessary pressure to be applied and yet a 
pressure which is easily controlled and is elastic. The 
use of compressed air for this purpose is found to 
speed up the folding operations considerably, and the 
consumption of air is very low. 

_ A modern development is the use of air for supplying 
ink to the printing cylinders of rotary web presses. 
The ink is contained in a large service tank, and the 





(For Description, see Page 552.) 
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surface of the ink has an air-pressure of 10 lb. to 15 Ib. 
imposed upon it. From this service tank the fountains 
on each press are supplied through a closed system of 
pipes. This arrangement ensures a clean supply of 
ink, a steady and controlled flow, reduction of waste, and 
greater cleanliness. Compressed air is also used in the 
drying presses in which the matrices are made from 
which the stereoplates are cast. The piston of this 
machine is operated by compressed air, which is found 
to be the most satisfactory means of moulding the 
matrices, because it gives a constant pressure and 
enables the piston to follow up simultaneously the 
shrinkage which takes place while the matrix is drying. 

In the modern operation of carillons of bells, the 
bell clappers dre operated by air. The system is roughly 
as follows: A small electric motor drives a compressor, 
and usually a low voltage dynamo. A keyboard, such 
as a church manual, is fitted with electrical contacts 
which the operator, called the carilloneur, plays to 
produce the required tune. As he presses the keys 
the electrical contacts on them complete the circuit 
between the dynamo and electric magnets, and these 
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magnets operate the valves, which admit air into the 
cylinders, one of which is provided for each bell. The 
compressed air drives the piston in the cylinder, and 
through the agency of cranks, raises the bell clapper 
and so strikes the bell. The arrangement is a perfect 
solution of the problem of remote control for ringing 
the carillon of bells, and enormously lightens the work 
of the operator, as the operation of the old-type clavier 
is a very strenuous matter, especially when the bells 
are of large size, weighing as much, in some instances, as 
ten tons. The largest carillon yet constructed, which 
consists of fifty-three bells with a total weight of over 
fifty tons, is operated in this way. 

Compressed air is also used in the whaling industry. 
After the whale has been killed, air is pumped into 
the abdominal cavity in order to give the body greater 
buoyancy. Without air, the Baleen species of whale 
sinks unless it is abnormally fat. After inflating the 
whale in this way, a flag is planted in the carcass, after 
which the body is cast adrift. The whale-catching 
vessel can then proceed in search of other whales, 
and at the end of the day’s hunt the whales, which are 
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easily distinguished by means of the flags, are towed 
to the floating factory or land station, where “ trying- 
out” operations are carried out. The perforation of 
the whale for inflation is accomplished by using a hollow 
lance, which is connected by rubber hose to the side of 
the vessel, at which place a pipe-connection is made to 
the compressor in the engine-room. 

Time does not permit of a description of other little- 
known uses of air, but I hope these examples have 
proved of interest. 





THE MACLEOD PETROL PUMP. 


In a leading article in our issue of July 2 last an 
outline was given of the position resulting from the 
recent Act of Parliament bringing roadside petrol 
pumps within the jurisdiction of the Board of Trade. 
It is perhaps too early to expect that the attitude of 
the Board should be clearly defined, but there is no 
doubt that the present uncertain position is unfair 
alike to the supplier, to the consumer, and to the 
pump manufacturer. So far as the consumer is con- 
cerned, the only material consideration is that the 
pump should not only deliver full measure when it is 
first installed, but that it should continue to do so 
for an indefinite period. It was suggested in the 
article to which we have referred that this result 
could be achieved by fitting the pump with a visible 
measure. We described the latest type of Shell-Mex 
pump, in which this method has been adopted, on 
page 753 of our issue of December 11 last. In Figs. 1 
to 13, on this and the preceding pages, we illustrate the 
Macleod pump in which the same result is achieved by 
a different method, the functioning of the apparatus 
depending upon full measure being given. The pump, 
which is made by the Auto-Welding Engineering 
Company, Limited, 294, Portpool-lane, E.C.1, has also a 
number of other features of interest. Among these may 
be mentioned that the fuel is delivered, under pressure, 
from a high point, and that the mechanism is auto- 
matically locked after the required number of gallons, 
indicated on a dial, have been delivered. : 

The detailed construction of the pump will be 
followed more readily if the function of the main 
parts is first considered. The fuel is raised in the 
usual way from the storage tank below the ground by 
a semi-rotary pump, shown in side elevation in Fig 3. 
From this pump it is delivered through a filter to an 
air-eliminating chamber, not shown in Figs. 2 and 3, 
but visible below the head casting in Fig. 1. From the 
air chamber the fuel passes by way of the pipe, indicated 
as the supply pipe, on the right-hand fide in Fig. 2. 
The connecting pipe from the air chamber is not shown 
in the drawings to avoid confusing other details, but it 
may be explained that it is in the form of a U, passing 
under the cylinder in the centre of the apparatus to 
clear other parts of the pump. After passing a union, 
two paths are provided for the fuel; one, which is 
intermittent, being a direct rise into a compression 
chamber, situated directly above the union, in Fig. 2, 
and the other a continuous delivery through a branch 
into a distributor box mounted above and behind the 
main cylinder, From the compression chamber a portion 
of the main supply of fuel passes at regulated intervals 
into a controller, shown at the top in Figs. 2 and 3, 
whereit is utilised to operate the valve mechanism in the 
distributor box, and finally passes back to the under- 
ground tank through a waste pipe shown on the left 
in Fig. 2. On entering the distributor box the main 
body of the fuel is directed to either the upper or 
underside of a piston contained in the cylinder. If it 
is directed to the upper side of the piston, the latter 
is forced down, and, as both ends of the cylinder are 
always full of petrol, that below the piston is forced 
out and delivered through a return valve in the box 
to the discharge pipe, and thus into the tank of the 
car. When the pistor reaches the bottom of its 
stroke, the flow of fuel is automatically directed to the 
underside of the piston, and the upper side is put into 
communication with the discharge pipe. The change- 
over at the top is also automatic, but in neither case 
can it occur until the piston is brought to rest by a 
stop. The upper and lower stops are set so that, in 
traversing the distance between them, the piston dis- 
places exactly 1 gallon of fuel. The number of re- 
versals of the piston is controlled by the setting of a 
finger on the dial shown below the cylinder in Fig. 2, 
and when the required number of gallons have been 
delivered, the semi-rotary pump is automatically 
locked by the mechanism connected to the spindle, 
and visible in Figs. 2 and 3. 

We have now to deal with the manner in which 
these various operations are performed, and may with 
advantage commence with the distributor box. This 
is shown in Figs. 4 to 7, from which it will be observed 
that it contains two upper and two lower chambers, 
the former being separated by a transverse wall and 
the latter by a longitudinal wall. In the box as 


viewed in Fig, 4, the upper right-hand chamber is 
connected with the supply pipe from the semi-rotary 
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pump, the upper left-hand chamber to the delivery 
pipe, the lower front chamber to the upper end of the 
cylinder, and the lower back chamber to the lower end 
of the cylinder. The external connections can be seen 
in Figs. 2 and 3. There are four valves of the mush- 
room,type in the partition between the upper and 
lower chambers, opening in the directions shown in 
Figs. 5 and 7. All four valves are closed by springs, 
and are opened when required by two rockers mounted 
on separate spindles. The latter are clearly shown in 
all the figures, and the link gear by which they are 
connected to the controller can be seen in Figs. 2 and 3. 
The position of the valves shown corresponds to a 
rising piston, the path of the fuel being from the semi- 
To ump into the right-hand upper chamber, 
through the right-hand rear valve into the back lower 
chamber, and thence to the underside of the piston. 
The fuel above the piston is delivered into the front 
lower chamber, through the front left-hand valve into 
the upper left-hand chamber, and thence to the 
delivery pipe. The front right-hand and rear left- 
hand valves remain closed during this stroke. On the 








return stroke of the piston these two valves are open, 
and the remaining two closed, and the alternative path 
of the fuel can be followed without difficulty. 

Dealing next with the control mechanism, it has 
already been mentioned that part of the fuel from the 
semi-rotary pump enters the controller through a com- 
pressionchamber. The passage is normally closed bya 
spring-loaded valve in the chamber, but when the piston 
in the main cylinder comes against the top or bottom 
stop, continued movement of the pump handle will 
cause a rise in pressure in the system, so that this 
valve is opened, and petrol flows to the controller. 
The latter contains a piston and slide-valve similar to 
those employed in a double-acting steam cylinder. 
The slide-valve is moved by collars, on an extension 
of the main piston rod, coming in contact with the 
upper or lower end ofa loose sleeve, on the rod, as 
shown in Fig. 3. The movement of the sleeve is effected 
before the main piston reaches the end of its stroke, 
so that the valve is in the correct position before the 
petrol flow begins. The manner in which the motion 
of the controller piston is transferred to the rocker 
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shaft in the distributor box, through the medium of a 
rack and pinion, will be clear from Fig. 3, 

Before leaving the petrol system, it may be men- 
tioned that the piston in the main cylinder is fitted 
with cup leathers for each direction of movement. 
The leathers are held in contact with the cylinder 
barrel by continuous coiled springs. The piston rod 
is carried through the bottom of the cylinder, where it 
is fitted with a gland, and an open pipe communicating 
with the waste surrounds the rod to catch any possible 
drip. The air vessel in the main supply line has a 
small valve at the top, which is normally open to allow 
any air to pass, but is closed by contact with the 
petrol. The air-escape pipe is in communication 
with the waste down-pipe. 

Turning now to the mechanism that regulates the 
quantity of fuel delivered by the pump, it will be 
noticed in Fig. 3 that there is a small rocking arm 
pivoted on a fixed bracket above the controller. One 
end of this arm is slotted, and embraces a pin on the 
valve sleeve already referred to ; the other is connected 
by two side rods to a rectangular bridge piece, which 
can be seen below the main cylinder in Fig. 2. The 
bridge piece will thus be moved up and down at the 
end of each stroke of the main piston. Referring 
next to Figs. 8 to 13, which show the regulating mech- 
anism, it will be seen from Fig. 8 that the setting 
handle, which terminates in a pointer, is mounted 
on the end of a spindle. On the left-hand end of the 
spindle inside the bearing is pinned a gear wheel 
engaging with an ordinary revolution counter, through 
a rachet motion. The counter records the total 
number of gallons passed through the pump at any 
time. Next to the gear wheel is a disc, also fixed to 
the spindle, which has a recess in its periphery at the 
top. The purpose of this recess will be explained 
later. Two pins project from the disc, and carry 
pawls engaging with a rachet wheel as shown in Fig. 9. 
The rachet wheel has 20 teeth, and is pinned to a 
second larger wheel, having 10 teeth, shown in Fig. 10. 
The two wheels are free on the spindle. After passing 
through the rear bearing, the spindle is pinned to the 
boss of a lever on which the end of a coiled spring is 
fastened. The other end of the spring is pinned to the 
fixed casing, and a zero setting for the pointer is given 
by an adjustable stop for the lever, as shown in Fig. 13. 

The indicating dial, which forms the outer end of 
the casing, is shown in Fig. 12, and the method of 
procedure is simply to turn the handle until the pointer 
is opposite the number of gallons that are required. 
The first movement lifts the roller out of the recess 
in the periphery of the disc, where it is held by the two 
arms, shown above it in Fig. 9, dropping under the 
collar on the rod carrying the roller. The upper of 
the two bridges, shown below the main cylinder in 
Fig. 2, is pinned to this rod, and as it is also connected 
by side rods and a second bridge piece to the catch 
on the pump handle, the movement of the rod, releases 
the catch. The rotation of the disc will be anti- 
clockwise, as viewed in Fig. 9, and the pawls will slip 
over a number of teeth on the ratchet wheel corre- 
sponding to the required number of gallons. The 
wheel will be held stationary, as it is pinned to the 
second rachet wheel shown in Fig. 10, and the latter is 
prevented from rotating by the two detents on the 
frame shown. This frame is attached to the rectangu- 
lar bridge piece already referred to, and it will be 
clear that as the latter is reciprocated by the move- 
ment of the sleeve on the main piston rod extension, 
the disc and rachet wheels will move back together. 
The wheel shown in Fig. 10 will rotate half a tooth 
spacing each time it is released, corresponding to the 
delivery of one gallon of fuel from the main cylinder. 
As the disc approaches the zero position, the recess 
will again come under the roller, but the latter will 
not fall until the recess is directly under the wheel, 
as the catches, which are opened by the movement of 
the piston in the controller, as shown in Figs. 2 and 
3, will not be released until this motion takes place ; 
that is, until the last gallon has been fully delivered. 








A PHYSICAL INVESTIGATION INTO 
THE CAUSE OF TEMPER-BRITTLE- 
NESS.* ' 

By Professor J. H. ANDREW, D.Sc., and H. A. Dickie, 

B.Se., A.R.T.C. 

THE cause of temper-brittleness is as obscure to-day 
as it was when the phenomenon itself was first observed. 
The effect of variation of heat treatment on the notched- 
bar impact value of steels susceptible to temper- 
brittleness is now well known, mainly as the result of 
the exhaustive researches of Greaves and Jones.tt{ 
The effect of variation in composition is also fairly 





* Paper pre ented to the Iron and Steel Institute, 
Stockholm meeting ; August 27 and 28, 1926. Abridged. 

+ Greaves, ENGINEERING, 1919, vol. cviii, p. 461. 

¢ Greaves and Jones: Journal of the Iron and Steel 
Institute, 1920, No. II, page 171. 











well known as the result of work by the same investi- 
gators,* by Andrew and Green,f and by Griffiths.t 
But no satisfactory explanation of the variations in 
impact value has yet been advanced. It is evident 
that the subject can never be placed on a satisfactory 
basis until the physical change which produces the 
alteration in impact value is elucidated, and, in spite 
of the negative results published by other workers, the 
authors felt that an accurate physical investigation 
would reveal a physical change. They were encouraged 
in this belief by the absence, among published researches, 
of any systematic investigation of temper-brittleness on 
physical lines. 

Experimental Method.—The main experimental pro- 
cedure used in the first part of this investigation was 
the method of heat treatment of suitable specimens 
in vacuo followed by determinations of specific volume 
and Brinell hardness. Specimens about 25 grammes in 
weight were heat-treated in a wire-wound electric 
furnace having a transparent fused silica tube. The 
vacuum was obtained by a Toepler mercury pump of 
large capacity. It has been found possible to heat- 





and Green* in their work on the effect of phosphorus 
on the notched-bar impact value, NPI has a very 
low susceptibility to temper-brittleness, whereas NP5 
has a high susceptibility. AW22 and AW23 were avai- 
lable in very small quantity only, and impact tests could 
not be carried out on these steels. They were both 
assumed to be susceptible in greater or less degree 
to temper-brittleness. Analyses are given in Table I. 
Two sets of specific volume specimens of the above 
five steels were treated as follows :— 

First Set.—Oil-quenched from 850 deg. C. and tem - 
pered for three hours at various temperatures from 
450 deg. C. upwards, and quenched in water. 

Second Set.—The same treatment, except that tem- 
pering was followed by slow cooling at a rate of 2 deg. 
C. per minute instead of water-quenching. This rate of 
cooling was adopted in order to have this preliminary 
series of experiments completed within a reasonable 
time. It was thought to be sufficiently slow to 
produce some change in the steels, although a much 
slower degree of cooling,js necessary to. produce the 
maximum degree of brittleness. 


TABLE I.—ANALysIS OF STEELS, 













































































Cc. Mn. Si. P. 8. Ni. Cr. 
Steel. Per Cent. | Per “ent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. Description. 
A22 0-48 0-18 0-11 _ -- a — Plain carbon 
NPI 0-31 0-75 0-112 0-013 0-029 3-64 —_ Nickel, low phosphorus 
NP5 0-33 0-70 Soa pA and a oa Nickel, high phosphorus 
AW22 0-33 0-52 . : 3-4 -76 
AW23 0-37 0-54 0-149 0-013 0-012 4°55 11d | \ Nickel-chromium 
TABLE II. 
Steel Original Treatment. Repeat at End of Experiments. 
pa Tempered Three Hours at 450 deg. C. Tempered Three Hours at 450 deg. C. 
Specific Volume. | Brinell Hardness. Specific Volume. | Brinell Hardness. 
A22 -| Quenched 0-127401 258 Quenched 0-127381 258 
Slowly cooled 0-127374 256 ” 0-127418 256 
NPI -| Quenched 0-127407 298 0-127397 289 
Slowly cooled 0-127387 299 0-127416 287 
NP5 -| Quenched 0-127430 302 = 0-127448 300 
Slowly cooled 0-127407 300 9 0-127432 298 
AW22 -| Quenched 0-127548 365 0-127551 356 
Slowly cooled 0-127543 364 0-127552 361 
AW23 .| Quenched 0-127666 369 0-127679 365 
Slowly cooled 0-127677 367 6-127678 367 
Steel Original Treatment. Repeat Treatment. 
wi Tempered Three Hours at 670 deg. C. Tempered Six Hours at 670 deg. C. 
Specific Volume. | Brinell Hardness. Specific Volume. | Brinell Hardness. 
AW23 -| Quenched 0-127602 248 Quenched 0-127580 240 
Slowly cooled 0-127388 209 ” 0-127615 240 
TABLE III.—Anatysis or STEELS. 
Cc. Mn. Si. P. 8. Ni. Cr. 
Steel. Per Cent. Per Cent. Per Cent Per Cent. Per Cent. Per Cent. Per Cent. 
AH .. 0-31 0-47 0-310 0-015 0-021 4-46 1-41 
NC .. 0-31 0-57 0-145 0-026 0-029 3-20 0-83 
NR3 0-36 0-34 0-275 0-016 0-021 1-90 1-15 
AW22 0-33 0-52 0-177 0-016 0-014 3-48 0-76 As in First 
AW23 0-37 0-54 0-149 0-013 0-012 4-55 1-14 Series. 























treat specimens at high temperatures for lengthy periods 
without any alteration in composition of the specimens. 
The specimens were thoroughly ground all over and 
finished on 1G French paper for the determination of 
the specific volume. The Brinell marks were com- 
pletely removed between each treatment, but it may 
be said that Brinell marks produced no appreciable 
difference in the specific volume in a number of deter- 
minations which were made on specimens before and 
after Brinelling. The specific volume was determined 
by comparison with a standard specimen of known 
specific volume by weighing in paraffin. The method 
has been fully described by Andrew, Fisher, and 
Robertson.§ The experimental error is certainly not 
more than + 0-00001, and in many cases the present 
authors have obtained repeat determinations identical 
or almost identical, in the sixth place of the specific 
volume. 
First Serres oF EXPERIMENTS. 


NPI and NP5 are two of the steels used by Andrew 





* Greaves and Jones: ENGINEERING, 1925, vol. cxix, 
page 623. 

+ Andrew and Green: Transactions of the North 
East Coast Institution of Engineers and Shipbuilders, 
1920, vol. xxxvi, page 355. 

t Griffiths: ENeiverertne, 1925, vol. cxix, page 619. 

§ Andrew, Fisher and Robertson: Journal of the 
Royal Technical College, Glasgow, December, 1925, 


page 70. 





Quenching in oil from 850 deg. C. preceded each 
tempering treatment. 

The specific volume and Brinell hardness results 
after each treatment were plotted. Steel AW23 
(Fig. 5), which contains the most nickel and chromium, 
shows a very marked and consistent change from 550 
deg. C. upwards, in both hardness and specific volume, 
but in the other steels no notable difference is apparent 
between the quenched and the slowly cooled specimens, 
except possibly in the other nickel-chromium steel, AW 
22 (Fig. 4), which shows indications of a slight change 
in specific volume only, similar to the much larger 
change observed in steel AW23. No change is evident 
between the quenched and slowly cooled specimens 
of steel NP5, which has been shown to be highly 
susceptible to temper-brittleness. It is evident from 
the curves obtained for the carbon and nickel steels, that 
quenching from the tempering temperature up to about 
680 deg. C. has no appreciable effect on the hardness 
or on the specific volume. The possibility that a strain 
effect induced by quenching is alone responsible for 
the very marked changes in hardness and in specific 
volume in steel AW23, is completely discountenanced 
by the entire absence of any such change in the carbon 
steel or in the nickel steels, as well as by the very 
magnitude of the change in steel AW23 itself, 





* Andrew and Green: Transactions of the North 
East Coast Institution of Engineers and Shipbuilders, 
1920, vol. xxxvi, page 355. 
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In order to find whether the extra heating received 
by the slowly-cooled specimens had produced any rela- 
tive difference between them and the quenched speci- 
mens, the ten specimens were resubjected, at the end 
of the series of experiments, to the original tempering 
treatment of three hours at 450 deg. C. All the speci- 
mens were quenched from this tempering temperature. 
The figures for all the treatments at 450 deg. C. are given 
in Table II. The two specimens of steel AW23 were 
also resubjected to a 6-hours treatment at 670 deg. C., 
both specimens being quenched from the tempering 
temperature. These results are also shown in Table II. 

These results clearly prove that no appreciable altera- 
tion in composition had taken place in any of the 
specimens, and incidentally show the excellence of the 
method of heat treatment in-an efficient vacuum. The 
extra 3 hours’ tempering at 670 deg. C. given to the 
specimens of steel AW23 shows that the effect of extra- 
tempering on slow cooling must be very small. Three 
hours’ extra-tempering at the high temperature has 
given only a drop of 8 Brinell and 0-000022 in the 
specific volume. It is also shown in the second series 
of experiments, described below, that extra-tempering 
could not be made to explain the marked difference 
obtained on slow cooling steel AW23. The conclusion 
that this difference in specific volume and in hardness 
is due to a radical physical change in the steel was thus 
well substantiated. This contraction and softening 
of the steel on slow cooling is what one would expect 
from the separation of a solute which has been in solid 


solution at the tempering temperature, and which is’ 


retained in the latter condition on quenching the steel 
in water. This will be more fully discussed after further 
—- have been described. 

e fall in specific volume in the nickel steels as the 
tempering temperature is raised, is very considerable, 
and increases rapidly at the higher temperatures. 
Benedicks* has given figures to show that troostite 
and pearlite have the same specific volume, but it does 
not follow that the state of division of the carbide in 
a steel has no effect on this property. Indeed, the 
authors have obtained a t deal of evidence which 
shows that the state of distribution and the state of 
division of the carbide has a very considerable influence, 


Fig.6. FIVE NICKEL-CHROMIUM STEELS. 


B.H. Number. 


Specific Volune. 


onrec) Tempering Time, at 650 Degrees Centigrade. 


Globularisation in the nickel steels is exceedingly 
rapid as compared with carbon steels, and the effect 
of aggregation of the carbide particles into globules 
leads evidently to the closest packing arrangement 
of the mixture of carbide and iron. Any solubilit 
of the carbide in «-iron would certainly increase with 
temperature, and would oppose the observed fall 
in specific volume, so that the latter seems to be due 
entirely to alteration of the state of aggregation of the 
carbide. The rapid change in rate of globularisation 
with slight variation in tempering temperature above 
600 deg. C., is probably responsible for the variable 
impact obtained in nickel steels which has 
been noted by Griffiths.t 

This series of experiments was continued to higher 
temperatures. The results in the Acl critical range 
will not be specially commented on in this paper, 
but are included in the graphs as being part of a con- 
tinuous series of experiments. It may be pointed out, 
however, that the results for steel AW23 in the critical 
range show that, even when considerable solution in 
y-iron is induced at the tempering temperature, slow 








cooling through the “ brittleness range”? still gives a 
* Benedicks: Journal of the Iron and Steel Institute, | 
1908, No, II, p. 222. | 
t Griffiths : loc. cit. 





great fall in specific volume and in hardness, similar 
to that obtained at lower temperatures. 

Second Series of HExperiments—It was thought 
advisable to find out the effect of extra-tempering 
on the specific volume and hardness of nickel-chromium 
steels. The steels given in Table III were taken. 

Specimens of these steels were tempered (after oil- 
quenching from 850 deg. C.) at 650 deg. C. for two 
hours and quenched in water. They were then re- 
tempered at 650 deg. C. for additional periods of six 
hours each, and quenched in water after each treatment. 
The specific volume and the hardness were determined 


Fig.4. NICKEL-CHROMIUM STEEL, AW22. 
—— Specimen quenched in water. 
pose 


———— Specimen slowly cooled at 2 Deg! 
Centigrade per Minute. 
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Fig8.NICKEL-CHROMIUM STEEL, NC. 
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after each treatment, and 
the results are plotted in 
Fig. 6. The fall in specific 
volume and in hardness 
is small in all the steels 
for short periods of extra-tempering. Six hours of extra- 
tempering at 650 deg. C. produce only a difference of 
approximately 20 Brinell and 0-00004 in the specific 
volume. It is certain that the effect of extra-tempering 
is much greater at 650 deg. C. (see Figs. 4 and 5) than 
at lower temperatures during slow cooling, and thus it 
is apparent that any marked contraction or softening 
which is observed in slowly cooled nickel-chromium 
steels cannot be attributed to extra-tempering. The 
curve for steel AW23 shows conclusively that the 
change observed on slow cooling in the first series of 
experiments is not due to the effect of extra-tempering, 
but must be due to a physical change which takes 
place during cooling. 3 
This series of experiments was carried much further 
than originally intended, owing to an apparent very 
slight rise in specific volume after the specimens had 
been tempered for a considerable period. After this 
tise was first noticed each succeeding tempering treat- 
ment merely seemed to accentuate it, except in steel 
NC, which showed a rise in one treatment only. The 





quenched in Water. 
~--— Bars slowly cooled at 0-3 Deg‘ 
per Minute. 


m9 eBags Cntgrade, 


hardness dropped slightly but continuously in all the 
steels until the last treatment, when it rose slightly in 
each case. e hardness results show that the rise in 
specific volume is not due to graphitisation of the 
carbide, but the evidence is too meagre to justify a 
definite explanation at present. 

Third Series of Experiments.—A number of experi- 
ments were carried out on steels AH, NC, and NR3 
to find their susceptibility to impact brittleness (as 
measured by the standard Izod test), and also to show 
the effect of tempering temperatures above the normal 
temperatures generally used in these tests. 





Fig.5. NICKEL-CHROMIUM STEEL,AW23. 






































Specimen q 
teed Specimen pont, anonug at 2Deg! 
Centigrade per 
; 
7,4) ~~ 
mz i, ae Nl 
s ~~~. 
ee el anes PRIS ips bomnnge-ord 
1277 
bP 
Pas Lage 
i 1216 hi. a ‘7 
40) ia VY 
™ ——, 
= P ao, ie f 
: 1275) = + 
f 
\ 

& \ J 
1274 we 
7273 E a! J 

450 500 550 600 650 700 150 














Tempering Temperature, in Degrees Centigrade. 


“ENGINEERING 


(97288) 


Fig3.NICKEL ~ CHROMIUM STEEL,NR3. 
—_— 's quenched in Water. 
——— Bars slowly cooled at 0-3Deg* 
Centigrade per Minute. 
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Bars of the steels were first oil-quenched from 850 
deg. C. and then tempered for two hours at 650 deg. C., 
670 deg. C., 680 deg. C., and 690 deg. C. The treat- 
ments were carried out in a large electric tube furnace, 
having an effective heating length of about 2 ft., and 
wound go as to give as even a temperature as possible 
from end to end. The 5-in. bars, which were placed 
in the centre of the furnace, were thus very evenly 
heated throughout their length, and tests showed 
that the variation in temperature did not exceed a few 
degrees. Bars of each steel were quenched in water 
from each tempering temperature, and other bars were 
cooled at a very slow rate (0-3 deg. C. per minute) 
in order to produce the maximum brittleness. Izod 
test-pieces were then machined from the bars, impact 
tests carried out, and the Brinell hardness taken at 
each fracture end on the impact pieces. 

Each of the steels is very susceptible to brittleness. 
The most interesting feature of the results is the rise 
in the impact value of the bars water-quenched above 
650 deg. C. in steels NC and NR3 (Figs. 8 and 9). 
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TESTS OF A _ 15,000-H.P. DIESEL ENGINE. 


Fig.1. 
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is raised (see Figs. 4 and 5). These experiments show 
that the higher the tempering temperature (provided 
the Acl critical range is not reached), the higher the 
impact value of the tough steel. Whenever the start 
of the allotropic change is reached, however, the 
impact figure falls again, and this fall is accompanied 
by a rise in hardness, showing that some solution of 
carbide in y-iron has taken place at the tempering 
temperature, with subsequent formation of some 
martensite on quenching. 


(To be continued.) 





THE BurRDEN OF RATES ON INDUSTRY.—We have 
received from the Federation of British Industries, 39, 
St. James-street, London, 8.W.1, a copy of a letter, 
which has been sent by the Federation to the Minister of 
Health, drawing his attention to the serious effect on 
trade caused by the high level of local taxation, and call- 
ing for a full enquiry into the subject, with a view to 
relieving industry, particularly in the necessitous areas. 
Whatever be the cause of distress in certain districts, the 
letter states, high rates must be the result, and these 
will fall at a time when industry is least able to bear 
them. Moreover, as assessments are generally based 
upon annual value, the amount which a firm has to find 
bears no relation to its capacity to pay. Industrialists 
further feel that they are labouring under a great dis- 
advantage as, although they have often to find the bulk 
of the local taxation in a district, since limited-liability 
companies have no votes, they have no say in the spend- 
ing of the money. On the other hand, those who are 
relieved are the very persons by whose votes the spend- 
ing authorities are elected. 





InstIruTION oF PETROLEUM TECHNOLOGISTS RE- 
SEARCH FunD.—The secretary of the Institution of Petro- 
leum Technologists informs us that, in each calendar 
year, the Council of that institution allocate 400/. to the 
advancement of research in petroleum technology and 
its basic services. The Council is now prepared to 
receive applications for assistance from this fund. 
Applications from persons proposing to engage in re- 
search in any university or other teaching institution, 
must be supported by the professor under whom the 
applicant is working. Applications from associate 
members, students, or associates of the Institution of 
Petroleum Technologists and non-members, not propos- 
ing to engage in research in any university or other 
teaching institution, must be supported by a member 
of the institution or other responsible person. Applica- 
tions from full members of the institution do not require 
& supporter. Applications for grants from this fund 
will be considered in June and December of each year, 
and must be received by the secretary not later than 
June 1, or December 1, respectively. Application 
forms and the conditions under which the awards are 
made may be obtained from the Secretary of the Institu- 
tion, Aldine House, Bedford-street, Strand, London. 





TRICITY WORKS. 


In our issue of July 23 we illustrated the 15,000-h.p. 
Diesel engine generating set which Messrs. Blohm and 
Voss, of Hamburg, had constructed for the Neuhof 
power station of the Hamburg Electricity Works. We 
are now able to give the results of the acceptance trials 
of this remarkable unit, the largest of its kind, which 
took place on the first three days of September; we 
are indebted to Mr. W. Laudahn, of Berlin, for our 
particulars. The trials were arranged with special 
regard to the determination of the following points :— 
(1) Readiness and time required for starting; (2) vari- 
ation of speed when the load was suddenly switched off ; 
(3) fuel consumption at different loads; (4) approxi- 
mate determination of lubricating oil consumption ; 
(5) behaviour of the engine under excessive loads. 

The appliances and methods used for the measure- 
ments do not call for detailed notice; but attention 
may be drawn to heading (3). In order to minimise 
sources of error, the same indicator was used on the 18 
ends of the nine cylinders for the power measurement ; 
the indicator scale read 1 mm. for a pressure of 1 kg. 
(exactly 0-991 kg.) per sq.cm. The electric output was 
measured in two ways; firstly, with the electricity meter 
of the plant showing kilowatt hours ; and secondly and 
independently with the aid of precision instruments 
which the Siemens-Schuckertwerke, who supplied the 
whole electric equipment, had installed for this particular 
purpose. The set was feeding into the mains during 
the trials. 

In the first full-load test (Trial No. 1) readings 
were taken every five minutes; as the output of 
current fluctuated somewhat, readings were on the 
third day, in trial No. 5, taken every 2 min. on 
the precision instruments; the calculations were based 
upon the arithmetical means of these data. The 
generator efficiency calculations were made by the 
representative of Messrs. Siemens-Schuckert from the 
values of the load, temperature and cos @. The 
mechanical efficiency of the Diesel motor was deduced 
from these electric measurements and checked by the 
indicator data. The two methods agreed within the 
limits of admissible observational errors. 

The fuel consumption was also ascertained in two 
independent ways—by the aid of a Siemens disc meter 
and of a standardised fuel tank, in which a fall of 
level of 1 cm. represented a consumption of 53-0 litres, 
or 46-4 kg. of oil. The two methods were found to 
be in excellent agreement, and in the two full-load trials, 
the two instruments showed fuel consumptions of 2,440 
and 2,430, and 2,465 and 2,465 kg. per hour, respec- 
tively; in the quarter-load trials the corresponding 
figures were 785 and 782 kg. per hour. The gas oil had 
the following properties :—Specific gravity at 15 deg. C. 





calorific value (average) 10,010 calories per kg. (18,018 
B. Th.U. per lb. ) coking residue about 0-1 per cent. ; 
no asphalt was precipitated by benzene. In the dis- 
tillation test, 23 per cent. passed over at tempera- 
tures below 250 deg. C., 77 per cent. below 300 deg., 
90 per cent. below 320 deg. and 95 per cent. below 
350 deg. C. 

Passing to the trial results under the various headings 
as given above :—({1) The time required for starting the 
engine was determined on each of the three days. On 
the first day the attendants were not asked to hurry 
in any way. The scavenging pumps and circulation 
pumps and the valves, &c., were therefore started at 
leisure, and 8 minutes elapsed before the engine took 
up its load. On the second day orders were given 
for quick starting. Within two minutes the engine was 
running without load; to put the generator on the main 
required a little more than another minute, when the 
load was at once taken up. On the third day the 
whole starting operations, including as before the motors 
and pumps for cooling water, oil and scavenging, re- 
quired 5 minutes and 15 seconds. 

(2) The adaptability of the governor to abrupt 
load changes was tested on the second day. The 
engine was running at 94 r.p.m. under full load when 
the whole load was suddenly switched off. The 
tachogram taken on the generator shaft is reproduced 
in Fig. 1, above. The speed rose rapidly by about 14-5 
per cent., and then decreased slowly without marked 
fluctuations ; after about 15 seconds the speed was 
again within a few per cent. of the normal. It then 
rose once more slightly, to decrease again. Within 
32 seconds the normal speed was restored. Other 
tests, during which the load was reduced from half 
normal to zero, had previously been made with satis- 
factory results. 

(3) The programme for the fuel-consumption tests 
prescribed runs of three hours each, at full, three- 
quarters, half, and one-quarter loads, Measurements 
were taken only during the last two hours, after 
steady conditions had been attained. The results are 
summarised in Table I, in which the fuel consumption 
is given in kilogrammes per hour, grammes per kilo- 
watt-hour, and grammes per indicated or electrical 
horse-power (see Fig. 2). It should be noted that the 
fuel weights given do not include the oil required for 
the scavenging air blowers. These blowers had, at 
all loads, to deal with the same amount of scavenging 
air, which analyses of the exhaust, taken at full load 
and at 2,800 r.p.m. of the pump motor, showed to be 
1,825 cub. m. per minute. The air pressure at the 
blower averaged 1,272 mm. of water; at the engine 
it was 1,215 mm., equivalent to 1,215 atmospheres 
absolute (see Table Il). The mean energy absorbed 
by the scavenger motor, at 61-3 amperes and cos 6 
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= 0-85, worked out at 61-3 x 3 x 0-85 x 6,300|and all its accessory machinery and devices was 


= 567 kw. or 770 h.p. These figures include a loss | quiet and steady. 
of 31 kw. or 42 h.p., arising from the speed being | any smoke. 


It worked normally without giving 
A little light-grey smoke only made its 


reduced to 2,800 r.p.m., whilst in the overload tests | appearance when excess loads were being tried. The 
of the Diesel engine the ful! speed of about 3,000 r.p.m. | internal inspection of the cylinders at the end of the 










































































TABLE I. 
Dynamo. Fuel consumption. 
Ingine| Mean Com- | Exhaust} Blower 

Load. og a pressure | 1.H.P.| Kw pressor | Temp. Pressure 

| kg. /em?. Eff. | cos. 6 jp LHP. | °C. |Kg./em.2 Kg. hr. | g/kw. | g/i-h.p.| g/e.h.p- 

| | | 
Full..; 1 94 5°61 |17,370|10,405| 97 | 1-0 {14,580} 1,190 288 69 2,465 | 236-8 | 141-8 | 169-0 | 
Full...) 5 94 5-63 [17,450 |10,446 97 1-0 {14,640} 1,206 285 71 2,465 | 236 0 | 141-1 | 168-3 | 
7 .-| 3 94 4-56 |14,120] 7,941] 95-7 | 0-81 /11,289) 1,190 220 65 1,860 | 234-2 | 131-7 | 164-8 | 
4 2 94 3°38 |10,460| 5,417; 95-1 | 0-8 7,740; 1,101 161 60 1,299 | 240-0 | 124-1 | 167-9 
1 4 94 2-06 6,400 | 2,561] 92-3 | 0-79 | 3,750) 1,035 105 55 785 | 306-3 | 122-5 | 207-5 

TABLE II, 
Scavenging Air. 
Trial Barometer Blower Motor. Vacuum Pressure Pressure 
Load. No. mm. Hg. Temperature| in Front Behind at 
of Blower of Blower. Blower. Engine. 
; og 
R.PM Amperes. Kw air, ° C. 
mm. of Water. 

Full 1 762 2,805 61-0 565 40 45 1,280 1,230 
Full 5 761 2,815 61-75 572 42 47 1,290 1,230 
2 ee 3 763 2,838 61°5 570 40 46 1,275 1,220 
+ 2 762 2,7€8 60-0 556 40 45 1,245 1,185 
} 4 763 2,850 61-5 570 41 45 1,271 1,210 
































ABLE. IL}.—Thermal Balance, Trial No, 5 at 94 r.p.m. 

















and Full Lo2d. 
Heat units per 
e.h.p. per hour. In per cent. 
Calcu- , 
lated | with | With | with 
without | blower. blower. blower. 
blower. 
Heat units (in kg. calories) 
in fuel supplied .. --| 1,683 1,772 100-0; 100-0 
Heat units carried off by 
cooling water 6 See 439 461 26-1 26-0 
Heat units lost in exhaust 
and by radiation .. 5 490 618 29-1 29-2 
Friction be pe 70 74 42 42 
Effective output 632 632 37-5 35-7 
Blower ag - ae o= 32 _ 1:8 
Compressor work, indicated 52 55 8-1 3-1 











was maintained. The volume of air being 1,825 cub, 
m. per min., equal to 1-31 of the stroke volume of the 
engine, the energy absorbed by the blower motor 
amounted to 728 h.p. or 4-85 per cent. of the effective 
engine power. The fuel consumption of the Diesel 
engine, including fuel wanted for scavenging, therefore 
amounted to 178 grammes (0-392 Ib.) per e.h.p. at 
full load (15,000 e.h.p.) and only to 176 grammes per 
e.h.p. per hour at three-quarter load, when the volume 
of scavenge air was not reduced. Even at half load 
the total fuel consumption did not exceed 187 
grammes pere.h.p. per hour. These low figures should 
favour the use of Diesel engines in electricity works, 
where the load will generally vary between half 
and full, and will frequently keep to the average of 
three-quarter load. The fuel consumption would 
have been smaller if the scavenging air had been 
adjusted to the actual amount wanted under the 
different conditions. The thermal balance at full 
load is given in Table II1. The mechanical efficiency 
balance was also based upon the full load test No. 5, 
and upon the following data : Mean indicated pressure, 
5-63 kg./sq. cm. (80 lb. per square inch); speed, 
94 r.p.m.; indicated horse-power, 17,450; effective 
electric horse-power, 14,640; no load horse-power, 
2,810; scavenging, 728 h.p.; mechanical efficiency, 
without blower, 0:84; with blower, 0-80. Some of 
the indicator diagrams are reproduced in Figs. 3 to 6. 

(4) The total consumption of lubricating oil for 
the cylinders and compressors amounted during the 
trials to 8-2 kg. (18 lb.) per hour, There was hardly 
sufficient time for a separate determination of the 
lubricants consumed by the gearing; from previous 
measurements, in which the oil nn not spared, this 
amount was estimated at 2-5 kg. (5-5 lb.) per hour, 
so that the total consumption of lubricants only 
came up to 10-7 kg. (23-6 lb.) per hour, or to 0:7 
gramme (0-015 Ib.) per electric horse-power per 
hour. 

(5) With regard to overloading, the set was run 
for short periods at excess loads of 5 per cent. and 
further of 10 per cent. No trouble of any kind was 
experienced. 

Throughout the trials the performance of the engine 


| trials having proved satisfactory, the Diesel engine set 
was accepted by the Hamburg Electricity Works, and 
at once put into service. 


Cast IRoN WELDING REPAIR,—A recent repair opera- 
tion, carried out on a vessel in one of the London docks, 
emphasises the scope and value of welding, where time 
and cost are important factors. The ship concerned 
was completely held up by a defective steam chest of 
the high-pressure cylinder, a serious crack, 30 in, long, 
having developed round the slide valve stuffing box. 
This was successfully welded, and, to prevent further 
cracks, four strengthening ribs were built up. The 
work was carried out by the London office of Messrs. 
Barimar, Limited, of 14-18, Lamb’s Conduit-street, 
Theobald’s-road, London, W.C.1, within two days, and 
at a cost very much smaller than that of a new part. 
The repair was passed by Lloyd’s, and the vessel sailed on 
time. 





THe Institution or Furt TEcHNoLogy.—The 
autumn meeting of the Institution of Fuel Technology 
will be held on December 7 and 8, next. On the first 
day, Sir Alfred Mond will deliver his presidential address 
and an inaugural dinner will be held in the evening. The 
papers to be presented at the meeting are the following :— 
“Laws of Gas Flow in Furnaces,” by Professor W. 
Groume Grjimailo, of the University of Moscow; ‘‘ The 
Occurrence, Working and Treatment of Brown Coal, 
with Special Reference to German Practice,” by Sir 
Richard Redmayne, K.C.B.; ‘“‘ Low-Temperature Dis- 
tillation of Coal,’’ by Mr. 8. McEwen; ‘ Steam-Power 
Production,” by Sir John Biles, K.C.I.E. ; ‘‘ The Hydro- 
genation of Liquid Fuel,” by Professor J. Tausz, of the 
University of Karlsruhe ; ‘‘ The Combustion of Carbon,”’’ 
by Professor R. T. Haslam, of the University of Massa- 
chusetts, U.S.A.; “‘ Practice in Gas Manufacture,” by 
Mr. T. Hardie: “ Smoke and Public Health,” by Dr. J. 8. 
Owens, Ordinary membership of the Institution is 
now open to all connected with, or interested in, fuel 
technology. Incorporated firms or associations may also 
join as collective members. Full particulars may be 
obtained from the Secretary, The Institution of Fuel 
Technology, 314, Caxton House (East), Tothill Street, 
London, 8.W.1. 





Gas ACUIDENT IN A Swiss RAILway TUNNEL.—A very 
regrettable accident occurred on October 4, to the 
men in charge of a goods train which was steaming up 
hill through the Kaltbrunn-Watteril tunnel in Switzer- 
land. About noon the train stalled for some reason 
in the tunnel, which has a length of 8-6 km. (about 
5 miles), and is of single track. An _ electric truck 
sent down to bring help had to return after half-an- 
hour, four of the six men on it being unconscious. A 
special train then despatched from the other end was 
also forced back by the fumes, and it was only by 8 p.m. 
that an electric van equipped with oxygen apparatus 
and gas masks, reached the spot. The six men of 
the goods train were all found dead and three more 
men succumbed, There is. or was, gas exhalation, essen- 
tially of methane from lignite enclosures, in this tunnel, 
sufficient to stop operations once during the tunnel con- 
struction, but this exhalation had been practically 
stopped, and the accident has been found to be due 
to the gases from the locomotive. The oxygen does not 
appear to have all been consumed, for the petroleum 
lamps on the engine were still burning at 8 p.m., while 
the coals had completely burnt down to ashes. The 
deaths appear to have been due to carbon monoxide, 
a report issued in the past few days having shown that 








the engine stalled on account of bad coal. 


CATALOGUES. 


Marine Oil Engines.—A sheet of illustrations of over a 
dozen small craft fitted with their oil engines, has}been 
issued by Messrs. Petters, Limited, Yeovil. 


Saws.—‘‘The Saw Kerf,” issued by Messrs. E. C. 
Atkins & Co., Inc,, of Indianapolis, U.S.A., contains some 
interesting biographical notes about the founder of the 
firm. 


Coal Gas.—Illustrated descriptions of shop lighting 
and the ripening of bananas by gas appear in a recent 
pamphlet issued by the British Commercial Gas Associa- 
tion, 28, Grosvenor-gardens, London, S8.W.1. 


Electric Cranes.—A description of their electric cranes, 
especially as constructed for blast-furnace work, appears 
in the A.C.E.C. Journal. The London office of ‘the 
company is at 56, Victoria-street, London, 8.W.1. 


Electric Motors.—We have received leaflets illustrating 
their direct-current motors and generators, and also 
squirrel-cage and wound-rotor induction motors from 
Messrs. Ransomes, Sims and Jeffries, Limited, Ipswich 


Petrol-Electric Coaches.—Particulars and illustrations 
of petrol-electric coaches with eight wheels, and seating 
accommodation for 35 passengers, have reached us from 
the builders, the Waukesha Motor Company, Wisconsin. 
U.S.A. 


Telephones.—The Relay Automatic Telephone Com- 
pany, Limited, Marconi House, Strand, London, W.C.2, 
have sent us a copy of the current issue of their notes 
on telephones issued under the title of “The Relay 
Recorder.” 


Electric Vehicles.—The Electric Vehicle Committee, 
16, Fisher-street, Kingsway, London, W.C.1, issue a 
monthly journal, ‘‘The Electric Vehicle,” containing 
information specially useful to owners and drivers of 
electric vehicles, 


Electric Railways.—A description of the machinery 
of the railway system round Mount Vesuvius, with a plan 
of the line, appears in the September issue of the Brown 
Boveri Review, issued by the firm from Trafalgar House, 
Waterloo-place, London, S.W.1. 


Feed Pumps.—Messrs, Mather and Platt Limited, 
Manchester, have issued a pamphlet on types of boiler 
feed pumps for power stations, giving figures and curves 
for four types. This catalogue will be of interest to 
engineers in charge of large boiler plants. 


Diesel Engines and Pumps.—The two main subjects 
dealt with in the latest issue of the house journal of 
Messrs. Sulzer Brothers, 31, Bedford-square, London, 
W.C.1, are the temperature variations and heat stresses 
in Diesel engines, and corrosion in centrifugal pumps. 


Hydro-Electric Power Plant.—An illustrated description 
of the machinery and general construction of the Téging 
hydro-electric power plant, which is the largest in 
Germany, appears in a recent issue of the house journal 
issued by the A. E. G. Company, Berlin, N.W.40. The 
text is in English. 

Road Rollers.—A catalogue of steam road rollers, 
received from Messrs. Marshall, Sons and Co., Limited, 
Gainsborough, shows 6-ton, 8-ton, and 10-ton sizes, each 
with single cylinder or compound cylinders. The parts 
of these rollers are made to guaranteed interchangeable 
dimensions. Sleeping vans, wagons and water carts 
are supplied for accompanying the roller, the water 
cart being also fitted with shafts for horse haulage. 


Pumps.—Messrs. Hathorn, Davey and Co., Limited, 
Leeds, have sent us a new catalogue of their Helivane 
pumps which are especially suitable for irrigation work, 
dock pumping, sewage handling, &c., where the quan- 
tities of water are large and the lifts range from very low 
heads. A diagram is given showing the fall in power 
consumption as the head is reduced. We illustrated and 
described a pump of this type in our issue of July 16 last, 
on page 83. 


Electrical Mining Machinery.—A catalogue of mining 
machinery, including turbo-alternators and _ turbo- 
compressor sets, electrical winding sets, various motors 
for special work, switching and control gear, electric 
locomotives for shunting service, instruments, &c., has 
been issued by the Metropolitan-Vickers Electrical Co.. 
Limited, Trafford-park, Manchester. All the machinery 
is for mining use and is included in a single catalogue for 
easy reference by mining engineers. 


Marine Oil Engines.—A few illustrations of large power 
marine oil engines of the Burmeister and Wain type. built 
by Messrs. Harland and Wolff, Limited, Belfast, are given 
in a small pamphlet received from the builders. The 
engines are of the four-cycle type, with six or eight 
cylinders, and made in three forms :—Single-acting trunk 
type from 450 to 1,300 b.h.p.; single-acting crosshead 
type from 700 to 3,000 b.h.p. and double-acting cross- 
head type from 3,000 to 10,000 b.h.p. and upwards. 





Royat Instirution.—The courses of lectures which 
have been arranged to take place during November and 
December at the Royal Institution, are as follows: The 
Tyndall lectures, three in number, and commencing 
on November 2, next, at 5.15 p.m., will be delivered by 
Dr. G. W. C. Kaye; his subject will be ‘‘ Acoustics of 
Public Buildings.””» On November 23, Sir William Bragg 
will begin a course of four lectures on the “ Imperfect 
Crystallisation of Common Things.” On Thursday 
afternoons among otheis arranged, beginning on Novem- 
ber 4, there will be two lectures by Sir Edgeworth David 
on “ Antarctic Exploration Past and Future.” Forth- 
coming Saturday afternoon lectures will include two by 
Dr. G. C. Simpson on ‘“* Atmospheric Electricity,” 
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LANDING STAGE IMPROVEMENTS | 
AT SEACOMBE FERRY. 


Tur whole of the Cheshire side of the River | 
Mersey has shown remarkable development in the | 
last twenty years or so, both industrially and as a 
residential quarter for Liverpool. The borough of 
Wallasey, in particular, has increased in population 
with great rapidity and has grown to be one of the 
largest towns in Cheshire. The amenities of the 
district are such ‘hat further rapid growth may be 
anticipated and, as in so many other parts of the 
country, the transit problem has assumed a new 
importance. As will generally be known, a road 
tunnel is to be constructed under the Mersey con- 
necting Liverpool with Birkenhead. As at present 
planned, however, this tunnel is not to have any 
direct connection with Wallasey, which is to a 
considerable extent cut off from Birkenhead by the 
intervening dock system, and in any case no 
relief could be afforded by the tunnel for a con- 
siderable number of years to come. 

Wallasey is connected with the Liverpool side 
of the Mersey by means of the Mersey Railway, and 





| addition to accommodation to deal with 20,000 


foot passengers per hour in one direction. 

The plan given in Fig. 1 on this page indicates both 
the extent of the new work and of the old arrange- 
ments. The complete scheme includes the construc- 
tion of a new floating landing stage 640 ft. long, 
which is twice the length of the old stage, and also of 
a new floating roadway to transport vehicular traffic 
from the new stage to the shore. As the arrange- 
ments in connection with the handling of vehicles 
were the more urgently required, it was decided 
to proceed with the floating roadway in the first 
instance and to leave the main portion of the 
passenger improvements to a later date. Accordingly 
a new floating landing stage 485 ft. 6 in. long has 
been built, and the northern portion indicated by a 
broken line in Fig. 1 has been left over for the present. 
As will be clear from Fig. 1, this 485 ft. stage covers 
the whole of the vehicular service, and provides 
passenger accommodation similar to that provided 
by the old stage. The extended passenger accommo- 
dation will ultimately comprise a new high level 
passenger bridge leading to the River wall, and 
giving direct access to Seacombe railway station 
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by means of the steam ferry services run by the 
Wallasey Corporation. The Mersey Railway 
connects with the Wirral Railway section of the 
London, Midland & Scottish, at Birkenhead Park, 
but as the Mersey Railway is electrified and the 
Wirral Railway is not, passengers have to change 
at Birkenhead Park. Apart from this inconvenience, 
the railway connection from Wallasey is not very 
direct, and it is in the main by the very excellent 
ferry service that the large daily ebb and flow 
of passenger traffic is carried between Liverpool 
and Wallasey. The Wallasey Council operates 
ferry services to Seacombe, Egremont and new 
Brighton. The former of these, which is operated 
as a 24 hours a day service is the most important, 
and an extensive tramway service connecting with 
the ferry at Seacombe puts travellers in ready 
touch with all parts of Wallasey. 

Owing to the very great range of tides in the 
Mersey, amounting at a maximum to 32 ft. 6 in., 
all the ferry services on the river are carried on 
from floating landing stages, and it is the purpose 
of this article to describe the new stage and floating 
roadway which have been constructed for the 
modernisation of the Seacombe ferry. In addition 
to the great growth of traffic, with which we have 
been dealing, the new work was also demanded by 
the deterioration of the old landing stage and 
vehicle lifts which had been in operation since 
January 5, 1880. The ferry services cover boats 
dealing both with passenger and vehicular traffic, 
and in the new scheme it was decided that two 
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which is situated behind the Ferry Hotel, indicated 
in Fig. 1. 


Before proceeding to a description of the new 
work, reference should be made to the original 
arrangements, which are indicated in Fig. 1. The 
old floating stage was 314 ft. 6 in. long, and served 
the original passenger and goods bridges which are 
shown in Fig. 1. The vehicular traffic, which offers 
the more difficult problem, was handled at high 
tide by means of the goods bridge shown in Fig. 1, 
which connects the floating stage with the river 
wall. At low tide, when the gradient of this 
bridge renders it unsuitable for use by vehicles, 
two hydraulic lifts were brought into operation. 
The left tower stands in the river alongside the 
floating stage, so that vehicles may enter or leave 
the lifts at any state of the tide. Connection 
between the lift tower and the river wall is made 
by a steel bridge. It was originally intended that 
the lifts should handle railway wagons, and for this 
reason they were made of such dimensions that 
they have proved capable of handling the heavy 
mechanical road vehicles of to-day. Had they 
been built merely to carry the road vehicles of 
1880, it is probable that they would have proved 
incapable of carrying on as long as they have done. 
We believe the lifts were never used for railway 
wagons and have always handled road vehicles only. 
It is very clear, however, that with a rapidly growing 
traffic these lifts form a weak link in the transport 
chain likely to lead to delays. The floating bridge 
which takes their place in the new arrangements, 





will, of course, allow of a continuous flow of traffic. 





berths should be provided for vehicular service in 


The ferry at present deals with some 300,000 vehicles 
a year. A full account of the original arrangements 
will be found among Selected Papers of the Minutes 
of Proceedings of the Institution of Civil Engineers, 
vol. xx, in the form of a paper entitled “‘ Seacombe 
Ferry Improvement Works,” by Messrs. W. J. 
Boult and J. J. Potts, Assoc. M.M.Inst.C.E. 

The new scheme, with which we are here con- 
cerned, was designed by and is being carried out 
under the supervision of Messrs. Wilton and Bell, 
of 57 and 59, Victoria-street, Westminster, and 1, 
Crosshall-street, Liverpool. The new landing stage 
is a steel-frame structure which is carried on 38 
pontoons. It rises and falls with the tide, and is 
secured to the shore by the two hinged booms which 
are shown in Fig. 1. A general view of the stage 
structure itself during construction is given in 
Fig. 2, on Plate XXXIV, while the detail construc- 
tion is illustrated in Figs. 4 to 6, on Plate XX XV. 
It is 485 ft. 6 in. long by 80 ft. wide, and is built up 
of seven main girders running lengthways. The 
front six are single web girders, but the back one, 
No. 7 of Fig. 4, is made of box section, owing to the 
heavy stresses it has to carry in connection with 
the landing bridges and the booms, the latter being 
attached to it. These longitudinal girders are 
secured together at the north and south ends of the 
stage by diagonal bracing, while the thrust of the 
two booms and bridges are carried through the 
whole system by means of thrust girders. These 
arrangements are indicated in Fig. 4. The whole 
structure is stiffened by the deck beams, which are 
joists of 12 in. by 8 in. by 65-lb. section, riveted 
athwart the main girders at 6-ft. centres, as shown 
in Fig. 6. A good idea of the general structure is 
given by Fig. 2, which shows the stage, during 
construction, from the north end. The lattice work 
and thrust girder for the north boom can be clearly 
seen, as well as the arrangement of the deck girders 
and the seating for the passenger bridge, which lies 
close alongside the north boom, as is indicated in 
Fig. 1. 

The flooring of the stage consists of 6 ft. by 
6 ft. 5 in. buckle plates riveted to the deck beams. 
These plates are shown installed over a large area 
cf the stage in the view given in Fig. 2. The plates 
are 4 in. thick at the south end of the stage, which 
has to carry heavy goods traffic, and 3 in. thick 
under the passenger portion of the stage. The 
wearing surface of the deck is Trinidad Lake 
asphalte, mixed to special consistency in order to 
allow for the flexure which is inevitable in a structure 
of this type subjected to wave action. As has 
already been mentioned, the stage is carried on 
38 pontoons; 27 of these are new, and lI are 
repaired ones from the old stage. The pontoons, 
one of which is illustrated in Figs. 23 to 36, on page 
558, are 85ft. by 11 ft. 54in. by 5ft. 6 in., and have 
four watertight compartments, except for two, 
which are 90 ft. long and have five watertight 
compartments, and the three pontoons in front of 
the existing lift structure, which are 80 ft. long. 
Each water-tight compartment is equipped with a 
5-in. gun-metal sluice valve for regulating purposes, 
As will be seen from Figs. 33, 35 and 36, the pontoons 
are fitted with lugs under each girder, there being 
14 lugs to each pontoon. The girders actually rest 
on English elm packing-pieces, fixed on the tops 
of the lugs and differing in thickness to suit the 
varying thicknesses of the main girder flanges. 
There are two 1}-in. diameter bolts to each lug, 
so that each pontoon is secured by 28 bolts. Details 
of the pontoon manholes are given in Figs. 28 
to 31. 

The new floating stage was constructed by the 
Cleveland Bridge and Engineering Company, 
Limited, of Darlington, and the 27 new pontoons 
were fabricated at Darlington. Each was constructed 
in three parts which were shipped separately and 
joined together on site. There were only four trucks 
on the London and North Eastern Railway system 
suitable for carrying the sections, and their successful 
transhipment reflects great credit on the railway 
company, since, in order to keep pace with the 
erection gangs, the trucks had to be almost con- 
tinuously on the road. One of the joints between 
the sections is indicated in Figs. 23 to 25. 

The stageis kept in position by moorings from the 
various compressors or mooring bitts, the positions 





558 


ENGINEERING. 





[Nov. 5, 1926. 








PONTOON FOR 


; DECK 
Fig. 23. CK PLAN 


SEACOMBE FERRY LANDING STAGE. 


MESSRS. WILTON AND BELL, MM.INST.C.E., CONSULTING ENGINEERS, WESTMINSTER. 
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Fig. 26.CROSS SECTION SHOWING ORDINARY FRAMES. 
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dolphins are indicated in Fiz. 1, while one of them 
with the boom being placed in position by a floating 
crane is well shown in Fig. 3, on Plate XXXIV. | 
The South boom dolphin, during construction, is | 
shown in Fig. 44, on page 559. The thrust is | 
carried through from the dolphins, by means of | 
shore booms, to thrust blocks of concrete behind | 
the river wall. 
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At the north end of the stage there is one berth main-deck level, and are 9 ft. wide, while the third, 
for a passenger steamer, and the proposed extension | at upper deck level, is 6 ft. wide. With this equip- 


will give a second berth. 


The present berth is | ment it is possible to unload and load a boat carrying 


equipped with three of the very efficient balanced | something over 1,500 people in an average time of 
gangways, which the Wallasey Corporation has | 2? minutes. The south end of the stage, has two 
used for some years. Two of the gangways are at | berths for boats carrying vehicles, in this case the 


gangways, being carried by the boats themselves. 
At the north end, there is a passenger shelter which 
was erected by Messrs. E. F. Blakeley (Liverpool), 
Limited. It covers an area of 96 ft. by 60 ft., and 
has been made of a height sufficient to take the 
double decking which is proposed for the passenger 
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AT SEACOMBE FERRY. 


ENGINEERS, WESTMINSTER. 


LANDING STAGE AND FLOATING ROADWAY 


MESSRS. WILTON AND BELL, MM.INST.C.E., CONSULTING 


(For Description, see Page 557.) 
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FLOATING ROADWAY AND LANDING STAGE; SEACOMBE FERRY. 


MESSRS. WILTON AND BELL, MM.INST.C.E., CONSULTING ENGINEERS, WESTMINSTER. 








Fig. 38. 
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accommodation in connection with the complete 
scheme which is to be carried out when the extra 
160 ft. are added to the north end of the stage. At 
the back of the stage between the goods bridge 
and the landing of the floating roadway, there is 
a goods shed 54 ft. by 19 ft. 

The new floating stage was erected alongside the 
Oil Quay in the West Float Dock, Birkenhead, and 
was towed out into the river on the afternoon tide 
of Saturday, May 2, 1925. The old stage was 
removed and the new one put into position in the 
first week of May, 1925, the ferry being closed 
from 11 p.m. on Saturday, May 2, until 5 a.m. on 
Monday, May 4, when the normal service was 


resumed, the actual operation of placing the | 


stage in position being finished at 6.30 p.m. 
on Sunday, May 3. A view of the new stage 
being moved into position is given in Fig. 21, on 
PlateXXXVI. All the arrangements for this opera- 
tion were in the hands of Commander W. H. Fry, 
R.N.R., the Wallasey Ferries General Manager, 
and the operation, which required much skill and 
judgment in a tideway such as the Mersey, was 
carried through by him and his staff, without 
mishap. 

The part of the new work we have so far described 
was carried out in the first instance as being of 
greater urgency and requiring a shorter time than 
the new floating roadway, which has demanded the 
excavation and lining of a cut 350 ft. long and of 
an average depth of 20 ft. The floating roadway 
itself is approximately 590 ft. long, the extreme 
width of roadway and pathways being 45 ft. The 
structure is very probably the largest of its type 
in existence. The great length of the roadway is 
necessary because of the 32 ft. 6 in. range of tide to 
which we have already referred; any shorter 
length would not have given the easy gradient 
necessary for vehicles at low tide. The great length 
of the bridge has necessitated the adoption of a 
floating arrangement; an ordinary bridge would 
obviously have been unpracticable. The general 
arrangement of the bridge is shown in Figs. 7 to 10 
on Plate XXXV._ Itis carried on five nests of pon- 
toons, each nest containing eight pontoons. The 
pontoons forming the nests are connected together 
by girder superstructures and the nests are con- 
nected by hinged spans. The bridge floats level 
on a 29 ft. tide and grounds for its whole length 
on concrete beds at dead low water. The extreme 
gradient in the latter condition is 1 in 22. As 
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indicated in Fig. 10, the roadway is provided with 
three tracks, with footwalks on either side and in 
between. The arrangement provides one road for 
up-traffic, one for down-traffic, and a third either 
for fast up-traffic or as a relief, in case of repairs 
or breakdown, to either of the other two. The 
dimensions of the various tracks are given in Fig. 11. 
The tracks are suitable for axle loads of 20 tons. 

As will be seen from Fig. 1, and from Figs. 7 and 
8, the roadway lies partly in the open river and 
partly in the cut in the bank. The nests of pontoons, 
which correspond to the piers of an ordinary 
bridge, have their pontoons placed transversely in 
the river and fore and aft in the cut. 

The superstructure above each of the nests of 
pontoons consists of a series of eight girders. Owing 
to the racking effect of the heavy loads, which the 
structure has to carry, it was considered that steel 











construction would be too rigid for this application, 
and the girders have accordingly been built up 
from Oregon pine logs. As shown in Figs. 9 and 10 
the outer girders on each side are deeper than 
those carrying the roadways. These outer girders 
are of lattice construction, while those inside are 
solid. Details of both types are given in Figs. 37 
to 42 annexed. The logs for the construction 
of these girders had to be specially imported as it 
was specified that they must run throughout the 
length of a girder without splices. The length is 
some 60 ft. and, as will be seen from Fig. 42, the 
scantling run up to 1 ft. 3in. by 1 ft. 2in. Some 
excellent material was obtained for the con- 
struction of these girders, and in their completed 
state they form a very striking piece of work. The 
girders are covered with trough floorings, }-in. 
thick, to form the roadway. 

The nests of pontoons are connected together by 
bridges which are hinged on to cross girders which 
connect the ends of the sets of timber girders. 
One of these cross girders is indicated to the right 
of Fig. 15 on Plate XXXV. The two connecting 
bridges, which are situated in the open river, are of 
the type, built up with struts and ties, shown in Figs. 
12 and 14 (Plate XX XV), while those in the cut are 
of plate construction as shown in Figs. 15 to 17. 
In each case the length of the bridge between 
centres of hinge pins is 40 ft. The decking of 
these bridges is formed with steel troughing in a 
similar way to the nests of pontoons, as is shown 
in Figs. 12 and 15. Details of the roadway are 
indicated in Fig. 13. For the wheel tracks, }-in. 
steel plate is secured to the steel troughing which is 
filled in with timber. The horseway between the 
wheel tracks is paved with wood blocks, while the 
sidewalks are open planking formed from 2}-in. 
red pine boards laid transversely. An interesting 
feature of the work is formed by the track connec- 
tion between the hinged spans and the pontoon 
spans. This is illustrated in Figs. 48 to 57 on page 
560. For the'horse track this takes the form of a 
hinged plate which connects with the wood block 
paving over a timber distance piece and is detailed 
in Figs. 50 to 53. For the wheel track an interest- 
ing form of cast-steel interlocking comb is used 
which is illustrated in Figs. 54 to 57. This arrange- 
ment provides a smooth track at whatever angle 
the hinged span and pontoon span may lie. 

The pontoons on which the floating roadway is 
carried are each 35 ft. by 13 ft. 3 in. by 6 ft. 1 in., 
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FLOATING ROADWAY AT SEACOMBE FERRY, ON THE RIVER MERSEY. 


HH Fig. 45. 
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and are each divided into three water-tight compart- 
ments. They are fitted with sluice valves for 
regulating purposes and are generally similar to the 
pontoons of the floating stage, which we have 
already described. They are all of the same size 
and are interchangeable. They can be withdrawn 
for repair through a pontoon channel which has 
been formed to the north side of the floating road- 
way. The arrangement will be understood from 
Fig. 46 above, which shows a section through 
the cut in which the landward end of the roadway 
lies. The arrangement is also indicated in the 
general plan given in Fig. 8 in Plate XXXV. In 


effect the cut has been made some 18 ft. wider 
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space thus left on the north side is utilized to form 
the pontoon channel; as will be clear from Fig. 46 
the part of the cut forming the channel has not 
been carried down to the full depth of the cut for 
the roadway, since it is required only in connection 
with the changing of pontoons and will be utilised 
only during high water. Granite-faced reinforced 
concrete posts, which are tied to the main wall by 
reinforced concrete stringers, are situated at intervals 
along the cut to form guides to maintain the nests of 
pontoons in position. These are shown in Fig. 8 on 
Plate XX XV, and one of them to a larger scale is 
shown in Figs. 46 and 47 on this page. Granite 
posts, as shown in these figures, are situated along- 
side the opposite wall for each pontoon channel post, 
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to form a guide on the opposite side of each pontoon 
nest. The granite-faced guide posts are well shown 
in Fig. 22 on Plate XX XVI, which is a general view 
of the completed roadway looking towards the river. 
This view was taken within an hour of high tide. 
The pontoon channel is provided with a wave gate, 
as shown in Fig. 45 above, to minimise disturb- 
ance in the channel when high seas are running. 
The cut for the floating roadway is of mass 
concrete construction and presents no unusual 
features. It is shown as cross-section in Fig. 46. 
Running sand was encountered in the course of the 
construction of this work and steel sheet piling had to 
be used to isolate the working area. On account 
of this bad ground the side wall had to be carried 
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down deeper than was originally intended. A 
view taken after the building of the side walls 
and during the removal of the dumpling is given 
in Fig. 18 on Plate XXXVI. Steel sheet piling 
was also used to form a half-tide dam around the 
pontoon sill, which lies in the open river. Two 
views of this work are given in Figs. 19 and 20 on 
Plate XXXVI. The floating roadway was completed 
a few weeks ago and was officially opened by Lord 
Derby on the 23rd ult. 

The contractors for the floating roadway, in 
addition to the landing stage, were Messrs. The 
Cleveland Bridge and Engineering Company, 
Limited, of Darlington, who were represented on 
the site by Mr. W. Sanderson, while the cut for the 
floating roadway was carried out by Messrs. Nott, 
Brodie & Company, Limited, of Bristol, who were 
represented on the work by Mr. R. Bonner. As 
already stated, the whole work was designed and 
carried out under the supervision of Messrs. Wilton 
and Bell, of Westminster (now Messrs. Wilton, Bell 
and Ramsbotham), the Resident Engineer being 
Mr. S. M. Scott Ram, Assoc.M.Inst.C.E. We are 
indebted to the courtesy of Messrs. Wilton and Bell 
for assistance in the preparation of the description 
of this very interesting work and for facilitating our 
inspection of it during progress. 
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Battleships in Action, by H. W. Wrtson. 
[Price 


London: Sampson Low, Marston & Co. Ltd. 

45s. net.] 

AutHougH this book is to a certain extent founded 
upon the author’s earlier work “TIronclads in 
Action,” it is far more than a re-edition of an older 
book. Since “TIronclads in Action” was first 
published, a great deal of official and semi-official 
information has become available, which provided 
material for expanding and elaborating the subject 
matter of the old work; while, in addition, the 
lessons and experiences of the Great War had to be 
added. Mr. Wilson, therefore, decided to start 
afresh to write a book reminiscent of the older one 
in its method and style, but in all other respects 
entirely new. 

The book would have been better described by one 
of those long synthetic titles dear to scientific 
writers of the seventeenth and eighteenth centuries. 
Starting from the American civil war, when 
armoured ships first engaged one another, Mr. Wilson 
has traced the evolution of naval warfare during the 
nineteenth and twentieth centuries, step by step; 
he has shown how the development of naval material 
has affected fleet tactics and strategy and how the 
lessons and experiences of battles at sea have passed 
on problems to the naval constructors and designers 
of the day. It will be admitted that “‘ Battleships 
in Action” is a very modest title for a work of 
such compass. 

The sudden appearance of armoured ships in 
1863 produced a form of deadlock in naval warfare. 
People were still accustomed to think of naval 
battles in terms of crushing victories for the stronger 
side, when the Merrimac and the Monitor action 
shattered every traditional theory. These two 
ships, quite unequal in tonnage and armament, 
fought an absolutely indecisive action which 
lasted for several hours; their armour protection 
had eliminated every other inequality by making 
each invulnerable to the other. Naval commanders 
very naturally decided that decisive action was only 
possible by a successful employment of ramming 
tactics; at Lissa this new battle theory was 
tested. Tegetthoff’s battle formation was that of a 
naval leader who had little faith in artillery fire, 
and indeed, his scepticism was justified. But the 
battle, though an Austrian victory, was by no means 
a victory for the new theory. Tegetthoff did gain 
the most striking success of the day by ramming his 
opponent, but he would never have been able to 
do so if his adversary had been a better seaman. 
Students of naval warfare were bound to admit that 
the battle of Lissa had not thrown any light upon the 
tactical problems of the day. Armoured protection 
had deprived naval artillery of its offensive value 
and the power of manceuvre derived from steam 





propulsion had made ramming tactics almost 
impossible in practice. 

The deadlock remained complete, and subsequent 
naval actions between the armoured ships of the 
South American republics did little or nothing to 
loosen it. In fact, naval tactics only made a real 
advance after thirty years of intensive study in 
ballistics and gun design, carried on simultaneously 
at Clydebank, on the Tyneside, at Chatham, at 
Portsmouth, at Whitehall, at Krupp’s, at Schneider 
Canet’s, at Brest and at the Rue Royale. The battle 
of the Yalu between the Chinese and Japanese 
fleets put the results of these studies to a very 
illuminating test. Admiral Ting, the Chinese 
commander-in-chief, evidently believed that a 
naval decision could only be gained by ramming 
tactics. He formed his ships in line abreast and 
“charged ” after the manner of the Commonwealth 
“* generals at sea.”” Admiral Ito had a strong faith 
in the offensive power of the naval artillery of his 
day; he formed his squadron in line ahead, and 
manceuvred so as to keep his broadsides bearing. 
The result was a complete vindication of the new 
theory ; and from 1894, when the Yalu was fought, 
to the present day gunfire has been the decisive 
weapon in naval warfare, and battle tactics have 
simply been a practical application of this basic 
fact. 

But the victory of the gun over the armoured 
plate was by no means complete. At the battle of 
Santiago de Cuba, the ill-manned, ill-equipped 
Spanish cruisers withstood terrific punishment ; 
and with the steady rise in the ballistic efficiency 
of guns, and the increasing power of marine engines, 
battle ranges increased also. It followed, therefore, 
that well-armoured ships with good machinery, 
fighting at long ranges, might have sufficient power 
of resistance to make decisive action by a superior 
enemy extremely difficult; and this, in a certain 
degree is what did occur. The battle of August 10, 
1904, between Togo and Witgeft, was certainly a 
Japanese victory ; but it was by no means a victory 
of guns over armour. The Russians were thrown 
into confusion by a lucky shot, which disorganised 
their system of command at a critical moment ; 
not one of the ships in the Russian squadron was 
decisively damaged. 

The battle of Tsushima did, admittedly, prove 
that naval artillery could, in some circumstances 
be used with decisive effect; but it proved some- 
thing more. Between August 10, 1904, and May 27, 
1905, the Japanese had made every possible effort 
to improve their sighting, range finding and fire 
control instruments. As a result, they were able 
to get decisive results at ranges, which, during 
August 10, had been too great for satisfactory 
results. A new complication was thus added to 
naval warfare: hitherto, it had been the outcome 
of a race between guns and armour; optical and 
electrical instruments, and mechanical devices for 
automatically integrating equations were now 
competitors in the race for naval efficiency. Zeiss, 
Siemens, Barr and Stroud, and several others were 
amongst the most distinguished of the new starters. 
Their results were not tested in open competition 
until January, 1915, when the battle of the Dogger 
Bank was fought. 

It was a real calamity for the British Navy that 
the results of that action were so completely mis- 
understood at the time. Mr. Churchill announced 
in Parliament that the battle had proved British 
guns, projectiles, fuzes and range-finding mechan- 
isms to be better than the German: the truth was 
the exact opposite in almost every particular. As 
a result, the British fleet went into action at Jutland 
confident in material and mechanism, and methods 
of using them, which were seriously defective in 
many respects. This must always be remembered 
when the results of the battle are examined. Jutland 
was certainly a sort of culminating point in the 
curve of ballistic progress. Three battle cruisers 
and two armoured cruisers were obliterated by 
single salvoes of artillery, and gunfire had never 
gained such tremendous successes since Aboukir 
and Trafalgar. On the other hand, German gunfire 
and high explosives were assisted by defects in 
British material. The record of the German battle- 
cruisers proved that modern ships could be so built 
that they would withstand enormous punishment, 





Jutland, at first sight, the spectacular victory of 
naval artillery over armoured protection, is, on a 
close inspection, a partial victory only. Moreover, 
Jutland heralded what may be a new area in naval 
tactics. 

In all the naval wars of the nineteenth and 
twentieth centuries, the torpedo arm had been 
purely a weapon for minor or diversionary attack. 
It was used against fleets at anchor, as at Port 
Arthur, or against a completely demoralised and 
broken enemy, as at Tsushima. The steam-heated 
torpedo was such an advance upon its predecessors 
that it was almost a new weapon. It could be used 
by battlefleets formed in line of battle, and flotilla 
attacks became part of a naval commander’s general 
scheme of battle. Jutland was the first and last 
practical test of the new weapon. Admiral Scheer 
used the torpedo arm as a major defensive weapon. 
a sort of outer, mobile, defence to the armour belt 
of his battleships. His purpose was to make a 
long artillery duel between the British and German 
fleets impossible, by frequent distractions, and he 
succeeded. Nobody can possibly say whether the 
British commander-in-chief was over respectful to 
the new form of attack. His conduct of the British 
fleet was the only conduct open to a naval com- 
mander who had determined to seek a decision by 
gunfire. and he had no other means of gaining a 
decision. Jutland has simply raised a vast number 
of technical problems which will occupy designers 
and constructors for the next hundred years. 

This is a brief outline of the subject-matter of 
Mr. Wilson’s book. Like all outlines, it is unjust 
to the contents, for Mr. Wilson’s stately and 
imposing monument of facts and statistics, and 
his measured, sober narrative, cannot possibly be 
described in a summary. It is worth while to 
add a few words upon its special interest to naval 
designers and engineers. 

The history of marine engineering, of ballistic 
progress, and of naval design has still to be written, 
and we doubt whether it is possible to reduce 
so vast a subject to an historical synthesis. Fortu- 
nately, naval designers and engineers carry the 
main outlines of that history in their heads. They 
know roughly the chief beacon marks in the change 
from the smooth-bore gun to the turret guns of 
a modern battleship; they know also by what 
progressive steps the marine engines of 1850 
developed into the turbines of a modern destroyer. 
Chemists know, possibly in greater detail, how 
their knowledge of propellants and explosives has 
increased during the last century. But we doubt 
whether either marine engineers, or constructors, 
or chemists know of the practical results in naval 
warfare of these changes in material. Mr. Wilson 
has enabled specialists to trace, step by step, what 
has been the outcome of a century of collective 
thought by marine engineers and designers; and 
the service he has thus rendered deserves an 
explanatory, as well as a grateful, acknowledg- 
ment. 

The naval war between 1914 and 1918 unfortu- 
nately brought to light very great defects in British 
naval material. Torpedoes fired from submarines 
often missed their targets unexpectedly, our mines 
were for nearly three years of a poor pattern, 
our range-finding and optical instruments were 
below the German standard, our fuzes were 
practically condemned by the lessons of Jutland, 
and, worst of all, the designs of our battle cruisers 
were badly conceived. These disastrous points of 
inferiority cannot be explained by the exploded 
theory of German efficiency, nor can the blame 
for them be laid at the door of marine designers 
and engineers. It was the British system of working 
out problems which was at fault ; a proper working 
liaison between the naval service as a whole and 
the maritime industry of the country as a whole 
was lacking. Naval experts, who are experts only 
in the use and application of material, never 
allowed the marine industries of the country the 
slightest insight into the problems of naval tactics. 
The private yards and arsenals of the country 
designed and constructed ships, guns, torpedoes 
and projectiles upon specifications and requirements 
supplied by the Admiralty; and British naval 
and marine industries were thus never supplied 
with all the data of the problems of naval warfare. 
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It has even been asserted that if the designs of | 
the British battle cruisers lost at Jutland—designs | 


for which the Board of Admiralty was solely 


responsible—had been presented to the Institution | 


of Naval Architects for open criticism, then that 
criticism would have been so shattering that no 
Board of Admiralty would have dared to order 
their construction. 


statement may be exaggerated, but it serves to 


focus attention upon a weak point in British naval | 
The real basic reason of so many | 
defects and failures in British naval material was | 
that naval experts on the sea front had never | 
to pool their knowledge | 
In so far | 


organisation. 


attempted, or wished, 
with navaJ experts behind the sea front. 
as Mr. Wilson has built a bridge between the two, 
he may indeed be said to have deserved well of 
both. 








THE EXPERIMENTAL ARCH DAM ON | 


STEVENSON CREEK, CALIFORNIA. 
By Frep A. Norrzi1, M.Am.Soc.C.E. 


THE experimental arch dam on Stevenson Creek, | 


California, which has already been described in | 
ENGINEERING* was completed in June, 1926, and | 
is shown in the views reproduced in Figs. 1 and 2 | 
herewith. Fig. 1 shows the site, 
stream. 


for the electrical apparatus, the 24-in. 


diverting the water of the creek past the dam| 


during the tests, and the trestles and platforms for | 
the observers. Thirteen series of tests were made | 
during July, August and September, with the dam | 
loaded, with the reservoir partially and completely | 
filled. To all appearances the tests have been | 
entirely successful. 


For convenience, the chief features of the dam | 


may be repeated. It is 60 ft. high and has a length 
« 140 ft. measured along the coast, The thickness is | 
5 ft. at the base, tapered to 2 ft. at a height of | 


30. ft. From there to the crest the thickness is | 
2 ft. The up-stream radius is 100 ft. and the up- | 


stream face vertical. 
canyon. The foundation is granite. The dam is 
shown in elevation, plan and section in Figs. 3. 4 | 
and 5, on page 563. The excavation was carefully 


prepared, as will be seen in Fig. 3, so as to make | 





* See vol. cxx, page 343. 


ARCH 


Like all vigorous censure, the | 


looking down | 
Fig. 2 shows the dam, instrument house | 
pipe for | 


The dam is located in a narrow | 


DAM, 





| 





STEVENSON CREEK, CALIFORNIA. 








| the profile of the dam site practically symmetrical | Each series was repeated once or twice to7afford a 


| crown. 
along the dam. 

The concrete work on the dam was started on 

| April 19, 1926, and was completed on June 4. On 

‘each day of pouring, a height of 5 ft. of concrete | 

was plac ed, and only sufficient time elapsed between | 

| pourings to erect the forms and install the measuring 


| stations for strains, temperatures and deflections. 
Special care was taken to obtain a concrete of high 
| degree of uniformity. In other respects the concrete 
was of a commercial mixture, testing about 2,000 lb. 





| per square inch compression at the age of tw enty- | 


eight days. 
| partly by chutes and partly with cars. The total | 
| quantity of concrete in the dam is about 450 cub. 
|yards. The capacity of the reservoir is less than 
| five acre feet. 
Several hundred instrument and measuring posts 
| were placed in the concrete during the construction 
|of the dam. Readings on these instruments were 
|taken at frequent intervals for determining the 
| strains, temperatures and deformations during the 
construction period. On July 12, approximately 
| forty days after the last concrete was poured, a 
first series of tests was made with the water in the 
| reservoir 20 ft. deep. This test series was repeated 
a few days later for checking purposes. Subsequent 
tests were made with the water surface at elevations 
| 30 ft., 40 ft., 50 ft., and with the reservoir full. 


It was placed by ordinary methods | data in a preliminary way. 


| 


| night’s work. 





relative to a vertical radial plane through the arch | | esol on the measurements and on the general 
The reservoir is shorter than its width | behaviour of the dam under those conditions. 


All tests were made during night time, usually 
between midnight and early morning. This wasjfor 
the purpose of avoiding temperature changes of the 
dam as much as practicable during any one series of 
tests. Most tests were made by taking “no load” 
readings at about midnight, then filling the reservoir 
to the desired elevation and reading all the instru- 
ments. Then the water was let out and “ no load,” 
readings were taken again. This constituted one 
Two or three days’ time after each 
test series was employed in working up the test 
Then an additional 
load test was made as described previously. 

The dam was kept wet by a sprinkling system at all 
times except when this would have interfered with 
testing work. Every effort was made during each 
test series, to keep all outside influences which 
could have affected the strains in the dam as constant 
as practicable. In this manner the strains and 
deflections as measured should be due to water 
pressure alone. 

The strains in the interior of the dam were 
measured by means of an electric tele-strain gauge. 
This instrument is based on the variation of the 
electric resistance of a stack of carbon discs by a 
change of the compression of this stack in an 
axial direction. The change of resistance is 
measured with a Wheatstone bridge. A calibration 
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measured at the 30-ft. elevation from abutment 
to abutment by means of a radius meter. Special 
instruments were devised for measuring the move- 
ments of the bedrock. Such movements, though 
very small, were shown to occur in a down-stream 
direction at the base of the dam, and laterally 
by “spreading” of the arch abutments. A slight 





| rotation of the bedrock at the base of the dam was 
'also observed. The movements of the bedrock 
|for full reservoir were approximately 0-001 in. 
surface of the dam the strains were measured with | in a down-stream direction at the base, and about 


Fia. 6. 


curve, determined previously for each instrument, 





permits of an easy transposal of change of resistance 
into strain. These instruments are arranged in 
pairs, one of each pair being vertical and the other 
horizontal, in the centre and towards the 
up- and down-stream faces of the dam wall. In 
the centre there are further two instruments 
arranged at 45 deg. to the horizontal for measuring 
strains from shear. The centre instruments were 
held in place by being fixed in a p e-cast concrete 
block. In Fig. 6 the gauges embedded in the 
concrete at El. 10 ft. are shown fixed in position, 
before the concret> reached this point. On the | 





strain gauges operated by hand. 

The temperature changes in the concrete were 
determined by means of electric resistance coils, 
each electric tele-strain gauge being equipped with 
a temperature coil. The deflections of the dam 
were measured in two ways—first, by means of 
vertical clinometers in seven vertical sections ; 
and, secondly, by triangulation. The deflection 
of the dam which have been determined with the 
clinometer; have apparently an error of not over 
+ 0-0005 in. 

The changes of curvature of the dam were 


0-03 in. spreading of the arch abutments, both at 
elevations 18 ft. and 33 ft. measured along the 
chord of these arches. For intermediate heights 
of water in the reservoir the movements of the 
bedrock were correspondingly smaller, but clearly 
measurable. 

During all these tests which were made with 
the water in the reservoir at elevations of less 
than 30 ft., all instruments indicated a perfectly 
elastic behaviour of the entire structure. When 
the water rose for the first time to the 30-ft. 
elevation, an electric tele-strain gauge placed on 
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the up-stream side across the joint between bedrock 

and concrete indicated a strain which continued 

to increase even after the water level in the} 
reservoir was kept stationary for some time. | 
Eventually, the movement was of such a size 

that the instrument went out of commission. An | 
inspection made after the reservoir was emptied | 
again, showed that a crack had formed approxi- 

mately in the centre of the dam, between the 

concrete and the rock on the up-stream side. This 

is indicated at A in Fig. 3. The successive opening | 
of this crack during subsequent tests was measured 

by a specia! electric instrument which was placed 

across the crack and operated under water. An} 
opening of the crack of as much as 0-05 in. was | 
found when the water rose to the crest of the dam. 

The crack closed again when the reservoir was | 
emptied. 

No crack in the dam proper occurred under a head | 
of water less than 50 ft. Under that head a crack | 
indicated at B, Fig. 3, occurred on almost the exact | 
centre line of the dam, extending entirely through | 
the dam from the down-stream face to the up-stream 
face and for about 11 ft. from the crest down. This | 
crack is shown in Fig. 7. When the reservoir is | 
empty the crack generally closes to such an extent 
that it is not easily found. When the water level rises 
in the reservoir, the crack begins to open. With | 
the water level at elevation 45 ft., the crack has 
the maximum width of about 0-03 in. at the down- 
stream side, and 0-015 in. at the up-stream side, 
both measured at the crest of the dam. When the 
water rises above elevation 45, the crack begins to 
close. With the reservcir full, the crack is closed 
tightly at the up-stream side, but is still about 
0-01 in. open down-stream. These conditions were 
observed to be substantially the same during several 
tests. At first, it was thqught that the crack was 
due to shrinkage or temperature. However, the fact, 
that the crack closed tightly each time the reservoir 
was emptied, seems to disprove this contention. 
The proper cause of the action of this crack is indi- 
cated by certain peculiarities of the deflections of 
thedam. This question is being given close attention 
in the working up of the test data. 

A second crack, C, Fig. 3, in the dam occurred on 
the vertical centre line extending from 2 in. above 
the foundation rock to a height of about 10 ft. The 
presence of the cracks was first discovered by means 
of the electric tele-strain gauge. In the latter case 
the measured tension stress just prior to the forma- 
tion of the crack was about 570 lb. per square inch. 

The present programme of testing the dam was | 
completed in September, and the results of the tests 
will be worked out during the next few months. 
A detailed progress report on the investigation will 
be prepared, parts of which will be published. 

It is planned to make additional tests. on the | 
dam during the coming winter, when the tempera- | 
ture will be at the seasonal minimum. Later on, 
the dam will probably be raised until the water | 
pressure is sufficiently large to produce failure of 
the structure. 

At the suggestion of the writer, the Engineering 
Foundation, the research organisation of the four 
American National Engineering Societies, under- | 
took a study of arch and multiple arch dams. 
A Committee was appointed, composed of engineers | 
who have been prominent in dam constructions in | 
America. Charles D. Marx, Professor Emeritus of | 
Stanford University, is chairman of the Committee. | 
Mr. H. Hawgood, consulting engineer of Los| 
Angeles, is chairman of the sub-committee on the 
Test Dam. Mr. W. A. Brackenridge, of the Los | 
Angeles, is Trustee of the Test Dam Fund. Mr. H. W. | 
Dennis, of Los Angeles, was in charge of the con- 
struction of the dam. 

Mr. W. A. Slater, chief of the Concrete and Masonry 
Section, U.S. Bureau of Standards, Washington, 
D.C., has charge of the investigation of the dam. 
In this work he is assisted by a staff of ten assistants. 
The writer is co-operating with Mr. Slater in the 
testing work and in the interpretation of the 
results. 

The Engineering Foundation of New York, of 
which Mr. Alfred D. Flinn is Director, has general 
supervision over the investigation. Over fifty con- 
tributors, mainly power companies, banks, muni- | 
cipalities, construction firms, and engineers, have 


| 100 ft. in height, and testing it to destruction. 


| ference held at Wembley. 


EXHIBITS AT THE OLYMPIA MOTOR EXHIBITION. 




















Fia. 59. 


15°9-H.P. CoLontat-MopEL Motor Car; Messrs. Morris Motors (1926), Limrrep. 

















Fie. 60. ENGINE FoR CoLontaL-MopEL Motor 


supplied funds or materials. To date, about 
100,000.00 dols. have been spent for the construction 
and testing of the dam. Efforts are being made 
for raising additional funds for continuing the 
investigation and eventually raising the dam to 





THE MOTOR EXHIBITION AT 
OLYMPIA. 
(Concluded from page 537.) 

Ir may be recalled that in 1924 the Council of 
the Institution of Automobile Engineers awarded a 
special prize, offered by the directors of the Humber 
Motor Company, to Mr. F. A. 8. Acres and Captain 
K. A. Rouch for their papers dealing with the require- 
ments of the markets of the British Empire; the 
papers were read and discussed at a special con- 
In the main the views 
expressed by the authors were upheld by the 
overseas speakers who took part in the discussion, 
and it is therefore of considerable interest to compare 
the broad specification suggested by Mr. Acres with 
that of the new 15-9 h.p. Morris Oxford car, which 
is, we believe, the first model to be designed specific- 
ally for Colonial conditions by a British firm, since 
the date of the conference. Added interest is given 
to the comparison by the fact that Messrs. Morris 
Motors, Limited, have probably a larger export 
business than any other home firm, and are thus in 
a favourable position to base their design on the 
actual performance of their earlier models under 
overseas conditions. 

Dealing first with Mr. Acres’ views, he suggested 
that the hypothetical Colonial model would be! 





Car; Messrs. Morris Motors (1926), Limirep. 


normal in appearance, in construction, and in 
performance, and would not embody any feature 
which would render it unsuitable for the home 
market. Stress was laid on absolute water-tightness 
of both mechanical and electrical details, and it was 
suggested that unit construction of engine and 
gear-box, and a propeller shaft enclosed in a 
spherical-ended torque tube, were particularly 
desirable from this point of view. A definite ground 
clearance was not given, but it was pointed out that 
this should be considerably greater than that usual in 
British cars, and that the clearance close to the road 
wheel should be even greater than that at the centre 
of the track. In this connection the advantages of 
dished wheels as a means of screening the steering 
pivots and brake drums wasemphasised. Stress was 
laid on avoiding the projection of brake levers or 
steering mechanism below the axle. On the ques- 
tion of suspension, preference was expressed for 
transverse springing at either the front or the back, 
although one of the speakers in the discussion 
considered semi-elliptic springing throughout to be 
preferable. Failing three-point suspension of the 
chassis, Mr. Acres considered three-point suspension 
for the engine to be essential. As regards the engine 
itself, one of from 12 h.p. to 14 h.p. with four 
cylinders was suggested in the paper, but a rather 
higher power was preferred by speakers who joined 
in the discussion, a minimum of 75 mm. bore by 
130 mm. stroke being suggested. The other leading 
points emphasised were that the track should be 
4 ft. 8in.; and that the top gear ratio should not be 
much higher than 4-5 to 1, the latter stipulation 
being made by Mr. W. S. Sholl. 

We may now turn to the Morris-Oxford car, which 
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was shown on the stand of the makers, and is illus- 
trated in Figs. 59 and 60, on page 564. We have, 
of course, no knowledge as to whether the designers 
of the car had Mr. Acres’ specification in mind, but 
if not, the number of points of agreement is rather 
remarkable. The engine, shown in Fig. 60, is a 
four-cylinder model with a bore of 80 mm. and a 
stroke of 125 mm., having an R.A.C. rating of 
15:9 h.p. It has side-by-side valves, a point not 
specifically mentioned by Mr. Acres, but un- 
doubtedly having much in its favour for overseas 
use, where maintenance work is frequently at a 
discount. The engine has a detachable head, and 
the block is cast integral with the upper half of the 
crank-case. Aluminium-alloy pistons are em- 
ployed in conjunction with Duralumin rods. A 
three-bearing crankshaft is fitted, and the method of 
lubrication follows normal practice, with the possible 
exception of the pump, which is of the plunger type, 
driven by an eccentric mounted on the centre of the 
camshaft. The water-circulating pump is of the 
impeller type, and is mounted on a common spindle 
with the fan, as shown in Fig. 60. The camshaft, 
dynamo and magneto are driven by spiral gearing 
from the crankshaft. Mr. Acres, while approving 
this arrangement, gives an easily-adjustable chain 
drive as an alternative, but, in our opinion, the 
all-gear drive is preferable for Colonial conditions. 
An engine-driven tyre pump, visible in the figure, 
is mounted on the timing-gear cover—an item the 
importance of which can only be realised by those 
who have had to use a foot or hand pump in the 
tropical zone. The carburettor is sufficiently high 
to permit of the car being driven through 20 in. of 
water. 

Unit construction is employed for engine and gear 
box, and three-point suspension is utilised. The 
drive from the engine is taken through a single-plate 
dry clutch to a four-speed gear box. The actual 
box ratios are 1, 1-7, 2-4 and 3-5 to 1, and as the 
rear axle reduction is 4-5 to 1, the overall ratio 
coincides with Mr. Sholls’ suggestion. The reverse 
ratio in the box is 4:45 to 1. From the gear box 
the drive is taken through a single universal joint 
and a totally-enclosed propeller shaft. The joint is 
of the all-metal type. The torque tube is built up 
as a unit with the back axle, and is attached to the 
gear box by a sliding ball joint. The rear axle is 
of the three-quarter floating type, the final drive 
being by overhead worm, which, the makers state, 
they have found the most satisfactory final trans- 
mission for hard service. The lowest part of the 
chassis, under normal loading, is the worm gear 
casing, the actual clearance being 10} in. The next 
lowest point is the forward running-board bracket 
cross stay, which has a clearance of llin. All the 
brake gear on both axles is above the axle line. The 
springs are of the semi-elliptic type, both front and 
rear, and ample axle movement has been allowed 
for in both cases. Space does not permit of our 
going into the design in greater detail, but 
attention may be called to two minor points 
which were raised by Mr. Acres. The bonnet 
has the usual horizontal hinge along the top, 
entailing the possibility of water reaching the 
power unit in exceptionally heavy weather; and 
the tail pipe is in a position in which it might become 
submerged in crossing a ford. The only marked 
departure from the views expressed at the meeting 
at Wembley is the provision of steel-artillery in 
place of disc wheels, but the close conformity in all 
other important respects between the actual speci- 
fication of the car and that postulated at the 
conference suggests that it is eminently suitable for 
Colonial conditions. The wheelbase is 9 ft. 6 in., 
the track 4 ft. 8in., and the complete vehicle with a 
five-seater open touring body weighs 26 cwt. The 
petrol consumption is approximately 1 gallon to 
24 miles in hilly country. 

In describing the exhibits, we have adopted the 
policy of dealing with a few models at some length, 
rather than that of attempting to give the leading 
features of a larger number. Our reason for this is 
that superficial information on the products of the 
various makers is readily available elsewhere. The 
method adopted has, however, necessitated a some- 
what arbitrary selection from the very large number 
of models on view, and has precluded any reference 
to many interesting cars. There are one or two ex- 





hibits to which a short reference should be made, as 
they embody wide departures from normal practice. 
Among these we may mention two examples of 
100/. cars. 

The figure of 100/. as the price of a car appears to 
exercise a peculiar fascination on the public, pre- 
sumably for the same reason that a 10s. article 
sold at 9s. 113d. is regarded as a bargain. The two 
firms who exhibited cars at this price are therefore 
probably sound psychologists, though a few extra 
pounds would certainly have enabled them to give 
the vehicles a more attractive appearance. One of 
these cars, shown by Messrs. Waverley Cars, 
Limited, Waldo-road, Willesden, N.W.10, is 
unconventional in design, and somewhat recalls 
the Carden. The engine is mounted at the back of 
the car, and is a 7 h.p., horizontally-opposed, water- 
cooled twin. A friction-disc transmission system 
is employed, with a final gear drive by spiral bevels. 
The second 100/. car, shown by British Ensign 
Motors, Limited, Hawthorn-road, Willesden 
Green, N.W.10, under the name of the Gillett, is 
conventional in layout, but the makers employ an 
open-type back axle. The engine is a four-cylinder 
water-cooled unit rated at 8 h.p., and has overhead 
valves operated by push rods. A multiplate clutch 
and three-speed gear-box is employed, an open-type 
propeller shaft conveying the drive to the rear axle, 
on which only the final bevels are enclosed. 

A new steering gear of very unconventional 
design was shown on the stand of the Soc. H. and M. 
Farman, Billancourt (Seine) France. In this 
the steering column, which is mounted on the 
sprung portion of the chassis, terminates in a bevel 
wheel engaging with a second bevel on a cross shaft 
extending across the front of the frame. The cross- 
shaft is coupled by universal joints to short tele- 
scopic shafts at each end, by means of which the 
motion is conveyed to two worms. These are 
mounted in brackets surrounding the head of the 
steering pivots, and engage with discs carried on the 
latter. The mechanism thus gives independent 
control to each of the front wheels and renders the 
usual tie rod non-essential. The rod is retained, 
however, as a security in case of failure of one of the 
gears. The arrangement is said to entirely eliminate 
wheel wobble, and to effectually prevent road- 
wheel shocks being felt on the steering wheel. In 
addition, it gives a very light steering action. 

We have before remarked upon the fact that the 
primary object of the exhibition is to sell cars, but 
to engineers, its chief interest will always be in the 
opportunity it affords to study the latest develop- 
ments in design. It must be confessed, however, 
that it is yearly becoming more difficult to do this, 
on account of the increasing crowding. The attend- 
ance this year reached 260,000, which meant that, for 
the greater part of the time the exhibition was open, 
it was impossible to get within sight of some of the 
more interesting models. It was obvious that a 
large percentage of those present were not genuine 
purchasers, but for some obscure reason regarded the 
show as an attractive alternative to the “ Pictures.” 
It appears to us that some action to deal with 
the situation thus created is overdue, as it 
must be extremely discouraging to those who wish 
to examine a certain number of pre-selected models 
before making a purchase. It is obviously impossible 
for the organisers to differentiate at the gates, but 
in past years differentiation between the genuine 
buyer and the idly curious has in fact been made 
by increasing the price of admission to 10e., on one 
particular day. This practice was given up in 1919 
or 1920, but even since its abolition the price has 
been increased to 5s. on certain days, as against 
2s. 6d. on the remainder. There is certainly a prima 
facie case for reintroducing the 10s. admission 
day, the possible reduction in total receipts being 
more than made up by the enhanced comfort to 
buyers. In the past, technical visitors have been 
afforded an opportunity of comparing the chassis 
on Private View day, but here again, the attendance 
has increased to such an extent that the same diffi- 
culties arise. We understand that in this case the 
crowding is ‘chiefly due to the number of agents 
present, and it would appear advantageous to set 
apart an extra day for their convenience. 

The annual dinner of the Society of Manufac- 
turers and Traders had not been held at the time our 








introductory remarks went to press, and we were 
therefore obliged to leave over any comments on 
that event to a later date. We do not propose 
to deal with the remarks made by the various 
speakers, as they were mainly of a non-technical 
nature, but we may conclude our account of 
the show by some extracts from the Society’s 
report, presented at the dinner, on the motor 
industry of Great Britain. The increasing conges- 
tion on the roads is causing much discussion at the 
present time, and comparisons are frequently made 
between the density of motor traffic in the United 
States and in Great Britain. The figure usually 
quoted is the number of inhabitants per vehicle 
registered, from which the density appears much 
greater in the States. A fairer comparison is to 
take the total number of vehicles per road mile, 
and this is given in the report referred to as 5-1 
for Great Britain and 6-6 for the States, both figures 
being for the year 1925. The statistics given relat- 
ing to the industry, particularly those dealing with 
the export trade, are perhaps of the greatest interest. 
From a curve showing the monthly average of cars 
exported during the last five years, it appears that 
at the beginning of 1921 the average was about 130. 
At the end of the same year this had fallen to 50, 
and since that date there has been a fairly steady rise 
to a peak value of about 620 near the end of 1925. 
The curve is carried to the second quarter of 1926, 
when the average had fallen to 375, and that the 
decline still continues is shown by the September 
Board of Trade returns. The drop presumably 
reflects the difficulties caused by the coal strike. 
If the assumption is made that the rate of increase 
after the strike will approximate to that ruling 
from 1922 to 1925, the curve indicates that it will 
be two years or more before the position at the end 
of the latter year is recovered. In the report it is 
shown that in 1923 British exports of vehicles to 
foreign countries represented 16-3 per cent. of 
our total exports, in 1924 the percentage was 13-2, 
in 1925 13-3, and in the first half of 1926 12-1. 
Taking 1925 as the last stable year, figures given 
in the report show that of the total exports of the 
world in motor vehicles, the United States were 
responsible for 60-9 per cent, Canada for 14-8 per 
cent., France 12-8 per cent., and Great Britain for 
only 5:8 per cent. As a final figure, the exports 
of these countries as a percentage of their total 
production in 1925 may be quoted. These are, 
United States, 3-95 per cent.; Canada, 53-3 per 
cent.; France, 30 per cent.; and Great Britain, 
19 per cent. It is interesting to note that the 
country exporting the highest percentage of its 
output is Italy, the figure in this case being 72-6 
per cent. 





Tue INSTITUTE OF MARINE ENGINEERS.—The position 
which oil is taking in marine propulsion, and the reaction 
which this must ultimately have on the colliery industry 
in this country, are matters of such importance that 
it was no surprise to find them forming the chief note 
of the speeches at the thirty-first annual dinner of the 
Institute of Marine Engineers last Friday. Lord Inver- 
forth, for instance, proposing the toast of the ‘‘ Naval, 
Military and Air Forces,’’ and commenting on the fact 
that there was no official connection tween the 
fighting forces and the mercantile marine, stated that 
there was at least an effective liaison with the Navy 
which was often looked to for technical details, The 
prophesy of the preceding year relative to the use of 
the Diesel engine had been justified. The use of oil 
was steadily growing, and never again would ship- 
owners place themselves at the mercy of the coal miners. 
Engineer-Vice-Admiral Sir Robert Dixon, replying for 
the Navy, pointed out that should need arise, when 
greater problems would have to be solved, he had no 
doubt the Navy and mercantile marine would collaborate 
as heartily and effectively as in the past. Lieut.-General 
Sir Travers Clarke, for the Army, made the claim, with 
considerable humour, that it had produced in the gun 
the first internal-combustion engine, and was leading 
the way in steam generation, as the Maxim gun 
evaporated the water in its casing at the rate of about 
200 lb. of water per square foot of heating surface per 
hour, which was much above modern boiler practice. 
Sir George Higgins, Deputy Chairman, Register of 
Shipping, replying to the toast of the ‘“‘ Mercantile 
Marine,” stated that the movement in the direction of 
using oil was shown by the fact that out of 525 sets of 
engines being built under Lloyd’s Survey, 254 only were 
steam driven, and of 1,850,000 tons of shipping being 
built nearly 50 per cent. was to be driven by oil. No 
less than a quarter of this tonnage consisted of oil 
tankers. The chair at the dinner was taken by the 
President, Lord Kylsant. The function proved very 
successful ; 700 members and guests attended, 
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THE INSTITUTION OF CIVIL 
ENGINEERS. 
Presidential Address* by FreprericK Patmer, C.I.E. 

THE choice of a subject for a Presidential Address 
is usually a difficult one, but the general practice 
successively and successfully followed by my prede- 
cessors in this Chair, has been for the incoming President 
to take the sphere of work in which he has, in the course 
of his career, been most interested, and to enter 
upon a brief survey of what has been accomplished. 
I propose to adopt the same course. I have been 
associated with India for nearly the whole of my career, 
and it follows almost naturally that the subject of this 
Address should be Engineering Works in India. 

In the time at my disposal it is impossible to deal 
with all,or even many, of the branches of our profession. 
The opening up of the country, in the first instance, by 
magnificent trunk roads, the water supply to cities, 
sanitation, tramways and other municipal amenities, 
the construction of government and other buildings 
on a magnificent scale, the utilization of water-power, 
and many other important features, I must leave 
untouched. Nor can I deal with the industrial develop- 
ment of the country, in which engineering has played 
so important a part. The cotton spinning at Bombay, 
where about 75 per cent. of the total spinning industry 
of India is carried out in nearly a hundred mills having 
3 million spindles and over 50,000 looms; the jute 
spinning and weaving, mainly around Calcutta, in 
which there are no fewer than 85 huge mills engaged, 
with 50,000 looms and over | million spindles; the 
manufacture of steel, first introduced by the late Mr. 
J. N. Tata, and since developed, under the guidance 
of the Tata family, into the production of first-class 
steel in almost all its commercial sections ; the estab- 
lishment by the same family of hydro-electric generating 
stations near Bombay, from which power is obtained 
for practically all the industries of that city, and for the 
electrification of the Great Indian Peninsula and the 
Bombay Baroda and Central India Railways over their 
suburban areas; the opening of coal, iron-ore, and 
manganese mines—all these are subjects which I cannot 
now touch upon, and I will attempt to deal only with 
three primary branches of engineering—harbours, 
railways and irrigation. Having had some personal 
experience in the first two of these three important 
branches of our profession, I am perhaps a little inclined 
to regard achievements in them more with admiration 
than with wonder ; but of the third I may say that the 
magnificence of the irrigation works carried out by 
engineers fills me with wonder and amazement. 


Harbours. 

Considering the enormous extent of the coast line 
of the Indian Empire, the number of ports with accom- 
modation for vessels alongside quays is surprisingly 
small. To some extent, this is accounted for, on the 
western side, by the fact that, for nearly a thousand 
miles at a little distance from the coast and stretching 
southwards from the Gulf of Cambay to Cape Comorin, 
there is a steep range of mountains, the Sydharis, with 
summits more than 3,000 ft. high, which makes access 
to the seaboard a matter of great difficulty. Geologically, 
the Ghats, as this ridge is commonly called, consist 
of an outflow of volcanic rock known as Deccan 
Trap, which is supposed to have been ejected from 
huge crevices. It is the largest area of volcanic rock in 
the world, covering no less than 100,000 square miles, 
with a maximum thickness of 5,000 ft. So precipitous 
are the Ghats that, south of Bombay, about 250 
miles of coast is cut off from railways, and between 
Bombay and Marmagao there are only three roadways 
leading from the high to the lower country. On the 
eastern side, between Madras and Calcutta, there is a 
tract of country, roughly triangular, with a coast base 
600 miles long and an area of 100,000 square miles, 
which is so sparsely populated that there is but little 
need for a port. Similarly, on the western coast of 
Burma, there is a length of 500 miles of seaboard 
separated from the hinterland by Ghats. 

Beginning at the northern end of the Arabian Sea, the 
first port is Karachi, which serves the Punjab, with its 
large area of irrigated cultivation. The work of 
constructing a fine quay on the northern side, with a 
depth of 34 ft. at low water, is now in progress. 
Karachi is the nearest port tc Europe, and although it 
may be many years before its geographical position 
will bring it into close rivalry with Bombay, the trade 
there must be enormously increased when work on 
one of the greatest of the irrigation projects—the 
Sukkur barrage—is brought to completion. 

Next comes Bombay, which will be referred to 
later, and, farther south, Marmagao, with a compara- 
tively small trade, which, in tonnage, is largely made 
up of manganese ore. At the lower end of the east 
coast, there has been established a ferry service between 
India and Ceylon dealing with passenger and goods 
traffic. Proceeding northward, Madras is reached. The 
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works at this place have been so fully described in 
various papers read at the institution that it is needless 
to say more than that extremely difficult conditions 
have been successfully overcome. The next port is 
Calcutta, nearly 900 miles to the north, and a brief 
description of this place is given later; but, midway 
between Calcutta and Madras, a new harbour is being 
constructed at Vizagapatam, together with a line of 
railway leading up to about the apex of the triangular 
territory already mentioned. Chittagong, at the head 
of the Bay of Bengal, is the last of the ports in India 
proper. It serves the tea-growing districts of Assam 
and the densely populated eastern side of Bengal 
around Dacca and Mymensingh, where a large quantity 
of jute is grown. 

It is impossible to describe fully the works at these 
places in the time at my disposal, but it may be in- 
teresting to give brief statements regarding the ports 
of Bombay and Calcutta. 

Bombay.—The harbour of Bombay—one of the finest 
in the world—is a deep arm of the sea, between the 
Island of Bombay and the mainland, 14 miles long and 
70 square miles in area. The trade of the port was 
carried out by means of lighters plying to and from 
vessels lying in this sheltered water, until, with the 
establishment of railways having their termini at 
Bombay, it became necessary to provide more suitable 
facilities, and the Government decided upon the 
administration and improvement of the harbour by a 
Public Trust, which came into existence in 1873 as the 
Bombay Port Trust. 

The first work carried out by the newly formed 
Trust was the construction of the Prince’s Dock, which 
was completed in 1883. Between 1883 and 1893, the 
Victoria Dock and the Merewether dry dock, 525 ft. 
long, 654 ft. wide, and 27 ft. deep over blocks, were 
built. Following upon these works, the Trustees 
embarked upon a large reclamation scheme by which 
an area of nearly 600 acres was made available, and on 
this land now exist large depots for cotton, previously 
dealt with in the heart of the city. 

The cotton depot is 127 acres in area and provides 
accommodation for 14 million bales in 178 reinforced- 
concrete warehouses, and uncovered platform space 
for a further 1 million bales. As many as 27,000 bales 
have been dealt with in a day, and, during one season, 
nearly 3 million bales of cotton were unloaded at 
the depot. A Port Trust railway was constructed, 
connecting the docks with the two main lines of rail- 
way serving Bombay, and is worked by the Trustees. 
These works were finished in 1913, and, in the mean- 
time, the Alexandra Dock was constructed and a 
further reclamation made, known as the Ballard 
Estate. The entrance to the Alexandra Dock is 
750 ft. long and 100 ft.. wide, with a depth of 41 ft. 
over the sill at high water. Alongside, and opening 
from the dock, is a dry dock 1,000 ft. long, 100 ft. 
wide, and 36 ft. deep over the sill. Although designed 
and commenced more than 20 years ago, the govern- 
ing dimensions of this fine dock and pier are still well 
in advance of requirements. The water area of the 
three docks exceeds 100 acres, the quayage is 23,500 
lineal ft., and there are sheds and warehouses covering 
3,200,000 sq. ft. 

A depot for petrol and kerosene, situated near 
Trombay, at the head of the harbour, was constructed 
at a cost of 600,000/., and opened in 1922. Imports, 
which were half a million gallons in 1918-19, increased 
to seven and a half million gallons in 1925-26. A 
deep-water channel had to be dredged to the bulk- 
oil pier, and for this and other improvements, and for 
the maintenance of existing channels, the port possesses 
a dredging fleet consisting of nine large modern dredgers 
of various types, nine steam hopper barges, and a rock- 
breaking plant. 

The total area of the land estates is 1,880 acres, of 
which about 880 acres have been obtained by recla- 
mation. The charge against capital for this land is the 
actual cost, and no allowance has been made for very 
considerable appreciation in value over and above the 
cost price. : 

During the war, the accommodation of the port was 
utilized to its fullest capacity by the Naval and Military 
Authorities. | More than 4,000 transports and hospital 
ships were berthed, 2,350,000 tons of military stores 
were handled, 1,627,000 troops and personnel were 
embarked or disembarked, and, in addition, 243,000 
sick and wounded. 

At the present moment, the Trustees have under con- 
sideration the construction of very large new docks 
farther up the harbour at Trombay, the total cost of 
which, when completed, may amount to nearly 
20,000,000/. The population of Bombay at the time 
it became a British possession (1661) was only 10,000. 
By 1780 it had increased to 113,000, and by 1838 to 
236,000, while to-day it is little short of 1} million. 

Calcutta.—The city and port of Calcutta are situated 
on the left bank of the River Hooghly, some 80 miles 
from the sea. In 1848, a Government Committee 
recommended the construction of docks at Kidderpore, 





with provision for vessels ‘“‘ of an average burthen of 
400 tons,” but, up to the time of the creation of the 
Calcutta Port Trust, in 1870, the only berths for vessels 
consisted of four small tee-headed jetties on the riverside 
equipped with cranes and sheds. These jetties were 
connected up and extended from time to time, until 
the whole available frontage of 4,400 ft. was utilized. 
Sheds and warehouses serving these berths have a 
storage capacity of 80,000 tons. In the meantime, the 
construction of an enclosed dock was commenced in 
1884 at Kidderpore, about 3 miles below the jetties. 
The works comprised an entrance lock, 400 ft. long and 
60 ft. wide, entering into a tidal basin 600 ft. square, 
from which there was separate access to the river 
through an 80 ft. entrance with a single pair of gates. 
No. 1 Dock, 2,750 ft. long and 600 ft. wide, with 12 
berths, was opened in 1892, and, thereafter, Dock No. 2 
has been proceeded with as required. 

In 1906, it became apparent that further extensions 
of the dock accommodation would be required in the 
near future, and a scheme was prepared under which a 
site, some 1,750 acres in area and with a deep-water 
frontage of the river of over 3,000 lineal feet, was then 
acquired for future developments. The scheme 
included two entrances from the river, a dock 2,400 
ft. long and 1,000 ft. wide parallel to the river, and 
two branch docks, 5,750 ft. long, and 800 ft. wide, and 
5,900 ft. long and 600 ft. wide, respectively, one at either 
end of the main dock. The total water area of the 
ultimate development was to be nearly 200 acres. 
Beyond the acquisition of the land, nothing was done 
for some years, but extensive works are now in progress. 
An entrance lock, 700 ft. by 90 ft., two dry docks in 
tandem, 590 and 575 ft. long, respectively, and 80 ft. 
wide, and a short length of quay wall affording berthage, 
with 35 ft. of water, for five vessels, will be completed in 
1928 at a cost of 5,500,0007. Concurrently with this 
work, a new entrance to the older docks, 580 ft. long and 
80 ft. wide, is under construction. 

The dangers and difficulties of navigating the River 
Hooghly were so notorious that a River Conservancy 
Department was organized and has been brought to a 
high state of perfection. Three of the more important 
bars in the river are sounded daily, and the results are 
printed on plans which are circulated to the pilots 
sometimes within 6 hours of the completion of the 
survey. The Bengal Pilot Service is admittedly the 
finest body of pilots in the world, and so accurate are 
the surveys furnished to them that vessels are frequently 
taken over the bars by these officers with only a very 
few inches of clearance. Such were the dangers of the 
river in early days that, in 1830, the maximum draught 
was limited to 20 ft.; it increased, in 1860, to 23 ft., 
in 1870 to 24 ft., and in 1880, when steam vessels 
began to use the port more frequently, the limit was 
extended to 25 ft. In 1907, a large suction dredger 
was purchased to operate on the bars, and since then 
two more such dredgers have been added. By the 
use of this dredging plant and the aid of the admirable 
survey organization, the maximum draught was in- 
creased by 1925 to 30} ft. The pilotage waters of the 
Hooghly extend for 120 miles from Calcutta. 

The total quayage at the jetties and docks for ocean- 
going vessels is, at present, 20,610 ft. in length. There is 
also extensive berthage for inland vessels, and the 
Commissioners maintain a very successful steam ferry 
service up and down and across the river. Other than 
this, the only communication between the right and 
left banks is a floating bridge, with opening spans 
giving a clear waterway of 200ft. This bridge, 1,500 ft. 
long, with road and footways of 60 ft., was very cleverly 
designed and ably built more than fifty years ago by 
the late Sir Bradford Leslie. 

At the time of its first settlement, in 1690, by Job 
Charnock, the site of the present city was but sparsely 
populated. In 1710, the population was 12,000, and, at 
present, Calcutta is the second city in the Empire, with 
a population exceeding 1} million. 

It is interesting to note that the two young engineers 
who assisted me in the preparation of the Calcutta Port 
development scheme were Mr. J. McGlashan and 
Mr. W. H. Neilson. The former is now Chief Engineer 
at Calcutta and Chairman of the Bengal Association of 
the Indian Institution of Engineers; and the latter, 
after having been Chief Engineer, is now Chairman of 
the Bombay Port Trust and President of the Indian 
Institution. 

I would have liked to deal at far greater length with 
what has always seemed to me to be one of the most 
fascinating branches of our profession, but it would 
overstretch my time, and possibly your patience. I 
must therefore leave the harbours and proceed to my 
second subject. 

RaILways. 

The history of railway construction in India may be 
said to commence in 1844, when a proposal to build 
the East Indian Railway was first made. Actual con- 
struction was not commenced until 1850, and, at about 
the same time, works were started on the Great Indian 
Peninsula Railway. These two lines, starting from 
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Calcutta and Bombay, respectively, eventually met at 
Jubbulpore in 1870, thus crossing the breadth of India 
for the first time. The terms of the contracts for these 
railways included a guaranteed return of 5 per cent., 
certain conditions under which the lines could be taken 
over by the Government, and provision for control, 
which, on practically all matters of importance, was 
vested in the Government. In 1867, the building of the 
Oudh and Rohilkund Railway was entrusted to a 
company, but, in 1869, being convinced that capital 
could be obtained more cheaply by the State than by 
companies, the Government embarked on State railway 
construction. By the end of 1879, 6,128 miles had been 
constructed by companies at a cost of approximately 
97,872,0001., and 2,175 miles by the State at a cost of 
23,695,2261. 

Following upon a disastrous famine in 1878, and the 
report of a Famine Commission in 1880, a more vigorous 
policy of construction was adopted and the company 
system was again reverted to. Further construction was 
also carried out by State agency, and by 1900 the total 
mileage had reached 25,072 route miles, of which 
13,994 miles were of the original standard gauge of 
5 ft. 6 in., 10,389 miles were of metre gauge, and 689 
miles of smaller gauge. 

The construction and development of railways has 
been much handicapped by the fact that the State, 
being owner of most of the railways and predominant 
partner in the remainder, merged the railway revenue 
and expenditure in the general accounts of India. New 
capital had either to be found by the State or raised on 
a Government guarantee, and the amount available 
fluctuated with the borrowing power of the State and 
with other demands of the country. Again and 
again, it was found necessary to suspend construction 
and defer improvements for reasons entirely un- 
connected with railway administration. In 1922, the 
Government secured the approval of the Legislative 
Assembly to a vote of 100 millions sterling, spread over 
five years, for capital expenditure. At the same time, 
a reorganisation of the Railway Board, the managing 
agency under the railway member of the Viceroy’s 
Council, was put in hand, and a Chief Commissioner 
was appointed to preside over the Board. The new 
Board undertook many widespread reforms in organi- 
sation and working, and, in 1924, the Legislature 
accepted proposals made by them for the separation of 
railway finances from the general finances of the 
country. It is unnecessary to enter into details of this 
measure, but, briefly, it may be said that the State- 
owned railways are under an obligation to pay a con- 
tribution to general revenues of 1 per cent. on the 
total capital after meeting all interest charges. The 
balance of profits is divided, according to a prescribed 
formula, between general revenues and railway reserves. 
A depreciation fund has also been instituted, to which 
annual contributions are made, based on,the assumed 
life of all wasting assets, from which appropriations are 
made for renewals as they become necessary. The 
result of this change has been that general revenues are 
relieved of the risks of fluctuations in railway profits, 
and the Railway Board can carry out the work of 
development and improvement according to pre- 
arranged plans. They have consequently been enabled 
to developa more progressive policy of new construction, 
and have laid out a programme which will result in the 
addition of about 1,000 miles of new railways per 
annum. 

The working of the East Indian Railway has shown 
extraordinary results. Owing to the easy gradients on 
much of the line, the densely populated country through 
which the railway runs, and, to some extent, to cheap 
coal, the working expenses, averaged over forty years 
from 1880, were only 34-78 per cent. of the earnings. 
The war, however, has been the cause of great increase 
in working expenses, the figure for 1921-22 (the highest 
reached) being 63-35 per cent., while in 1925-26 it 
was still very high at 60-55 per cent. 

The Great Indian Peninsular Railway, on the other 
hand, reaches difficult country soon after leaving 
Bombay. At Kalyan, 34 miles distant from that city, 
the railway bifurcates into two main lines, the south- 
eastern section leading to Poona and towards Madras, 
and the north-eastern section leading towards Calcutta. 
On the first-named, the Ghats are reached some 
64 miles from Bombay, and there is an ascent—the 
Bhore Ghat—of over 2,000 ft., witha ruling gradient 
of 1 in 37, and a reversing station at Mile 75. The 
summit is reached at Mile 79. On the north-east section, 
a rise of about 1,000 ft. is obtained between Kalyan 
and Kusara (Mile 753), with gradients no worse than 1 
in 100, by following a spur projecting from the main 
range, and the real incline—the Thul Ghat—then 
begins, reaching a total height of nearly 2,000 ft. with a 
ruling gradient of 1 in 37 and one reversing station 
near Mile 79. 

These Ghat sections included extremely heavy 
work, with many tunnels through the trap rock, and 
considering that they were carried out by Indian 
labour in the very early days of Indian railways, over a 





country having a rainfall of 250 in. per annum, most of 
which is crowded into 4 months, the construction was a 
very meritorious performance on the part of Mr. 
James Berkley, the engineer-in-charge. 

Since that time, however, the enormous traffic on 
the north-eastern section has necessitated the cutting 
out of the reversing station on the Thul Ghat, 
which restricted train length, and the new alignment, 
besides shortening the route by 14 miles, has allowed 
of trains of 1,450 tons being worked down the incline. 
The elimination of the reversing station on the Bhore 
Ghat is now about to be carried out. 

In our own country, the bridges carrying railway 
over large rivers are comparatively few. In India 
rivers of the first magnitude are encountered, and most 
of them have been crossed several times. There are, 
in all, nearly a hundred railway bridges over 1,000 ft. 
long between abutments, of which twelve exceed 
4,000 ft. in length. The longest is the Upper Sone, 
over 10,000 ft. in length, but pride of place must 
be given to the bridge over the Ganges at Sara. This 
bridge crosses the river 1,300 miles from its source, 
and consists of fifteen main spans of 345 ft. The 
foundations are of wells, or monoliths, sunk to the 
astounding depth of 160 ft. below low-water level. 

The Government have always had general control 
over rates and fares. In the case of company-managed 
railways, the contracts provide for the fixing of maxima 
and minima rates by Government, and these are simi- 
larly applied to the State-managed railways. The 
various railway administrations have a free hand to 
fix rates within the maxima and minima. There has, 
however, always been a tendency, amounting to a 
definite policy on some railways (in particular the 
East Indian and the Bengal North-Western), to reduce 
rates and fares to as low a level as possible. with the 
object of securing a reasonable return, rather than 
high profits, on the money invested. The extension 
of State management, and the separation of railway 
finances from the general finances, has given a fresh 
stimulus to this policy. As the return required from 
the State property (namely, 1 per cent over the actual 
interest charges on the loans involved) is now stabilised, 
there is an obvious incentive to increase the scope of 
railway business as far as possible, consistently with 
securing this return. There can be no doubt that this 
policy has been of the greatest benefit to India, and has 
brought to the railways an immense amount of traffic 
which would not have been available for transport at 
higher charges. 

In 1924-25, the passenger miles amounted to nearly 
20,000 millions (19,910,350,000), and the fares charged 
were, first class 1-95d. per mile, third class (of which 
96 per cent. of the traffic consisted) 0-32d. per mile, 
the average for all classes being 0-35d. per mile. 
Goods traffic, during the same year, totalled over 
21,000 millions of ton-miles (21,268,691,000), of which 
about 40 per cent. was coal and coke. The charge to 
the public averaged 0-55d. per ton-mile, while for coal 
it was 0- 26d. per ton-mile. These figures represent what 
are probably the lowest fares and rates in the world. 

From the earliest stages of railway construction, the 
cost accounts have been kept under certain well-defined 
heads. The capital expenditure on any one railway is 
therefore readily comparable, in considerable detail, 
with that on any other line. The value of this informa- 
tion in preparing estimates for new railways is incal- 
culable. Statistical tables are also prepared and 
maintained in regard to the working of railways. These 
show in great detail all earnings and expenses, train and 
engine mileages, use of vehicles, loads of trains, loaded 
and light mileage, and many other factors in the 
economic working of railways; and the careful study 
of these statistics has resulted in Indian railways 
being operated on scientific lines such as are seldom met 
with elsewhere. 


(To be continued.) 








Hypro-Etectric PowrerR 1N ItTaty.—According to 
officially published figures given in the latest census 
of hydro-electric stations (exceeding 300 nominal horse- 
power) in operation in Italy on December 31, 1925, there 
were 588 stations having a total capacity of over two 
million nominal horse-power. At the same time, 95 sta- 
tions, totalling about one million nominal horse-power, 
were under construction. The reservoirs utilisable for the 
production of power were 86, with a total capacity of over 
800 million cubic metres, representing a nominal reserve, 
when full, of 1,300 million kw.-hours. The effective value 
of this reserve, in connection with existing plant, is esti- 
mated at 650 million kw.-hours. The reserve power 
obtainable from these reservoirs equals about one-tenth 
of that obtainable from the hydro-electric stations in 
operation, the production of electric power in 1925 being 
estimated at about 7,000 million kw.-hours. The reser- 
voirs still under construction number 27, with a total 
capacity of about 770 million cubic metres and a nominal 
productive power of 1,000 million kw.-hours. The con- 
clusions drawn from these figures are that, in a few years, 
the power of the electric installations in Italy will have 
increased by 50percent., while the energy obtainable from 
the reservoirs will have been augmented by 100 per cent. 





PULVERISED-FUEL INSTALLATION 
AT ST. PANCRAS POWER STATION. 


As St. Pancras was the first of the Metropolitan 
Boroughs to obtain powers for a public supply of elec- 
tricity and has been a pioneer in some other features of 
electric supply, such, for instance, as three-wire distri- 
bution and the installation of Ljungstrém turbo- 
generators, it is interesting to find that this progressive 
policy is still maintained. The first Ljungstrém turbo- 
generator to be constructed in this country by the 
Brush Electrical Engineering Co., Ltd., of Loughborough, 
was installed in the King’s Road power station of the 
St. Pancras Borough Council in 1914. Additional 
boiler plant was ordered and an extension to the engine 
Toom was contemplated at that time, but the occur- 
rence of the war prevented the work from being com- 
pleted. Two additional Brush-Ljungstrém turbo- 
generators, each of 3,000 kw. capacity, were, however, 
installed between 1919 and 1921, and two other machines 
of the same type, but each of 7,000 kw. capacity, were 
added in 1923-24. The decision at that time to install 
another turbo-generator of 10,000 kw. capacity, neces- 
sitated an increase in the boiler-house equipment 
of the station and of this new equipment, part of which 
was formally opened on Monday last, we propose to 
give a brief description below. 

As the space available for the boiler plant required to 
give the necessary evaporation was limited, it was decided 
to employ the Lopulco system of firing with pulverised 
coal, the St. Pancras Electricity Department thus being 
one of the first municipal electric undertakings in the 
country to adopt this method of using fuel. The 
installation now completed, which has been carried out 
by Messrs. International Combustion Limited, Africa 
House, Kingsway, W.C.2, comprises two Babcock and 
Wilcox boiler units of the cross-drum marine type, 
each having a normal evaporative capacity of 40,000 
lb. per hour, with an overload capacity of 60,000 Ib. 
per hour, and each unit consisting of a boiler, integral 
superheater and superposed economiser. The heating 
surface of each boiler is 6,546 sq. ft., to which must be 
added a further 494 sq. ft., contributed by the water 
tubes in the combustion chamber; the heating surface 
of the integral superheater is 2,214 sq. ft. The normal 
working pressure is 220 lb. per square inch, and the 
safety valves are set to blow at 240 lb. per square inch, 
while the temperature of the steam leaving the super- 
heater is 655 deg. F. Induced-draught fans, one for 
each boiler unit, are located on a floor above the 
economisers and the ashes are dealt with on the Usco 
sluicing system. Chief interest, however, centres on 
the pulverised-fuel equipment. Very complete des- 
criptions of other installations of the Lopulco system 
of pulverised-fuel firing have recently been given in our 
columns, that at the works of Synthetic Ammonia 
and Nitrates, Limited, Billingham-on-Tees, having been 
dealt with in our issue of September 24, on page 381, 
while that at the electric power station of the Derby 
Corporation was described on page 545 of last week’s 
issue. The principles of the sytem were fully explained 
in these articles, and a number of the more important 
details were illustrated and described, so that we propose 
on this occasion to confine ourselves to a general descrip- 
tion of the main features of the installation at St. 
Pancras. 

The general arrangement of the completed portion 
of the installation is shown by the transverse section 
given in Fig. 1 on page 56%, while Fig. 2 gives horizontal 
sections of the two adjacent combustion chambers, 
the section in the upper part of Fig. 2 being taken just 
above the water screen, while that in the lower part 
of the same illustration is taken at the level of the 
burners. The bunker, into which the small coal is 
filled by means of a grab and telpher system, is shown on 
the right of Fig. 1; it extends for the whole length of 
the boiler house. From the bunker, the coal is supplied 
by screw conveyors to a magnetic separator and auto- 
matic weighing machine, whence it passes into the 
driers, of which there are two, located at the back of the 
boilers, as shown in Figs. 1 and 2. These particular 
driers are of the waste-heat type, but those for the 
boiler plant still under construction are of the steam- 
heated type. In the case of the waste-heat driers, the 
coal is fed in at the top and falls by gravity hetween 
two sets of louvres, flue gases, drawn by a fan from the 
base of the chimney, being passed through the thin 
layers of coal falling through the louvres to effect the 
drying action. 

The coal dried in this way passes out from the bottom 
of the drier into a chute leading it to the pulverisers, 
which are of the Raymond roller type. The construc- 
tion of one of these mills was illustrated and described, 
and its action explained, on page 381 ante, so that we 
need not refer further to it here. The two mills are 
located in the basement at the back of the boilers, as 
shown in both our illustrations; each is driven by a 
60 Ip. motor. In operation, air is drawn by an 
exhauster fan into the mill through tangential ports in 
the base and out at the top, carrying with it the finely 
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pulverised coal and depositing the coarser particles in 
the mill for further treatment. After passing through 


the exhauster fan, the coal-dust laden air is delivered | 
through trunking to a cyclone separator, situated on the | 


boiler-house roof. In the separator the coal dust is 


deposited, and from it the air is returned to the base of | 


the mill so that the air is circulated continuously. The 
pulverised coal is discharged through flap valves in 
the bottom of the separator to storage bins located above 
the front of the boilers, one over each unit, as will be 
understood on reference to Fig. 1. Each of the bins is 
provided with a dust-proof cover plate, a vent pipe to 


the atmosphere, and an indicator to show the level of 


the coal. 


There are five burners on each combustion chamber, | 


and each burner is supplied by a separate screw feeder 


attached to the bottom of the storage bins. By means | 
of the feeder screws, which aie arranged in groups of | 
three and two—driven, respectively, by 4-h.p. and | 
3-h.p. variable-speed motors—the coal dust is propelled | 
along a trough, at the outlet of which it meets the | 
primary air introduced under pressure through a| 
| formally opened on Monday last, the Ist inst., the 
| opening ceremony, which was performed by the 


separate connecting pipe. This primary air, which 
amounts to about 15 per cent. of the total required 
for combustion, carries the pulverised coal down the 
inclined pipes, shown in Fig. 1, to the burners, which 
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of each is 6,160 cub. ft. 
above the water-screen. 
The secondary air passes 
into the side walls, 
which are of hollow con- 
struction, through 12 
doors controlled by 
dampers, entering the 
combustion chamber 
proper through a large 
number of ports distri- 
buted over the surface 
of the inner front wall, 
as shown in Fig. 1. 
With this arrangement, 
the air is preheated and 
the temperature of the 
brickwork is greatly 
reduced. The water 
screen, shown in Fig. 1 
and in the upper part 
of Fig. 2, consists of 
14 4-in. solid-drawn 
mild-steel tubes which 
|are expanded and bell-mouthed into headers at 
the front and rear of the combustion chamber 
outside the walls. Both headers are connected to 
the steam drum of the boiler, the front header 
directly and the rear header through a bank of 
14 4-in. tubes. These re-enter the combustion 
‘chamber, rise vertically in front of the rear wall 
| and pass out at the top to another header communi- 
|cating with the boiler drum directly, as shown in 
| Fig. 1. The main object of the water-screen is to 
produce a cool zone at the bottom of the combustion 
| chamber, through which the molten ash passes and 
solidifies, in a finely-divided state, before falling into 
| the ash hopper, while the water tubes in front of 
the rear wall serve mainly to protect the brickwork. 
They form, however, a useful addition to the heating 
surface and materially increase the evaporative 
capacity of the unit. The gases from the combustion 
chamber pass up between the boiler tubes and through 
the economiser, and are discharged into the chimney 
by an induced-draught fan. 

As already stated, the completed installation was 


a | 


Right Hon. Sir Alfred Mond, Bart., being followed 


| by a luncheon at the Midland Grand Hotel, St. Pancras, 


are located on the top of the combustion chamber. | presided over by the Mayor of St. Pancras, Alderman 


The positions of the burners are indicated by the 
chain-dotted lines in the lower part of the sectional 
plan given in Fig. 2, and details of the construction 
of a similar burner will be found on page 547 ante. 
The combustion chambers are of the standard 
Lopulco type, having the usual water-screen near 
the bottom and water-cooled rear walls; the volume 





Dr. E. A. Gregg, J.P. In addition to the completed 
installation, two other units, for which the main 
contractors are the Vickers Boiler Company, Limited, 
of Westminster and Barrow-in-Furness, are now in 
course of erection. The arrangement is generally 


similar to that described above, except that Vickers 
| boilers will be used, and the coal driers of the pulverised- 
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fuel installation are of the rotary steam-heated type 
similar to those described on page 381 ante. Each 
boiler has a normal evaporative capacity of 45,000 lb. 
per hour, and an overload capacity of 70,000 1b. per 
hour for a period of three hours, while the guaranteed 
overall thermal efficiency, using Midland bituminous 
slack having a calorific value of 10,500 B.Th.U. 
per pound, is 87 per cent. 








HALF-CUBIC YARD UNIVERSAL 
EXCAVATOR. 


THE firm of Ruston and Hornsby, Limited, of 
Lincoln, have specialised in excavating machinery of 
all types for many years, thus carrying on the work 
of their predecessors, Messrs. Ruston, Proctor and Co., 
who introduced their first steam navvy in 1875. The 
firm were among the pioneers in the employment of 
caterpillar travelling gear. As early as 1908 they 
showed a Hornsby tractor mounted on a caterpillar 
track at Aldershot, and the success of this machine 
undoubtedly had its effect on subsequent develop- 
ments, which have led to the employment of this device 
for all forms of transport over unmade country. The 
general construction of the excavating machinery made 
by the firm was described by Mr. W. Barnes in a paper 
read before the British Association in 1923 on ‘* The 
Development of the Single-Bucket Excavator.’ This 
paper was reproduced in full in our issue for October 12, 
1923, page 473; and on page 763 of our issue for 
December 21 in the same year we described a 250-ton 
dragline excavator designed and constructed by the 
same firm. This machine was then the largest in the 
world, and the range of Messrs. Ruston and Hornsby’s 
products may be gathered by comparing the illustra- 
tions then given with Figs. 1 and 2, on page 569, 
which are reproduced from photographs of a new 
excavator introduced by the firm. This is one of the 
smallest—if not the smallest—machines of this type 
on the market. The earlier large machine was 
steam driven, but the great improvement in light-fuel 
engines in recent years has led to their employment 
for excavator work. The advantages of employ- 
ing an internal-combustion engine for this class 
of work are fairly obvious, but if steam or electric 
drive is preferred for any reason, the excavator can be 
supplied with the appropriate power unit. Among 
other advantages, the internal-combustion engine 
renders the machine independent of external power 
connections such as electric cables or water pipes. The 
engine normally fitted is a four-cylinder petrol-paraffin 
model made by Messrs. W. H. Dorman and Co., 
Limited, of Stafford, and is rated at 32 brake horse- 
power, the average working load being 24 brake horse- 
power. The consumption is approximately 24 lb. of 
paraffin per hour, and taking the cost of the fuel at the 
current bulk price, the fuel cost works out at about 
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HALF-CUBIC YARD UNIVERSAL EXCAVATOR. 
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Fie. 2. Macutne LoaADED oN Rattway TRUCK FoR TRANSPORT. 


afterwards be manceuvred into a suitable fore and aft 
position for travelling, again under its own power, 
the whole process being reversed with equal facility 


2s. per hour. If running and capital costs are both 
included, the cost of excavating and loading into 
wagons under average conditions works out to about 
3d. per cubic yard, the output of the machine being | at the end of the journey. By removing the housing, 
taken as 30 cub. yards per hour. The actual output | the machine clears the loading gauge, as shown in the 
varies from 20 cub. yards per hour in clay of medium | figure, and may thus be transported on any of the 
hardness to 40 cub. yards per hour in soft ground, | British railways. 
the capacity of the bucket being half a cubic yard. | The machine has been subjected to exhaustive tests, 
The excavator shown in the illustrations is of the | particularly as a crane navvy, and has proved to 
universal type, that is, it is suitable for work as a/ be entirely satisfactory. In this machine the racking 
crane navvy, dragline excavator, grabbing crane, | effect is obtained by raising or lowering the jib, and 
skinner scoop, back trencher, or as an ordinary locomo- altering the radius of the bucket. To allow of this 
tive crane. In the latter capacity it has a load rating | method of working the bucket arms are hinged at a 
for normal working of 50 cwt. at 10 ft. radius, or 22] fixed point near the centre of the jib. In the larger 
cwt. at 22 ft. radius. The caterpillar track is standard- machines made by Messrs. Ruston and Hornsby, the 
ised on the machine, and embodies all the improve- bucket is adjusted by a rack and pinion mechanism, 
mae resulting from the makers’ long experience in this | and, if preferred, this arrangement can be fitted on 
tting. The machine is capable of travelling success- | the small machine as an alternative to that described. 
fully over the roughest ground, and will surmount a | 
gradient of 1 in 5. It will pass through a gateway | 
7 ft. 6 in. wide. One of the most valuable features| _Caupx Or Propuction in THE Unitep States.— 
of the caterpillar track is that the machine can be | According to a statement issued by the Guaranty Trust 
loaded for transport by rail under its own power. Company of New York, the production of crude petroleum 


For this purpose only an im : P |in the United States during the week ending Septem- 
; , provised ramp is necessary, | daily. 
as shown in Fig. 2, to enable the machine to mount pe MP Ragas Magn pty ge Py Mag 


; tput for the preceding week was 2,184,350 barrels, 
from ground level into the well of the truck. It can oad i - ¥ 














and for a similar week a year ago, 2,131,000 barrels. 
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LARGE CAPACITY INDUCTION-TYPE 
SYNCHRONOUS MOTORS. 


An interesting application of induction-type syn- 
chronous motors, or as they are sometimes called, asyn- 
chronous-synchronous motors, to substation work has 
been made by the Compagnie Parisienne de Distribution 
d’Electricité. Some of the machines installed are 
unusually large for their type, the asynchronous- 
synchronous sets in the Saint Rock substation being 
of 2,250 kw. each. This type of machine, which was 
introduced by Danielson in Sweden in 1900, has been 
manufactured in various countries but has, perhaps, 
hardly taken the position which its merits would 
appear to warrant. A paper dealing in considerable 
detail with its principles was read before the Institution 
of Electrical Engineers in 1921 by Mr. Laurence H. A. 
Carr.* 

It is pointed out in the introduction to that paper, 
that the induction-type synchronous motor, which is 
started as an induction motor of the slip-ring type and 
synchronizes itself when direct current is switched 
on to the rotor, has advantages over the plain syn- 
chronous motor in its starting characteristics. The 
synchronous motor, with a damper winding for starting, 
will only start against some 40 to 50 per cent. of full 
load torque, and even then takes a large current at a 
low power factor for an appreciable time. In com- 
parison with this, the induction-type synchronous 
motor starts from rest like an induction motor and 
easily synchronizes itself against full load, or even an 
overload. Compared with an induction motor fitted 
with a phase advancer, or vibrator, the induction- 
type synchronous motor may be corrected not mergly 
to give unity power factor, but to give a leading 
current. It delivers a leading component of current, 
which increases slightly as the load decreases, whereas 
with a corrected induction motor the current lags 
as the load decreases, until, at no load, the motor 
takes as much lagging current as a plain induction 
motor. The action of a phase advancer increases the 
slip, but a synchronous induction motor runs at 
constant speed and has zero slip. A further point is 
that the synchronous induction motor commutates low- 
voltage direct current, instead of alternating current, as 
is the case with a phase advancer or vibrator. 

The installations with which we are concerned in this 
article, were made by Messrs. Schneider et Cie., of Paris, 
who use the name asynchronous-synchronous motor 
for the machines. This firm was among the first to take 
up the manufacture of the Danielson motor, having built 
their earliest machines in 1902. The installations for 
the Compagnie Parisienne de Distribution d’Electricité 
consist of two types, one being of the induction type 
synchronous design, while the others are plain syn- 
induction-type synchronous 
starting motors. The former arrangement has all the 
running advantages of the particular type of machine 
used and is simpler than the latter, which, however, 
has advantages of its own in the very small starting 
current required ; this does not amount to more than 
15 or 20 per cent. of the normal full-load current. 

The Saint Rock substation is equipped with asyn- 
chronous-synchronous sets of 2,250-kw. One of these 
machines, as installed at the station, is illustrated 
in Figs. 1 and 2, on page 572. The motors are con- 
nected directly to the 12,300-volt, 3-phase, 42-period 
supply, and run at 360r.p.m. It is proposed eventually 
to change the frequency in Paris to 50 periods per 
second, and when this has been done, the machines 
will be run at 428 r.p.m. The motors are coupled 
directly to direct-current generators, giving a supply 
pressure of 460 to 520 volts. Each of these sets has 
a total weight of about 70 tons, the weight of the 
heaviest component part being 18 tons. In order to 
reduce the length of the set, the exciter is built into 
the motor frame, and a total overall length of 6 metres 
(19 ft. 8 in.) is thereby obtained. The overall width 
of the machines is 3 metres (9 ft. 10 in.), while the 
height is 2-9 metres (9 ft. 6 in.). 

A number of substations of the Compagnie Parisienne 
de Distribution d’Electricité are equipped with con- 
verting sets driven by synchronous motors of 3,400 kw. 
capacity. There are, in all, eight of these machines, 
one of which, situated in the Voltaire substation, is 
illustrated in Figs. 3 and 4, on page 572. These 
machines are fed from the 12,300-volt, 3-phase supply 
and run at 360 r.p.m., the same speed as the 2,250 
kw. asynchronous-synchronous sets. They are coupled 
to 3,000-kw. direct-current generators, which, in 
some cases, give a supply at 460 to 520 volts, and in 
others at 230 to 250 volts. These sets are started up 
by asynchronous-synchronous motors, which are 
built into the main motors. The exciter, as can be 
seen in Fig. 4, is mounted onone end of the shaft. Each 
of these sets has a total weight of 95 tons, and occupies 
a space of 6-4 metres in length, 3-8 metres in width, 





* Journal of the Institution of Electrical Engineers, 
vol. Ix., page 165. 
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and 3-3 metres high, corresponding to 21 ft., 12 ft. 
6 in., and 10 ft. 10 in., respectively. 

From a mechanical point of view, both of these types 
of motors have many advantages. With both, a wide 
air-gap may be used, which may be as much as 4 mm. 
(0-157 in.) for each single air-gap for the asynchronous- 
synchronous motors. Open slots may be used in 
their construction, and this permits the coils to be 
former-wound and insulated before assembly in the 
machine, a construction which ensures easy removal. 
It is unnecessary to have numerous soldered joints in 
the coils, which is a further advantage over the ordinary 
asynchronous motor with closed slots. All these 
features of the construction make for stability in the 
machines. 

One of the principal advantages of the synchronous 
motor is the possibility of adjusting the power factor 
on the system at will. This feature has, in fact, 
become of considerable importance in alternating- 
current distribution systems, owing to the losses caused 
by the circulation of reactive currents. Adjustment is 
effected through the regulation of the exciter, which 
is a perfectly reliable component of the plant and is 
only subjected to low electrical pressures. 

The exciter is of the same type in each of the two 
classes of motors used in these substations and has three 
exciting windings. The first is an ordinary shunt 
winding, which is adjustable by means of a rheostat 
and a series-coil system, forming the second, is used to 
compound the exciter. The third winding consists 
of a further coil system, connected in parallel across the 
terminals of the windings of the commutation poles 
of the direct-current generator of the set, which serves 
for over-excitation. ‘In an asynchronous-synchronous 
converter set, the series winding, which serves to make 
the machine a compound-wound set, comes into action 
from the period of starting until synchronisation is 
effected on light load. With an asynchronous-syn- 
chronous starting motor, the exciter successively 
supplies the excitation of the motor, and that of the 
principal synchronous mathine. In both cases when 
necessary, the exciter can supply the auxiliary excita- 
tion of the direct-current generator, when the low- 
pressure falls to zero, to put the machine in servic 
again. 

The two series windings are not provided with any 
type of adjusting device, their duty being to increase 
the field automatically with the load, and thus supply 
the extra current that is needed to keep the power 
factor of the machine within satisfactory limits. The 
automatic action, such as is assured by the effects of 
the compound windings, is all that is necessary in 
such cases as those of the installations of the Compagnie 
Parisienne de Distribution d’Electricité, where the 
variations are generally produced very slowly. What- 
ever adjustment of the shunt regulator is needed is 
effected when the start is made to put the machine on 
load. The two types of machines installed are brought 
into ‘synchronisation without any adjustment of the 
rheostat, as the residual magnetism, and that due to 
the ordinary series coils, is sufficient to give the required 
conditions. Bringing the machines into phase is 
effected without any difficulty for machines of the 
synchronous type having asynchronous-synchronous 
motors for starting purposes, because of the direct 
mechanical coupling between the two machines. With 
both types of machines, the attainment of full speed 
may be reached from the start in about 2} min. 
Finally, when two or more units of either class of 
machine are connected in parallel on the same circuit, 
compensation is afforded for any of them which other- 
wise would be the cause of a lagging current. A 
case in point occurs at the time of starting up, when the 
power factor of the general system can be raised 
by making the current lead in the sets that are 
already on load, by the simpls adjustment of the shunt 
regulator. 

In the case of starting when all the machines are 
disconnected, the first unit put on circuit will, it is 
true, cause a reactive current which cannot entirely be 
compensated for. This effect is smaller in the case of 
machines using asynchronous-synchronous starting 
motors than with machines which are themselves of 
the asynchronous-synchronous type. However, once 
the machine has been properly started it can be 
used to compensate for the power factor of the other 
incoming units. The power factor can thus be brought 
up to unity during the interval, which is occasionally 
quite a long one, which elapses before putting the other 
machines on load. 

When the machines with asynchronous-synchronous 
starting motors were tested, the curve marked I in Fig. 5 
was found to give the variation of the power factor in 
relationship to the power, represented by the current. 
It will be seen that it varies within very narrow limits 
in the neighbourhood of unity, and it must be remem- 
bered that this regulation was effected solely by the 
actions of the series and auxiliary field coils, without 
any manipulation of the shunt regulator. The other 


curve IT in the same diagram, Fig. 5, shows the varia- 





tion in efficiency of the set, plotted as a function of the 
load on the primary machine. Sudden overloads have 
not the disastrous effects upon the set that might be 
anticipated. When the current was 3,500 amperes 
and there was a leading power factor of 0-95, one of 
these sets was put on an overload. The power factor 
instantly became unity and then automatically regained 
the leading value of 0-95, solely by the action of 
the series and auxiliary excitation. 

Similar curves for the power factor are given for an 
asynchronous-synchronous set in |Fig. 6, subjected 
to different initial conditions. For the curve marked 
I, the current is 1,000 amperes and the power factor is 
a lagging one of 0-985. The phase displacement 
in this case varies from that value at starting to a 
value of 0-98 leading. The other graph, II, gives the 
results obtained when the current is 1,600 amperes and 
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the power factor at starting is unity. The machine, in 
this case, gave aleading phase displacement for practi- 
cally the entire range of load. The following are the 
percentage efficiencies obtained under different load 
conditions when the power factor is unity :— 
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These results may be compared with those for a 
machine operating completely as a synchronous motor, 


which are :— 
Efficiency. Power 


Load. Factor. 
Per cent. Percent. 
50 per cent, full power 84-6 65 
75 mm - 88-0 75 
Full load 89-2 80 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—The situation as regards 
Cleveland pig-iron shows little change. What small 
parcels come on the market readily realise ruling rates, 
though customers complain that recognised quotations 
are too high, and are not disposed to buy, except in 
quantities to meet their pressing needs. With the 
outlook so uncertain, sellers are equally disinclined to 
discuss forward business. No. 1 Cleveland is 125s. ; 
No. 3 g.m.b., 120s.; No. 4 foundry, 119s.; and No. 4 
forge, 1188. 6d. 


Hematite.—Transactions in East Coast hematite iron 
are confined to sales of small lots of off grades, at 
prices varying from 87s. 6d. to 90s. Ordinary mixed 
numbers are unobtainable. 


Coke.—Coke keeps extremely scarce and very dear’ 
Foreign descriptions are quoted up to 70s. delivered here’ 
and home products are put at above that figure. 


Manufactured Iron and Steel.—Business in all descrip~ 
tions of finished iron and steel is within very narrow 
limits, owing to scarcity of commodities needed. Iron 
bars have been advanced 10s., making common descrip- 
tions 11/. 15s., and black sheets have advanced to 12. 
There are no other quotable changes to report. 


Imports to the Tees.—Returns issued this week show 
that, during the past five months, 285,338 tons of coal, 
of which 134,889 tons come from Germany, 79,552 tons 
from America, and 46,180 tons from Holland, and 
30,956 tons of coke, were imported to the River Tees. 
The statistics also give the arrivals of iron and steel from 
Holland, Belgium, France, Norway, Sweden, India, 
Germany, and coastwise, for the twelve months ending 
October 31 last, together with those for the same months 
a year ago and those for the corresponding pre-war 
period of 1913-14. During the past year, 79,502 tons 
of pig-iron were imported, as against 15,379 tons a year 
ago and 1,427 tons for the pre-war period ; crude sheet 
bars, billets, blooms, and slabs unshipped in the past 
twelve months totalled 140,776 tons, as against 139,782 
tons a year ago and 33,655 tons for the pre-war period ; 
and plates, bars, angles, rails, sheets, and joists brought 
in to the end of last month reached 31,602 tons, as 
against 26,238 tons a year ago and 19,482 tons for the 
pre-war period. 

Shipments of Iron and Steel.—October shipments of 
iron and steel from the port of Middlesbrough amounted 
to only 26,955 tons, comprising 3,069 tons of pig-iron, 
2,571 tons of manufactured iron, and 21,315 tons of steel. 
Of the pig-iron dispatched, 2,779 tons went to foreign 
ports and 290 tons went coastwise ; of the manufactured 
iron loaded, 1,726 tons went abroad and 845 tons coast- 
wise ; and of the steel cleared, 18,632 tons went overseas 
and 2,683 tons coastwise. The principal customer for 
pig-iron was Italy, with 800 tons; the Cape was the 
largest receiver of manufactured iron, taking 660 tons ; 
and India was the heaviest purchaser of steel, importing 
7,144 tons, 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The steel famine is the main bar to 
progress. Fuel, though still scarce, is arriving in increas- 
ing quantities from British collieries, and is substantially 
augmented by outcrop outputs. On the other hand, 
with regard to supplies of steel and steelmaking materials, 
stocks have virtually reached vanishing point. Rather 
than close down, which was their only alternative, 
many manufacturers have resorted to the purchase of 
high-grade German steel. The re-rolling of this is 
giving considerable employment, and more material is 
thus available for the later manufacturing processes in 
the engineering and steel-product branches, Costs on all 
sides are still abnormally swollen, and show no sign of 
diminishing until fuel and steel prices regain a more 
normal basis. A big tonnage of work awaits execution 
in the basic steel trade as soon as furnaces can be relighted. 
Inquiries for various classes of machinery and tools also 
tend to widen, and manufacturers generally display an 
optimistic spirit regarding future expansion, always 
providing that a settlement of the coal dispute is not 
delayed so long as to cause home and foreign orders to be 
cancelled by customers who have already shown exem- 
plary patience in awaiting delivery. Automobile steel. 
castings and fittings continue an active line. Output is 
augmented through the recent conversion of one of the 
biggest plants producing axles and wheels to the use 
of oil fuel. Germany, France, Belgium, Italy and 
Sweden are now competing in stainless-steel products, 
but the latest samples of such wares manufactured in 
those countries, as exhibited locally, do not disturb the 
confidence of Sheffield makers in their ability to hold 
their own in special products of high quality. Patchy 
conditions exist in the medium and light industries, but 
for most classes of tools there is a substantial demand, 
largely from the Colonies. 


South-Yorkshire Coal Trade.—In practically every 
section, the demand exceeds the supply. The distri- 
bution of house coal under regulations is proceeding 
smoothly. Best qualities have reached the maximum 
quotation of 60s. to 65s. per ton at the pit. Inferior 
grades have been advanced proportionately. More 
outcrop workings have been developed to meet the needs 
of manufacturers and gas producers. The outstanding 
shortage is in coke of all classes. Steel coke is so scarce 
that the record figure of 80s. per ton at depots is being 
asked for limited supplies. Blast-furnace coke is quoted 
at 60s. per ton on rail. 
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NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—In the Scottish steel trade there 
has been no change over the week, and conditions are 
unaltered. Stocks of heavy material are extremely 
limited, and consumers are almost ‘entirely dependent 
on Continental material. Many buyers, who have no 
liking for the latter, have been forced to use it in order 
to carry on, but not only are deliveries very uncertain 
but prices have hardened up. At present there is no talk 
of a restart at the heavy steel works, as a settlement of the 
coal-mining trouble is still in the air. In the black sheet 
trade, activity is still general, and there are plenty of buyers 
for all that is turned out. Prices are very firm and likely 
to remain high, The following are the market quotations : 
—Boiler plates, 111. per ton ; ship plates, 8/. 2s. 6d. per 
ton; sections, 7J. 12s. 6d. per ton; and sheets, under 
js to fin., 127. to 121. 10s. per ton, all delivered Glasgow 
stations. 


Malleable Iron Trade,—Conditions in the malleable 
iron trade of the West of Scotland have not altered. The 
re-rolling of steel bars continues the main source of 
employment, and for this foreign material is being 
used. The price for ‘‘ Crown ”’ bars is called 12/. per ton, 
delivered Glasgow stations. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade there is a big scarcity of foundry grades, and parcels 
available command a high price. Hematite iron is not 
very plentiful either, and consumers in the South are 
taking fair deliveries and paying a long price for what they 
are getting. The spot quotations are very firm, and the 
following are the prices mentioned for deliveries after the 
coal strike is over and manufacture commences again :— 
Foundry iron, No. 1, 5/. per ton, and No. 3, 4/. 10s. per 
ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, October 30, amounted to 344 tons. Of the 
total, 254 tons went overseas and 90 tons coastwise. 
For the corresponding week of last year the figures were 
962 tons overseas and 65 tons coastwise, making a total 
shipment of 1,027 tons. 


Shipbuilding.—In the Scottish shipbuilding industry, 
the conditions are gradually getting worse, and it looks 
as if it would be a long time before any revival were 
possible. There are a fair number of contracts on hand, 
but the fuel position and the scarcity of material of all 
kinds has reduced the output considerably. Last month 
the output from all the districts was only eight vessels, 
with a total of 15,535 tons, made up as follows :— 





Vessels. Tons. 

The Clyde Bae was 4 12,818 
The Forth ... Foe ee 3 2,697 
The Dee and Moray Firth ... 1 20 
Total ree toe 8 15,535 


The Clyde total is the lowest for the year, and, with 
one exception, the lowest October output during recent 
times. The total Clyde output for the year to date is 
112 vessels of 256,553 tons, which is the poorest ten 
months’ return for many years, with the one exception of 
1923, when the totals were 91 vessels of 167,241 ’tons. 
New contracts of any importance are very scarce, and 
most of those being placed are for vessels for specific 
purposes. The number of fresh contracts reported last 
month was thirteen. 





Coat Propucts, CHEMICAL AND ENGINEERING ExuHI- 
BITION.—A National Coal Products Chemical and Engi- 
neering Exhibition, organised by the Manchester Section 
of the Society of Chemical Industry, will be opened at 
the City Hall, Deansgate, Manchester, on November 16, 
and will close on November 27. A comprehensive 
exhibit of models, drawings and photographs, illustrative 
of the plants and processes employed in the coal and 
allied industries, is being arranged. Firms desirous of 
showing exhibits of this nature are asked to com- 
municate immediately with the Honorary Local Secretary 
of the Society of Chemical Industry, College of Techno- 
logy, Manchester, giving full particulars. 





TENDERS.—His Majesty’s Trade Commissioner at 
Wellington, N.Z., reports that the Public Works Depart- 
ment invite tenders, to be presented by February 15, 
1927, for transformers for Waikato. Ref. No. BX. 2985 
should be quoted for further inquiries.—The Post- 
master-General’s Department at Melbourne is calling 
for tenders, to be presented by January 4, 1927, 
for bells and buzzers (Schedule C. 147). Ref. No. BX. 
2984 should be quoted. Firms offering British material 
for the above two tenders should apply to Room 52.— 
The Minister of the Interior, Municipalities and Local 
Commissions Section, Savoy House, Cairo, invites 
tenders, to be presented by December 1, 1926, for pipes 
and fittings required in connection with the water-supply 
of Minieh (Contract No. 5). Local representation is 
essential. Firms should quote Ref. No. AX 3782.—The 
Egyptian Minister of the Interior is calling for tenders 
for X-ray apparatus, to be presented by December 1. 
(Reference No. BX. 2999.)—The Commercial Secretary 
at Shanghai reports that a Chinese company holding a 
concession for the supply of water and electricity is 
mviting tenders for plant, comprising turbo-generators, 
condensers, boilers, switchgear and transformers, pumping 
set, and a hand-operating travelling crane. Tenders 
should be presented by January 15, 1927. British 
firms may obtain further particulars regarding this on 
applying to the Department of Overseas Trade, 35, Old 
Queen-street, London, S.W. 1, quoting Ref. No. BX. 

9-8, and in other cases the respective reference number, 





NOTICES OF MEETINGS. 





Tue InstiruTion or MECHANICAL ENGINEERS.— 
To-night, at 6 p.m., at Storey’s Gate, S.W.1. Thomas 
Hawksley Lecture. ‘‘ Elasticity and Plasticity,” by 
Professor E. G. Coker, D.Sec., F.R.S. Friday, November 
12, at 7 p.m. Informal Meeting. ‘‘ Estimating,’’ intro- 
duced by Mr. L. J. T. Wheatley. 

THE INSTITUTION OF FuEL Economy ENGINEERS.— 
To-night, at 6 p.m., at the Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘‘ Pulverised Fuel Firing for 
Steam Boilers,” by Mr. R. Jackson. 

THE INSTITUTION OF ELECTRICAL ENGINEERS : LONDON 
StupEnts’ Secrion.—To-night, at 7 p.m., at Savoy- 
place, Victoria Embankment, W.C.2. “The Rugby 
Radio Station,” by Mr. E. H. Shaughnessy. 


Tue Junior Institution or ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette 
“Steel Castings in Their Relation to Mechanical En- 
gineering,” by Mr. Robert Lowe. Wednesday, Novem- 
ber 10, at 2.15 p.m. Visit to the Tinplate Printing and 
Box-Making Works of Messrs. Barclay and Fry, Limited. 
Friday, November 12, at 7.30 p.m. Annual General 
Meeting. 

THe InstTiTuTE or British FOUNDRYMEN: LANOA- 
SHIRE BrancH.—Saturday, November 6, at 4 p.m., at 
the College of Technology, Sackville-street, Manchester. 
“The Manufacture and Properties of Blackheart Malle- 
able Cast-Iron,” by Mr. A. E. Peace. 

Tue INstTITUTE OF BRITISH FOUNDRYMEN: BIRMING- 
HAM, COVENTRY, AND West MiIpLAND BrRaANcH.— 
Saturday, November 6, at 6.30 p.m., at the Engineers’ 
Club, 13, Watorloo-street, Birmingham. ‘‘ Labour Con- 
ditions in American Foundries,” by Mr. J. T. Kay. 

Tue Institute or Transport: Mimpianp Loca 
Srorrion.—Monday, November 8, at 6 p.m., at the 
Queen’s Hotel, Birmingham. ‘ Ocean Transport,” by 
Major Frank Bustard. 


Tue Institution oF AUTOMOBILE ENGINEERS: 
BrmaincHam CeNTRE.—Monday, November 8, at 7 p.m., 
at the Chamber of Commerce, New-street, Birmingham. 
** Recent Research on Friction and Lubrication,’ by 
Mr. J. E. Southcombe. 


Tue Institute or Metrats : ScortisH Locat SECTION. 
—Monday, November 8, at 7.30 p.m., at the Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. Open Discussion on “ Die Casting.” 


THE Roya InstituTIon.—Tuesday, November 9, at 
5.15 p.m., at 21, Albemarle-street, W.1. ‘‘ The Acoustics 
of Public Buildings,” by Dr. G. W. C. Kaye. 


Tue INSTITUTION OF PETROLEUM TECHNOLOGISTS.— 
Tuesday, November 9, at 5.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘ Oil Fuel and 
Other Fuels from Carbonisation Processes,’ by Dr. F. 
Mollwo Perkin. 

THE INSTITUTION 
Sourh Wates Brancu.—Tuesday, 
6 p.m., at the Chamber of Commerce, Swansea. 
by Prof. Frederic Bacon. 


Tue InstrtTuTE oF MARINE ENGINEERS.—Tuesday, 
November 9, at 6.30 p.m., at 85-88, The Minories, 
Tower-hill, E.1. ‘*Some Notes on Reduction Gear,” 
by Mr. W. J. Guthrie. 


THe INSTITUTION OF AUTOMOBILE ENGINEERS: 
CovENTRY CENTRE.—Tuesday, November 9, at 7.30 
p.m., at the Broadgate Café, Coventry. ** Recent 
Research on Friction and Lubrication,” by Mr. J. E. 
Southcombe. 


THe SHEFFIELD METALLURGICAL ASSOCIATION.— 
Tuesday, November 9, at 7.30 p.m., at 198, West-street, 
Sheffield. ‘‘ Metallurgical Furnaces,’”’ by Mr. C. Nelson. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS: Scot- 
TISH CENTRE.—Tuesday, November 9, at 7.30 p.m., at the 
Royal Technical College, George-street, Glasgow. Address 
by the Chairman, Mr. W. L. Winning. 


Tue InstriruTION oF CIviL ENGINEERS.—Wednesday, 
November 10, at 6 p.m., at Great George-street, 8.W.1. 
Informal Meeting. Subject for discussion: ‘‘ Coast- 
Erosion and Sea Defences,’ by Mr. A. W. Lewis. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : SOUTH 
Mrpianp CENTRE.—Wednesday, November 10, at 7 p.m., 
at The University, Birmingham. ‘ The Design of City 
Distribution Systems and the Problem of Standardisa- 
tion,”’ by Mr. J. R. Beard and Mr. T. G. N. Haldane. 


Tae Institution oF MECHANICAL ENGINEERS: 
YorxKSHIRE Brancu.—Wednesday, November 10, at 
7.30 p.m., at the Mappin Hall, Sheffield. Thomas 
Hawksley Lecture. ‘Elasticity and Plasticity,” by 
Prof. E. G. Coker, D.Se., F.R.S. 

THe Royat Society or Arts.—Wednesday, Novem- 
ber 10, at 8 p.m., at John-street, Adelphi, W.C.2. “ Inter- 
national Interests in Raw Materials,’’ by Sir Thomas H. 
Holland, K.C.S.I. 

THe Socrety or CHemicaL INpusTRY: CHEMICAL 
ENGINEERING GRouP.—Wednesday, November 10, at 
8 p.m., at the Chemical Society, Burlington House, 
Piccadilly, W.1. ‘‘Moulding and Vulcanisation of 
Rubber Articles,’’ by Mr. H. Willshaw. 

Tue OpticaL Socrery.—Thursday, November 11, at 
7.30 p.m., at the Imperial College of Science and Techno- 
logy, Imperial Institute-road, South Kensington, 8.W.7. 
** An Accurate Method of Ascertaining the Focal Point 
of an Optical System,’”’ by Mr. Conrad Beck, ‘‘ The 
Effect of Slightly Selective Absorption in the Paint used 
for Photometric Integrators,” by Mr. J. W. T. Walsh and 
Mr. W. Barnett. 


oF MECHANICAL ENGINEERS: 
November 9, at 
Address 








Tue Instirution oF MECHANICAL ENGINEERS: 
YORKSHIRE Brancu.—Thursday, November lI, at 
7.30 p.m., at the Hotel Metropole, Leeds. Thomas 
Hawksley Lecture. ‘“‘ Elasticity and Plasticity,” by 
Prof. E. G. Coker, D.Sc., F.R.S. 


Tue InstrtuTe ofr TRaNsPoRT: NortH Eastern 
Locat Srection.—Friday, November 12, at 5 p.m., at 
the Town Hall, Newcastle-on-Tyne. ‘‘ Divisional System 
of Railway Organisation,’ by Mr. R. P. Lewis. 


Tue Norts-East Coast Institution oF ENGINEERS 
AND SHIPBUILDERS.—Friday, November 12, at 6 p.m., 
at Bolbec Hall, Newcastle-on-Tyne. Resumed Discus- 
sion on ‘‘ How should an Engineer be Trained ?”’ by 
Sir Theodore Morison. 

THE MANCHESTER ASSOCIATION OF ENGINEERS.— 
Friday, November 12, at 7.15 p.m., at the Engineers’ 
Club, Albert-square, Manchester. ‘‘ Steel Works 
Machinery,” by Mr. J. Smith. 


Tue Instrrure oF Metats: SwaNsEA Locat SECTION. 
—Friday, November 12, at 7.15 p.m., at the University 
College, Singleton Park, Swansea. ‘‘ Zinc Smelting and 
Recovery of Its Bye-Products,” by Mr. J. H. Wells. 


THE INstiTuTION oF ENGINEERING INSPECTION.— 
Friday, November 12, at 7.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘ Further Notes 
on Ciment Fondu,”’ by Mr. H. J. Davey. 


THE Rattway Cius.—Friday, November 12, at 7.30 
p.m., at 25, Tothill-street, S.W.1. ‘‘ Light Signalling,” 
by Mr. J. Thorrowgood. 

Tue Instrrute or Merats: SHEFFIELD LOocAL 
SectTion.—Friday, November 12, at 7.30 p.m., at the 
University, St. George’s-square, Sheffield. ‘‘ Ingots and 
Ingot Making,” by Mr. H. Brearley. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—During the past week coal market 
operators were informed by the Coal Emergency Com- 
mittee that in future releases would only be granted 
for coal for industrial works under very exceptional 
circumstances, while householders have been informed 
that the coal ration has been increased from 1 cwt. per 
fortnight to 2 cwt., and that coke had been included in 
the rationing scheme. The output of the collieries 
working in Monmouthshire and South Wales was, it 
was stated, required for essential services in the area, 
while the Mines Department had also requested that 
South Wales should render assistance to the South 
Western counties, which district was a natural market for 
South Wales coals. In the meantime, huge quantities 
of foreign coal have continued to reach the Welsh ports, 
imports in the past week being received from America, 
South Africa, and the Continent amounting to 121,200 
tons, which is the largest quantity brought to the district 
in any week since the strike commenced. The bulk of the 
coal came from the United States, from which country 
104,200 tons were received, against 71,390 tons in the 
preceding week. Imports from Germany totalled 
5,150 tons, against 5,450 tons ; from Holland 3,010 tons, 
against 2,150 tons; from Belgium 2,770 tons, against 
3,250 tons: and from South Africa 6,090 tons, against 
nothing. The arrivals at the different ports were as 
follows :— 

Week ended 
October 26. November 2. 


Into— Tons. Tons. 
Cardiff 61,220 74,160 
Newport 7,390 30,920 
Swansea waa 14,380 3,510 
Port Talbot ... -— 12,600 


Iron and Steel.—The Joint Standing Committee of the 
South Wales Industrial Council discussed the question 
of the 74 per cent. ex gratia bonus to workmen yesterday. 
The employers had given notice that the bonus was to 
cease on Saturday, but on the application of the men the 
committee agreed to reopen the matter, and further 
proposals were made, particularly for the benefit of the 
lower-paid men. Exports of iron and steel goods in the 
past week amounted to 5,267 tons, of which 3,689 tons 
consisted of tin plates, 315 tons black plates, 1,170 tons 
galvanised sheets, and 93 tons of other iron and steel 
goods. 








Prrsonau.—A firm of consulting metallurgists, bearing 
the name Robert J. Anderson, Inc., has been formed at 
Cincinnati, under the presidency of Dr. R. J. Anderson. 
A fully-equipped commercial testing laboratory has been 
instituted at 2416-38, Beekman-street, Cincinnati, Ohio, 
U.S.A., and a staff of specialists in the chemistry and 
metallurgy of metals and alloys has been engaged. 





Hicu-TEMPERATURE INsuULATION.—An article on the 
subject of insulation at high temperatures, by Lieut.- 
Commander C. 8S. Gilette, appeared in a recent issue of 
the Journal of the American Society of Naval Engineers. 
This contribution is of some interest as it discloses a 
practice which is at variance from that of the British 
Admiralty. The statement is made that between tem- 
peratures of 120 deg. F. and 500 deg. F., 85 per cent. 
magnesia is used as the insulating medium ; for tempera- 
tures above 500 deg. F., diatomaceous earth is preferred. 
In this country, however, it is current practice to utilise 
85 per cent. magnesia for temperatures up to 700 deg. F., 
and even at this last temperature an efficiency of 93 per 
cent. has been obtained. Additional emphasis is given 
to the matter when it is remembered that 85 per cent. 
magnesia was employed for insulating purposes on 
H.M.S. Hood, which is still the most modern warship at 
present in commission, 
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INDIAN ENGINEERING. 


We have ever with us the critic who finds nothing 
but what is deplorable in our connection with India. 
A useful corrective to these incessant diatribes is 
to be found in the presidential address delivered 
last Tuesday to the Institution of Civil Engineers 
by Mr. Frederick Palmer, C.LE. This address will, 
we fear, receive but scant, if any, notice in the 
popular Press, though its intrinsic interest and 
importance is very distinctly greater than most 
of the pronouncements of political party leaders, 
not a few of whom unfortunately belong to the 
tribe of Pagett, M.P. The President’s association 
with India is of very long standing, and his review 
of the vast engineering works completed there 
during the past three quarters of a century shows 
a rate of development which may compare not 
unfavourably with that concomitantly effected in the 
United States. In both regions railway operations 
have involved the crossing of numerous large rivers, 
and the bringing into cultivation enormous areas 
hitherto untouched in human history. 

It is common knowledge that our first footing in 
India, was at Bombay, which came as part of the 
dowry of Catherine of Braganza, the Queen of 
Charles II. The total population of the area then 
ceded is said to have been under 10,000, and the 
state of the country at the time may be gauged 
from the fact that the expectation of life for Euro- 
pean residents was reckoned as but three years, a 
circumstance which says much for the courage and 
tenacity of our ancestors. In view of the above, it 
is perhaps not surprising that the Crown almost 
immediately transferred the possession to the East 
India Company, the consideration being an annual 
payment of 10/. To-day the death rate is moderate 
for an Eastern city, the population has grown to 
nearly 1} million, and the annual seaborne trade 
is valued at over 228,000,0001. 

In some respects the development of the port of 





Calcutta is still more remarkable, since the natural 
advantages possessed by Bombay were lacking. 
Even as recently as 1848, it was thought sufficient 
to make provision at Kidderpore for vessels having 
an average burthen of but 400 tons, whilst the 
works now in progress provide for a low water 
depth of 40 ft., and will thus afford passage to the 
largest steamers yet afloat. In 1880, in spite of 
important improvements, the limit of draught 
was 25 ft. The skill of the Hooghly pilots, and the 
accuracy of the data provided for them by the 
continual surveys, is such that vessels are taken 
over the shoals with but a few inches of clearance 
below the keel. The navigation is nevertheless so 
intricate that there is still a length of 40 miles which 
is traversed only by day. 

An interesting point brought out in Mr. Palmer’s 
address was the means taken to prevent that 
profiteering in land values which has ever hampered 
the provision of works “d’ulilité publique” in 
this country. In India lands acquired compul- 
sorily by the Government are paid for, on the basis 
of their value at the date on which the notice con- 
cerning it is published in the Gazette. In this 
country our railway companies have commonly 
had to purchase the land required on the basis of 
its value as enhanced by the actual construction 
of the line. With the system in force in India it is, 
of course, essential to preserve the greatest secrecy 
as to prospective plans, in order to prevent a general 
rise in prices and exploitation by persons with in- 
side information. In the case of the large dock 
extension scheme now being carried out at Calcutta, 
the plans were accordingly prepared in Mr. Palmer's 
private residence, and the gazetting of the land 
came as @ great surprise. 

The difficulties met with in the construction of 
the Indian railways have probably been more varied 
than in any other quarter of the globe. In the 
north-west the physical obstacles inherent in all, 
mountain engineering were accentuated by the 
remoteness of railhead from the base of supplies, 
and were, moreover, materially increased by the 
hostility of the local population. In the plains, on 
the other hand, Indian railway engineers have had 
to deal with almost unique problems in the matter 
of providing river crossings. The wandering pro- 
pensities of the streams traversing the vast alluvial 
plains are such that instances have been known in 
which a bridge was started, but before completion 
the river had strayed into a new channel miles 
away from its original bed. In fact, levels taken 
across such plains sometimes show that the river 
is occupying the highest part of them so that once 
the banks are breached there is hardly a limit to 
the distance through which the bed may shift. 
Extraordinary floods have, moreover, to be dealt 
with, so that although India cannot boast of any 
record span, it nevertheless possesses some of the 
longest railway bridges in the world. Mr. Palmer 
stated that there were over a 100 bridges of more 
than 1,000 ft. in total length, whilst 12 have a 
length of over 4,000 ft, The longest is the Upper 
Sone bridge, which is over 10,000 ft. long, and has 
15 main spans of 345 ft. each. Other difficult 
problems in railway construction were presented by 
the Ghats, where it has been necessary to adopt 
gradients of 1 in 37, one of which is 2,000 ft. long. 
The construction involved heavy tunnelling through 
hard rock, and the main work was carried through 
by native labour in the early days of Indian railway 
construction, the difficulties being enhanced by the 
abnormal rainfall characteristic of the region in ques- 
tion, which amounts to no less than 250 in. per annum. 

On the whole, Indian railways have been very 
successful. The average cost per line of mile 
open up to 1910 was 10,5001. per mile. Since then 
costs have risen, and the average is now 14,8001. 
per mile of open line. The working ratio before 
the war was extraordinarily low. In the case of the 
East Indian Railway it averaged 34-78 per cent. 
between the years 1880 and 1920, but this figure 
has now risen to 60-55 per cent., which, though it 
may be high for India, is calculated to excite the 
envy of our own railway administrations. Fares and 
freights rule low, first-class tickets cost 1-95d. per 
mile and third-class, 0-32d., while the freight 
charge for coal is 0-26d. per ton mile. The 
latter figure is, we believe, slightly in excess of 
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corresponding freight rates in pre-war times on 
such lines as the Pittsburg and Lake Erie Railway, 
but quite probably stands as a record to-day. Some 
of the Indian Railways are large coal owners. One, 
Mr. Palmer states is the fortunate possessor of a mine 
in which a seam no less than 75 ft. thick is worked 
in open quarry. 

The development of Indian railways has done much 
to mitigate the famines to which India has ever been 
subject. The climate of this great peninsula is so 
varied that plenty may exist in one province, whilst 
the crops have totally failed in another. Until 
the opening up of the country by railways it was 
impossible to transport supplies to the stricken 
regions, and the experiences encountered in the 
terrible famine of 1878 gave a great impetus to rail- 
way enterprise. Much also has been accomplished 
by water conservation and irrigation. The early 
history of our rule in India is marred by repeated 
instances, in which the government ignorantly 
neglected to keep in repair the old-time tanks. This 
omission has now been more than counterbalanced 
by the magnificent irrigation works completed or in 
progress, by means of which water can be supplied to 
an area of 120,000 sq. miles. Canals carrying a 
supply many times that of the Thames at Tedding- 
ton have been carried across great rivers. Enormous 
impounding reservoirs have been constructed in wild 
and uninhabitated areas, the most notable perhaps, 
being the Periyar system, by means of which a whole 
river was diverted from the Arabian Sea to the 
Bay of Bengal. The dam in this case was 173 ft. 
high above river bed, whilst its length on the crest 
is 1249 ft. The nearest railway station was 80 miles 
from the site, and the works were subject to floods 
rising to 120,000 cubic ft. per second. As there was 
no possibility of diverting these they had to be passed 
over the unfinished works. The region was, moreover, 
so unhealthy that during, June, 1895, the attendances 
at the hospital numbered 1,465 per 1,000. To-day, 
no doubt, there would be little difficulty in reducing 
this sick list to relative insignificance, as the know- 
ledge we now possess has largely robbed such areas of 
their dangers, but at the date in question the close 
connection which exists between malaria and 
mosquitoes had still to be established. 

Mr. Palmer showed that these great and costly 
irrigation schemes have been fully justified by the 
results, The return on the capital expenditure has, 
in certain cases, exceeded 40 per cent. Vast areas, 
previously unable to support any but the scantiest 
population. are now yielding large crops and their 
population has increased one hundred-fold. 





THE PREVENTION OF ACCIDENTS. 

Tue introduction of reforms by State action, 
though in theory the process has an unequalled 
driving force behind it, labours under inevitable 
and obvious disadvantages. In particular, the 
rate at which the reforms can be introduced is 
usually slower than could be obtained by an initia- 
tive from within, instead of from without, the 
activities to be regulated: When, therefore, the 
United States came to realise the order of magnitude 
of its annual loss through preventable accidents, 
the citizens who were interested do not seem to 
have addressed themselves to politicians or legis- 
lators. While doubtless not slighting such help as 
they could get from these or any other quarters, 
they set themselves to promote a movement 
which they styled ‘Safety First,” in much the 
same way as revivalists attack the conscience 
they wish to awaken. 

As is known, the movement developed with 
rapidity. It was started undoubtedly from humani- 
tarian considerations ; but by the time it had been 
at work for a few years, and workmen’s compensa- 
tion laws had been enacted in most States, with 
accident indemnity companies established to guaran- 
tee their payment, the safety movement was also 
found to have vast economical possibilities. At 
that time industrial accidents were still producing in 
the United States some 2,500,000 casualties a year— 
more than the combined losses of the Union and 
Confederate armies during the Civil War—and were 
costing over 100,000,000/. Yet, in the previous 
eight years, the United States Steel Corporation had 
accumulated experience which showed in principle 
the sort of economic reward which was to be expected 





from preventing accidents. In that time the 
Corporation had spent about 1,000,000/. on installing 
safety devices and adopting measures for preventing 
accidents. As a result, the accident rate had been 
reduced by about 40 per cent. in the last five years 
of that period, and, during the last three years, the 
saving in the cost of casualties had exceeded what 
was spent on safety by over 35 per cent, though 
the compensation for injury had been materially 
increased. In non-industrial life a notorious source 
of accidents was motor-driven traffic, which, in 
1915, showed a fatality per 1,000 vehicles licensed, 
about the same as the present figure for this country, 
but this, by 1924, had fallen to less than half. Data 
do not seem to be available to show our own 
comparable figures until 1921, when the motor 
fatality rate was not very different from its 
present figure. The total number of accidents 
per 1,000 motor vehicles increased, however, 
between 1921 and 1925 from about 4-5 to 
nearly 6, and the total number of all street 
accidents nearly doubled. Probably some part 
of this difference is due to more complete notifica- 
tion, for, on reference to similar particulars for the 
principal industries between 1921 and 1925, large 
increases are shown without exception in the 
casualty ratio, though the fatality ratio has either 
shown a decrease, as in railway working and in 
engine and ship building, or a very much smaller 
increase than that of the casualty ratio. No doubt, 
however, seems possible, that, on the whole. the 
United States in the last ten years has made far 
greater progress in preventing accidents than the 
United Kingdom. 

It is difficult to find any cause for the difference, 
except the much greater attention that individual 
firms in the United States have given to the matter 
under the influence of the “safety first’? cam- 
paign. It would doubtless have been possible for 
those who have been inspiring that campaign 
to have addressed themselves to procuring 
trade-wide reforms, perhaps enforced by rules 
with legislative sanctions behind them. That 
course would have corresponded to what has been 
fashionable in this country for some time past. 
In theory much may be said forit. If a precaution is 
universally right, it should in theory be enforced 
universally, and nothing less than the thick end of 
the wedge, covering the whole area that the reform 
would affect, is sufficient for the aspirations of the 
theorist. At the present time a large part of this 
country is shivering its way through the seasonable 
weather, because nothing less than a trade-wide 
settlement, miscalled national, will satisfy the 
loud-tongued minority that has been misrepresent- 
ing and misleading the miners. Had the United 
States adopted the same short-sighted theories, 
their losses through preventable accidents might 
have taken the same course as our own. Being, 
however, a practical people, they preferred the 
expert opportunism of natural evolution, and went 
ahead with individual firms, instead of trying to 
constrain entire industries. The event seems to 
have justified their decision. Individual firms have 
profited not only by the suggestions of the propa- 
gandists, but also, and perhaps still more, by the 
experience of other firms. Within large firms, 
emulation has been encouraged between different 
departments, as in the well-known safety competition 
which the Dodge Manufacturing Company introduced 
so successfully in 1912. Each safety organisation 
has, moreover, been developed by the firm itself, 
and has been conducted by the co-operation of 
those actually engaged in its work, without inter- 
ference from any quarter outside the works. In 
this way, the enterprise has secured the keenest 
interest of all engaged in it, and without that 
keenness the results that have been attained would 
have been impossible. 

In this country reliance has, till recently, been 
placed chiefly on legislation and state-sanctioned 
regulations, and the zeal that characterises the leaders 
of the civil service has doubtless done all that was 
possible by such means. There is, however, a point 
in the equipment and control of a works at which 
further mechanical safeguards and regulations can 
do no more, but much remains to be done by the 
individuals who carry out the work. The repeated 
statements of Sir Gerald Bellhouse, H.M. Chief 





Inspector of Factories and Workshops, make it 
clear that for much, or most, British industry that 
point has been reached, and that the bulk of the 
present industrial accidents can be reduced only 
by education in preventive or “safety first ” 
measures. Reference is made to this and others 
of the statements quoted above in the papers read 
last week before the Public Safety Congress of the 
National “‘ Safety First’ Asociation, of which the 
present Home Secretary is the President, and Sir 
Gerald Bellhouse the Chairman of the Industrial 
Committee. As the title of the Congress suggests, 
the proceedings were directed mainly to public 
safety, which for practical purposes means princi- 
pally safety in the presence of some form of traffic. 
This does not include the entire scope of the Associa- 
tion, and indeed the paper on Traffic Accident Pre- 
vention by Education, which was contributed by 
Capt. J. W. Moore, the Chief Constable of Hudders- 
field, and Chairman of the Association’s Public 
Safety Committee, referred at an early stage to the 
need of organised accident prevention in industry, 
and the bearing on it of the educational method she 
recommends. He was able fortunately to illustrate 
the order of magnitude of the extent to which a “‘cam- 
paign ” in favour of safety may reduce the accident 
rate, by reference to the experience of a British 
firm in such a campaign, which will bear very 
favourable comparison with any results yet obtained 
in the United States. Messrs. Thomas Firth and 
Sons, Limited, of Sheffield, are not only among the 
largest steelmakers in the country, but in 1919, when 
they decided on their safety campaign, had 
already an accident ratio which appears to have been 
well below the average for their trades. Nevertheless 
the measures they began to take in that year have 
led to a rapid and practically uninterrupted fall of 
their accident ratio, until in 1925 this stood at almost 
exactly 0-5, or one-sixth of its figure for 1919. 

The various ways in which the Association seeks 
to promote the education of the public and of school 
children in methods of safety may doubtless, as 
Capt. Moore suggests, assist in the improvement of 
preventive measures in works, though ultimately, 
if the American precedent may be trusted, the success 
of the industrial movement will depend on the 
extent to which the measures for promoting safety 
are made a welcome part of the institutions of indi- 
vidual works. It is obvious, however, that educa- 
cational measures must have a dominant effect on 
the diminution of accidents in traffic. In an 
analysis of 430 inquests arising out of fatal motor 
accidents it was found that, while a little over a third 
arose from causes within the control of the driver, 
nearly one half were not only beyond the control of 
the driver but within that of members of the public. 
For the last nine years the London Safety First 
Council has promoted an annual competition among 
school children for an essay on some aspect of acci- 
dent prevention, such for instance, as the use of 
eyes, ears, and common sense, and in various other 
ways has endeavoured to stimulate the interest of 
school authorities and the children in the subject. 
At the same time—that is, from 1918 to 1925— 
the number of adults killed annually in London 
traffic has increased by over 60 per cent., while in 
spite of the increase in the number of children and 
the extent and dangers of traffic, the number of 
children so killed has actually decreased. The effect 
of the activity of the London Council is illustrated 
in another way, by comparing the total street 
accidents in London and in the provinces, between 
1918 and 1925, the provincial percentage increase 
in that period having been some 70 per cent. higher 
than that of London. The work done by the 
Association in the instruction of motor drivers by 
the distribution of their Safety Code, with the addi- 
tional matter embodied in their pamphlet on Safe 
Motoring, and of the general public by their posters‘ 
films, &c., is well known; and Capt. Moore has 
made out a strong case for the co-operation of 
educational authorities in the Association’s future 
work, and for the support of local authorities and 
insurance companies, who must benefit so directly 
by the results of its campaign. 

The subject was also discussed from the points of 
Legislative and Administrative Action and of Road 
Construction by Mr. J. S. Pool Godsell and Mr. H. E. 
Aldington, both officers of the Ministry of Transport. 
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Each of their papers is remarkable for the scrupulous 
care with which they seek to avoid the unnecessary 
magnification of their Ministry’s office, and to 
consult the convenience of the public. On some 
of the conclusions which seem to emerge from 
Mr. Godsell’s summary—for he carefully disclaims 
expressing any personal judgment—opinions may 
be divided. He has, for instance, nothing to add 
to the recommendation of the Departmental 
Committee of 1922 to grant driving licenses without 
tests of mechanical knowledge or physical fitness, 
except that the number of licenses has practically 
doubled since the date of that report and is still 
increasing. 

It is a little difficult to see why the expense 
or inconvenience of driving tests should be serious, 
if they were applied locally, or why the certificate 
of a registered medical man as to physical fitness 
should not be accepted ; while it seems paradoxical 
to suggest that the large number of motors on the 
road is a reason for allowing them to be driven by 
unqualified persons. In France no difficulty appears 
to have been found in setting up a testing system ; 
and though unquestionably a thoroughly incom- 
petent driver will try to play for safety, and may 
succeed as a rule, motorists will recognise that such 
ultra-cautious drivers may deprive their car of the 
minimum steering way, and give rise to accidents 
which greater experience and confidence would have 
avoided. It would, perhaps, be possible to issue 
a limited licence, available for three or six months 
in order that the licensee might have the means, 
of acquiring the road experience necessary to 
qualify him as a driver; but it seems certainly 
practicable and no more than reasonable that he 
should be subjected to a test afterwards. If no test 
is imposed at the outset, it should be applied on 
any conviction, and heavy penalties should follow 
if the driver were found to be incompetent. 





THE TRAINING OF ENGINEERS. 


Tue best training for an engineer is a subject of 
perennial interest, and the question was raised 
anew in a paper read by Sir Theodore Morison, on 
Friday last, before the North-East Coast Institution 
of Engineers and Shipbuilders. We have still with 
us a few survivors of the old school, who were apt 
to declare that they would never admit a scientific- 
ally-trained man into their works. Indeed, in this 
regard, matters have insome cases swung full circle, 
as certain engineers refuse to take pupils who have 
not already graduated at some technical school 
or university. Of course, the value of such qualifica- 
tions is markedly greater in some branches of the 
profession than in others. Mere manufacturers of 
staple commodities may find their needs pretty 
fully met by the records of their past experience, 
but those who are driven by necessity or choice into 
new fields of enterprise, commonly find that scientific 
knowledge has a very definite utilitarian value. 

In this country, it is generally admitted that 
college training should be backed by shop experi- 
ence. The arrangement of terms at certain of the 
Scottish technical schools affords special facilities 
for this. Thus, at Glasgow, the winter sessions 
are spent at the college and by arrangement with 
leading firms, students are able to spend the inter- 
vening summers in the works. This sandwich 
system has, we understand, proved very satisfactory. 

On the other hand, Sir Theodore quoted the 
opinion of a Glasgow engineer, to the effect, that a 
youth should go first for six months into works, 
then take his degree at college, following up this 
with another three years in the shops. At the 
Armstrong College, the speaker said, the aim was 
to provide a training in the principles and theories 
underlying practice, rather than to spend much 
time on detailed descriptions of engines and 
machinery. The laboratories are, therefore, organ- 
ised with the object of teaching the student to think 
for himself. The Honours degree is given only to 
those taking a post-graduate course, during which 
in addition to more advanced work on engineering 
subjects, the student takes up some investigation 
in the laboratory and assists lecturers in research 
work. In this connection, we may perhaps call 
attention to the difficulty of finding subjects for 
research, the cost of which shall not be prohibitive. 
Chemists are far more favourably situated in this 





regard, as the only expensive plant they require 
forms part of the normal laboratory equipment. 

In another part of his address, Sir Theodore 
urged the-claims of the ordinary shop apprentice, 
pointing out that certain boys were born with a 
special aptitude for engineering, and that first-class 
ability was not so common that we could afford 
to let any of it run to waste. The boy who came 
from an elementary school was often handicapped 
by the standard of general education required for 
passing the entrance examinations, to technical 
colleges and universities. At Armstrong College, 
accordingly, special provision has been made for 
the ordinary apprentices educated in the elementary 
schools. Apprentices of two years’ standing are 
admitted to the College courses on passing an 
examination in which the language test is restricted 
to a translation into English of a passage from a 
scientific work, whilst their knowledge of English 
is tested by means of an essay and a precis. More- 
over, apprentices of two years’ standing are allowed 
to take the first B.Sc. examination as external 
students, and if a candidate can also pass, as an 
external student, the second B.Sc. examination, he 
can get the Honours degree in two years. 





THE ADMINISTRATION OF THE ROAD 
; FUND. 

From a report* just issued it appears that during 
the five years 1920-25 no less than 33,000,000/. 
have been allocated from the Road Fund with the 
purpose of expediting works for the relief of unem- 
ployment. The major portion of this has still to 
be expended. At the end of the last financial year 
the commitments were approximately 30,000,000/., 
which were about 10,750,000. in excess of the 
balance in hand. The last Budget, it will be 
remembered, “raided” the Road Fund to the 
extent of 7,000,000/. and provided, further, that in 
future ‘one-third of the receipts from pleasure 
vehicles should be retained by the ‘Treasury. 
At the same time, certain of the duties were increased, 
so that the total receipts for the next year will 
it is anticipated, reach 21,000,000/., whilst the net 
amount received by the Road Fund will be such 
as to leave about 17,300,0001. available for 
appropriation, as against 16,700,000/. in 1925-26. 
The number of motor vehicles licensed in 1925 was 
1,547,000. The outstanding liabilities of the Road 
Fund include 3,000,000/. for the reconstruction of 
certain main trunk.roads, 2,500,000/. for the pro- 
posed Mersey tunnel, and 2,250,000/. for a new road 
between Liverpool and Oldham. A map is given in 
the report of the new road now under construction 
between Glasgow and Edinburgh. This has a 
length of 40 miles and will cost about 2,000,000/. 
It is reported that two of the main arch spans of 
the Berwick-on-Tweed bridge are now complete 
and a third mid-river span is under construction. 
This bridge will have the largest reinforced concrete 
arch in the kingdom. Progress has also been 
made with the new bridges across the Tyne and the 
Wear. The latter will consist of a single steel arch 
of 310-ft. span. 

A census of the traffic on Class 1 roads shows a 
very material increase in the tonnage moved. In 
1922, the average daily weight passing the selected 
points was below 500 tons in 28 per cent. of the 
cases, whilst in 1925 the figure in question was 
exceeded at all but 10 per cent. of the census stations. 
Similarly, in 1922, the traffic exceeded 3,000 tons 
per day at only 8 per cent. of the points, the corre- 
sponding figure for 1925 being nearly 22 per cent. 
The heaviest tonnage was met with on the London- 
Shoeburyness road, near the Iron Bridge over the 
River Lea, where it amounted to 45,486 tons per 
day. Note was also taken at the various census 
points of the character of the‘road surface. In 1922, 
there was water-bound macadam at 1,016 of the 
stations in England and Wales. In 1925, this had 
been reduced to 422, which is 12 per cent. of the 
total number of stations. In Scotland, progress has 
been much less marked, the corresponding figures 
being 492 in 1922, and 333 in 1925. In fact, in 
Scotland, water-bound macadam was still the road 
surface at 39 per cent. of the observation points 

* Report on the Administration of the Road Fund for 
the year 1925-26. London: H.M. Stationery Office. 
[Price le. net.] 





In this connection it is of interest to note that, 
although there has been a material reduction in the 
number of steel-tyred vehicles licensed, there has 
been an actual increase in complaints regarding the 
damage they inflict on the highways. Steps are 
being taken to urge the adoption of rubber tyres 
and pads on all traction engines other than purely 
agricultural machines. 





NOTES. 

Tue BrrrisH CoMMERCIAL Gas ASSOCIATION. 

THE fifteenth annual conference of the British 
Commercial Gas Association was held on the first 
three days of last week at Newcastle, under the 
presidency of Mr. John E. Cowen. In his presi- 
dential address, delivered on Tuesday morning, Mr. 
Cowen touched upon diverse aspects of the general 
industrial situation and gas interests. The trade 
unions, he suggested, should purge themselves of 
their leaders, while the employers should encourage 
the great body of loyal workers. Maximum output 
should be the aim, as it would give high wages, 
regular employment and cheapness. In the present 
labour system, incompetent men were maintained 
at the same level of pay as the most intelligent. 
Nationalisation of production, distribution and 
supply was no remedy; but all must work together 
harmoniously, both industrially and socially. He 
did not advocate reduced rates of pay, but more 
output for the wages paid. The gas industry could 
help many others. Gas-fired furnaces had halved the 
cost of rivet heating and had very much reduced the 
floor space taken up by the furnaces in shipbuilding 
yards. According to Sir Arthur Duckham, gas 
might be more economical than coal, even at three 
and six times the cost per therm. Amalgamations 
would admit of lowering prices, and yet of raising 
dividends and otherwise encouraging the investor. 
New methods of charging were needed. The flat 
rate imposed hardships upon the large consumer 
and limited the development of the gas business. 
Friendly competition between gas and electricity 
was quite possible in an electric-superstation area 
like Newcastle, where gas fires were now used by 
97 per cent. of the doctors. On the previous 
evening, Dr. C. W. Saleeby, of London, had lectured 
on the Domestic Chimney and the Smoke Abate- 
ment Bill. In this lecture, and regretting that 
Clause 5 of the Bill gave local authorities powers 
to make by-laws requiring the provision in new 
buildings other than private dwelling houses of such 
arrangements for heating as were calculated to 
prevent or to reduce the emission of smoke, Dr. 
Saleeby quoted from his correspondence with the 
Minister of Health, in which he urged the deletion 
of the words which we have quoted in italics. 
Mr. T. P. Ridley, of the Newcastle Gas Com- 
pany, advocated, in a paper read on Tuesday, 
a much increased expenditure on advertising, 
nationally and locally. They had, in 1925, put in 
18,000 additional gas cookers, fires and boilers, and 
16,000 gas lighting fittings (other than burners), and 
in the city’s post-war housing schemes 77 per cent. of 
the houses had gas lighting, 75 per cent. gas cookers, 
71 per cent. gas fires, and 73 per cent. gas wash 
boilers—all in a mining district, where much coal 
was supplied free. The Gas Industry’s Service to 
Gas Users was reviewed on Wednesday by Mr. 
H. H. Creasey, of the Gas Light and Coke Com- 
pany, London, by Mr. J. W. McLusky, of Glasgow,* 
Mr. Sandeman, of the Croydon Gas Company, and 
other speakers from all parts of the country. 


Tue Royat Merat TRADES’ PENSION AND 
BENEVOLENT SOCIETY. 


The deplorable position into which many branches 
of the metal trades have been thrown by the 
prolonged coal dispute adds additional point to 
the excellent work carried out by the Royal Metal 
Trades’ Pension and Benevolent Society, and rein- 
forces its appeal for further support. The present 
situation naturally has had serious results for very 
many of the employees of the large number of 
firms which have been unfavourably affected. The 
society was founded in 1843, and in the course of its 
history has assisted 2,170 persons to the extent of 
271,0001. The present pensioners on the books 








* Of, ENGINEERING, October 1, page 408, ante. 
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number 260, and the relief given during the past 
twelve months amounted to 7,1251. 


which was held in the Guildhall last Tuesday. 


pointed out, post-war conditions have put a severe 


strain on the funds of the society, since a pension | 


which might have been thought adequate in former 
times is quite insufficient now. As His Royal 
Highness stated, the present object of the board of 
management is to increase the annual income by 
10,0007. It had been estimated that there were 
30,000 firms engaged in the manufacture and 
distribution of metal and hardware, and that there 
must be at least an average of five persons in each 
firm capable of subscribing to their own trade 
charity, or a total of 150,000 in all. It was well 
to remember that any of these possible subscribers 
might conceivably find himself in the position of 
having to depend personally on the good work of 
the society. The Prime Minister, a past chairman 
of the anniversary dinner, in a letter to the chairman, 
Sir T. Vansittart Bowater, pointed out that there 
must be thousands of employees who would be 
prepared to subscribe to the society if the good work 
accomplished by it were clearly brought to their 
notice, and he urged all employers to assist in doing 
this. Mr. Alexander K. Steven, the chairman of 
the board of management, stated that, although the 
exceptional industrial conditions of the time had 
prevented the society from making as much progress 
during the last few months as they might otherwise 
have made, they had none the less obtained a record 
collection. The anniversary dinner was a very 
successful function and should assist the society 
in the commendable work it is doing; 8,745/. was 
collected during the evening, the only unfortunate 
feature of which was the absence, owing to illness, 
of the Lord Mayor, Sir William Pryke, who has 
been so closely associated with the society. The 
society covers men who have been engaged as employ- 
ers, Managers, travellers, salesmen, &c., their widows, 


Its address is 195, Upper Thames-street, E.C. 4. 


These figures | 
were given at the seventy-eighth anniversary dinner, | 
As | 
the Prince of Wales, who attended the dinner, | 








Fie. 1. GENERAL VIEW OF TURBINE PLANT. 


THE THORPE POWER STATION OF 


THE NORWICH CORPORATION. 
Execrricity supply in the City of Norwich dates 
back from 1893, the supply being then obtained from 
| a small generating station owned by a private company 
and situated in Duke-street, on the south side of the 
River Wensum, within a few hundred yards of the 
centre of the city. The site allowed for considerable 
extension, and, by additions to the plant and buildings, 
it has been possible, until recently, to meet the increas- 
ing demands for the supply of energy from the Duke- 
| street station. Continuous current was first distributed 
| on the three-wire system at 110 and 220 volts, and it is 
interesting to note that some of the original mains, 
consisting of bare copper strip, are still in use. The 
pressure was subsequently raised to 220 and 440 volts, 
and this supply is still maintained, although, in 1913, 
|three-phase generation at 6,600 volts was adopted, 
since which time a large part of the supply, especially 
that to the outlying districts, has been changed to 
alternating current. The supply area was originally 
confined to the City of Norwich, but was extended in 
| 1898 to include a number of surrounding villages within 
| an area of 40 square miles. It is now proposed, by a 
| special order made this year, but not yet confirmed, to 
| extend the area up to and including Aylsham and North 
| Walsham, on the north, to Loddon on the east, to 
| Attleborough and Wymondham on the south, and to 
| the boundary of East Dereham on the west, a total 
| addition of 370 square miles. 
| In 1902, the undertaking was purchased by the 
| Corporation, the load at that time being about 1,400 kw. 
|and the annual output some 1,500,000 units. Since 
| then, the demand has steadily increased, the correspond- 
jing figures for the last complete year, 1925-26, being 
| 11,000 kw. and 21,000,000 units. An interesting and 
|commendable feature of the undertaking is that the 
| policy of the Electricity Committee throughout has been 
to retain the working profits and employ them largely 
| for extensions, instead of applying them to the relief of 
|rates. This policy appears to have been amply justified 
| by the present sound position of the undertaking. 
| The full capacity of the Duke-street site, however, was 
|reached in 1922, and the Corporation then decided to 
erect a new station of sufficient capacity to meet the 








| ae an excellent finish, resembling granite. 





of 11] acres was secured near the eastern boundary of the 

| City, between the river and the sidings of the London & 
| North Eastern Railway. The site, which is about 
| 14 miles from the Duke-street station, is thus very 
|favourably situated, as the river affords an ample 
supply of cooling water, as well as a convenient means 
of transport for coal, which, however, can also be , 
brought by rail. The conditions as regards founda- 
tions, were also satisfactory, the soil consisting of 
on resting on chalk at a depth varying from 8 ft. to 
12 ft. 

The design and equipment of the station, which is 
known from the district in which it is situated as the 
Thorpe station, was entrusted to Mr. J. H. Rider, 
M.Inst.C.E., of Messrs. Preece, Cardew and Rider, 
8, Queen Anne’s Gate, Westminster, S.W.1, and the 
constructional and building work were planned and 
supervised by Mr. A. E. Collins, M.Inst.C.E., the 
City Engineer of Norwich, until his retirement, after 
which this part of the work was supervised by his 
successor, Mr. J. S. Bullough, A.M.Inst.C.E. The 
foundations and concrete walls were carried out 
by the Corporation, employing direct labour. The 
buildings are steel-framed structures with concrete- 
block walls, the blocks being moulded on the site and 
faced with china-clay quartz from Cornwall. = 

° 
buildings are arranged in three parallel bays, that 
on the northern side being 90 ft. wide and housing the 
boilers, while the central bay, 65 ft. wide, forms the 
turbine room, the remaining bay, which is 25 ft. wide, 
on the southern side, accommodating the switchgear. 
At the western or permanent end, a two-storey office 
block, containing a workshop, store room and battery 
room in addition to the offices, has been constructed, 
and the eastern end has been temporarily closed with 
glass and corrugated sheeting, so that extensions can 





be readily carried out. 

As previously stated, coal can be brought to the 
station either by rail on a siding from the London & 
North Eastern system, or by the river, being delivered, 
in the latter case, either in small sea-going boats, up to 
about 300 tons, or by lighters. For delivering the coal 
into the boiler-house bunkers, a telpher track, carried 
on steel towers at a height of 80 ft. above the ground, 





has been constructed. The track commences in the 


|future demands of the City and of the surrounding | boiler house, and passing out through the western end, 
and women who have been engaged as clerks, &c. | country. Sanction for the proposals was obtained from | and running over the railway siding and storage ground 
the Electricity Commissioners, and a site having an area | at present, terminates over the bank of the river. An 
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Fig. 2. Crrovutatine Pump anp Rotary ScREEN FoR CIRCULATING WATER. 


extension, shortly to be constructed, will carry the track 
in the form of a loop out over the river and back again 
over the storage ground, into the boiler house. Two tel- 
pher carriages, fitted with grab buckets of 50 cub. ft. 
capacity are provided, and either of these willthus be 
able to travel over the whole area without reversing or 
switching, picking up coal from river craft or from a 
large hopper, into which it is dumped from the railway 
wagons, and depositing it on the storage ground or in 
the boiler-house bunkers. The coal-handling plant 
was supplied by Messrs. Babcock and Wilcox, Limited, 
Farringdon Street, E.C.4. 

The boiler house, at present, contains four Stirling 
boilers, arranged two on each side with a firing floor 
between them and a steel-plate bunker overhead. 
The boilers each have a heating surface of 6,016 sq. 
ft., and a normal evaporative capacity of 40,000 lb. 
per hour, the working pressure being 250 lb. per square 
inch and the temperature of the steam being raised 
to 650 deg. F. by integral superheaters. Two of the 
boilers are fitted with Underfeed Type A travelling- 
grate stokers and the other two with Erith-Roe retort 
stokers. Below the boiler-house floor are two lines 
of water-trough conveyors into which the ashes fall 
and are carried along to the eastern end, the conveyors 
being continued horizontally for some distance outside 
the boiler house and being then inclined upwards to 
deliver the ashes into raised hoppers. Wagons can be 
run in under the hoppers and the ashes are dumped 
into them for removal. The ash-handling installation 
was constructed by Messrs. Underfeed Stokers, Limited, 
Aldwych House, Aldwych, W.C.1. The boilers work 
under balanced draught, the forced-draught fans, which 
are electrically driven, being located in the boiler 
house basement, in the case of the boilers fitted with 
Krith-Roe stokers; with the Underfeed stokers, the 
forced-draught fans are mounted on the stokers. A 
Green’s economiser is provided for each boiler, the 
economisers being mounted over the boilers on a floor 
33 ft. above the level of the firing floor. Induced- 
draught fans, placed on the economiser-floor level, 
draw the flue gases through the economisers and dis- 
charge them into the chimneys, one of which is pro- 
vided for each pair of boilers. The chimneys are of 
steel-plate construction, and are 9 ft. in diameter. 
The boilers are equipped with steam-jet soot blowers 
and the soot removed from the economiser tubes by 
the scrapers is withdrawn from chambers below the 
economisers, by means of a vacuum pump, and delivered 
into a container situated near the entrance to the boiler 
house on the northern side. The container, it should 
be added, is located over a standard gauge trailway track 
which traverses the three bays of the station at the 
western end, so that the soot can be easily dumped 
into a railway wagon for removal. 

The feed-water system at the Thorpe station is the 





same as that employed at the North Wilford station at 
Nottingham, which was also designed by Mr. J. H. 
Rider and was described on page 395 of our 120th 
volume. The condensate is first heated to about 
150 deg. F. by steam bled from the turbines, and then 
to about 212 deg. F. in the hotwell by exhaust steam 
from the feed pumps. The make-up feed is pumped 
from the river into an open storage tank, measuring 
12 ft. 9 in. by 9 ft. 9 in. by 6 ft. deep, and located 
on the economiser floor. From this tank, the water is 
passed through a Prache and Bouillon double-effect 
evaporator, having a capacity of 3 tons per hour, 
in which it is heated, as well as freed from air and 
impurities, and then returned to a closed storage tank, 
of the same dimensions as the open tank and situated 
on the same floor. From the closed storage tank, the 
make-up water flows by gravity to the hotwell tank, 
which is situated immediately below, at a height of 
15 ft. above the firing floor, the flow being controlled 
by a ball cock. In both the hotwell tank and the closed 
make-up storage tank, the space above the water is 
kept charged with exhaust steam to prevent the water 
from coming into contact with air. Three feed pumps 
of the rotary type, by Messrs. G. and J. Weir, Limited, 
Glasgow, are provided, two being steam driven and one 
electrically driven. They are located on the firing floor 
below the hotwell tank. Before leaving the boiler 
house, we should mention that an automatic electric 
passenger lift, running from the basement to the 
bunker staging, has been provided to give easy access 
to all levels. 

A view of the interior of the turbine room is repro- 
duced in Fig. 1, in which the two turbo-generator 
sets at present installed can be seen. These were 
constructed by the British Thomson-Houston Com- 
pany, Limited, Rugby, and are each of 5,000 kw. 
capacity, running at 3,000 r.p.m., and generating 
three-phase current at 6,600 volts and 50 cycles fre- 
quency. A similar set, now installed at the Duke- 
street station, will be transferred to the Thorpe station 
early next year, and will be mounted on foundations 
already prepared at the western end, 7.e., to the left 
of the illustration, Fig. 1. As already constructed, the 
turbine house will accommodate a fourth set, which 
will probably be of 10,000 kw. capacity, but by extend- 
ing the eastern end the total installed capacity will 
eventually be increased to about 50,000 kw. 

Below each of the existing turbo-generator sets is a 
condenser having 9,000 sq. ft. of tube surface, supplied 
with cooling water by a 24-in. circulating pump shown 
in Fig. 2. The water is drawn from, and returned to, 
the river through conduits running under the switchgear 
bay in a longitudinal direction. At the intake to the 
conduit. there is a coarse inclined screen to retain any 
large floating objects, and in the pipe line on the suction 
side of each of the circulating pumps a Bailey rotary 





screen is provided to remove smaller matter that might 
otherwise block the condenser tubes. The upper part 
of one of the rotary screens is visible in Fig. 2, just above 
the motor driving the circulating pump. The discharge 
pipes dip well below the level of the water in the outlet 
conduit, so that full advantage is taken of syphonic action 
in assisting the flow of the circulating water. Each 
condenser is fitted with duplicate extraction pumps and 
a two-stage air ejector, steam from the latter being 
condensed in a small auxiliary surface condenser, 
through the tubes of which the condensate delivered 
by the extraction pumps is passed. Afterwards, the 
condensate is passed through a heater supplied with 
steam bled from the turbine, and is then delivered into 
the hot-well, where it is further heated by exhaust 
steam, as stated above. The condensing plant was 
supplied by Messrs. Worthington-Simpson, Limited, 
Queen’s House, Kingsway, W.C.2; the circulating 
pumps by Messrs. W. H. Allen, Sons and Co., Limited, 
Bedford; and the rotary screens by Messrs. Hick, 
Hargreaves and Co., Limited, Bolton. 

With the exception of the two steam-driven feed 
pumps previously mentioned, the whole of the auxiliaries 
are electrically driven, direct-current motors being 
employed for the purpose, as in most cases speed 
regulation was desirable. The necessary current will 
be supplied, at a pressure of 440 volts, by two 500-kw. 
rotary converters, only one of which is at present 
installed. The two machines will be located side by 
side on a floor intermediate between the basement and 
the turbine-room floor, and will also be used for supplying 
consumers in the neighbourhood of the power station, 
as well as for operating the auxiliaries. A battery of 
250 Chloride cells, of 458 ampere-hours capacity on a 
five-hours rating, has been provided for use in emer- 
gencies. 

The switchgear, which was supplied by the British 
Thomson-Houston Company, Limited, Rugby, comprises 
high-tension main and auxiliary gear, operating at 
6,600 volts, for the generators and feeders, and low- 
tension direct-current gear, operating at 220 volts and 
440 volts, for the station lighting and auxiliaries. 
The control panels for the high-tension switchgear, 
the auxiliary switchgear, and the low-tension panels 
are all mounted in line in the switchgear bay on a floor 
on the same level as the turbine-room floor and open 
to the latter. The cubicles for the main high-tension 
gear are of stoneware with sheet-steel doors, and those 
containing the isolating switches and instrument trans- 
formers are erected behind the control board on the 
same floor; the cubicles for the oil switches, duplicate 
*bus-bars, &c., are located on an upper floor. At present 
there are three generator cubicles, six main and two 
auxiliary feeder cubicles, and one lightning-arrester 
cubicle. The oil switches for the generators are 
designed for a continuous load of 1,200 amperes per 
phase, and those for the feeders for 300 amperes per 
phase. They are all operated by direct-current solenoids 
from the control board. Reactors are provided between 
the main ’bus-bars and the auxiliary switchgear, and 
other reactors will be installed later between the present 
switchgear and that required for future extensions, 
which will form a separate section. Provision is made 
for earthing the star point of any of the generators 
through a resistance of 6-5 ohms, having a carrying 
capacity of 500 amperes, and special arrangements are 
made to prevent more than one generator from being 
earthed at a time. Protection for both generators and 
feeders is secured by opposed e.m.f. protective gear, with 
biassing transformers. Of the six main high-tension 
feeders, three, of 0-25 sq. in. section, will supply energy 
to the Duke-street station, and two others, of the same 
area, to the King-street and St. Stephen’s sub-stations. 
The remaining feeder, which is of 0-075 sq. in. section, 
will supply energy to Thorpe and Brundall. The Duke- 
street station, it should be mentioned, will not be used 
for generation when the Thorpe station is in full opera- 
tion, but will then be used.for distribution purposes 
and for the administrative work of the Electricity 
Department. It is possible, however, that some of the 
steam plant at Duke-street may be retained temporarily 
as a reserve, but it will eventually be scrapped and the 
space used for the installation of additional rotary 
converters, &c. 

The Thorpe station was officially opened on Thursday, 
October 28, by Alderman G. J. B. Duff, M.C., J.P., 
D.L., who started up the No. 3 turbo-generator set, 
i.e., the one on the right of Fig. 1. At a luncheon in the 
St. Andrew’s Hall following the opening ceremony, 
Captain J. G. Fairfax, M.P., gave some interesting 
figures illustrating the development of the undertaking. 
He mentioned that, in 1904, the annual output amounted 
to 2,500,000 units, the average selling price then 
being 3-59d. per unit, while the corresponding figures 
for the last complete year, 1925-26, were 21,000,000 
units and 1-8d. per unit. Mr. F.M. Long, A.M.Inst.C.E., 
M.I.E.E., the City Electrical Engineer, in referring to 
the encouragement. given to the small consumer, 
mentioned that a large number of small houses were 
now supplied for a fixed sum of 30s. per annum, with a 
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flat rate of 1d. per unit for the current consumed. The 
wiring installation, he added, could be rented for an 
additional sum of 10s. perannum, Mr. Long, we believe, 
was the originator of this form of tariff, which has many 
obvious advantages, particularly in the case of small 
domestic supplies. In conclusion, we may add that 
there is evidence of a keen demand for electric energy 
in the country surrounding Norwich, and, if the present 
progressive policy of the committee is maintained, the 
extensions referred to above will doubtless soon be 
required. Already a main has been laid and a supply 
has been provided in Wymondham, and plans are in 
hand for an extension to Wroxham and North Walsham 





THE LATE MR. R. N. LENNOX. 


Ir is with sincere regret that we record the death, 
after a short illness, of Mr. R. N. Lennox, F.I.C., F.C.S., 
for many years Sir James Dewar’s assistant at the 
Royal Institution and subsequently founder and 
head of the Lennox Foundry Company, Limited, of 
Glenville Grove, New Cross, 8.E. A chill caught after 
an attack of influenza proved fatal, his death occurring 
on November 1. 

Robert Nicol Lennox was born at Tayside, Perth- 
shire, in 1860, and educated at Annficld Academy and 
at Glasgow University under Professor Detmar. In 
1881, he went to the Royal Institution as laboratory 
assistant. As such, he took his place in Dewar’s 
famous low-temperature research, in the course of 
which he lost one eye by a minor explosion. Leaving 
the Royal Institution in 1908, he expanded the small 
engineering works he had started at Chiswick, where he 
resided at the time, and soon took larger premises 
at New Cross, where he established the Tantiron 
Foundry. His Tantiron (silicon iron) had long before 
this been prominent among the acid-resisting iron 
alloys. We described and illustrated his diverse pro- 
ducts, stills, concentrators, autoclaves, pumps, valves, 
and general chemical plant, in our issue of August 9, 1918, 
and we drew attention to his recent equally successful 
Tantlead, Tantcopper and Tantnickel and other develop- 
ments in our notice of the British Chemical Plant 
Exhibition, on page 144, ante July 30, 1926. Mr. Lennox 
was a man of great activity and an experimenter of 
notable originality and skill and of sound judgment. His 
spacious research laboratory, unusually well equipped, 
characterised the wide scope of his scientific work. He 
will sadly be missed by his friends. 








INSTITUTION OF AUTOMOBILE ENGINEERS.—Among 
the papers submitted during the 1925-26 session for the 
graduate’s prize, which is awarded annually by the 
Council of the Institution of Automobile Engineers, two 
were of such merit that the Council decided to augment 
the prize. Messrs. E. W. Sisman and G. L. Ensor have 
accordingly each been awarded a first prize. The former 
belongs to the Birmingham branch, and the title of his 
paper was “The Straight-Eight Engine.’’ Mr. Ensor 
is a member of the Luton branch, and his contribution 
was entitled “‘The Elements of Touring-Car Engine 
Design.’” The Crompton Medal for the best paper 
read before the Institution during the past session has 
been awarded to Mr. W. Ferrier Brown, for his paper 
on ‘‘The Development of the Sleeve-Valve Engine.” 





ENGLISH AND AMATEUR MEcHANICS.—The two well- 
known weekly periodicals The English Mechanics, and 
the World of Science (founded in 1845), and The 
Amateur Mechanic and Work (first published in 1887) 
have recently been combined, and will henceforth appear 
as a single but enlarged publication, at the old price, 
namely, 3d. These pioneer weeklies have, to some 
extent, run on parallel lines in the past, and have catered 
for the craftsman, amateur mechanic and woodworker, 
and also for those having scientific and other hobbies, 
including astronomy and microscopy. This merging of 
interests should prove of great benefit to the present 
readers, Furthermore, the combined paper has been 
modernised and every effort made to render it attractive. 
The first number of the new publication, bearing the 
title English and Amateur Mechanics, was issued on 
October 29. We wish the venture every success. The 
editorial offices are at 2, Breams Buildings, London, E.C.4. 

BuritpIne Construction.—Parts I and II of “ Pit- 
man’s Building Educator,” a comprehensive work 
dealing with modern building in its three aspects— 
design, construction and cost—‘ave recently made their 
appearance, The work, which 1s edited by Mr. Richard 
Greenhalgh, A.I.Struct.E., provides a complete course 
of instruction in architecture and building, arranged in 
the form of a series of lessons. The technical side of the 
subject is dealt with in some detail, and occupies the 
major portion of the work. On the other hand, many 
articles of a general interest to all concerned with build- 
ing are included. The work is the result of the combined 
efforts of upwards of 40 specialists, each contributor 
being an expert in his particular subject. It covers 
all the usual trade and professional subjects, and 
should be valuable to both the professional man and 
the craftsman. Part I was issued on October 16 last, 


and the whole work will be complete in 30 fortnightly 
parts. The publishers are Messrs. Sir Isaac Pitman 
and Sons, Limited, Parker-street, Kingsway, London, 
W.C.2, and the price of each part is Is, 3d. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “fine foreign” and “standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. € 
bottle, the contents of which vary from 70 lb. to 80 1b. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


Middlesbrough prices are plotted 


The pig-iron 
The price of quicksilver is per 








TRIALS or THE §.S. “‘ SHERINGHAM.’’—Launched from 
the yard of Messrs. Earle’s Shipbuilding and Engineering 
Company, Limited, Hull, on August 14, 1926, the S.S. 
Sheringham, built to the order of the London & North 
Eastern Railway, recently carried out her trials. Ona 
preliminary run, in light condition, on the Humber 
on September 11, a speed of 14-9 knots was attained. 
Her full trials were run on her return voyage from Rotter- 
dam to Harwich on the 18th, under full-load conditions, 
when a mean speed of 14} knots was attained. The 
vessel is of the poop bridge and forecastle deck type, 
with a cruiser stern and straight stem, and has the 





following dimensions :—Length, 255 ft. ; breadth, 36 ft. ; 





depth, 17 ft. 2 in.; capacity, 92,000 cub. ft. The 
propelling machinery, built by the company, consists 
of a set of triple-expansion engines, the cylinders being 
22 in., 35 in. and 60 in. diameter, with a stroke of 39 in. 
Steam is supplied by three boilers, 134 ft. by 11} ft. 
each, at 205 Ib. per square inch, working under Howden’s 
system of pba piles icy Water is carried in fore and 
aft cellular bottom tanks excepting under the boilers. 
Two peaks are also arranged for water ballast. For the 
handling of cargo, eight steam winches and ten steel 
derricks are fitted, two of which can lift ten tons. 
Steam-steering gear is fitted direct to the rudder head, and 
is controlled by telemotor from the navigating bridge. 
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THE BREWERS’ EXHIBITION. 


THE 43rd Brewers’ Exhibition and Market of Machi- 
nery, Appliances and Produce has been held at the Agri- 
cultural Hall throughout the present week, closing this 
evening. As in previous years, the building is com- 
pletely occupied with exhibits, which cover the 
allied wine, mineral water, hotel and catering industries. 
The most fully represented branches continue, however, 
to be brewing and bottling. An important section is 
occupied with competitions in raw materials and 
products, which appear to be of considerable interest 
to the trades concerned. In connection with them 
the significant fact is disclosed that, in spite of the 
apparent prosperity of the brewing trade, the consump- 
tion of malting barley is only about half what it was 
before the war. 

A large number of exhibits possess, of course, only an 
indirect mechanical interest, though their range is 
curiously extensive. The products of printing and 
allied trades, cash registers and similar appliances, glass 
bottles and syphons, pottery, bottle-washing and filling 
machines, corking machines, labelling machines, corks 
and stoppers, many substances for improving the 
properties of the finished products, disinfectants, 
vacuum cleaners, motor vans, and penny-in-the-slot 
pianos with attachments for producing yet other sounds, 
are examples, taken at random, of what is to be seen, 
with, of course, exhibits of bar fittings of every kind. 
A variety of coopers’ and similar exhibits are also 
shown, among which there is some evidence of a 
tendency to provide containers with an impermeable 
surface. Messrs. David Roberts and Son, of Tottenham, 
show, for instance, a cask-lacquering machine, Messrs. 
Borsari and Company, of Zurich, show glass and com- 
position-lined fermenting tuns and storage tanks, the 
Enamelled Metal Products Corporation, of Kingsway, 
a tank and other steel vessels lined with glass 
enamel, and Messrs. Butlers Ltd., of the Minories, a 
number of glass-enamelled steel tanks for various 
purposes. In this connection, reference may be made 
to some iron pans included in the exhibit of Messrs. 
John Thompson (Wolverhampton) Limited, which 
are coated with various metals by the spray process of 
Messrs. Metallisation, Limited. This process appears 
to have been used successfully on the Continent and in 
the United States for some time past. An interesting 
exhibit, not entering into any, branch of routine manu- 
facture, is that of Messrs. C. Isler and Co., Ltd., of 
Southwark, who show models of well-sinking plant and 
some cores obtained on boring by their rotary process. 

A further group of exhibits deals with warehouse 
equipment, such for example, as the ladders, trucks 
and similar appliances shown by Messrs. Drew, Clark 
and Company, of Leyton, Messrs. H. H. Stark, Limited, 
of Whitechapel, and Mr. H. C. Slingsby, of Kingsway. 
Messrs. F. T. Murdoch and Co., Ltd., of Belfast, show a 
new platform-elevating truck, a rapid cask-elevator, for 
use with lorries, and a portable stillion for one to three 
tiers. Several conveyors and elevators are shown, applic- 
able to the brewing and other industries. Among these 
may be mentioned a working installation on the stand 
of Messrs. W. & C. Pantin, of Upper Thames Street, 
embodying recently patented features of interest. This 


conveyor includes an automatic vertical swing-tray |. 


elevator, which delivers cases and crates of all sizes 
on toa run of a gravity roller conveyor and roller spiral 
chute, by which they are brought again to the foot of the 
elevator. There, their motion is controlled by an auto- 
matic timing device, which allows them to centralise 
themselves individually on an ascending cradle, and thus 
assures a regular feed, irrespective of size and without 
supervision. The rollers are closed at each end with 
hermetically sealed cups, into which fit caps carrying 
ball-bearings secured in a cage, and a hole in the cap 
serves for lubrication or for drainage, according to the 
position to which the cap is turned. The arrangement 
is convenient for the renewal of the ball bearings. 
Wear is taken up by adjusting nuts. Other new 
varieties of conveyor are shown by Mr. T. Millar 
Campbell, of Lewisham, embodying his ingenious 
patent universal chain, which enables automatic 
or other conveyors to get round corners conveniently, 
or to link up with other power or gravity conveyors. A 
detail of structural equipment is the cellular flooring and 
yard pavement shown by the Steel-Mesh Road Surface 
Company, Limited, of Sumner Street, in which the plastic 
or concrete flooring material, whatever it may be, is 
reinforced by strips of steel so bent and connected as 
to divide the surface up into small steel squares, and 
thus to confine any crack, should one form, to the cell 
in which it occurs. Another structural detail, which 
also has a wider application than breweries, is the White- 
hall cowl shown, among other exhibits, by the Eagle 
Range and Grate Company, which is said to have had 
exceptional success in curing smoking chimneys, 
without using any mechanical movement, or obstruc- 
ting the sweep’s brush. For the care of premises, the 
Four Oaks Spraying Machine Company, of Sutton 
Coldfield, show a collection of lime-washing and 
spraying machines. 


Among the exhibits of brewing plant, utensils 
and coppersmiths’ work, are those of Messrs. Robert 
Morton and Co., Limited, and Messrs. S. Briggs and 
Co., Limited, both of Burton-on-Trent, and Messrs. 
George Adlam and Son, Limited, of Bristol, all 
of which make a fine display of their standard designs. 
Messrs. Mather and Platt, Limited, of Manchester, in 
addition to pumps and fire extinguishers, show a 
convenient cask-washing equipment, which combines 
washer, pump, motor, and compressor. Messrs. Morton 
also show a new design of calorifier for small quantities 
of water. The Aluminium Plant and Vessel Co., 
Limited, of Wandsworth, again show the scale model 
of a brewery by which they illustrated last year the 
adaptation of Scott’s yeast-pressing system to various 
conditions. In addition to aluminium wagons, gas- 
welded tanks and other receptacles, they also show 
their new Paraflow wort refrigerator and their A.P.V. 
quick chiller, in which a battery of specially-designed 
plates is arranged so as to give intensive heat inter- 
change with ready cleaning or sterilising. The Turbine 
Furnace Co., Limited, of Gray’s Inn-road, exhibit their 
well-known boiler furnace, fitted with an additional 
firebrick grate at the back of the ordinary grate. 
This both serves to receive the fire when it is desired 
to clean the ordinary grate, and acts as the base of an 
incandescent baffle for perfecting combustion. Messrs. 
John Thompson (Wolverhampton), Limited, in addi- 
tion to examples of their boilers and to a new automatic 
cask-washing plant, show a self-supporting steel 
chimney, stocked in all sizes up to 12 ft. high, which 
has been found in prolonged practice to be cheap, 
durable and quickly erected. 

Typical malt and barley machinery, some of it 
embodying new designs, is to be found on the stands 
of Messrs. Robert Boby, Limited, of Bury St. Edmunds, 
the Seck Machinery Company, Limited, of Victoria- 
street, Messrs. Nalder and Nalder, Limited, of Challon, 
and Messrs. George Porteus and Sons (Leeds), Limited. 

Space will not allow individual reference to the 
many exhibits, some of them on an elaborate scale, 
that illustrate the present practice of bottling and the 
other ancillary arts of the brewing and related 
industries. Perhaps the most notable circumstance 
of the miscellaneous exhibits is the number of small- 
scale refrigerating plants that are shown, including 
the Delco, the Freezone, the Kelvinator, the Electro- 
lux, and the Servel, the last-named working with 
methyl chloride, a medium unusual in British refrigerat- 
ing practice. There is also, on the stand of Messrs. 
H. J. West and Co., Limited, a 400-ton machine of 
considerable interest, which uses their mechanically- 
operated sleeve valve in a double suction ported 
form, and thus enables two widely-different pressures 
to be used, so obtaining in the one compressor the 
effect of two, with a considerable.gain in efficiency, 
as well as a saving in cost and space. 





LETTERS TO THE EDITOR. 


THE INSTITUTION OF CIVIL 
ENGINEERS. 
To THE Epiror or ENGINEERING. 

Sir,—‘‘ Sapper’s” letter might well have been 
written in regard to most other institutions, as they all 
suffer from the same complaint—constant re-election 
of the well-known man to the Council. 

As a remedy, it might be well for an organised attempt 
to be made towards altering the rules of election by 
enacting that “‘ the average age of each set of councillors 
shall never exceed 55 years.” 

This would ensure that councillors of 70 or 80 
would be counterbalanced by the presence of others 
aged 35 or 40 years. 

; Yours truly, 
Epwarp C. Barton, M.I.E.E. 
London, October 30, 1926. 





TIDAL POWER. 
To THE EpIToR oF ENGINEERING. 


Sir,—It has become increasingly evident that much 
more attention is being given to the possibilities in the 
way of the utilisation of the wasted power resources of 
‘this country in various ways, whether as regards natural 
waterfalls or the artificial storage of water by means of 
reservoirs. Much progress is being made in this 
direction, both in North Wales and in Scotland, by the 
North Wales Power Company and the British Alumin- 
ium Company, respectively, in addition to which may 
be mentioned the Grampian Power Scheme. In Ireland 
the possibilities are much less, owing to the low-lying 
nature of the country. Beyond the Shannon scheme, 
which provides a big volume of water but not much 
fall, there would seem to be only a limited scope. 

Over and above all, the available water power provided 








the power of the tides in respect of which nothing 
practical has been done. 

What is the reason for all this indifference ? 

To a certain extent, no doubt, the cheapness of coal 
and the cost of harnessing the tides. But coal is 
getting dearer every day, and it is hardly likely that it 
will ever get back to pre-war figures, if, indeed, to the 
price prevailing before the strike. It seems, therefore, 
that it is high time some definite attempts were made 
to make use of the enormous power available in the 
tides. In using this term it must, however, be under- 
stood that the fact is not overlooked that there are 
limited circumstances under which control of the 
power can be attained consistent with economical cost. 

It is perhaps unfortunate that so much attention has 
been devoted to the Severn scheme that other, and 
much more practicable ones, have been ignored or 
overlooked. The promoters seem to have been 
obsessed by the vast power provided by the excep- 
tionally high tides to such a degree as to minimise the 
drawbacks consequent upon same, together with the 
unfavourable shape of the estuary. The cost is pro- 
hibitive, and its success a matter of speculation. 
Surely it would be better and safer to select for experi- 
ment an estuary with a narrow outlet reducing the 
cost of controlling the waters to a mere trifle as 
compared with that of the Severn. 

Perhaps a score of river estuaries around the coasts 
of England and Scotland could be named which are 
more favourable than the Severn for experiment. 
Amongst these one would suggest as two of the best 
the Conway estuary and Loch Etive, both of which 
have quite narrow entrances and vast expanses of 
waters inland, that of the Scottish loch extending for 
about 25 miles. It is true that the differences of level 
provided by the tides do not give much fall, but this 
is made up for by the huge volume of water. 

Another favourable situation is that of the Menai 
Straits, and it is understood that the North Wales Power 
Company already has that under consideration. 
Stranford Lough in Ireland, affords a good example 
also. 

The numerous schemes which might be put in hand 
would render us much less dependent on coal, and 
would provide work for a great number of the un- 
employed. 

It is a matter for regret that the electrical and civil 
engineers of the country seem to have so little enterprise 
and initiative, and that the Government should have to 
step in for the furtherance of such schemes. 

Yours faithfully, 
8. O’D. 


October 27, 1926. 





Contract.—Messrs. Loudon Brothers, Limited, Clyde 
Engineering Works, Johnstone, Renfrewshire, have just 
secured an order for four large planing machines for the 
New Zealand railway workshops. This is in addition to 
the previous contracts for wheel, axle, and engine lathes. 


Fioatine Dock ror WALSH IsLAND Docxyarp, Aus- 
TRALIA.—The Agent-General for New South Wales, 
Australia House, Strand, London, W.C.2, informs us that 
a floating dock of 15,000 tons lifting capacity is to be 
built at the Walsh Island Dockyard and Engineering 
Works, Newcastle, N.S.W., Australia, and installed there. 
These works have now been equipped for the construction 
of ships, up to 12,000 tons, dredges, bridges, rolling-stock, 
steel carriages, steel pipe lines and cast-iron pipes. 
Mr. A. C. Waters, the general manager of the dockyard 
and works, has arrived in London in order to make 
investigations in connection with the construction of the 
floating dock. While in this country, his business office 
will be at 110, Victoria-street, Westminster, London, 


8.W.1. 


SPECIFICATIONS FOR Paint INGREDIENTS.—The British 
Engineering Standards Association has lately issued two 
specifications for barytes and boiled linseed oil, Nos, 260— 
1926 and 259—1926, respectively. The barytes specifica- 
tion is divided up into ten paragraphs and four appen- 
dices, the paragraphs dealing with various sections of 
the specification such as :—Description, composition, oil 
absorption, colour, volatile matter, standard sample, 
&c. The appendices give three specified methods for 
the determination, respectively, of coarse particles, oil 
absorption and matter soluble in water, while one is 
concerned with the comparison of colour. The specifica- 
tion for boiled linseed oil (No. 259—1926) contains 
eight clauses relating to description, colour, specific 
gravity, drying time, ash, &c., and three appendices 
give specified methods for the determination of drying 
time, acid value and unsaponifiable matter. These 
specifications have been prepared, at the request of the 
paint manufacturers, by a committee representative of 
both the buying and manufacturing interests, and revised 
issues will be published from time to time. The three 
following publications will be issued shortly :—Painting 
Materials, Ready-Mixed Linseed Oil Paints, and Extra- 
Hard Drying Varnish. Copies of the two specifications 
Nos. 259 and 260—1926 can be obtained from the 
Association’s Publications Department, 28, Victoria- 
street, S.W.1., price ls. 2d. post free. 
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LABOUR NOTES. 
Tue efforts of the Trades Union Congress General 
Council to find a way out of the trouble in the coalfields 
did not meet with pronounced success, as the only 
arrangement which, it is understood, they were able to 
suggest to the Miners’ Federation Executive were 
district settlements, co-ordinated nationally. What 
the miners’ executive really thought of the suggestion 
was not officially made known; but, on the evidence 
of Mr. Cook’s week-end speeches, the majority of 
them were not prepared to consider them even as 
a basis of discussion. In the course of a letter to 
Major Coates, the Conservative candidate for the 
Howdenshire Division of Yorkshire, the Prime Minister 
made it plain that further intervention by the Govern- 
ment in the circumstances of the moment was con- 
sidered to be out of the question. ‘‘So soon as it 
became clear to me,” Mr. Baldwin said, ‘that by 
no effort on our part could we possibly bring the 
parties together, I made up my mind that I should 
be deceiving the public as well as the coalowners 
and the miners, were I to lead them to believe that 
any further intervention on the part of the Government 
would, in any way, help a settlement. The 
coal industry—like other industries—must stand on its 
own feet.” 


The request of the Federation executive for an 
embargo by the transport unions on the movement 
of foreign coal was considered at a conference on 
Tuesday in London by the miners’ representatives, 
and representatives of the organisations whose members 
would be called upon to take action of the kind desired. 
The unions who sent delegates to the meeting were 
the National Union of Railwaymen, the Transport 
and General Workers’ Union, the Railway Clerks’ 
Association, the National Union of Sailors and 
Firemen, the Amalgamated Marine Workers, the 
United Road Transport Workers, and the Liverpool 
and District Carters and Motormen. The Associated 
Society of Locomotive Engineers and Firemen declined 
to attend. After a discussion which lasted for about 
three hours, the conference passed the following 
resolution: ‘‘ That this conference, having discussed 
the proposal of the Miners’ Federation for an embargo 
on imported coal, decides to adjourn to enable the 
representatives of the General Council who were 
present at the conference to report to the full General 
Council.” Unofficially, it was stated after the meeting 
that the view of the large unions, especially the 
railwaymen and the dockers, was that an embargo was 
impracticable and could not be effectively operated 
without serious difficulties and the jeopardising of 
existing agreements. The Sailors’ and Firemen’s 
Union rejected the idea on a ballot by 10,060 votes 
to 908. 


On Wednesday, a special conference of union exceu- 
tives considered the request for a levy in aid of the 
miners. About 800 delegates were present. The 
miners’ case was stated by Mr. Cook, and the financial 
position of the Federation explained by Mr. W. P. 
Richardson, the treasurer. Mr. J. H. Thomas, M.P., 
Mr. J. T. Brownlie, president of the Amalgamated 
Engineering Union, Mr. J. R. Clynes, M.P., and others 
subsequently spoke, and eventually the following resolu- 
tion was adopted by, according to the official report of 
the meeting, “an: overwhelming majority.”—‘ That 
this special conference of executive councils of trade 
unions affiliated to the T.U.C. congratulate the miners 
on their magnificent fight and, with a view to enabling 
their resistance to be continued until an honourable 
settlement is secured, each executive council here repre- 
sented pledges itself to call for a special daily contri- 
bution of not less than one penny from every one of its 
members for each day suci member is at work until 
the dispute is settled. Eaca executive council further 
pledges itself to set in motion the whole of its machinery, 
so that all contributions shall be forwarded to its head 
office and remitted to the Miners’ Federation regularly 
and without delay.” The General Council met later 
in the day to formulate plans for giving effect to the 
resolution, and hope was expressed by its members 
that the unions would make a special effort to respond to 
the appeal this week-end as the need was urgent. It 
was also decided to issue an vppeal to the general 
public for further assistance to the miners. 











A national delegate conference of the Miners’ 
Federation was held in London yesterday to consider 
the situation in the light of the results of the Trades 
Union Congress General Council’s intervention. This 
issue of ENGINEERING went to press, however, before 
official news was available regarding the attitude of the 
delegates on the question of settlement terms. On 


Wednesday evening and yesterday morning various re- 
ports were current with regard to the actual position, 
but the shrewdest of these went no further than the 
suggestion that it was highly critical for every interest 
concerned, but especially for that of the Miners’ 
Federation. 





Commenting upon the rejection by the Bournemouth 
Trades Union Congress of the General Council’s Easton 
Lodge scheme, in the October issue of Man and Metal, 
the organ of the Iron and Steel Trades Confederation, 
Mr. Pugh confesses that he was disappointed with 
the result. But he fully appreciated, he says, the 
motives which led Congress to come to its decision. 
The sole reason which influenced Congress in opposing 
the General Council’s recommendation was, in hi 
view, the difficulty of meeting any added burden of 
finance at the present time. It was not hostility to 
the Easton Lodge scheme on its merits. Such 
criticism of the scheme itself as was offered, and had 
been deliberately promoted for ulterior ends, could 
easily have been answered; but there could be no 
answer to the plea that at the present time the money 
could not be afforded in view of the impoverished 
state of many of the affiliated organisations and the 
uncertainty about the future. Like many other desir- 
able, and, he believed, necessary extensions of trade 
union activity, the plans the Council had in mind 
for the development of adult working-class education, 
would have to await more prosperous days. 





The time would come, Mr. Pugh goes on to say, 
when the trade unions would have to face up to a form of 
trade competition based upon the sweated and exploited 
labour of other countries. The reluctance of Congress 
to accept fresh liabilities and commitments at the 
present time was apparent, he points out, in other 
directions ; but beneath the surface was the thought 
present all the time that the unions in the light of 
experience must conserve their resources and con- 
centrate all their energies in strengthening their organ- 
isations, re-building their funds and re-shaping their 
policy to meet the developments that are ahead, and 
to repel whatever attacks upon them are contemplated 
by the anti-trade union forces in the country and the 
Government. The work of the Bournemouth Congress 
must be judged, he says, from that point of view. 





In the course of his address to the Metal Trades 
Department of the American Federation of Labour 
on the question of affiliation to the International 
Metal Workers Federation, Mr. Conrad Ilg, the secre- 
tary of the International, stated that the European metal 
industries were doing everything that they possibly 
could in order to speed up their work system and bring 
about greater production in the factories. He was 
confident, he said, that the European manufacturers 
would not rest until they had outdone the American 
manufacturers in speeding up production. When that 
happened, the war of Capital would be on. At the 
back of these large industries of Europe endeavouring 
to bring about the speed-up, was American money. 
The conditions which unfortunately obtained in 
Europe were largely due to American capital and a so- 
called Americanisation of industry, and if they were 
allowed to continue they would eventually very materi- 
ally affect the interests of workers in the United States. 
American workers would, in fact, be hurt as much as 
European workers were. 





According to Mr. James O’Connell, president of the 
Metal Trades Department of the American Federation 
of Labour, wages, hours and productivity are 
vital subjects for trade unionists. He discussed them 
in his report to the Department’s recent annual 
convention in Detroit, and commenting on his obser- 
vations the convention’s Resolutions Committee said : 
‘*For a generation—in fact from the beginning of 
modern industry—trade unionists have been told by 
employers that to advance wages and shorten the hours 
of labour would handicap production and industry, 
if it did not destroy the employers’ business. Experience 
has conclusively demonstrated that the shorter hours 
of labour and the higher wages secured through trade 
union activity have resulted in the creation of a greater 
volume of wealth and in much larger production per 
capita. One of the most startling facts which have 
emerged since the war is that the present output per 
capita is so great that many of our industries are 
unable to operate at full capacity more than half the 
year because they can find no sufficient market for their 
products.” 





Complete statistics covering every industry are not 
of course, available. ‘‘ But,’ the Committee say, “a 
number of our leading economists and statisticians | 
working independently in reaching their conclusions, 
now inform us that if our industrial establishments, 
equipped with their existing machines, labour-saving 
devices and production systems, were to operate three 
or three and a-half days every week, they could produce 
all that the public could make use of or consume, and 
all that we could find markets for in foreign countries. 
Entirely aside from the wage earners’ welfare, the 
measure of justice and the rights to which he is entitled, 
the investors’ welfare and that of the manufacturers 
and those engaged in commerce and the business of 
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transportation, request that under man’s present 
power to produce, the real wage should be increased 
and the hours and days of labour per week reduced. 
There can be no greater economic blunder than for 
manufacturers to develop improved methods of 
production while failing to make possible a market 
in which the full volume of production can be con- 
sumed. That market only exists where people can 
buy, their capacity to purchase being determined 
by the real wage paid to labour.” 





The Ministry of Labour states that on October 25, 
1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,516,200, of whom 1,172,700 were men, 41,000 
boys, 262,900 women, and 39,600 girls. Of the total 
number 81,600 were ‘‘ persons normally in casual 
employment.” On October 18, 1926, the number of 
unemployed persons was 1,520,475, of whom 1,171,600 
were men, 41,296 boys, 267,623 women, and 39,956 
girls; and on October 26, 1925, it was 1,232,395, of 
whom 995,036 were men, 36,835 boys, 172,387 women, 
and 28,138 girls. The total of 1,516,200 on October 25, 
does not include persons who ceased work in the coal- 
mining industry on account of the dispute. 





Some months ago it was stated that five coal pits in 
the Bishop Auckland district would not re-open, and, 
following the announcement, test claims for unem- 
ployment benefit were lodged on behalf of over a 
thousand men. The Umpire has now given his decision, 
and it favours the men. About 16,0001. is due to be 
paid out in consequence when all the claims are adjusted. 





Industrial Unionism was one of the principal subjects 
discussed at the recent Congress in Stockholm of the 
Swedish Confederation of Trade Unions. In 1922, 
it may be recalled, it was decided that reorganisation 
on the basis of industrial unionism should be completed 
by December 31, 1926. In view of the opposition 
encountered, especially from the older craft unions, it 
was impossible to carry this decision into effect. In 
1923 the representative body of the Confederation 
carried out an investigation, which showed that there 
were no fewer than 60 organisations more or less national 
in scope, and on the basis of this investigation it drafted 
a new scheme according to which the number of unions 
would be reduced to 34, the majority becoming typical 
industrial unions. The Congress approved this scheme 
as a minimum programme. The executives, branches, 
and members of the unions were urged to carry the 
reorganisation into effect without delay. The unions 
which were to be dissolved in accordance with the scheme 
were instructed to open immediate negotiations with 
the competent industrial unions, with a view to carrying 
the amalgamation into effect. 





The powers and duties of the Confederation were also 
discussed at some length. Ever since the Confederation 
was formed it has been (Industrial and Labour Informa- 
tion says) a defensive organisation; it has granted 
benefit, that is to say, only in cases of lock-out, disputes 
on the right of association, and stoppages of work 
intended to prevent unfair wages reductions. That 
being so, the Executive of the Confederation has, 
strictly speaking, no power to interfere in the affairs of 
the unions as regards so-called aggressive action. As at 
previous congresses, motions were put forward at this 
one urging the Confederation to undertake to support 
such action. Their intended effect was to bring about 
greater centralisation, and transfer the centre of gravity 
from the union executives to the Confederation. Anew 
argument was put forward in support of them in the 
form of a claim that the wage policy of the Confedera- 
tion should pay more attention to the demands for 
assistance of the lowest paid groups of workers— 
especially those engaged in export industries—in such 
a way that the wage policy of the more favoured workers 
—those in the building and food industries—was not 
carried out at the expense of the real wage standard of 
the rest. The Secretariat urged the rejection of the 
motions, maintaining that the Swedish trade union 
movement would gain little by further centralisation. 
The Congress, however, decided by 131 votes to 127 
that an “ unbiased ” investigation should be carried 
out before next year’s meeting. 





Mr. John Barr, of Barrow, has been re-elected 
president of the Shipbuilding Employers’ Federation 
for a third term. The present vice-president— 
Mr. J. T. Batey, of Messrs. R. and W. Hawthorn, 
Leslie and Co., Hebburn-on-Tyne, Mr. A. J. Campbell, 
of Messrs. William Beardmore and Co., of Dalmuir, 
and Sir Andrew Duncan—were re-elected, and, in 
addition, a new vice-president was elected in the 
person of Mr. J. H. Edwards, of the Middle Dock and 
Engineering Company, Limited, South Shields. Mr. 
A. L. Ayre, of Burntisland, was appointed chairman 
of the Conference and Works Board, and Mr. W. A. 
Henderson, of Glasgow, vice-chairman. 
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THE GYROSCOPIC VIBRATION OF | modified forms, all of the first order. Therefore, the 

MARINE STEAM-TURBINE DISCS.* | teauired forced vibration is given by 

By Kyost SuyEnmRo. w={AJ, (kr) +BY, (kr) +Ch, (kr) 

As the trouble in high-speed turbines is very often 
caused by the vibration of the disc, extensive researches | 
on this subject are being made both at home and | 
abroad. Although the most powerful turbines are gene-| Now, the boundary conditions to be satisfied are as 
rally for marine use, and accordingly partake of the | follows :— 
complicated motions of ships, yet, so far, no attention; At the outer edge (radius = a), 
has been paid to the effect of these motions, which 


+DK,(kr)— —> r}sin(@+wt) . . (3) 


w? 





may, in some cases, be fatal to the turbines. The | (ct + o( ige rn 12 =) = 
present note deals with the effect of the yawing or | be ee FOR! Fam 

pitching of a turbine ship on the turbine discs which | | Ca (l—o} @ (Ow _ w 

are thereby set into precessional motions. 6rV Ut oR ( or or ) =s 


To make th bl ble to thematical | 
eiien th ge 4 pene ag of nmation’ | The former corresponds to the condition that the 
thickness and without blading, and the velocity of | radial bending moment is everywhere zero along the 
precession to be constant. In the diagram, Fig. 1, | outer edge, and the latter to the condition that the 
let D be a turbine disc revolving with an angular | Shearing force on the outer edge is zero. 
velocity w around the axis which is taken to be the | hg st ae pe ew ey ae ee 


axis of z. The vertical axis through the centre of the 

disc O is taken as y and the axis perpendicular to the w= 0. 
both axes as x. Let us suppose that the disc precesses e 

around the axis of y with an angular velocity y. Then | (radius = 5.) a0 

an elementary mass m of the disc at a position ré, 7, ~¢ 


will be subjected to an acceleration perpendicular to the | 
plane of the disc and of the amount 27 w x sin @ (a proof | 
is given in the appendix), the force which thereby comes | 


These conditions give the following simultaneous 
equations, which are written in the order of the above 









into play being generally called gyroscopic force. conditions :— 
° 92 . 
Figt. ie m » 
er 8 
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Q4 0 : q 
ty a 
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RQ ee 
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2 +01 : 8 
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Now, without materially upset- & ~ 3 
ting the course of reasoning, we -p- 0-1 a 
may assume that the above is 9% 2 
equivalent to the case where the Ro. 
disc is at rest, while the periodic J 1 
force given by 
2mrwx sin (@ + wt) am pA 
acts on the disc. This force is 
== ENGINE BRING” (9770. ¢) 


analogous to a harmonic wave 
27 in length travelling around the 
centre of the disc with a velocity w in the direction | 
opposite to the revolution of the disc. So far as the | 
behaviour of the disc is concerned, both cases will | 
be the same mechanically, excepting that the effect of | 
the centrifugal stress is ignored in the hypothetical case. n 
The equation of the elastic vibration of the disc may AJ; (kb) + BY, (kb) + Cl, (kb) + DK, (bb) = —b, 
then be written as 


A {J\ (ka) —a Jy (ka)}+B {¥ (ka)—a Y,, (ka)} 
—C {I, (ka) —alg(ka)}—D {K, (ka)+a K, (ka)}=0, 
AJ, (ka) + BY, (ka) + CIy (ka) — DK, (ka) = 0, 


9 


a — ee Qn 
p Cw —nrpein e+ of Ado (kb) + BY (kb) + CI, (kb) — DK, (kb) pei aE 


kw? 






































where 
A=, J,(ka) Y, (ka) —I, (ka) —K, (ka) | 
— ‘ad, (ka) —aY, (ka) +al» (ka) — aK (ka) 
Jq (ka) Y2 (ka) I, (ka) —_K, (ka) 
| Jie) Yp (eb) Ty (BB) K, (ka) 
Jog (kb) Yo (kb) Iq (kb) — Ky (kb) 


If the values of the coefficients thus found are sub- 
stituted in (3), we have an equation representing the 
distorted form progressing around the centre of the disc 
with the speed w on the disc under the action of the 
gyroscopic force. As, however, that which actually 
revolves is the disc and not the force, the deformation 
does not travel but remains stationary relative to a 
frame of reference following the precessional motion 
(namely, the turbine frame). 

To obtain the radial bending moment, the values of 
the coefficients are to be substituted into the following 
expression :— 


2EA3 G2 w low,1@w 
Mm oom (Sar to (355 tase) } 
Sag [4 {- Pen +22 er} 
+B{—Y, (kr) +2—9*F y, (en) } 
r 
+0 {#n br) — 2987, bn) | 
r 
+D {HK (kr) +2 =O" Ky kr) } | 
rT 
0. 
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As an example, a revolving steel disc (E = 2-18 x 
10° kg. per square centimetre, ¢ = 0-3 and p = 7-85), 
| having an outer radius of 100 cm., an inner radius of 
| 40 cm. and a uniform thickness of 2 cm., is supposed to 
be fitted athwartships on a ship which pitches with 
an amplitude of 6 deg. and with a period of 6 seconds. 
The result of the calculations of the deflection of the 
free edge and the maximum radial bending stress 
at the inner edge of the disc is shown in the 
diagram, Fig. 2. Both the deflection and the maxi- 
mum bending stress correspond to the maximum 
precessional velocity due to the pitching of the ship. 

So far, the effect of the centrifugal stress which 
affects the vibration of the disc has not been con- 
sidered. It is well known that the natural frequency 
of the vibration of a disc with one nodal diameter, 
when the disc revolves with a frequency w, is approxi- 
mately modified in a manner as expressed by the follow- 


ing relation :— 
rPr=pPtw* . < (4) 


p and ps being the frequencies of vibration of the 
disc at rest and in motion, respectively. Therefore, 
the actual behaviour will be somewhat different from 
that here considered ; indeed, as the revolution of the 
disc never overruns its modified natural frequency of 
vibration, the phenomenon of resonance, as shown in 
Fig. 2, does not actually occur. 

It will bea matter of the utmost difficulty to obtain 
an accurate result in introducing the effect due to the 
centrifugal stress into the fundamental equation of 
motion. To avoid the difficulty we shall show how 
an approximate result can be obtained which may 
be good enough for practical cases. Instead of con- 
sidering the change of the natural frequency as 
expressed by (4) from its real source, let us suppose 
that when a disc revolves the value of its stretch 
modulus would thereby change from E to E’, where 

B/ = EET? 
Pe 

Although such an assumption is not quite sound 
from the theoretical point of view, yet it may not be 
utterly unreasonable, because when this hypothetical 


| 
| 
| 





0# 
le . l-o 
E h2 a2 2 1 g\2 in which « stands for ° 
+ i pax es A = = | 
3,(1 — o?) ca? 3 = +n ep) w=0, bi - 
‘osdoniees From these equations we obtain :— 
w = deflection of neutral surface in z-direction, = 7 a 74) ae tne bar a, 
r, 8 = co-ordinates of point of neutral surface, ot 0 Yy (ka) I ke ori (ka) 
p = density of material of plate, | b Y tk arn K, (kb 
E = Young’s modulus 2 1 (BO) 1, (ke) 1 (kb) 
¢ = Poisson’s ratio, | k Yo (tb) Ty (kb) ss 
2h = thickness of disc, A =— 
nm = 20x. A 
Therefore, the f d vi . . . A n!| Jd, (ka) 0 — I, (ka) — K, (ka) 
ore, the force Wilenpion is given by 3 oh (ka) “ al, ab aks (ka) 
w = Wsin (6 + w?), Jo (ka) 0 I, (ka) — K, (ka) 
where W is a function of r satisfying J (hb) : T, (kb) K, (kb) 
e as pl | J, (kb) + I, (kb) — K, (kb) 
(S. xan ip) WW, . (1), | B= r ’ 
in which 
3(1— 02) w2 p n J; (ka) Y, (ka) 0 — K, (ka) 
. WA we a ee es (I) | — ts (ka) — aY¥» (ka) — ak; (ka) 
an | Jp (ka) Y, (ka) 0 — K, (ka) 
ee 3(1—o?)np | Ji (kb) ¥, (kb) b K, (kb) 
——— Jo (kb) ¥, (kb) 2 — Ky (kb) 
ay can easily be shown that the general solution of | © = , ° 
is 
W=AJ, (kr) +BY, (kr) +CL, (kr) “ aCe y, i) =f (ha) ‘ 
ed “@2| — We (ka) — aa ( + al, (ka) 
+D&K,(kr)— Gr. saan Jn (ka) Ys (ka) I,(ka) 0 
J, Y,, 1, EK, being Bessel’s functions and their | 1 (40) 1 (kb) A) ; 
J, (kb) Y, (kb) I, (kb) . 
* Paper read at the Spring Meetings of the Japanese | D = , 
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Society of Naval Architects, on April 4th, 1926, 4 





* J. Prescott’s Applied Elasticity. Page 618. 
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of E, 
ket Eh? 

3(1 — 0?) p (refer to (la) ) 

in which k, is the value of k corresponding to w = 7, | 
the natural frequency of the disc at rest, we have 
kes EW | 

3 (1 — o2)p 

which accords with (4). Thus, under such an assump- | 
tion, k, does not fail to correspond to the natural | 
frequency, whether the disc is running or not. 
Following this line of argument, we shall have, in | 
virtue of (la), | 


= p? + w? 


WEP +e? pp | 
2 Bi 
adieemas yy 
for any values of k and «; corresponding to each other, 
when the disc is running at the frequency j;. 
Whence we have 


(5) 


wi? = —_ 
ket — FA 

Thus to find the approximate value of the deflection 
of a revolving disc due to the precession taking the | 
effect of the centrifugal tension into consideration, | 
we have, first, to find the same neglecting the centrifugal 
tension in a manner as described at the beginning, and 
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next, to correct the frequency of revolution correspond- 
ing to k by (5). In addition to this, as the determin- 
antal equation giving the deflection has a common 
factor ~ 

w 
should be multiplied by 


wo iV ct — ks 


=2 x, the amount of deflection first found 


Wi ke 
The calculation after this manner was made for a 





stretch modulus E’ is substituted into the left-hand | around y. In addition to them, take the axes X, Y, 
member of the following equation, to take the place | Z, fixed in space in such a manner that Y coincides 
| with y and the origin is in common with the moving 


|in which @ = wt and ¢ = xt. 
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work that two changes giving opposite effects, depending 
on the rate of cooling, may take place in slowly cooled 
steels. Also, the fact that no appreciable change is 
revealed in density or in hardness when the tough 
state is compared with the fully brittle state, has led, 
naturally enough, to the false assumption that no 


axes. Let the co-ordinates of m, with respect to the 
axes fixed in space, be X, Y, Z, and r, ¢, @. 
Then we have 


X =r cos @ sin } change would be observable when intermediate rates 
' = rein : of cooling were used. The present work makes it 
= 1 cos 0 cos apparent that the similarity in density and in hardness 


| of the tough and the brittle states is merely accidental, 
|and that, in fact, a considerable transformation takes 
| place in the physical condition of the steels on slow 
cooling. 

It is now clear that many of the results which have 
| been attributed to the softening effect of extra-tem- 
| pering must have been due, in part at least, to the change 

Now the acceleration of m with respect to the | taking place in the “ brittleness range” with inter- 
moving frame of reference in the positive direction of | mediate rates of cooling. For example, Rogers,* using 
the axis of oz (namely, the acceleration normal to the | 4 Tate of cooling of 1 deg. C. per minute, obtained a 
plane of the revolving disc) is softening in all his steels, in some cases the softening 

i iad | being considerably more than could be explained by 

sed = ened | extra tempering, whereas Greaves and Jonesf, using 

dt dt? | a rate of cooling of 0-3 deg. C. per minute and equalising 

the tempering effects, showed that there was no differ- 

ence in hardness between the water-quenched and the 

fully brittle condition. These results, which have 

| previously been regarded as incompatible with each 

| other, are now shown to be due to the difference in the 

|rate of cooling employed, and the experimental 
INTO | results of these investigators agree completely with 


Whence we have 
ax 


TT — 2rwx sin 0 cos d — 7 (w? + x2) 0s @ sin g| 





r. A) 
J = 2rwx sin 0 sin fd — r (w? + x2) cos 6 cos p | 


Substituting (A) into this expression, we can see 
that the required acceleration is 


2rwx sin 0. 





A PHYSICAL INVESTIGATION 


| P, 0-026; S. 0-027; Cr. 0-97 per cent.). 


THE CAUSE OF TEMPER-BRITTLE- | 

NESS.* | 
By Professor J. H. ANDREw, D.Sc., and H. A. Dickie, 

B.Sc., A.R.T.C. 
(Concluded from page 555.) 

Fourth Series of Experiments.—The following 10, 
steels were used in this series of experiments :— 

Five nickel-chromium, AH, NC, NR3, AW22, AW23; 
One plain carbon, A22; Two nickel, low and high 


phosphorus, NP1 and NP5, as in previous series. 
One chromium, AXX (C, 0:32; Mn, 0°91; Si, 0-145; 


| 
| 
| 
| 


One high carbon, nickel-chromium, G2 (C, 1-50; 
Mn, 0:26; Ni, 3-46; Cr, 1-80 per cent.). 

Specimens of these steels were treated with a view 
to producing the maximum amount of brittleness in 
order to obtain the maximum physical change. In 
each experiment the rate of cooling was 0-3 deg. C. per 
minute. Various tempering treatments were given 
before slow cooling was commenced. Steel G2 was 
quenched in oil from 1,100 deg. C. and the others from 
850 deg. C. before each treatment. The results of 
several experiments were at first very puzzling and 
disappointing in view of the absence of any substantial 
change in any of the steels. Steel AW23 showed no 
change in specific volume of the nature found in the 





circular steel disc having the following dimensions 
and the velocity of precession :— 
Diameter of disc = 50 cm, 
Diameter of boss = 20 cm, 
Thickness of disc = 0°07 cm. 
Angular velocity of precession = 1,395 rad./sec. 


The result of calculation is shown in the dia- | 


gram Fig. 3, together with the result of an experi- 
ment made with an actual steel disc of the size 
given above. The disc was driven in a vertical 


plane by a small electric motor, which was in turn | 


revolved around a vertical axis, being mounted on a 
revolving table specially prepared for the purpose. 
It will be seen that, for moderate revolutions, the 
approximate solution well accords with the result of 
the experiment. For high revolutions, however, the 
calculation ceases to show the actual value. This 
discrepancy may, no doubt, be attributed to the direct 
action of the centrifugal force tending to lessen the 
deflection; at first sight another correction might 
seem to be necessary for this. From the practical 
point of view, however, this second correction will 
probably not be needed, since such a large deflection 
as produced in the present experiment will never 
occur in ordinary steam-turbine practice. 

To conclude, the phenomenon as described here has 
escaped the notice of practical engineers. It will be 
seen, however, that the effect may be serious for some 
kinds of marine steam turbires and deserves close 


first series of experiments, although the hardness fell 
| appreciably. Consideration of the results after several 
failures to produce a change in specific volume or 
| hardness with very slow cooling, led to the conclusion 
| that an intermediate rate of cooling would show up a 
change, whereas very slow rates would not. Another 
experiment was carried out with the series of 10 steels 
at a rate of cooling of 2 deg. C. per minute, and the 
|results fully confirmed this conclusion. A marked 
change was not only produced in steel AW23, but in 
all the nickel-chromium steels. Three specimens of 
steel AW23 were used in this experiment, and the | 
results for the three agree remarkably. (Two of these 
three specimens were the identical specimens used in 
the first series of experiments.) The fall of specific 
volume in each case was very pronounced, but the 
hardness had not altered. This must have been due 
to some solution of carbon in y-iron at the soaking 
temperature. (Cooling curves have shown that when 
slight solution is induced at the commencement of the 
critical range in a steel of this composition, a critical 
point on cooling is produced at about 100 deg. C. This 
results in a hardening of the steel.) 

It seemed remarkable that the changes in hardness 
with variation of cooling rate had not been previously 
noticed, but a search of the published work showed that 
no hardness determinations had been made in experi- 
ments in which the effect of varying rates of cooling 
on the impact figure had been carried out. Later it 





| 
| 





attention. The author is under great obligation to | was found that the changes in hardness are, in many 
Mr. M. Awada for his faithful assistance to him in the | cases, not very conspicuous when tempering tempera- 
experimental and calculation work, which was done in | tures of 650 deg. C. or less are used, and that the changes 
the Mitsubishi Research Laboratory. | are often somewhat masked by the softening effect of 
cd | extra-tempering. 
% | In view of the well-established fact that the amount 
APPENDIX, | of brittleness is more or less directly proportional to 
That the gyroscopic acceleration of m is 2rwy sin @| the rate of cooling, it has previously been assumed that 
follows directly from Colioris’ theorem, and seems to|the physical change which produces the change in 
require no proof. For practical engineers, however, | impact value would also be proportional to the rate of 





who are not familiar with such a problem, the following | cooling. It now becomes evident from the present 
proof may not be out of place. 
Let the axes 2, y, z (Fig. 4), be those described 
previously ; these axes follow the precessional motion | Stockholm meeting ; August 27 and 28, 1926. 
| 





* Paper presented to the Iron and Steel Institute, 
Abridged. 





the observations made in the present investigation. 

Fifth Series of Experiments.—The following seven 
steels were treated to find the effect of variation of 
cooling rate on the specific volume and _ hardness : 

Three nickel-chrominm, AH, NC, and NR3. 

One plain carbon, A22. 

Two nickel, low and high phosphorus, N3 (C, 0-29; 
Mn, 0-65; Si, 0-113; P, 0-036; S, 0-032; Ni, 3-22 
per cent.), and NP5. 

One chromium, AXX, 

AW23, which had shown such a marked physical 
change in previous experiments, had unfortunately 
to be omitted from this series, together with AW22 
and NPI, as sufficient of the steel was not available 
for all the experiments. NP1 was replaced by a fairly 
low-phosphorus nickel steel, N3. 

Five sets of these seven steels were treated, after 
a preliminary oil-quenching from 850 deg. C. as follows : 
First Set. ‘Tempered 2 hours at 650 deg. C. and quenched 

in water. 

Second Set.—Tempered 2 hours at 650 deg. C. and slowly 
cooled at 3 deg. C. per minute. 

Third Set.—Tempered 2 hours at 650 deg. C. and slowly 
cooled at 2 deg. C. per minute. 

Fourth Set.—Tempered 2 hours at 650 deg. C. and slowly 
cooled at 1 deg. C. per minute. 

Fifth Set—Tempered 2 hours at 650 deg. C. and slowly 
cooled at 0-6 deg. C. per minute. 

All the steels except N3 had been treated in the fourth 
series of experiments at a cooling rate of 0-3 deg. C. per 
minute. The carbon steel provided a useful comparison 
for the others. Rate of cooling had no effect whatso- 
ever on its specific volume, while the hardness fell 
slightly and practically continuously, due to extra- 
tempering. The fall in specific volume and in hardness 
in the nickel-chromium steels at intermediate rates of 
cooling was fully confirmed. 

Probably the most interesting and significant result 
of this series of experiments is the decided indication 
in the nickel steels and in the chromium steel of changes 
similar to those found in the nickel-chromium steels. 
The high-phosphorus nickel steel NP5 has been shown 
to have a high susceptibility to temper-brittleness, 
and it shows (Fig. 15) changes both in specific volume 
and in hardness. Steel N3 shows a slight change in 
hardness only. Its susceptibility is not known, but 
is probably low. The change in specific volume is 
probably completely masked by extra-tempering, 
which is considerable in nickel steels, as previously 
pointed out (First Series of Experiments). The chro- 
mium steel is known to be susceptible to brittleness, 
and it shows an appreciable change in hardness, and 
possibly the indication of a change in specific volume 
(Fig. 16). 

The changes in all the steels are rendered even more 
significant when it is considered that they oppose the 
effects of extra-tempering. That exactly the same 
physical changes are involved in all these steels of 
widely varying composition is an inevitable conclusion 
from these results, and that these are the physical 
changes involved in temper-brittleness is scarcely 
open to doubt. It is now clear that a substantial 
transformation takes place in steels susceptible to 
brittleness when they are slowly cooled from the 
tempering temperature. It may also be said here that 
the condition of high hardness and high specific volume 





* F. Rogers, Journal of the Iron and Steel Institute, 
1919, No. Il, p. 325; and 1920, No. I, p. 613. 
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in water-quenched steels, as compared with the con- 
dition of low hardness and low specific volume in 
steels cooled at a moderate rate, is not evidently 
essential to reasonable toughness in the steels. The 
moderate rates of cooling which produce a considerable 
contraction and softening in the steels may produce only 
a slight fall in the impact value. Itis probable then that 
the toughness of a steel is dependent not nearly so much 
on any special condition of the steel which, in itself, 
gives toughness, as on the absence of the brittle condition 
which is induced by very slow cooling rates. The tough- 
ness is, of course, dependent, as has been previously 
shown. to a relatively small extent on a special con- 
dition giving added toughness to the steel by water- 
quenching. 

Sixth Series ‘of Experiments.—The five nickel-chro- 
mium steels already experimented with were used in a 
series of experiments to find the effect of tempering 
temperature on the tough state. Specimens of steels, 
AH, NC, NR3, AW22, and AW23 were first oil-quenched 
from 850 deg. C. and then tempered for six hours at 








300 deg. C. The specific volume and the hardness were 
determined and the tempering repeated (without | 


Fig.15. NICKEL STEEL (HIGH PHOSPHORUS), NPS. 
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received by the steels. The curves gave further proof 
of the very small effects of extra-tempering in nickel- 
chromium steels at high tempering temperatures. It 
was noted that the extra three hours’ heating at 
670 deg. C. gave a very small fall in all the steels. 
Steels AH, NR3, and AW22 show a much larger fall 
in specific volume between 650 deg. C. and 670 deg. C. 
than between any of the preceding temperature inter- 
vals. This effect must be due to globularisation at 
high temperatures, and is further proof that the state of 
division exerts a decided effect on the specific volume 
of a steel. 

A Possible Explanation of the Observed Physical 
Changes.—In connection with some experiments which 
had been carried out by the present authors in an 
investigation into the behaviour of special steels in 
the Acl critical range, a result had been obtained 
in a nickel steel which, it was thought, might throw 
light on the physical changes which had been found 
to take place in special steels in the “ brittleness range.” 
The nickel steel concerned was steel N3, which was used 
in the fifth series of experiments. Bars of this steel 
had been heated at 695 deg. C. until complete solution 


Fig.16. CHROMIUM STEEL,AXX. 
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Diagrammatic sketch of Izod impact test-piece of nickel steel containing grain- 
For specific volume of specimens, see Table ITT. 


In the actual test-piece they 


were cut on three different faces.) 


TABLE I.—Sevenrs Series or EXPERIMENTS. 
































might provide an analogy to the behaviour of the 
special steels in the brittleness range. The test-bar 
and micro-specimen were consequently subjected to a 
number of experiments (Seventh Series). A sketch of 
the Izod impact test-piece referred to is shown in 
Fig. 19. The manner in which the impact value and 
the hardness varied from one end of the bar to the 
other (and inversely to each other) is clearly indicated. 

The following experiments were carried out :— 

(a) Microsections were prepared at each of the fracture 
faces, and the polished sections were boiled in sodium 
picrate to etch up the carbide. It was found that the 
amount of carbide round the grains varied along the 
length of the bar in a manner similar to the impact 
figure and the hardness, As the impact value decreased 
and the hardness increased, the boundary became more 
apparent. The original micro-specimen, which had 
a higher hardness than any part of the test-piece, had 
a@ more complete boundary film than any part of the 
latter. The variation of the amount and completeness 
of the boundary in the different specimens was clearly 
beyond doubt. This observation was confirmed by 
an independent observer, who placed the specimens 
in the same order as the authors. 

The grain-size of each specimen was estimated and 
found not to vary. The possible influence of variation 
in grain-size was thus eliminated. 

(6) Specific volume test-pieces were then taken from 
each fracture end of the test bar and from the original 
micro-specimen, and the specific volume determined. 
It was found that the specific volume was also much 
higher than would be expected in the annealed state. 
See Table III. 

(c) The four specimens were then tempered at 
650 deg. C. for 15 minutes and cooled quickly in the 
furnace. The specific volume and the hardness after 
this treatment were both much lower, and micro- 
examination showed that the grain boundary was 
largely broken up into small globules. This was the 
only apparent change in structure, and the difference 
in properties seemed to be attributable only to the 
state of distribution of the carbide. 

(d) The specimens were retempered at 650 deg. C. 
for one hour, and this treatment resulted in a further 
decrease in specific volume and in hardness, and the 
grain boundary was completely destroyed. The 
arrangement of the larger globules which had been 
formed by globularisation from the carbide of the 
boundary indicated faintly in parts the original 
granular structure. 

(e) Three of the specimens were then quickly 
annealed by heating to 760 deg. C. for a few minutes 
and cooling quickly in the furnace. The results 
show (Table III) that the specific volume and the 
hardness are much lower than when the carbide was 
obtained at the boundaries in the same specimens— 
Experiment (b). It would be expected that the steel 
cooled more quickly from above the Arl point, and 
from a higher temperature would show a higher 
hardness and possibly a higher specific volume. The 
opposite, however, is obtained. The steel cooled 
extremely slowly has much the higher specific volume 
and hardness, and the only apparent physical difference 
between the two structures produced is in the distri- 
bution of the carbide round the boundaries in the 
slowly-cooled steel and the production of the usual 
mixture of ferrite and pearlite in the other. 


iim Experiment (0). Experiment (c). Experiment (d). It is easy to see why a steel with t kk of hard 
Speci- : ; Experiment (e). y yas with @ network O . 
men: Grain Boundary Tempered Fifteen Retempered One Hour Annealed at 760 deg. C. carbide completely surrounding the grains should give 
Condition. Minutes at 650 deg. C. at 650 deg. C. , u 2 
a higher hardness than the same steel with the carbide 
distributed in a fine state of division throughout the 
Specific Brinell Specific Brinell Spee Brinell Specific Brinell | mass. In the first case the hard network surrounding 
1 Ph nnd ee uae ~~ 0-127965 ean nh A — the grains will interfere with the flow of the iron 
2 0-127479 226 0-127389 191 0-127279 164 0-127356 201 matrix in a decisive manner, whereas, with a homo- 
3 0-127456 230 0-127395 194 0+127284 168 0-127395 203 geneous mixture of carbide and iron the flow of the 
" © 19 ¢ 19797 ane Pp. e e 7 
’ — ane vere _ oo aewe Ay (nes Seapets) matrix is not restricted by any such interference. 
A tensile test bar, having the carbide distributed as 


intervening oil-quenching) at 400 deg. C. The experi- 
ments were continued at various temperatures up 
to 670 deg. C., six hours’ soaking being given at each 
temperature, except at 670 deg. C., where three hours’ 
soaking was given in each of two successive treatments. 

No outstanding change was shown in any of the 
curves plotted. It had been thought that a slight 
rise in specific volume might be observed as the tem- 
perature was raised through the brittleness range. 
No rise took place, but it is evident from some of the 
curves (notably steel AH) that, whereas the hardness 
fell continuously, there were “halts” in the specific 
volume curves. The hardness falls continuously and 
evenly in all the steels, but the specific volume does not. 
From 450 deg. C. to 650 deg. C., in steel AH the specific 
volume is almost unaltered in spite of a softening of 
100 Brinell. A similar halt is seen in the other steels 
at about 600 deg. C. to 650 deg. C. There is no sign 
of secondary hardening in any of the steels, and it is 
possible that an increase in the tough state with tem- 
perature tends to increase the specific volume. The 
specific volume, while it does not rise, opposes the 


contraction one would expect from the extra-tempering | 





of carbide had taken place. Certain bars were quenched 
in water after this treatment, and others were slowly 
cooled at a very slow rate (0-3 deg. C. per minute) to 
400 deg. C. Tensile and Izod test-pieces were machined 
from the bars and mechanical tests carried out. 
Examination of a micro-specimen, which had been 
placed in the furnace along with the bars to follow 
the heat treatment, showed that the carbide of the 
slowly cooled steel had separated out in a remarkably 
complete film round the grain boundaries. It was 
noticed also that the hardness of the micro-specimen 
was unusually high—considerably higher than would 
be expected in an annealed steel of this composition. 

When the Izod impact test-piece, which had been 
subjected to the same treatment as the micro-specimen, 
was broken, it was found that the impact value varied 
in a manner not obtained in any of the many other 
bars subjected to other treatments. When the hardness 
at the fracture faces was taken it was found to vary also 
from one end of the bar to the other, and to be higher 
than what was expected in the annealed state. It was 
thought that the effect of variation in physical pro- 
perties of this steel containing grain-boundary carbide 





a network round the grains, gave a tensile strength 
of 56:4 tons per square inch, and an elongation of 
9-0 per cent. The figures supplied by the makers 
for this steel were 55 tons per square inch tensile 
strength, and 20 per cent. to 25 per cent. elongation 
(oil-hardened 820 deg. C. and water-tempered 620 
deg. C.). These figures may not be strictly comparative, 
but it is evident that the grain boundary has not 
produced any great difference in the tensile strength. 
The elongation is lowered by about half, but the 
difference in Izod values is much greater. The Izod 
value for the grain boundary bar was 9-8 ft.-lb., 
whereas in the oil-hardened and water-tempered 
state it was given as 60 ft.-lb. There is thus the 
strong indication that the distribution of the 
carbide at the grain boundary has a much greater 
effect on the impact value than on the other 
mechanical properties. 

Final Consideration of Results.—It has been clearly 
proved that in steels susceptible to temper-brittleness 
a moderate rate of cooling (2 deg. C. or 3 deg. C. per 
minute) produces a considerable fall in specific volume 
and in hardness. ‘The moderate rates of cooling which 
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produce this physical change are known to produce | 
comparatively small variations in impact value. It is 

evident that the magnitude of this physical change is | 
proportional to the degree of brittleness which may be | 
produced by very slow cooling. Thus in nickel. | 
chromium steels, which have a high susceptibility to 

brittleness, the change in specific volume and in | 
hardness is very marked, whereas in nickel and in| 
chromium steels which have a low susceptibility the 

change is smal]. As the phosphorus content of a 

nickel steel is raised the change is accentuated. This | 
physical change, as has been previously pointed out, | 
may be explained by the deposition, on moderately slow | 
cooling, of a solute which is in solid solution in the | 
steel at the tempering temperature and which is 

retained in solid solution by quick cooling. The only | 
possible solute which is present in all the steels in | 
sufficient quantity to give the substantial physical | 
changes observed is carbide (either simple carbide of | 
iron or double carbide of iron and chromium). Impu- | 
rities which are present in the steels in small quantities | 
may act along with the carbide, but in themselves | 
could not give rise to the large changes observed, | 
particularly in the nickel-chromium steels. It is thus | 
suggested that a certain amount of carbide is present | 
in solid solution in a-iron (which may be nickel or 

chromium ferrite) at high tempering temperatures, 

and that this carbide is, partially at least, deposited 

in a fine state of division throughout the mass on 

moderately slow cooling. 

The suggestion of Rogers* that brittleness is due to 
solution and redeposition of carbide is thus regarded 
by the authors as being partially true, but it is necessary 
to assume a further change in order to explain fully 
the results obtained in the present investigation. The 
amount of carbide held in solid solution at the high 
temperature probably varies considerably with the | 
composition of the steel, and also may increase con- | 
siderably with increase in temperature, especiaily near 
to the Ac] range. This certainly seems to be indicated | 
by the rise in impact value found in the nickel-chromium 
steels above 650 deg. C. Incidentally, the authors 
consider it possible that increase of solution of carbide 
in a-iron (which is, in these steels, really ferrite con- 
taining nickel and chromium in solid solution) may be 
responsible for the inception of the start of the Acl 
change at a lower temperature. The reactions which | 
take place in the Acl critical range have been investi- | 
gated by the authors and will be the subject of a 
separate publication. | 

It would appear that there is a tendency for certain | 
special elements, such as nickel, manganese, chromium 
and phosphorus, to increase the solubility of carbide in 
ferrite at. temperatures near to the Acl range and to 
re-deposit it from solution at lower temperatures on 
slow cooling. On the other hand, the addition of a 
small quantity of molybdenum is believed by the 
authors to eliminate brittleness by effecting the reten- 
tion of carbide in solid solution in a-iron no matter 
what be the rate of cooling. The deposition of carbide 
from solid solution will not, however, in itself produce 
any great degree of brittleness in a steel, and it is 
evident from the present work that another physical 
change is induced in the steels by very slow rates of | 
cooling. It has been clearly proved that very slow | 
rates of cooling give a considerable increase in the 
specific volume and in the hardness when compared 
with the values obtained by moderate cooling rates. 
This increase in specific volume and in hardness cannot 
be explained merely by a further deposition of carbide 
when the rate of cooling is slower, although it is probable 
that the slower the rate of cooling the more complete 
will be the deposition of carbide from solid solution. 

The authors believe that the state of distribution of 
the carbide must be the predominating influence in this 
increase in specific volume and in hardness, and also 
in the production of the high degree of brittleness which | 
accompanies it. The evidence provided by the experi- | 
ments on a nickel steel containing grain-boundary | 
carbide (Seventh Series of Experiments) points strongly | 
to the fact that, when the carbide is distributed round | 
the grain boundaries, the specific volume and the | 
hardness are considerably raised over the values | 
obtained for these properties in the same steel with the | 
same amount of carbide present but distributed more or 
less homogeneously throughout the mass. The grain- | 
boundary condition results also in the production of | 
brittleness in the steel, whereas +he steel in its normal | 
quenched and water-tempered condition is tough. | 
These experiments give, therefore, a complete analogy | 
to the physical changes observed in steels susceptible 
to temper-brittleness and provide a reasonable explana- 
tion of the variations in impact value. 

The rise of specific volume and of hardness on cooling 
very slowly from the tempering temperature is 
believed to be due to the expulsion of the carbide, 
which is deposited out of solution, to the grain boun- 
daries. If a complete network of carbide is formed 














* F. Rogers: loc. cit. 
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during cooling it is not difficult to see how it would 
affect the physical properties to such a marked extent. 
The actual grains of the steel will become virtually 
separated from each other by the network of carbide, 
and the coefficient of contraction of the latter will 
exercise a determining influence on the final volume 
of the mass. It is probable that the coefficient of 
contraction of carbide is smaller than that of iron, 
and consequently a greater volume of the mass would 
be obtained. The effect of the carbide network on the 
hardness is clearly explainable by its interference 
with slip or flow of the mass of the steel. No such 
interference takes place when the carbide is distributed 
evenly throughout the mass. 

Microscopical examination of the steels used in the 
present work has not yet produced complete confirma- 
tion of the above theory. It is probable that any 
grain boundary which is produced is extremely small 
in magnitude and therefore difficult of detection. 
The grain boundary which was found in the nickel 
steel (N3) was easily detected by etching in sodium 
picrate, but was extremely difficult to pick out by 


| ordinary etching— in fact, its existence could not have 


been established at all had it not been possible to etch 
up the carbide in the polished specimen. The grain 
boundary in this case must be much larger than any 
which is produced in the tempering zone in steels 
susceptible to temper-brittleness. In the nickel- 





chromium-steels, which have high susceptibilities, it | 


has not yet been found possible to etch up the carbide 
in the polished specimens. 

In the high-phosphorus nickel steel, however, the 
polished specimen was etched by sodium picrate and 
an unmistakable grain-boundary was revealed. This 
is exactly similar in structure, but not so apparent, 
as the grain boundary shown by nickel steel No. 3. 
There is also a faint indication of a boundary in the low- 
phosphorus nickel steel. This encourages the authors 
to believe that they may yet be able to prove the 
existence of a carbide grain boundary in all the slowly 
Meanwhile the 
microscopical structure of the steels is being further 
investigated. The effect of the state of aggregation 
of the carbide (apart altogether from the effect of its 
distribution round the grain boundaries) may be 
commented on. 

The results have shown that the fall in specific volume 
in carbon steels with rise in tempering temperature 
is comparatively small, but that it is very pronounced 
in nickel steels and also appreciable in nickel-chromium 





steels. This effect must be due to globularisation of 
the carbide, which micro-examination has shown to be 
slow in carbon steels, but which becomes very rapid 
in nickel steels as the temperature is raised to near 
the critical range. 

It has been pointed out by other investigators that 
globularisation of carbide can only be explained by 
assuming a certain solubility of the carbide in a-iron. 
The rate of globularisation must then depend on the 
degree of solubility of the carbide in the a-iron (other 
factors such as initial state of division and temperature, 
beingequal). Itthusappears probable that the increased 
rate of globularisation in a nickel steel is a proof, in 
itself, of the previous contention of the authors that 
the addition of nickel increases the amount of carbide 
which is held in solid solution in the ferrite at higher 
temperatures. As the rate of globularisation increases 
until the Acl critical range is reached, so also must the 
amount of carbide present in solid solution increase. 
Similar reasoning applies to the effect of other elements 
besides nickel. 

This investigation into the physical changes con- 
cerned in the phenomenon of temper-brittleness 1s 
being continued at present, and further experimental 
results, particularly in regard to magnetic properties 
and resistivity, will be published in due course. 











CoNFERENCE ON Brtuminous CoaL.—As announced 
in our issue of October 8, last, page 449, an international 
conference on bituminous coal will be held at Pittsburgh, 
Pa., U.S.A., under the auspices of the Carnegie Institute 
of Technology, from the 15th to the 19th of this month. 
We understand that Dr. C. H. Lander, Director of Fuel 
Research, Department of Scientific and Industrial 
Research, London, will speak on “The Present Status 
of Low-Temperature Distillation of Coal in England. 
Dr. R. Lessing, of London, will deliver an address on 
“Coal and its Mineral Matter.” Mr. G. M. Gill, of 
London, will read a paper entitled “ English Develop- 
ments in the Carbonisation of Coal in Gas Works.’ 
Mr. H. Nielsen, of London, will speak on ‘‘ The L. and 
N. Process.” Dr. F. Bergius, of Heidelberg, Germany, 
will give an address on “The Transformation of Coal 
into Oil by Means of Hydrogenation.” General G. 
Patart, of Paris, will discuss ‘‘ The Production of Methyl 
Alcohol from Coal.” A large number of well-known 
American fuel technologists and engineers will also take 
part in the proceedings. In addition to the subjects 
mentioned, many other topics will be discussed. Among 
these will be the manufacture of petrol substitutes, high 
and low temperature distillation, fertilisers, &c. 
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THE PLENTY-STILL OIL ENGINE. 
(Concluded from page 538.) 


Tue piston of the Plenty-Still engine is illustrated in 
Fig. 4, on page 584, and was shown in section in Fig. 3 
on page 537 of our last issue. It has six split rings at the 
upper part to ensure gas tightness and three at the 
lower part to ensure steam tightness. The top is 
shaped with a lip at one edge to facilitate scavenging, 
and the underside is provided with spiral ribs so that 
the surface exposed to the steam may be as large as 
possible. The steam reaches this surface of the piston 
by @ series of holes drilled through the rod. Attach- 
ment to the piston rod is effected by a ring of set 
screws. The piston rod itself is of unique design, the 
upper part being tapered and the bottom cover follow- 
ing its form for a part of its length. This construction 
reduces the clearance volume, the area through the 
annular space when the piston is at the bottom of the 
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| stroke being adequate to allow of free passage of the 
incoming steam. As the piston ascends, this area 
increases and is largest just at the point of steam 
release. The packing of the piston rod is of the 
ordinary metallic steam type. It is shown, along with 
the piston and rod, in Fig. 4, while the sectional view 
in Fig. 3, page 537 ante, gives further details of these 
parts. The connecting rod, crankshaft, &c., hardly 
call for any comment, nor do the bedplate and columns, 
except perhaps that the various access doors are made 
of aluminium for ease in handling. Forced lubrication 
is provided at a pressure of about 10 lb. per square inch. 
The regenerator, heated by the exhaust gases from 
the internal-combustion cylinder, is seen in section at 
the right of Fig. 3, and is illustrated in greater detail in 
Figs. 16 and 17 on page 586. The tubes and tubeplates 
can be withdrawn as a unit without breaking any 








watertight joints save those of the connecting pipes. 
Gas tightness is secured by a flanged joint on the top of 
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the casing and a gland at the bottom. There are two 
baffles round the nest of tubes. These baffles are 
attached to the tubeplates. After leaving the re- 
generator the gases pass to a feed heater, not shown in 
our illustrations. This consists of a rectangular box 
containing cast-iron tubes with deep gills, disposed in 
zig-zag formation, through which the water passes. 
The inner surface exposed to the water is 16 sq. ft., 
and the exterior surface exposed to the gases in 138 
sq. ft. On a recent run the temperature of the gases 
on leaving the cylinder was 784 deg. F., and the cooling 
was quite effective, whilst there was no visible vapour 
discharge from the heater outlet pipe. 

There are, strictly speaking, no fuel valves on the 
engine, these being part of the fuel pump which is 
shown in the two sectional drawings of Figs. 8 and 9. 
These should be considered in connection with Figs, 6 
and 7 in order to understand the action of the governing 
mechanism. At the right hand of Fig. 8 is the cam 
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and links. For a marine installation, the three cams 
will operate respectively for ahead and astern motion, 
with expansive running in the middle position. The 
reversing handwheel may be seen in Fig. 1. It is fitted 
with an index. Behind this handwheel will be observed 


shaft. The cam is provided with an adjusting slot. 
From this cam, motion is transmitted both to the pump 
itself and to the spill valve, by which governing is 
effected, by means of a lever on a rocking shaft which 
is shown in Figs. 6 and 9. This lever is a casting, and 
carries a friction roller at its end in contact with the cam. | another for control of the steam stop valve. 

It is furnished at the back with a polished boss which| The engine under description being experimental, the 
presses against a cap on the pump plunger. The small | scavenging air is supplied by a temporary expedient. 
trough found just above the roller (Fig. 8) catches | This is a rotary vane-type blower driven by chain from 
lubricating oil splashed from the main shaft and a small | the crank shaft, the gear case for which is visible at 
pipe leads from it to the roller. The pump plunger is | the right-hand end in Fig. 1. The precise method of 
carried in a long sleeve held in place by a nut, and its supplying scavenging air will depend upon the purpose 
outer end is covered by the cap above referred to,|for which any particular engine is intended. Thus, | 
which also contains the spring holding the roller against | a large twin-screw marine set with a condensing unit 
the cam. This cap is a good fit in the division wall of | might have a turbo blower; a smaller set would have 
the bedplate through which it passes. Any leakage of|the blower cylinder and air, circulating, and feed 
fuel oil, therefore, at this point falls into a separate | pumps driven from a rocking lever. A large stationary 
chamber, from which it may be recovered free from | : 

lubricating oil. The valves are of the ball type with | Fig.16. ZA, | 
removable seats, there being one suction and two | | 
delivery valves. From the delivery chamber a duct | W ZZ 
leads to the spill valve, which is spring loaded. The 
pump is designed to give an excess delivery of oi! to 
the injection valve, the excess escaping through the 
spill valve. The point of opening of the spill valve 
determines the precise amount of oil delivered to the 
cylinder per stroke, that is, the supply to the cylinder is 
short-circuited immediately it opens. 

The method by which the point of opening or, in 
other words, the fuel cut-off, is regulated is very 
ingenious. A short lever on the rocking shaft, Fig. 6, | 
is connected by an adjustable rod to a bell crank | 
lever, the lower arm of which is forked and presses | 
upwards against the spring-loaded spindle of the spill | 
valve. The bell-crank lever is mounted eccentrically | 
on a regulator shaft, the other end of which carries a | 
lever coupled by links to an ordinary centrifugal | 
governor. When the cam is completing a delivery | 
stroke of the plunger the rocking shaft lifts the spill | 
valve, and, provided the engine is running at normal | 
speed, the moment at which the lift occurs remains | 
constant and the length of the injection period is | 
unaltered. Any fluctuation of speed, however, results | 
in a partial rotation of the regulator shaft by the | 
governor and this alters the position of the fulcrum of | 
the bell-crank lever and consequently the movement | 
of the forked end. A variation in the time of opening | 
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of the spill valve naturally follows, and the speed of 


the engine is corrected. A valuable feature of the | 


operation of the pump plunger and the spill valve 
from the same source is that during the whole time 
of injection the pressure of the fuel is constant, and 
further, there is no pressure on the injection valve 
except during the actual period of injection. This 
removes the possibility of injection at wrong periods. 
The oil passing the spill valve is returned to the fuel 
tank through the pipe visible in Fig. 1, page 536 ante. 
A hand-controlled non-return valve, seen at the right of 
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Fig. 9, is fitted on the spill way. To the right hand in 
Fig. 5 is shown the fuel pump unit complete. This 
illustrates very well how readily it may be removed | 


from the bedplate to which it is attached by four bolts. 
The so-called ‘ solid ’’ or airless system of injection | 


is used, the oil being admitted without accompanying 
air, at a pressure of 2,500 lb. per square inch. The | 
course of the fuel pipe can be followed in Fig. 1, in | 
which view, as well as in Fig. 3, the location of the fuel 
injection valve may be noted. This valve and casing | 
are shown to the left-hand in Fig. 5, and in detail in | 
Figs. 12 to 15. They are somewhat similar to those 
employed in the Scott-Still engine. The same arrange- 
ment for counteracting expansion of the cylinder is 
adopted, that is, the forging forming the valve casing 
and seat, which forging is bedded on a seating in the 
cylinder head, is held down by four heavy springs 
secured by studs to the cylinder mantle. This not 
only permits relative movement of the two parts 
without disturbing the valve itself, but the complete 
valve unit is free to lift and act as a safety valve should 
the need arise. The construction of the valve proper 
and its retaining springs differs somewhat, however, 
from the example above mentioned. The nozzle is | 
perforated by six holes. These are of different 
diameters and are inclined at different angles, by which 
means a special shape is given to the jet as a whole, 
and impingement on the cylinder walls prevented. 

The steam and exhaust valves, as previously stated, 
are situated in the bottom cover of the cylinder. They 
are of the usual mushroom type and are made of 
stainless steel. The valve gear is illustrated in Figs. 10 | 
and ll. A lay shaft runs along the front of the engine, | 
driven from the crank-shaft through a vertical shaft | 
with skew gearing at each end. The lay shaft carries | 
three cams for each valve, arranged side by side. | 
A pair of links of roughly triangular shape is attached | 
at the smaller end to a crosshead on the valve spindle, | 
while three rollers at the wide end are arranged to 
make contact with the three cams, one at a time as 
desired. A wiper shaft, carried on the same brackets 
as the lay shaft, is coupled to the roller links by a lever 
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set would be arranged with a double-acting reciprocating 
blower pump having a connecting-rod drive from the 
crank-shaft. In this latter connection it may be 
pointed out that the ‘« Plenty-Still *’ engine is not exclu- 
sively intended for marine work; as a matter of fact, 
the exhaust steam from a compound set would be 
valuable in those industries which require steam as well 
as power for their processes, but at the same time prefer 
an internal combustion engine as their source of power. 

On the test bed the engine was recently to be seen 
running at 250 r.p.m., under a brake load equivalent 
to rather more than the rated power of 130 h.p., to 
allow for the power absorbed by the blower. The 
scavenging air pressure was about 3-5 lb. per square 
inch, and the oil consumption worked out to about 
0-4 1b. per b.h.p. per hour, Shell-mex oil of 0-9 specific 
gravity being used. The compression pressure was 
350 lb. per square inch. From these results it is 
anticipated that in compound condensing sets the oil 
consumption will be between 0-36 and 0-38 lb. per 


| b.h.p. per hour, and that the scavenging air pressure 


may be reduced to 3 lb. per square inch. The engine 
runs very steadily and quietly and without perceptible 
vibration, and is very easily handled. 








EneGuLisH CoAL IN THE STEEL Works.—According to 
a report issued by the London Iron and Steel Exchange, 
Limited, 123, Cannon-street, London, E.C. 4, 


since the coal stoppage began. 


some 
English coal is now obtainable in quantity in certain 
districts, and, in one or two cases, steel works have 
accepted orders for immediate rolling for the first time 





CATALOGUES. 


Switchgear.—Messrs. A. Reyrolle and Co., Limited, 
Hebburn-on-Tyne, have sent us a copy of an album of 
views. of their works, shops and products, with brief 
explanatory text and a short history of the firm. 


Electrical Machinery.—The chief matters dealt with 
in the October issue of the journal published by the 
Westinghouse Electric International Company, 150, 
Broadway, New York, U.S.A., are: mining haulage, 
transformers, supervisory control and the application of 
arc-welding to building construction. 


Conveyor Chains.—A new catalogue of chains for 
conveyors and elevators has been issued by Messrs. 
Hans Renold Limited, Didsbury, Manchester. The 
chains are made to a high degree of accuracy in hollow 
stud, block, and heavy types, and several attachment 
brackets are shown for fixing to carrying plates, buckets 
or other conveyor parts. 

Pump.—A centrifugal pump capable of passing stones, 
sewage, sludge, fibre, &c., is described in a catalogue 
received from the makers, Messrs. Blackstone and Co., 
Limited, Stamford, Lines, This pump may also be used for 
conveying materials, the water circulating serving as the 
conveying medium. The standard sizes made have inlets 
2, 3, 4, 5, 6, and 8 in. in diameter. 


Monel Metal.—A very full account of the properties 
and uses of Monel metal together with some useful test 
data are given in catalogues received from Messrs. G. & 
J. Weir, Limited, Cathcart, Glasgow, who are the agents 
for Europe. A list of British firms who supply special 
machines, utensils, boiler fittings, and manufactured 
material and parts, in Monel metal, is also included. 


® Wire-Drawing Machines,—A catalogue of wire-drawing 
machines is to hand from Messrs. W. Gerhardi, Ludens- 
chied, Westphalia. A considerable number of continuous 
wire-drawing machines are shown with auxiliary machines 
for stringing up dies, reaming, straightening, cutting, 
scraping, winding and pointing. The scraping machine 
is for removing defects from sheets. The text is in 
English. 

Trailer Wagons.—Two-leaf catalogues showing examples 
of trailer road wagons with tipping gear are to hand from 
the Sheffield Steel Products, Limited, Sheffield. One is 
of the open-truck type, with high sides, for sand, clay 
and general materials, and the other for refuse collecting. 
The latter type is covered in with three sloping flap lids 
at each side, only one of which need be open when 
loading. 
® Electric Furnaces.—The Pittsburgh Electric Furnace 
Corporation, Pittsburg, Pa., U.S.A., have sent us a 
descriptive illustrated catalogue of the Moore Rapid 
Lectromelt furnaces for iron and steel melting, in sizes 
capable of melting from 50 lb. to 24 tons. Small cata- 
logues dealing with laboratory furnaces, a process for 
making steel castings, and a power-demand limiter have 
also come to hand, 


Electric Motors.—The Harland Engineering Company, 
Limited, Alloa, Scotland, has issued a list of alternating- 
current motors from 1 h.p. to 60 h.p. These motors 
are fitted with ball-bearings and are suitable for general 
industrial drives; both squirrel-cage and slip-ring types 
are included. Full particulars are given of dimensions, 
outputs, powers, efficiencies, etc., and prices are stated 
for machines and for control gear. 

Circuit Breakers.—A catalogue describing all the stan- 
dard types of oil circuit breakers, from the smallest to the 
largest capacity, has been issued by the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2. Various sections deal with general design, 
construction and operation, choice of types for given 
cases, overload and protective devices ; priced lists, and 


| dimension tables are also given. 


Valves.—A list of steel valves for steam working pres- 
sures up to 900 lb. per square inch, and temperatures 
up to 750 deg. Fahr., is to hand from the Lunken Company 
Limited, 35, Great Dover-street, London, S.E.1, who 
are the European Branch of the Lunkenheimer Company, 
Cincinnati, Ohio, U.S.A. The list includes all the usual 
types of valves required in steam pipe lines. Full parti- 
culars are given of the American steel flange standard 
dimensions and of the joints used for high pressures. 

Gas-fired Boilers.—A new edition of their catalogue 
of gas-fired boilers and water-heaters has been issued 
by Messrs. Spencer-Bonecourt, Limited, Parliament- 
mansions, Victoria-street, London, §8.W.1. The high- 
pressure boilers for pressures up to 750 lb. per square inch, 
are horizontal, and the low-pressures boilers, or water- 
heaters, vertical, both having fire tubes in each of which 
a gas-jet is located. Although gas is more costly than 
solid fuel, there are many cases in which the compact, 
clean and easily regulated gas heater is preferable, and 
the two systems become nearly equal when the total 
cost of the supply of steam is considered. 





LECTURES ON ARCHITECTURE.—The Council of the 
Royal Institute of British Architects has arranged a 
series of informal illustrated lectures on architecture 
and allied subjects. The lectures, which are confined 
to workers in the building trades, take place at 7.30 p.m. 
at the headquarters of the R.I.B.A., 9, Conduit-street, 
Hanover-square, London, W.1. The series commenced 
yesterday, when Mr. H. Worthington spoke on 
** Materials and Craftsmanship.” On November 16, 
Mr. H. Robertson will lecture on “Good and Bad 
Buildings,”” and on December 14, Mr. W. G. Newton 
will speak on “The Wealth of England.” Admission 
to the lectures is free, and buffet refreshments are 
served at 7.30 p.m. before the proceedings commence. 
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RADIO COMMUNICATIONS.* 


By Senatore Guertretmo Marconi, G.C.V.O., D.Sc., 
LL.D., Hon.M.Inst.C.E. 
(Concluded from page 544.) 

As already pointed out, it had been proved long ago 
by calculations, confirmed by experiments, that the 
directional effect of a radio reflector is a function of its 
dimensions in relation to the wave-length employed. 
Hence it follows that the dimensions of the aerial and 
reflectors can be reduced proportionately to that of the 
wave-length, and, therefore, the cost and space occupied 
is much smaller for wave-lengths of say 20 metres than 
for wave-lengths of say 90 metres. In the spring of 
1924 a Sub-Committee of the Cabinet was appointed 
for the purpose of considering proposals made by the 
Marconi Company for the employment of the short-wave 
beam system for Imperial communications, and on 
July 2 of that year an agreement was entered into 
between the Post Office and the company for the con- 
struction of wireless stations on this system capable of 
communicating to and from Canada, South Africa, 
India, and Australia. 

This contract stipulated that the transmitting stations 
were to dispose of a power of 20 kw. to be delivered to 
the anodes of the valves used for generating the oscil- 
lations, the aerial-system to be so designed as to con- 
centrate the emitted waves within an angle of 15 deg. 
on either side of the axis of the transmission; the energy 
of radiations beyond this angle not to exceed 5 per cent. 
of those on the axis; the receiving section to have a 
similar aerial-system designed to have its maximum 
receiving power in the direction of the corresponding 
station. The station for corresponding with Canada 
was to be capable of sending and receiving at the same 
time to and from the Canadian station one hundred 
words of five letters each per minute (exclusive of any 
repetitions necessary to secure accuracy) during a daily 
average of 18 hours, and the company was to give a 
demonstration to the Post Office by actual working for 
7 consecutive days that these severe conditions could be 
fulfilled. The stations were to be worked by what is 
termed “‘ remote control” through land lines from the 
Central Telegraph Office in London, and the received 
signals were to be capable of working a high-speed recor- 
ding instrument also in the same office in London. If 
the engineer-in-chief of the Post Office was satisfied 
that the results of the 7 days’ working complied with the 
terms of the contract, the stations were to be handed 
over to the Post Office and half the purchase price paid 
to the Company, the other half to be paid in the course 
of one year afterwards, if the system continued to fulfil 
the conditions of the contract. The preliminary 
certificate that the stations had complied with the 
conditions during the 7 days’ official test was received 
from the engineer-in-chief of the Post Office on Monday, 
the 18th of October. 

These results have been of the greatest possible 
satisfaction to myself and my co-workers, because they 
go to prove that our faith in the new system, which we 
have held for years in the face of much scepticism, was 
not altogether misplaced. The working of these beam 
stations has already shown some further very interesting 
results, some of which are, perhaps, novel in the history 
of long-distance wireless. One of these is in regard 
to atmospheric disturbances. I think we all know that 
‘atmospherics ”’ have all along been the bugbear of wire- 
less, but we have noticed that with these types of 
stations they have been very much less than in any 
other long-distance receivers with which we have ever 
had experience. Thunderstorms in the vicinity of 
the receiving station do not cause much interference, 
unless (and it seems to be a rare occurrence) they should 
be inside the angle of receptivity of the receiving reflec- 
tor and not too far off. I feel confident that the 
disturbances usually known as “ atmospherics ” 
have ceased to exist as a serious hindrance to the working 
of high-speed radio between England and Canada. 

The variations, or rather, the attenuation of signal 
intensity, now termed fading, has been a marked 
feature of long-distance radio-transmissions, especially 
when short waves are employed, and although in 
my experience fading appears to be worse with wave- 
lengths between 200 and 1,000 metres, it has sometimes 
occurred on the 26-metre wave, which is utilised by 
the beam stations working between England and 
Canada. 

According to the experience of myself and my colla- 
borators, the use of reflectors has the advantage, 
which perhaps is common to all sharply directional 
systems, of diminishing fading. This is brought about 
partly no doubt, by the great increase of the received 
signal-strength which is obtained by the utilisation 
of this directional system, and which thereby increases 
the margin of readability of the received signals. It 
is, however, a fact that fading does to a certain extent 





* Thirty-second James Forrest Lecture delivered to 
the Institution of Civil Engineers, on October 26, 1926. 
Abridged. 








still exist on the Bodmin-Canada circuit, and, on certain 
occasions, has even cut off all communication between 
the two stations. Two such bad periods of fading 
occurred on September 20, and on October 14. Both 
these bad periods coincided with the appearance of 
very large sun spots and intense Aurora Borealis, and 
at the same time telegraph lines, especially in Canada, 
and cables were thrown out of action or their proper 
working was greatly interfered with. I, however, 
noticed that during these bad periods, signals could be 
received across the Atlantic by using still shorter waves, 
of the order of 15 metres in length, and also that the 
working of ordinary long-wave stations was not inter- 
fered with. As I have already pointed out, waves as 
short as 15 metres or less can be received across long 
distances better by daylight than during night-time, 
and we also know that very long waves are not affected 
by daylight on the North Atlantic track. The conclu- 
sion I come to from these observations is that during 
the days when sun-spots and Aurora Borealis were 
noticed, conditions, due to ionization of the atmosphere 
at a certain height resulting in a lowering of the ionized 
stratum, equivalent to what I might term “ intensified 
daylight,” were prevalent. Provision has, however, 
been made for the use of two waves of different length 
at the beam stations, and a shorter wave will be tested 
and used during any exceptional conditions of the 
nature of those I have referred to, whenever they 
appear to interfere with transmission on the 26-metre 
wave. 

Before concluding this address, I would like to put 
before you a few considerations in regard to what I 
believe to be the relative value of short versus long 
waves for long-distance radio-communications. We all 
know that the ether is becoming very congested over a 
considerable range of wave-lengths, and it may be 
well roughly to figure out the number of possible wave- 
lengths, or channels, which can be used without danger 
of mutual interference. If we assume that long waves 
may be classed between 5,000 m. and 30,000 m., and 
short waves between 5 m. and 100 m., then by applying 
the basis of the rule adopted by the Government Com- 
mittee which has drafted the British proposals for the 
next International Radio Conference, we find that 
3,700 wavebands, or channels, will be practicable and 
permissible for the short waves between 5 and 100 m., 
but only 90 for the long waves of between 5,000 and 
30,000 m. This, of course, is rather a conservative 
estimate of the number of channels, but, should narrower 
wavebands be adopted, the proportional permissible 
number of short waves would bear the same proportion 
to the possible number of long waves. But, in addition 
to this very great advantage for the short waves, they 
have a further one due to the possibility of restricting 
a large proportion of their power to within a narrow 
angle, by means of the beam system, and also to the 
screening effect of the reflector at the receiving station 
which, by reducing the possibilities of interference, 
tends still further to increase the number of separate 
services which can be worked by means of these waves, 

It should also not be lost sight of that very high 
speeds of working appear to be only possible if short 
waves are employed, whilst with the lower frequency 
of the long waves speeds of the same order are quite 
unattainable. I might, in other works, state that in 
regard to the waves there exists no theoretical reason 
why with a frequency of 3,000,000, such as the frequency 
of a 100-metre wave, the possible speed should not 
be 200 times as great as that attainable with a frequency 
of 15,000, which is a frequency of the order of the 
main transmitter at the Rugby long-wave wireless 
station. The high power long-wave stations in this 
country, which at present are carrying out a commercial 
wireless telegraph service to and from the United 
States, are capable, I am advised, of transmitting 
and receiving each way under normal conditions at the 
same time at an average speed of twenty words per 
minute for a daily average of 18 hours. The beam 
stations on their official tests, however, have already 
proved capable of sending and receiving at the same 
time at an average speed of at least 100 words a minute 
for 18 hours per day, which represents at least five 
times the traffic which could be handled during the 
same time by the long-wave stations, although these 
last employ at least ten times the electrical power used 
by the short-wave stations. These figures are, I feel 
sure, sufficient to show you that the whole art and 
science of radio-transmission is undergoing at the 
present time a most profound process of evolution. 

There is also another interesting economic feature 
in regard to long-distance services by means of short 
waves with respect to cables which should not be 
overlooked. With cables, the capital cost of the cable 
itself increases in simple and direct proportion with 
its length, but in experimenting with short-wave 
wireless it has been noticed that it is possible to send 
messages to Australia with an even smaller amount 
of electrical energy than is necessary to send them to 
Canada, and therefore at a probably lower cost, or, 
alternatively, with greater speed and efficiency. It has 





also been suggested that I might use more power than 
20 kw., but this idea never appealed to me, as 
I consider it would be necessary to use an enormous and 
impossible amount of power to give the same average 
signal strength as can be obtained by the use of 
moderately-small power-beam stations. The tests 
between England and Canada have already shown that 
the use of beam aerials and reflectors at both ends has 
resulted in a signal-strength which Mr. Franklin 
estimates to be some 100 times greater than that 
obtainable with non-directional transmitting and 
receiving aerials utilising the same power. Now, since 
the increase of strength of the received signals rises in 
proportion to the square root of the power of the 
transmitter, it is easy to calculate that, in order to 
obtain signals of 100 times the strength, it would be 
necessary to use 10,000 times the energy, and, hence, 
as the power supplied to the anode of the thermionic 
valves of the beam station is 20 kw., it would be 
necessary to use the impossible and absurd power of 
200,000 kw. with the ordinary all-round radiating and 
receiving stations to give the same average strength 
of signals at the receiving end. 

The results obtained have convinced me that a good 
directional system is the system of the future for point- 
to-point radio-communication over long distances 
throughout the world, and it is most gratifying to me 
that the British Government, and the Governments of 
the principal Dominions and of India, have given me 
an opportunity of endeavouring to prove it. 

I would like to add that I do not think that the beam 
system is by any means limited to wireless telegraphy. 
Tieel confident that it can be utilised for placing wireless 
telephony on a much more practical basis than it is 
on at present, besides helping the systems of picture 
and facsimile transmission, including television. Even 
for what is called broadcasting, I believe it will result 
in enabling programmes and speeches to be transmitted 
to large portions or sections of the United States, 
Canada, South Africa and Australia, with much 
greater strength and accuracy, than it is possible to 
obtain with the existing systems of broadcasting. 

I wish to be able to say, before concluding, how 
much the perfecting and establishment of the beam 
system owes to the skill and perseverence of many 
engineers and experts, but in the first place to Mr. C. 8. 
Franklin on the scientific and technical side, to Mr. 
R. N. Vyvyan, Engineer-in-Chief of the Marconi 
Company, on the engineering side, and to Mr. A. G. 
Mathieu for his special work on short-wave receivers, 
We are yet, in my opinion, a very long way from 
being able to utilise electric waves to anything like 
their full extent. This will be the work of future 
engineers, and with the continual advance of civilisa- 
tion it will become more necessary in the future than 
it has been in the past. 





LauncH oF THE HopreR DREDGER “ VIZAGAPATAM,” 
—Recently, Messrs. Wm. Simons and Co., Limited, 
Renfrew, Scotland, successfully launched the cutter and 
drag suction hopper dredger Vizagapatam, built to the 
order of the Government of India for work at Vizaga- 
patam. The dredging outfit consists of two centrifugal 
dredging pumps, coupled to a suction frame, designed to 
dredge to a depth of 45 ft. under water. The suction 
frame is fitted with a drag suction nozzle, which can be 
easily removed and replaced by a spiral rotary cutter, 
driven through steel gearing from an independent set of 
compound condensing engines. Simons’ patent suction 
keelsons are fitted to the hopper, so that the load may be 
discharged overboard through a floating pipe line, in 
addition to the usual bottom discharge by means of 
doors. Wire rope tackle blocks and an independent 
steam winch are provided for controlling the lower end 
of the suction frame and independent steam mooring 
winches are fitted at bow and stern. The propelling 
machinery consists of four sets of triple-expansion surface 
condensing engines, arranged to drive the pumps or 
propellers as may be required, steam being supplied by 
four cylindrical multibular boilers. 





Cituret Piston Riva.—We have received a sample 
Clupet ring from the manufacturers, The Clews Peterson 
Piston Ring and Engineering Company, Limited, West 
Heath Works, Mill-lane, West Hampstead. To those 
who are not already familiar with this ring it may be 
explained that it is of the double-coil type, the con- 
struction being somewhat similar to that of a key ring. 
There is thus’ no gap bridging across the ring, but two 
half gaps separated by a continuous strip of metal 
While these rings are quite suitable for new engines, 
they are of particular value in cases where the cylinder 
bore has become worn, as the double coil automatically 
adjusts itself to any variation due to wear in the cylinder 
walls, Thesample ring submitted is an excellent example 
of high-grade British work, and we are informed by the 
makers that in the trial operation of grinding the 
periphery, the rings are closed up on a spindle, and 
ground to a limit of one-thousandth of an inch plus or 
minus, The rings are also ground onthe sides and 
between the coils. They are made in a large range of 
standard sizes, and suitable rings can be supplied from 
stock for practically every engine on the British market. 
Special and oversize rings can also be supplied by the 
manufacturers at very short notice. 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


250,671. John Robson (Shipley), Limited, 
Shipley, W. J. Hinde, Shipley, and E. H. Salmon, 
Shipley. Internal-Combustion Engines. (3 Figs.) 
October 16, 1925.—The invention relates to internal- 


combustion engines wherein oil is the injected fuel and is 


sprayed into a spherical combustion chamber separated 


from the cylinder by a narrow passage or neck. The 


spherical combustion chamber 2 is at the end of the 
cylinder 3 in such a position that its centre a is in direct 

ignment with the axis of the cylinder indicated by the 
line C D, while the passage 4 leading from the cylinder 3 
into the chamber 2 is also in alignment with the axis C D. 
The passage 4 has a part 6 near the end of the cylinder 3 
at a slightly increased angle to the axis C D, and at the 
end of this part 6, it turns at c! into a position that is 
tangential to the wall of the combustion chamber 2 as 





shown by Fig. 2. The wall d of the combustion chamber 
2 opposite to the tangential part between c and c! extends 
so as to end in the peripheral surface of the combustion 
chamber at f where the curved part f! ends slightly 
nearer to the centre line C D than is the part c! of the 
wall c. The tangentially situated part c, c! of the wall 
is at an angle to the vertical plane in which the centre 
line C D lies, and the opposite wall between f! and f2 is 
substantially parallel to the part c, cl, by which formation 
the gases forced into the combustion chamber as they are 
being compressed by the piston are caused to travel in 
the tangential path between the walls and therefore 
their continued flow causes them to swirl around the 
combustion chamber in the dire tion indicated by the 
arrows g and more nearly to the centre a of the chamber 
than is possible by the formation heretofore followed in 
the production of this chamber 2. (Sealed.) 


251,127. A. E. Macdonald, London, and Motor 
Pistons Limited, London. Pistons. (4 Figs.) June 
4, 1925.—The invention relates to pistons for internal- 
combustion engines of the type in which a piston bod 
of light metal or alloy is reinforced or armoured wit. 
an endless band or ring of harder metal. According to 
the invention, the armouring e is anchored in the piston 
body a by means of one or more flanges g formed with 
the armouring and extending radially inwards of the 
piston body or into the crown of the piston, the flange 


Fig.t 





(251,127) 


or flanges being shaped to complete the anchorage of 
the armouring in the piston m>tal during the casting 
process, The shaping of the flange or flanges may be 
such that slots or perforations 7! are formed to allow 
the piston metal to bond together through such perfora- 
tions during the casting process, The armouring is 
formed peed and may be partly machined to the 

uired dimensions; it is then inserted in the mould 
and the body of the piston is cast around it, the whole 
being finished by ordinary methods. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


250,706. G. A. Main, London. Aerial Rope- 
ways. (5 Figs.) February 9, 1925.—The invention 
relates to aerial ropeways and comprises the combina- 
tion of an aerial ropeway with a wagon or tub carrier, 
including a circular track supported by rollers running 


advertisement of the acceptance of a Complete 


on an internal face and adapted to invert the wagon or 
tub to tipple the contents at a predetermined destina- 
tion. The two circular frames 1, 1 are carried by wheels 
2, 2 and support rails 3, 3 upon which the tub or wagon 
4 is run directly into the centre of the tippler and securely 
locked. The wheels 2, 2 are suspended from a ropeway 
through the intermediary of a beam 6. Any suitable 














means may be provided for operating the tippler, but 
preferably the force of gravity is employed, the tub 
being held so that its centre of gravity, when loaded, is 
sufficiently offset from the point of suspension of the 
circular frames to ensure that the tub will be 
automatically tippled under gravity when released. 
(Sealed.) 





MINING, METALLURGY AND METAL- 
WORKING. 


250,677. J. L. Holman, Camborne, and A. T. 
Holman, Camborne. Rock Drills. (4 Jigs.) 
January 16, 1925.—The invention consists of improve- 
ments in distributing valves for controlling the supply of 
driving fluid to rock drills of the type comprising a 
double-ended piston valve 16, 17 of dumb-bell form, 
the two ends of which are interconnected by a spindle 18 
devoid of any intermediate flange or enlargement, a 
valve cylinder, a transverse partition 22 dividing the 
cylinder into two chambers and affording a bearing for 





| 





! 

| 
the valve spindle, and inlet and outlet conduits opening | 
into the said chambers and controlled by the valve. | 
According to the invention, a distributing valve of the | 
type described is characterised in that the inlet conduits | 
31, 32 are so arranged that driving fluid passes into the | 
chambers in contact with the inner faces of the valve 
| ends and thence to the working cylinder 10, and exhaust 
| fluid is led from the working cylinder 10 through conduits 
| 35, 36 to and through the said chambers in contact with 
| the outer faces of the valve ends. (Sealed.) 
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251,375. Cocker Brothers, Limited, Sheffield, 
and F. M. Moody, Sheffield. Laminated Springs. 
(3 Figs.) February 12, 1925.—The invention relates 
to gp tag for bending the plates for laminated springs 
of the type in which a top member and a bottom are 
adapted to co-operate in order that heated metal plates 
placed between them may be bent to the required shape. 
a is the bed plate adapted to slide on vertical guides 6, b 
and to receive segments c, c, c. These segments are 
formed with shanks d, d, d to engage holes in the bed 
plate a, and e, e, e are coil springs acting on the segments 
c, c, c under compression. a i, f are the set screws bearin: 
on the shanks d of the segments c and holding sai 
segments in position. g is the top plate which slides over 
the guides 6, b and carries two arms h pivoted in lugs j. 
At the lower end of each lever h is a grooved roller &, and 
intermediate of the roller and the pivot is a pulley m. 
Passing over the pulleys m and wlibes k is an endless 
wire n having an intervening spring o adapted to resi- 








liently restrain the wire when under tension and jto 
retain the pivoted levers h in suspension and at ?the 
required angle, as shown. The bed plate ais suspended 
by wires p passing over pulleys g. The bed plate is 
suspended over an oil tank into which it is adapted 
to enter under the pressure of the top plate g in 
operation. ¢ indicates, in dotted lines, a heated metal 
plate. In operation, the top plate g descends, causing 
the wire m to press on the heated plate ¢ and both the 
plate and the wire adapt themselves to the contourjof 
the series of segmental blocks c, and, in so doing, the 
levers h tend to close inwards at their lower ends under 
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the tension of the wire whilst being restrained, and as 
| the lower ends make contact with the bent plate as the 
| top plate descends, the rollers k bear on the ends of 
| the bent plate and assist in completing the bending 
| operation. As the pressure on the blocks c overcomes 
| the weights r, the bed plate a and the heated plate are 
forced into the oil tank where the resultant spring plate 
is quenched. On the pressure of the top plate being 
released, the weights restore the bed plate to its normal 
position above the tank, and the levers h and wire n 
also resume their normal positions. (Sealed.) 


MOTOR ROAD VEHICLES. 


252,474. H.C. Webb and Co., Limited, Birming- 
ham, and G. L. Atkinson, Birmingham. Brakes 
and Clutches. (3 Figs.) March 4, 1925.—The inven- 
tion relates particularly to a mechanism of the type 
generally known as an internal-expansion brake or 
clutch. The segmental shoes a are each composed of a 
single angular or L-section stamping, the peripheral 
flange a! of which constitutes a surface upon which the 
brake or clutch lining b is attached, whilst the flat web a2 
is adapted for facial contact with a carrier plate c upon 
which the shoes are pivotally supported. Each shoe a 
is provided, at its extremities, with small blocks or en- 
largements, fixed in the angle thereof, the block d at one 
end being recessed in semi-circular form as at d! to 
co-operate with an upstanding pin e fixed in the carrier 
plate ¢ to constitute a common pivot for the pair of 
shoes, and the block f at the opposite end being adapted 














to provide an efficient bearing face f! for the rotary cam 
g by which the pair of shoes a are separated. Two 
springs f are incorporated in the brake or clutch within 
the pair of segmental shoes a, one spring co-operating 
with each shoe. Each spring h comprises a curved or 
bow-shaped leaf, which is disposed edgewise in relation 
to the carrier plate c, and at its opposite extremities 
is adapted to overlie the flat web a? of the shoe to be 
outwardly curved to press inwardly upon the respective 
terminal blocks d pet f of the shoe, this pressure being 
applied either to the outer side faces of the blocks or 
within undercut recesses provided therein. At a point 
corresponding to the mid-position of the spring h, an 
upstanding pin ¢ is provided on the carrier plate c, 80 
as to bear upon the outer side of the spring, thus 
causing the latter to tend inwardly to displace the 
shoe in the direction of its complementary shoe. 
(Sealed. ) 
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COAL-HANDLING PLANT AT THE GAS LIGHT AND COKE 
COMPANY’S BECKTON WORKS. 


CONSTRUCTED BY MESSRS. FRASER AND CHALMERS. ENGINEERING WORKS, ERITH. 


(For Description, see Page 589.) 


ELEVATION OF N2/ PIER SHOWING UNLOADING CRANES & CONVEYORS. 
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COAL-HANDLING PLANT AT THE 
GAS LIGHT AND COKE COMPANY’S 
BECKTON WORKS. 


Tue rapid and widespread development of the 


ordinary man unless some new gasholder rises to 
attract his attention, but to the engineer other 
signs are equally and perhaps even more significant. 
Such an index of progress may be seen on the north 
bank of the River Thames at Beckton in the new 
coal-handling plant of the Gas Light and Coke 
Company, Westminster. 

In the present issue, our description of this plant is 
illustrated by Figs. 1 to 16, and it is perhaps in Fig. 1 
on Plate XXXVII that the evidence of expansion 
above referred to is most apparent. This figure 
shows one of two T-headed piers belonging to the 
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was utilised for dealing with ashes, coke, and other 
In its turn, the second pier was out- 
grown, and the work of reconstructing the first pier 


residuals. 


| to cope with increasing demands was taken in hand, 


| the contracts being placed towards the end of 1923. 
gas industry is seldom brought to the notice of the|The work is still proceeding, though the major 
| portion of it is completed, and was formally opened 
| by His Majesty King George V, on July 10 of this 


| year. 

The new scheme made provision for eight electric 
travelling cranes with a maximum capacity each 
of 250 tons per hour, a belt conveyor on each arm, 
with weighing machines, and discharging hoppers to 
| barges in the centre, a conveyor to the river bank, 
and a fourth one at right angles leading to the new 
storage bunkers. The first two of these items, it 





|on the pier head—indeed, loads too heavy for the 


will be readily realised, involved considerable loads 


—_ on No. 2 pier. Thus, though Figs. 1 and 2 


show the pier as it is at present, Figs. 3 and 9 
show it as it will be when completed. 
Before describing the plant in detail, a short 


| general survey may be found useful, and this may 


be opened with the statement that the whole of the 
coal-handling plant, consisting of travelling hoppers, 
cranes, conveyors, steel structural work, and 
electrical equipment was supplied by Messrs. Fraser 
and Chalmers Engineering Works, Erith. The re- 
inforced concrete storage bunker, and the viaduct 
approaches to it, were constructed by Messrs. 
Concrete Piling, Limited, Victoria, S.W.1. 

The electric grab cranes discharge into 10-ton 
travelling hoppers which feed the coal onto con- 
veyors Nos. 1 and 2. These run along the edge of 
the pier head, one on each arm, and are each 360 ft. 





long between pulley centres. They are level for about . 








Fia. 


company. On the jetty in the foreground are to be 
seen four of the latest coal-discharging cranes, while 
on that in the background may be discerned several 


of the cranes, little bigger than a modern boat | 


davit, which represent the old handling appliances. 
The difference in size, making full allowance for the 
effects of perspective, cannot fail to be impressive. 
The Gas Light and Coke Company has to provide 

a yearly output of 235 million therms of gas for 
light, heat and power, for an area of something like 
265 square miles, and this involves the carbonisation 
of 2-5 million tons of coal per annum. About 40 per 
cent. of the total output is produced at Beckton, 
which is the largest of the company’s works, but, in 
addition to discharging the equivalent amount of 
coal for this, the Beckton plant unloads coal at the 
jetty and re-ships it in barges for use at its other 
gasworks in the London area. The Beckton works 
date from 1870, at which time the pier shown in 
Fig. 1 was built, first in the form of an L; then, by | 





Le 


|existing caissons. The weight was therefore dis- 
tributed by carrying the new travelling cranes on 
girders outside the old pier head, supported by 
20 new caissons, that is, five on each side of each 
jarm. This construction is clear from Fig. 1, but is 
| well shown also in Figs. 3, 4, 8and 9, Plate XX XVIII, 
and particularly in Fig. 8. The girders are 7 ft. 6 in. 
deep at the centre and have aspan of 58 ft. The new 
caissons are 6 ft. in diameter down to the low-water 
line, below which they are increased to 10 ft. in 
diameter. Their total length is 70 ft.,. and they are 


carried down to the solid chalk about 25 ft. below the | barges. 
low-water line. The top of the crane rails is|and will be described more fully later. 
| No. 3, shown in side elevation in Fig. 4, and in plan 
|in Fig. 9, is 54 in. wide, and 470 ft. long between 
| pulley «centres. 
It may be remarked here, that the down- | and the capacity 2,000 tons per hour. 


48 ft. 6 in. above this line, and 28 ft. above the high- 
water level. This part of the work was carried out 
by Messrs. Sir William Arrol and Company, Limited, 
London. 
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ELEctTrRIC CRANES FOR CHARGING CoAL CONVEYOR. 


two-thirds of this length and then rise towards the 
centre of the pier gradually to a height of 16 ft. 6in. 
Their width is 48in., and, running at a speed of 
500 ft. per minute, they handle 1,000 tons of coal per 
hour each. At the centre, where they meet, after 
passing over a continuous weigher, they discharge 
into a hopper provided with two outlets. The first 
of these is a chute which feeds conveyor No. 3, ° 
leading to the shore, and the second is an opening 
into a bifurcated hopper, each leg of which dis- 
charges into a weighing hopper, and thence into 
The latter arrangement is shown in Fig. 3, 
Conveyor 


The speed is 600 ft. per minute, 
It rises at 


river arm of the pier is not yet completely recon- | rather a steep angle at first, and is then carried at @ 
structed. The object of this apparently piecemeal | gentler slope along a covered bridge above the main 


procedure was to avoid interference with the working | deck of the pier. 


As a pair of railway tracks runs 


the addition of another arm, it was brought to its | of the pier, but this difficulty is now ended, as the | down the centre of the pier to the arms, as shown in 
_ n c . . . ts . | a . . 

present T shape. In 1893 a second pier was built, | new appliances on the completed arm can deal with | Fig. 9, it was necessary to keep the structure carrying 

with more adequate cranes, and the first pier, No. 1, | the incoming coal, while coke and residuals can be | the conveyor bridge to the outsid» of the pier. The 
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travelling hoppers and feeders, is on the system 
developed by the Robins Conveying Belt Company, 
New York, with which firm Messrs. Fraser and 
Chalmers Engineering Works is associated. A par- 
ticular feature of this system is the tandem drive 
which, with its large arc of contact and the grip 
on both sides of the belt, reduces the tension to 
such a degree that fewer plies of canvas than usual 
are used in the belt. The disposition of these 
plies, which are stepped in order to give a greater 
thickness of rubber at the centre of the belt, and the 
extra ply of open-weave fabric wrapping them, 
makes the belt trough easily, while it tends to 
increase the resistance of the rubber covering to 
tearing. These features conduce to a belt life placed 
at from 5 to 8 years, for the different conveyors 
which make up the plant. The chutes throughout 
the job are of special design, fitted with V-plates. 
These centre the coal on the belt with the small 
pieces at the bottom and the larger pieces on top, 
and ensure correctness of direction and speed of 
feeding. 

Examining the several parts of the plant in more 
detail, a beginning may be made with the cranes. 
The general appearance of these is seen in Fig. 11, 
page 589. They are of the Shoosmith type, as used 
at the Albert Docks, and are illustrated in some 
detail in Figs. 12, 13 and 14. In Fig. 12, the 
practical independence of the rails, 275 ft. long, 
from the old jetty structure, is clearly indicated. 
Each crane is mounted on a portal undercarriage 
of 48 ft., centre to centre of rails, and 14 ft. clear- 
ance, above rail level. This is carried on five double- 
flanged wheels on the jib side, and three on the 
other, as shown in Fig. 13. Two wheels on each 
side are driven, to provide for travelling, by means 
of bevel and worm gearing from a 10-h.p. motor 
in the centre of the undercarriage, visible in 
Fig. 9. Travelling is done at the rate of 20 ft. 
per minute, and movement is provided for by 
a special plug and socket with 15 yards of 
flexible cable for the current supply. The jib, of 
60 ft. centres, has a luffing range of from 17 ft. to 
55 ft. radius. It carries a Priestman two-rope grab 
weighing 34 tons, and having a capacity of 3} tons. 
The maximum load hoisted is thus 7 tons, the height 
from the bottom of a vessel’s hold to the top of the 
hoppers being nearly 70 ft. The hoisting is done at 
the rate of 250 ft. per minute, and this gives the 
cranes a working capacity of 250 tons per hour. 
For hoisting, a 120-h.p. motor, running at 580 r.p.m. 
is provided. Slewing is effected by a 20-h.p. motor, 
of 560 r.p.m., and a half-circle can be turned in 30 
seconds. The position of these two motors is indicated 
in Fig. 14. The luffing motor is of 70-h.p., at 570 
r.p.m., and, with its gearing, is situated above them 
as is evident in Figs. 12 and 13. Luffing over the full 
range is accomplished in 10 secs. The electrical equip- 
ment is designed for three-phase current, 50 periods, 
440 volts. All motions are controlled from the crane 
cabin ; contactor panels are fitted for hoisting, luffing 
and slewing, with master drum operation protective 
devices. An overwind switch is provided on the 
hoisting panel, and a limit switch in both directions 
for luffing; magnetic brakes are provided for the 
travelling, hoisting and luffing motions, and the 
latter has a hand-operated emergency brake as well. 
Che slewing gear has a pedal-operated brake. All 
the rope sheaves and barrels are 4 ft. 6 in. diameter 
at the bottom of the grooves. All gear wheels are 
of cast steel, and all pinions of forged steel, the teeth 
in every instance being cut from the solid. 


(To be continued.) 








THe INDUSTRIAL PosITION oF NEWPoRT (Mon.).—A 
pamphlet issued by the Newport (Mon.) Development 
Association, Limited, and entitled “‘ Sites for New Works : 
What Newport Offers to Manufacturers,” has recently 
reached us. This gives a brief account of the dock, wharf- 


portance of the district as an industrial centre. It is 
pointed out that Newport is situated on a navigable river 
that it is close to the coalfields, and that cheap and 
abundant supplies of electricity, gas, and water are avail- 
able, _A point of interest is that Newport is stated to be 
one of the lowest-rated towns in the country; the rate 
for the half-year ending September 30, 1926, is 6s. 3d. 
Further particulars regarding the town’s industrial and 
commercial activities may be obtained on application to 
Mr. J. R. C. Stephens, Secretary to the Newport (Mon.) 
Development Association, whose address is Westgate 
Chambers, Newport (Mon.). ‘ 
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THE ARTIFICIAL DRYING OF CROPS. 
Ar no time in the history of industry has the 
community had more to ask from engineers than it 
has to-day, nor contrariwise have engineers ever 
had a greater need to find increased applications for 
their products. Doubtless there may be a limit 
beyond which mass production will not yield further 
reduction of cost, but up to now few, if any, products 
have been manufactured in such quantities; and 
seeing that the world’s ability or willingness to buy 
any kind of manufacture is limited by its price, 
engineers in the present state of trade are seeking 
anxiously for directions in which they can reduce 
their cost and increase their output. The same 
inexorable law, that limits ability or willingness to 
buy, compels all other industries to be seeking ways 
of increasing their output without increasing their 
expense, and for most means of attaining this result 
they must look to engineers. Both engineers, there- 
fore, and their customers must profit by improving 
their acquaintance with each other—the customer 
learning more of what the engineer can do for him, 
and the engineer studying in more detail than for- 
merly the actual wants of his customer that he might 
help to supply. Among the industries that have the 
keenest need to improve the efficiency of their pro- 
duction is agriculture. In this country no industry 
has had to face a higher increase in its costs, or has 
been affected more seriously by the constant im- 
provement in overseas communications. Competi- 
tion from without and poverty within show that 
British agriculture can seldom expect to balance 
its accounts by raising its selling prices. Beyond 
any question, however, there is a large margin of 
unexploited savings to be made by improving its 
efficiency. No more tedious class of investigation 
can be found than most of those by which a new 
method of agricultural working has to be tested, but 
no doubt exists in the minds of competent agricul- 
turists that such investigations, planned with wisdom 
and pursued diligently, hold the key to prosperity. 


Some, however, of the problems on the solution | 


of which agricultural improvement depends do not 
require research of the secular type that is pursued 
at Rothamsted and similar establishments, and one 
of these is the use of artificial drying for crops in 
the stack. The problem is not new, and during 
the latter half of last century several attempts were 
made to find a solution. For one reason or another 
none of these was satisfactory, a fundamental diffi- 
culty being the absence of convenient motive power 
for supplying the necessary air; but probably the 
failure arose in some measure because the habit 
of studying such questions under scientific condi- 
tions was less general. A fresh series of attempts 
began a little before the war, and more recently still 
a number of independent trials have been made 
since 1920, both in England and Scotland. The 
latest account of such work is given in a Preliminary 
Report of an Investigation into the Artificial Drying 
of Crops in the Stack, just published by the Institute 
of Agricultural Engineering in the University of 
Oxford.* The trials therein described seem to have 
been suggested by various experiments of his own 
to which the late Mr. W. W. Hood, of Chepstow, 
called the attention of the Ministry of Agriculture 
in 1922, and by others that Mr. R. Borlase Matthews, 
of East Grinstead, and Mr. Charley Tinker, of Inver- 
ness, were conducting at the same time. The experi- 
ments now described were made in 1923 by the Re- 
search Branch of the Ministry of Agriculture, and 
in 1924 and 1925, by the Institute that now publishes 
them. It appears that as the result of this work, 
a plant has been elaborated which can be used with 
confidence as a standard, and farmers can now adopt 
it for hay and a number of other crops. 

This is certainly no small achievement. It not 
only provides an immediate means of effecting 


age and railway facilities of Newport, and outlines the im- |!™portant savings, but, like most pioneer methods, 
|indicates directions in which the means of further 


advance may be sought. To the farmer it offers as 
jits chief advantage the opportunity of harvesting 


| 





his crops when they are at their best, irrespective 
of the weather. This means shortening the period 
during which they are exposed to the depredations 
of birds and vermin, and placing the land at the 
farmer’s disposal correspondingly sooner. In various 


2s. 6d. 





* Bulletin No. 2. Oxford. Clarendon Press. 


ways crops so handled are less subject to damage and 
loss through handling, and the feeding value of hay 
and the quality of cereals so treated is higher 
than when prepared in the ordinary course. In other 
respects, moreover, they offer advantages in saving 
and security, and the method of drying has been 
used with satisfactory results on sliced sugar beet, 
though this seems to be a matter of manufacturing 
rather than of farming. 

The problem is not easy. A standing crop of 
grass may consist of anything up to 80 per cent. 
of moisture, in addition to whatever rain it may 
carry, and half the moisture of the grass stack has 
to be removed before it becomes dry hay. The 
stack consolidates and sinks in drying, and may be 
of different densities at different heights and in 
different positions ; and when it is artificially dried 
by passing hot air through it, as by the method used 
in these experiments, unequal amounts might easily 
pass through different parts of the stack, and leave 
parts of the stack dry while other parts remain 
wet. Now, as is well known, haystacks—and in a 
less degree stacks of other crops—will heat of their 
own accord. The plant dies at 120 deg. F., and up 
to that temperature the stack will heat through the 
respiration of the living plant, aided possibly by 
| bacterial and enzymotic action. Above that tem- 
| perature the bacteria and enzymes will continue 
|to act if the hay is not yet dry, and will further 
| raise the temperature of the hay ; and when at 158 
i deg. F. this action ceases, some chemical action may 
| occur, which raises the temperature still further, 
| evolving gas of the carburetted hydrogen type, and 
| possibly leading to spontaneous combustion. These 
| phenomena will proceed at different rates, according 
| to the rate of supply of oxygen and the moisture of 
| the hay, and the resulting temperature may there- 
| fore vary from point to point. 

Broadly, therefore, the problem has consisted of 
|two parts. On the one hand, adequate means must 
| be provided for distributing the air with something 
| like uniformity over the stack ; on the other hand, 
a convenient power-driven plant must be provided 
to supply air in the necessary quantities and heat it 
to a suitable temperature. In substance, the plant 
|that has proved most satisfactory consists of a 
central chamber or core round which the stack is 
built, and a trench below it, into which a metal 
duct delivers, connected by a flexible duct with a 
heating unit. This consists of three consecutive 
chambers with an arrangement of S-shape horizontal 
metal tubes, the lower lengths lined with refractory 
material, and baffle-plates deflecting on to the outside 
of the tubes the air that is aspirated by a power- 
driven fan. The heater is heated either by paraffin 
vaporised in heating coils and burnt under high 
pressure, or fuel oil fed by gravity into a tube in 
which it is mixed with air from a high-pressure fan, 
combustion taking place along the length of the 
lower S-tubes. The thermal efficiency of the 
heating unit is said to be over 80 per cent. The core 
is stated to be so designed and dimensioned as to 
allow for consolidation and varying porosity of the 
stack and turbulence of the air in passing through it, 
and cause the heated air to be circulated evenly in 
all directions. With an atmospheric temperature 
of 50 deg. F. the duct temperature—i.e., the inlet 
temperature of air to the stack—is about 200 deg. F. 
The calculated volume of air is 9,500 cub. ft. per 
minute. The fans are run off any available motor. If 
care is taken to prevent matting and to build evenly, 
the air will penetrate uniformly and the drying will 
be uniform. Should the temperature rise at any 
point, the drying is not complete, and further 
blowing is required. It will be observed that to 
obtain the thermal value of the physiological heating 
reactions, which is of the order of 24,000 B.Th.U. 
per ton, the temperature within the stack has to 
be not less than a minimum, and for efficiency 
|must reach the maximum that will not injure 
‘the crop. 

The volume of air, by which moisture is removed 
;must also be proportioned to its temperature and 
velocity, so as neither to allow condensation and 
increased resistance within the stack, nor to allow 
the air to leave the stack in an unsaturated condition 
and thus decrease the drying efficiency. The cost 
of operation appears to be of the order of 5s. per 
ton of finished hay. 
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THE DESIGN OF HIGH-SPEED 
ECONOMISERS. 
By Brian M. Tuoornton, M.Sc. 


In this article it is proposed to present an 
exact, and the author believes, a novel method of 
economiser design. This method was first worked- 
out after a consideration of that presented by Messrs. 
Maker and Thornburg, in a paper on “ Economic 
Features of Heat Exchanger Design,” which they 
presented to the Los Angeles Section of the American 
Society of Mechanical Engineers, on June 20, 1924. 
The method is particularly suitable for dealing with 
the type of economiser in which high rates of heat 
transfer are obtained by the use of high gas and water 
velocities. Changes in water velocity have com- 
paratively little effect on the rate of heat trans- 
mission through the tubes in such a case, but 
have great influence on corrosion. In the type of 
economiser under discussion, the water passages 
should be so designed that the water velocity is 
above the upper critical velocity for turbulence, at 
all temperatures and normal rates of working. This 
point was shown to be of importance by M. Henri 
Dieterlin, in his ‘ Quelque idées sur les econi- 
miseurs en acier.” He experimented with steel 
plates, over which water was passed at various 
velocities, and found that when the flow was tur- 
bulent, the air bubbles were swept away, and the 
surface of the tube was kept clear, so that little, if 
any, corrosion was caused. In dealing with the 
production of corrosion, the simplest method of 
determining the best steel for a specific application 
is to conduct accelerated corrosion tests electrolytic- 
ally.* No cases of serious corrosion have come 
to the notice of the author, when the temperature 


of the feed to the economiser is in the neighbourhood | 


of 200 deg. F. and most of the free oxygen in the 
water has been expelled. 


The use of high-speed economisers implies high- | 
g 


draught losses, but the gains resulting in other 
directions may more than compensate for them. 
Up to the point where the extra cost of the fan and 
its supporting structure balances the gain resulting 
from increased water temperature, high draught 
losses are advantageous. They are also productive 
of an increased scouring action of the gases and a 
consequent reduction of soot deposits. 

It is taken throughout the following consideration 
of the design of a high-speed economiser that 
counter-current flow is to be adopted. Other 
assumptions are that the specific heats of the gas 
and water are constant and that radiation may be 
neglected. The initial pe of the gas 
and water being T, and ¢, in deg. F., it is obviously 
impossible to cool the flue gases below ¢, and if 
W is the weight of flue gas passing per hour in Ib. 
units, the maximum available heat in the gas in 
B.Th.U. per hour is 

Hy -cW(T,—@)......@ 
where c is the mean specific heat of the flue gas, 


which may be taken as 0-245. The heat absorbed | 


by the water in B.Th.U. per hour is 
He = w(&—%)..... - (2) 


| 
where w is the weight of water passing, in . Ib. per | 


hour, and ¢, is the final temperature attained by the | 


water. 
The efficiency of the economiser, in terms of the | 


initial and final temperatures of the gas T, and 'T, | 


and the inlet temperature of the water to the 
economiser ¢, is then 


eT rN 
bers Gort 

If now Vex 

u 

then fo ty AAD). 2. eh ew oc tf 
= ye, Sere ene 
therefore &=-%+E-K(T,;—4) .. . (6) 
and from (3) T: = 71; — E-(T;-—4) . . .-. (7%) 


The mean temperature difference (M.T.D.) between | 
the gas and water is given by Grashof’s equation 


(T, — %) — (T —t) 
MED, ~oea 
TL rar ~ 











* “The Electrolytic Corrosion of Ferrous Metals,”’ by 
Professor W. M. Thornton, D.Se., and J. A. Harle, 
M.Sc., Transactions of the Faraday Society, No. 61, 
vol. xxi, 1925. 





The economiser surface, in square feet, can then 

be found from 
_ Heat transferred in B.Th.U. per hour 
8 Rx MTD. (9) 

where R is the heat heat transfer coefficient in 
B.Th.U. per sq. ft. per deg. F. per hour, and since 
the heat transferred per hour is, actually, Ee Hg, 
it ean be shown that 











1 — Ee.K\ 
a. +. toge (“Te ) sare 
R(T; — 4) 1-—K 
Replacing Hg in terms of (T,—1,) from equation (1) 
and replacing the second expression in equation (10) 
by F, we have 





S = 


- Ee Rnad xigkAcciln uiematenaeae 





Economiser Efficiency per Cent. 





| 
| 


Again, since the heat given up by ‘the gases in 
the boiler is equal to the heat taken up by the 
water and steam 

eee: oo 
w V-E, 

Where Hs is the number of B.Th.Us. added to | 
the water above feed temperature in the production | 
of steam in the boiler, G is the weight of flue gas 
produced in the combustion of each pound of fuel, 
V is the calorific value of the fuel used and E, is the 
efficiency of the boiler as a separate unit. A useful | 
rule to remember is that 7-65 Ib. of air are required | 
for every 10,000 B.Th.U. in the coal and to the 
weight of air required must be added the weight of 
1 Ib. of fuel, which passes through the boiler as gas, 
to obtain the value G. The actual weight of flue gas 
G is found by multiplying the theoretical quantity 
of air with no excess air, by the excess air ratio, n. 
A handy rule for British bituminous coals is 

17-5 
”" = Vol Per Cent COs. 








These empirical rules, however, should nct be 
| used when making final designs, in which case the 
| gas quantity must be carefully estimated from the 
| average coal analysis and probable CO. 

The actual heat saved from the gases in B.Th.U. | 
| per pound of fuel 
E. Hy = (T; — 4) X EexexG@ . (13) 


| and the gain in efficiency of the boiler unit is 


ig = (T, ete} Ms =—— e x G x 100 per cent . (14) 





| 

| 

| From (14) the necessary economiser efficiency | 
| required for a given gain in boiler efficiency, per 
cent., is 





ae pe ee 
(T; —&)xexG 

Having determined the necessary economiser | 
efficiency in this way, the next step is to find the | 
surface and proportions to give this required | 
efficiency, and to do this we require to know the | 
value of R, the heat transfer coefficient. 

By the modified form of Reynold’s law | 


7 | 
> es 
A 





| — 


| 





R=a+ 


where A is the area available for gas flow and a 
and 6 are constants determined from experiments. 
For different sizes and pitch of tubes, a will vary 
slightly, and b may vary considerably. Similarly 
the draught loss will vary with the size and pitch 
of the tubes and the number of tubes high, N, 
passed by the gases. For a given pitch, then, the 
draught loss may be written :— 


D = Constant x N ()" an mete OED) 


This equation shows that the draught loss follows 
a parabolic law. As a definite pitch for the tubes 
will usually be adhered to, in any specific make of 
economiser, to facilitate the design and manufac- 
ture, a few accurate tests will suffice to determine 
the constants in equations (16) and (17). In order 





(ies 
(9741) Values of Log e <a = 
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that the figures.may not become unwieldy, it is, 
perhaps, better to put the flue gas and water flow 
per hour, W and w, not in pounds, but in units 


of 1,000 Ib., and this procedure has been used in 
what follows. 


For the purposes of this article it is assumed that 
for a 2-in. O.D. tube pitched on 3}-in. horizontal 
and 3}-in. slant vertical centres, equation (16) may 
be written : 


oe eee -04() ‘cree 


}and that equation (17) is, with D in inches water 
gauge : 


D = 0-0017N (“)’ oh Sigh dp ia 


It will be seen from the last equation that we 


. P W 
may obtain an expression for the gas flow =z im 


terms of D and N, so that we may write equation (18) 


|in terms of these quantities, which, when inserted 
| in equation (11) gives an expression for the surface 


of the economiser, 
s . © x 1,000W x F 
cei ey ie + (20) 
a+B D 
i | 
pom B is a constant depending on 6 and the 
draught loss constant. 
Inserting the above values for R, D and ¢, we 


| get 


_ 45xwxF 
7 aero.  , , 48) 


2+22-8,/D . 


If, now, we know the weights of gas and water 
| flowing through the economiser per hour with a 
‘given draught loss, the above equation can be 
used to determine the economiser surface with any 
| number of rows of tubes in the height. 

The economiser surface in square feet is also given 
by 

S = Const x Lb XBxXM. . . s (2%) 

| where L is the length of the tubes, B the number 
‘of tubes used in the width of the economiser and 


|N is the number of rows high. For a 2-in. O0.D. 


tube 
S=0-522LxBxN ... . (23) 
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ofthedrydock. The variations, which are indicated 
in Fig. 1, on Plate XX XIX, are only such as are 
necessary to enable the top decks to come flush with 
the coping level. At the same time, it should be 
noted that either of the caissons may be put into 
position at any of the sills, an arrangement which 
permits the dry-docking of each caisson, in the same 
way as a ship, and allows the dry dock still to be 
used when one of the caissons has suffered damage. 
Each caisson is reversible, so that both sides may be 
painted in turn, with the face on which the work is 
being done set to the inside of the pumped-out dock. 

From the various illustrations we show of the struc- 
tures, it will be appreciated that the caissons have 
the general form of a ship but were constructed 
without the use of any curved plates. Considering 
the midship section, the lower part is seen to have a 
triangular cross-section, with the plates riveted to 
very substantial frames, composed of channel 
sections, effectively tied with horizontal channels 
and angle sections as cross ties. Rigidity and 
strength are the characteristics of this part of the 
structure. Over this section there is the No. 4 Deck, 
above which are vertical walls, supported by channel 
sections, cross-tied at intervals in the sides by steel 
angles. The internal vertical channels are carried 
up from Deck No. 4. to the underside of Deck No. 2 
and form the frames to which the plates are riveted 
in the narrower superstructure. The top-most 
section of all has the plating supported by vertical 
steel angles. At each end the peak is formed with 
straight frames and here, also, the plates are perfectly 
flat. At regular intervals along the structure there 
are inclined fenders extending from the top deck to 
Deck No. 3, and continued part-way down the verti- 
cal faces of the outside walls between that deck 
and the one immediately below. Effective support 
is provided for these fenders by the use of triangular 
braced frames (see Figs. 3 and 5). Two trimming 
tanks are arranged at each end of the caissons, the 
first extending to the top deck and the other carried 
up to the underside of Deck No. 3. These are 
bounded by water-tight bulk-heads and the water- 
tight deck No. 6. A 10-in. gate valve admits 
water for trimming from the hold of the caisson 
to the inner trimming tank, while the outer trim- 
ming tank receives the water for trimming from the 
inner trimming tank in a like manner. Special 
non-rising extended stems fitted to the trimming 
valves are led up to pedestals on Deck 2. Four 
scuttling valves (10-in. gate valves) are fitted to 
the sides of the caissons, two valves on each side, 
for flooding the caisson to sink it into position in 
the dry dock. The extended stems of the scuttling 
valves are also led up to pedestals on Deck 2. 
All valves are operated from this deck, while the 
valves are located between Decks 5 and 6. 

The keel, Fig. 7, and stems on both sides, 
Fig. 1, are fitted with timbers of Australian 
iron bark, 5 in. thick and 24 in. wide. This wood 
was adopted for the facing for the watertight joint 
with the masonry of the dry-dock sill, because 
it is not attacked by the teredo, which infests the 
waters near the dry-dock. Within the stem at each 
end are introduced steel castings (see Figs. i and 6) 
which serve to provide additional strength. 

The steel for the caissons was manufactured for 
Messrs. Yarrows Limited, by the Canadian Bridge 
Company, of Walkerville, Ontario, and was sent 
by rail a distance of over 2,000 miles to the builder’s 
yard. Owing to the limited depth of water available 
for launching such an unusual structure, which 
would draw 21 ft. in an upright launching 
condition, it was decided to erect the caissons 
with the properly vertical axis, set at an angle 
of 30 deg. to the horizontal as is shown in 
Fig. 11 on Plate XL. When the caissons were 
completely plated, apart from the superstructure 
decks, they were launched on the side, one of them 
at the time of taking the water being shown in 
Fig. 12. The launching weight was 715 tons. 
On taking the water the caissons righted them- 
selves satisfactorily. It may be mentioned that 
this was probably the first occasion on which a 
caisson of this description was built at an angle 
and launched on the side. The erection of the 
superstructure, fitting-out and the introduction of 
ballast was then proceeded with. It was found 
by calculation that the amount of concrete it was 
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necessary to introduce into the bottom of the 
caissons, to ensure the maintenance of an upright 
position in the water, was 250 tons. To obtain a 
reserve of stability the amount actually used was 
500 tons, and this was introduced to the lower 
part of the caissons and extended to a depth of 
10 ft. between the two end bulkheads (see Figs. 8 
and 9). 

Each of the caissons is equipped with two verti- 
cally driven centrifugal pumps, designed to discharge 
1,600 gallons per minute at 1,160 r.p.m., with a 
lift of 22 ft. and against a head of 22 ft. when the 
caisson is submerged in place. The foot valves for 
the centrifugal pumps are located in a large sump 
situated amidships in the concrete ballast. The 
concrete ballast slopes from all directions to this 
sump for draining purposes. The 12-in. centrifugal 
pumps were made in England by Messrs. W. H. 
Allen, Sons and Co., Limited, of Bedford. Each 
centrifugal pump is driven by a 20-h.p. enclosed 
electric motor of the wire-wound rotor type, with 
special insulation for salt-water atniosphere. Cana- 
dian Fairbanks-Morse supplied the motors, which 
operate on three-phase, 60-cycle, 550-volt alter- 
nating current. The pumps are installed on 
Deck 4 and the motors on Deck 2. Switchboards, 
transformers, and starters are also installed on 
Deck 2. All electric wiring is encased in the latest 


| flooded the submerged draught is 45 ft. 6 in. in 
the case of the 49 ft. gate and 42 ft. 6 in. for that 
having a depth of 46 ft. The first caisson, the 
deeper one, was towed from the yard of Messrs. 
Yarrows Limited, to the dry dock on February 9, 
1926 (see Fig. 13), and was then put into place 
at the outer sill (see Fig. 14), to test its water- 
tightness by emptying the dock, when the test 
proved completely satisfactory. This caisson is 
the one normally to be used at an inner berth, 
and in consequence its top deck is shown in the 
illustration to be 3 ft. above the coping level. 
The second caisson was launched on April 12, 
delivered and tested at the dry dock on June 12; 
this caisson also proved a complete success. Since 
delivering the second caisson, Yarrows Limited, 
have docked a 9,000-ton oil tanker in the new 
dry dock, for cleaning, painting, and repairing. 
It may be noted that the entire exterior and 
| interior steel surfaces of the caissons are preserved 
from corrosion by applications of bituminous 
solution and of enamel, ‘which was applied hot. It 
may be recalled that the main pumping plant, 
consisting of three sets made by Messrs. Gwynnes 
Engineering Company, Limited, of Hammersmith, 
London, is capable of emptying the dock in three 
and a half hours, of the 43,000,000 gallons of water 
it contains at high tide. When the dry dock is 








marine-type waterproof, galvanised-iron conduits. | pumped out, the caisson has to withstand a total 


Connection is made between the shore wiring and 


| water pressure of 4,700 tons. The installation of 


the caisson wiring by means of a cable enclosed in | these caissons now makes the new dry dock com- 


a special flexible conduit. 

All the equipment, together with the handwheels 
for the control of the various valves, is shown in 
Fig. 10, and the two cross sections given in Figs. 8 
and 9. Between Decks 1 and 2 is installed an 
inclinometer and a depth gauge to register the 
amount of water in the caisson. It will thus 


| pletely available for service for all types of large 
and small craft, such as trade on the Pacific coast. 
| as well as for vessels of war. 








Farapay House TestTiInc LasoraToRIEs.—A pam 
phlet containing “their revised scale of fees has reached 


|us from the Faraday House Testing Laboratories, Fara- 


be seen that the entire operation of the caisson is day House, Southampton-row, London, W.C.1. The 


controlled from Deck No. 2, which is provided 
with many portlights for ventilation and the 


|electrical tests undertaken include the comparison of 


ammeters, voltmeters and wattmeters with standard 
instruments, photometric tests, insulation resistance tests 


provision of light; while the entire compartment is | and tests of dynamo-electric machinery. Mechanical tests 


painted white. The various valves are so located 
that by their manipulation a fore and aft trim 
of the ship caissons can at all times be maintained 
when sinking into position. 


In its completed condition the total weight of | 


each caisson is approximately 1,500 tons, and it 





draws 28 ft. 6 in. of water when light. 


| are carried out on rods, plates, and wires ; 


| of alloys, coal and oils is also undertaken. € 0 
| contains, in addition, details regarding the hire of elec- 


these include 
the determination of elastic limit, breaking load, hard- 
ness number, impact value, etc. The chemical testing 
The pamphlet 


trical testing instruments and of private workshops. 


The booklet, together with further particulars, may be 
obtained from the secretary of the Institution at the 
When | address given above. 
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THE DEVELOPMENT OF AERIAL 
SURVEYING. 


In our issue of September 17 last, on page 360, 
we gave an account of the work done by Mr. R. C. 
Kemp in connection with the aerial mapping of forest 
lands in the Irawadi Delta. According to an official 
report issued by the Government of Burma, the cost 
of this survey, including ground work and mapping, 
was approximately Rs. 293-7 per square mile. On 
the other hand, a ground survey on the same scale 
would have cost some Rs. 500 per square mile, and 
would not have given any indication of the types of 
forest growth. Furthermore, the aerial survey was 
completed in five months, while a ground survey would 
have taken from three to four years. Speaking at a 
luncheon held on November 4 last, at the Holborn 
Restaurant, London, Mr. R. C. Kemp, who is now 
managing director of the Air Survey Company, 
Limited, 3, Copthall-buildings, Copthall-avenue, Lon- 
don, E.C.2, gave a brief outline of what his company 
had done since its formation at the end of 1924. The 
first work undertaken was the survey of the South 
Tenasserim forests in Burma. ‘This survey took the 
form of a complete reconnaissance. The area covered 
was approximately 15,000 square miles, and occupied 
only three months’ flying, from four different bases 
along the Tenasserim coast. The Government of 
Burma expressed great satisfaction at the results, 
which compared very favourably with those obtained 
by a ground party. Indeed, in some cases, the results 
furnished by aerial methods were the better of the 
two. For instance, when the changes between the 
forest types were gradual, and were spread over from 
10 to 15 miles of territory, it was much easier to see 
from the air just where the boundary between the 
types was located. In the same season, the Burma 
oilfields at Yenangyaung were photographed, and 
rectified prints, on a scale of 24 inches to the mile, were 
supplied to the Survey of India for the amplification 
of detail on the map which they were drawing up for 
the Burma Oil Company. In the spring of 1925, the 
Air Survey Company obtained a contract for the survey 
of 1,400 square miles in the Baram district of Sarawak 
and Brunei. The field work was completed in seven 
months, in spite of considerable difficulties arising 
from particularly bad photographic weather. On the 
next survey, which comprised an area of some 2,300 
square miles in the Rejang district of Sarawak, Mr. 
F. P. Raynham, who was in charge, and his assistant, 
Mr. Andrews, were able to devise a system which sim- 
plified the work and, at the same time, largely over- 
came cloud difficulties. _The results obtained were 
entirely satisfactory. 

At present, the Air Survey Company was engaged 





On the survey of the mangrove forest on the west coast 
of the Federated Malay States, and the topographical 


|The people among whom the work had been done 


survey of a small area in the interior. 
smaller contracts, for engineers and others, were also 
being dealt with. The next move would be to Bengal, 
where a start would be made on the aerial survey of 
India. Mr. Kemp went on to say that his company 
was convinced of the utility of aerial surveying in con- 
nection with river trainiag, hydrographical work on 
rocky or shoal coasts, railway construction, hydro-elec- 
tric, and other civil-engineering projects. He did not, 
however, desire to convey the impression that aerial 
surveying would entirely supersede the older methods. 
Aerial surveying increased the scope of the ground 
surveyor’s work, and kept pace with the demand for 
developments in new countries. Moreover, revision 
work in countries already mapped could also be carried 
out. The areas which had been surveyed in the Far 
East were considerable distances apart, and this had 
necessitated a great deal of long-distance flying. Much 
experience concerning the handling and maintenance 
of seaplanes in the tropics had been gained thereby. 
It had also been possible to study the commercial 
possibilities, as well as the physical difficulties, of 
certain seaplane routes. 

The conclusion arrived at was that aerial surveying 
and transport could well be conducted together, especi- 
ally abroad, for, although surveying parties in the East 
were, to some extent, based on London, they were also 
obliged to have some form of eastern depot, where 
overhauls could be continuously carried out. This, 
however, was a heavy charge to be borne by surveying 
firms. It was obvious, therefore, that stores, work- 
shops, and, in fact, all the facilities of a transport 
company’s main base, could be shared by both survey 
and transport organisations, and the cost divided 
between them. In the same way, a portion of the 
personnel could be divided between the two branches, 
and this principle could also be applied to organisation 
expenses and overhead charges in London. Bearing 
this in mind, investigations had been made on several 
routes and it had been decided to begin operations 
on one of them, partly on account of its commercial 
attractions and partly because weather conditions 
were favourable in that particular area. Designs for 
an eight-seater seaplane, with several of which it was 
proposed to make a start, were well in hand and gave 
excellent promise. The postal authorities abroad were 
apparently anxious for the development of mail-carry- 
ing air services, as was evidenced by the interest 
they had taken of late in flights by Messrs. Raynham 
and Vintcent, of the Air Survey Company, who carried 
the first air mail in Sarawak, and mails from Borneo 
to Singapore and from Singapore to Port Swetten- 
ham and Kuala Lumpur in the province of Selangor 
of the Federated Malay States. It was gratifying to 
be able to record that not a single accident had 
occurred during the whole of the surveying operations. 


One or two | 





Fig. 2. 


now expected similar reliability from all aircraft, and 
this constituted a most hopeful sign for the future 
of commercial airways. 

It will be readily understood that for aerial surveying, 
such as that above referred to, photographic equipment 
of a highly specialised character is essential, and 
apparatus for this purpose, which embodies the features 
proved to be desirable by experience extending from 
the early days of the war, is illustrated by the photo- 
graphs reproduced in Figs. 1 and 2, on this page. 
The camera there shown, which is known as the Eagle 
air camera, has been designed by Mr. Colin M. William- 
son, C.B.E., and is made by the Williamson Manu- 
facturing Company, Limited, of Willesden Green, 
N.W.10, and Messrs. Vickers Limited, Vickers House, 
Broadway, Westminster, S.W.1, are the sole selling 
agents. It can be used for taking single views, mosaics, 
oblique and stereoscopic views, but is mainly intended 
for taking a series of overlapping photographs looking 
down on the ground from a considerable height, such 
as are required for aerial surveying and map making. 
In such work, the operation of the camera is entirely 
automatic, the exposures being made at regular 
intervals, the film wound along, and the shutter 
reset by electrically-operated mechanism. As a 
safeguard against any possible failure of the electrical 
equipment, a small airscrew, or windmill, as it is 
usually called, is provided, and this can be brought 
into action to operate the driving mechanism, if 
required ; it is also possible to operate the camera by 
hand in emergencies. 

Fig. 1 illustrates the main components of the equip- 
ment, and Fig. 2 shows them mounted in position in 
the fuselage of an aeroplane. It will be understood 
from these illustrations, that the unit system of con- 
struction has been adopted, and this, it may be 
mentioned, greatly facilitates the problem of main- 
tenance and repairs. The camera, which is shown near 
the centre of Fig. 1 and also in Fig. 2, consists of 
three main parts, constructed of aluminium and 
Duralumin, viz., the lens cone, the body, and the film 
magazine. The cones are made in three sizes, to suit 
lenses of focal lengths ranging from 7 in. to 20 in.; 
the lenses used all work at an aperture of F.4°5. 
The camera body, which surmounts the lens cone, 
contains a focal-plane shutter with a fixed slit and 
speed, giving an exposure of one-ninetieth of a second, 
any variation in the light intensity being allowed for by 
means of an iris diaphragm operated by the knob seen 
near the upper end of the lens cone in both figures. 
The camera body also accommodates an instrument box, 
in which are provided an aneroid altimeter, a counter, a 








spirit level, a watch, and a small ivorine tablet on 
which notes or data may be written. These instru- 
ments are illuminated by small electric lamps at the 
time each main exposure is made, and an image of each 
instrument is thrown on to the film by lenses mounted 
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on the top of the instrument box. Consequently, on 
each of the resulting photographs, the height, serial 
number, inclination, time, and other data are recorded. 
The upper surface of the camera body is closed by 
u plate of optical glass, against which the film is 
pressed, to ensure flatness, by a pad faced with plush ; 
the pressure is, however, released when the film is 
being moved between the exposures to prevent any 
possibility of scratching due to the accidental presence 
of particles of grit. Collimating marks are engraved 
on the glass, and these also appear on each photograph. 

The film magazine, which forms the upper portion 
of the complete camera, contains 65 ft. of panchro- 
matic roll film, 9 in. wide, on which 100 photographs, 
each measuring 7 in. square, can be taken, the re- 
mainder of the film being used to record the images 
of the instruments, &c., which, as already mentioned, 
appear at the side of each picture. The film is mounted 
on rollers and is moved forward between each exposure 
for the required length by the electrically-operated 
mechanism, which also operates and resets the shutter. 
‘This mechanism is normally driven by a flexible shaft 
from the small motor shown on the extreme right of 
Fig. 1 and also in Fig. 2, where it can be seen attached 
to one of the fuselage struts. A 12-volt accumulator 
is used for operating the motor, unless another supply 
of current is available on the aeroplane. Between 
the motor and the camera in Fig. 1, the windmill drive 
can be seen, and, when this is required, it is placed in 
position outside the fuselage by means of the lever seen 
on the right of the motor in Fig. 2, the flexible shaft 

being removed from the motor and attached to the 
windmill spindle. When this form of drive is in use, 
the actual exposures are made by means of the lever 
shown on the right of Fig. 2 and in the top left-hand 
corner of Fig. 1, this lever being connected to the 
camera mechanism by means of a Bowden wire. 
Normally, however, the operations are carried out 
entirely automatically, being controlled by the switch 
box shown between the motor and the hand-control 
gear in Fig. 2, and also on the left of Fig. 1. 

Referring to the latter illustration, it may be ex- 
plained that the interval between successive exposures 
is controlled by turning a knob near the centre of the 
box, the actual interval in use being indicated by a 
small dial just above the knob on the right. The 
interval required, of course, depends upon the height, 
the angle of the lens, and the ground speed of the 
aeroplane, but under average conditions it is of the order 
of a minute and a-half. There is thus time to make 
an intermediate exposure, if such is required for any 
special reason, and this can be done by pressing the 
button at the bottom left-hand corner of the control box. 
An indicator above this button shows when the shutter 
is set so that an individual exposure can be made. 
The two other fittings at the top of the control box 
are & main switch and an indicator showing the total 
number of exposures made. Another item which may 
he mentioned, is a lamp enclosed in a box provided 
with a cover of red transparent material and mounted 
in the pilot’s cockpit. The lamp is illuminated 5 
seconds before each exposure is made, for the purpose 
of warning the pilot to keep the machine steady during 
the actual exposure. The lamp can be seen lying on 
the floor of the fuselage in Fig. 2, and is shown on the 
left of the camera body in Fig. 1. 

The form of mounting used to prevent the trans- 
mission of vibration to the camera and to enable its 
position to be adjusted, is shown in Fig. 2." The 
mounting consists essentially of two wooden frames, 
one of which is fixed to the fuselage while the other 
can be tilted in a fore and aft direction to suit the 
attitude of the machine. The camera itself can be 
rotated through an angle in the horizontal plane to 
compensate for drift, a graduated circle being provided 
to facilitate this adjustment which is necessary to 
bring the photographs square with the line of flight 
when the machine is flying in a side wind, Under these 
conditions, the head of the machine, of course, faces the 
relative wind, and may be at a considerable angle 
with the line of flight. As already stated, the length 
of film in one magazine is sufficient for 100 exposures, 
and this would cover a strip of country from 100 to 
500 miles in length, depending upon the conditions. 
When the film has been complet*ly exposed, however, a 
new. magazine can be substituted for that containing 
the exposed film, without alighting and returning to 


in the aeroplane. 

Special apparatus to facilitate the developing, wash- 
ing, fixing, and printing of the exposed film is manu- 
factured by the makers of the camera, which, we 
understand, has already been used by the Aircraft 
Operating Company, Limited, on revision work recently 
carried out by them for the Ordnance Survey, and is 
to be employed by the same firm for the extensive 
survey work they are about to undertake in Northern 
Khodesia, These cameras are also in use in the 


Royal Air Force, in which they are known as the 
Service Type F-8, 


It is satisfactory to note that 


attention is now being given in this country to the 
development and use of aerial surveying equipment, 
since the method is obviously of extreme importance 
in opening up the many vast tracts of unexplored 
country included in the British Empire. 





H.M. DOCKYARD, ROSYTH.* 


By THomas Brices Hunter, O.B.E., and ARTHUR 
Lanetry Bey, M.Sc., B.A., MM.Inst.C.E. 


THE paper describes the initiation and execution of 
the scheme to construct a naval dockyard on the north 
side of the Firth of Forth, west of the Forth bridge. 

The rocks underlying the site belong to the calci- 
ferous sandstone series, which occurs at the base of the 
carboniferous strata and immediately above the old 
red sandstone. They include beds of sandstone, 
limestone and shale, which have been considerably 
disturbed by the intrusion of igneous rock. These 
igneous rocks at certain places cropped out at the 
surface, but elsewhere were covered with glacial 
deposits. The tidal range, from mean high water to mean 
low-water, spring tides, is + 8-75 ft. to — 7-55 ft., 
referred to Ordnance datum. 

The contract for the main works was entrusted to 
Messrs. Easton Gibb and Son, Limited. The tender 
was accepted in February, 1909, the works being 
divided into two sections. Section 1, which included 
a submarine basin, certain buildings, and reclamation, 
was required to be completed within four and a-half 
years. The remainder of the work comprised a main 
basin, 1,500 ft. by 1,680 ft. with 38 ft. depth of water 
at normal level (-+- 6 ft. 4 in. O.D.), a graving dock, 
850 ft. long by 139 ft. wide at cope, with an entrance 
width of 110 ft., an entrance lock of the same dimen- 
sions, except that the width between copes is only 
119 ft., and reclamation. All entrances have 38 ft. depth 
of water over the sill at normal level, except the outer 
lock, which has 52 ft., giving 37 ft. 9 in. depth at mean 
low-water, spring tides. The whole contract had to 
be completed in seven years under the usual conditions 
for extension of time in the event of war, &c. Power 
was reserved to order an additional dock; ultimately 
this and a third dock were ordered. The progress of 
the work, which was almost entirely carried out in 
the dry, is described. The site of the submarine 
basin having been enclosed .and pumped out, by 
April, 1910, timbered trenches were sunk for the 
basin walls. When these had been built, the area 
enclosed by them was excavated. Two reinforced- 
concrete jetties project from the north wall of this 
basin, which is tidal. Simultaneously with the above- 
mentioned work, clay embankments had been formed 
round the site of the graving docks and north wall 
of the main basin. Thick dock floors were provided 
to withstand upward hydrostatic pressure except on 
rock foundations, where thin floors with drainage 
facilities were constructed. The walls of No. 1 dock 
were built first, the floor being subsequently formed 
in strips at right angles to the line of the side walls. 
The other two docks were constructed on a different 
system; the floors were first laid in blocks about 
24 ft. square, the walls being afterwards built up 
upon the completed floors. All the graving docks 
have means for flooding magazines of ships in dock 
in case of fire. Tracks for 30-ton travelling cranes 
are laid on both sides of each dock. The pumping out 
of the graving docks and the lock (which can also, in 
emergency, be used as a dock) is done by a central 
steam pumping station. 

The original scheme provided for 127 four-well 
monoliths, generally 43 ft. by 43 ft. on plan, as founda- 
tions’ for the outer sea wall and entrance pier. Of these 
only 120 were sunk. The original intention was to use 
the monoliths round the main basin as a dam to exclude 
tidal water while construction was proceeding. The 
slow rate of monolith sinking made it necessary to 
abandon this arrangement, and additional clay dams 
were tipped to advance progress. The monoliths were 
sunk from a temporary staging. Kentledge was 
provided in the form of concrete blocks lining the wells 
of the monoliths. When two adjacent monoliths had 
been founded, the space between them was excavated 
and filled with concrete. Difficulties were experienced 
in sinking the monoliths at the south-west corner of the 
main basin. A clay embankment was _ therefore 
tipped outside them, and this remained as part of the 
permanent work. A method of sinking monoliths is 
explained, in which small charges were exploded at the 
level of the steel shoe. 

The construction of the lock is described, and reasons 
are given for locating it in the position selected. The 
outer entrance of the lock was so designed that a 
damaged warship might enter the lock at almost any 
state of the tide and be sufficiently repaired to enable 
her to proceed to one of the docks. The whinstone 





* Abstract of a paper to be read before the Institution 





rock excavated on the site of the lock was so hard 
that the thickness of the lock floor and of the walls 
was reduced to a minimum of 9 in., additional adhesion 
being provided by rendering the rock under the floor 
with neat cement and inserting short steel bars in the 
vertical rock-face behind the walls.- Weep-holes and 
drain-pipes were placed in suitable positions to prevent 
damage by hydrostatic pressure. 

The original design of the main basin included an 
emergency opening at the south-west corner. During 
the progress of the works, it was decided to construct, 
instead, on the east side, an emergency opening which 
might ultimately form the inner entrance of an addi- 
tional lock dock. This emergency opening is 125 ft. 
wide at coping level. Early in 1914, e further alter- 
ation in the original design was made, namely, the 
south wall of the main basin was to be built upon the 
monolith foundations instead of about 60 ft. north of 
the monoliths. To expedite the excavation of the 
main basin, an additional clay dam was tipped. 
When the area enclosed had been pumped out, in 
1912, the excavation was begun at once, and was 
subsequently extended to the whole area of the basin 
when fully enclosed and pumped dry. ‘The clay 
excavated was used for reclamation; the rock was 
used for concrete. 

The formation of the approach channel involved the 
dredging of about 12,000,000 cub. yards. Ofthis about 
4,000,000 cub. yards were dredged by Messrs. Easton 
Gibb and Son and pumped ashore for reclamation. 
The greater part of the remainder was dredged by 
Messrs. Topham, Jones and Railton, and deposited at 
sea. The Admiralty dredgers also dredged part of 
the channel. The depth of the approach channel 
leading to the lock was 45 ft. below Ordnance datum. 
The channel to the emergency opening and the berth 
alongside the south river-wall were dredged to 31 ft. 8 in. 
below Ordnance datum, while the area outside the 
submarine basin was 27 ft. below Ordnance datum. 
Two of the dredgers sank while the work was proceeding, 
and were recovered. The materials dredged were 
mud, gravel, boulder clay, and soft red clay. Numerous 
boulders in the gravel and boulder clay proved trouble- 
some to dredge and when being pumped ashore. Large 
ponds enclosed by clay dams retamed the material. 
It was subsequently found that stones and heavy 
material had been deposited in ridges along the lines 
of the discharge pipes, the adjaceat areas being formed 
of very soft slurry. These soft areas could not be 
drained and were therefore covered with dry material, 
but they have since given much trouble, all buildings 
have to be carried on piles or pier foundations. 

At the outbreak of war, the new dockyard was two- 
thirds complete, but no part of it was available for 
use. Work on the submarine basin was pressed 
forward, and it was brought into use early in September, 
1914. The advancement of the remaining works 
became rapidly more difficult, owing to increasing 
scarcity of labour and materials, and early in 1915, 
the Admiralty had to decide whether they should 
abandon the aim of completing the dockyard in time 
to be of service during the war, or, alternatively, 
co-operate with the contractors in accelerating the work. 
The latter policy prevailed. Efforts were concen- 
trated on giving the Navy the use of two graving docks 
and the main basin as soon as possible. The two docks 
were soon completed, and, before the basin was flooded, 
the entrance of the third dock had been built. For the 
completion of the main basin excavation, 810,000 
cub, yards of material, partly rock, remained to be 
excavated. Steam navvies were used for the soft 
material, while the rock was broken up by blasting. 
By September 16, 1915, the whole area had been 
excavated and all walls completed. Flooding began on 
that day and was completed on the 17th to a depth of 
37 ft. The depth was increased to 39 ft. 6 in. by 
pumping, and the three caissons which had been built 
in the basin were at once floated into position across 
their respective entrances. The lock area and the 
area outside the emergency opening, were then pumped 
out to complete work in those places. 

The dredging of the approach channel was finished 
on March 25, 1916. Two days later, H.M.S. Zealaadia 
entered the basin through the lock, and was docked 
in No. 1 dock. From this date onward, the establish- 
ment, though incomplete, was available for H.M. ships. 








of Civil &ngineers, on November 16, 1926, 


The south river wall, entrance pier, and certain minor 
works were subsequently completed. The total 
* works” expenditure was 6,920,0001. 





LaRGE WAREHOUSE AND COLD-STORAGE PLANT AT 
MontREAL.—The High Commissioner for Canada in 
London informs us that the administration of the City of 
Montreal has given the required authorisation to the 
Montreal Rail and Harbour Terminale Company, Limited, 
for the construction of a large warehouse on the harbour 
front, at the intersection of Caaig and Wolfe-streets. 
The building, which will consist of a warehouse and cold- 
storage plant, will take about a year to erect and will cost 
5,000,000 dols. 
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LABOUR NOTES. 

* THE negotiations arising out of the Trades Union 
Congress General Council’s efforts to end the trouble in 
the coalfields were continued during the week-end. 
On Saturday night the following letter was sent to the 
Miners’ Federation: ‘‘ I am directed by the Secretary 
for Mines to send you the following statement of the 
general principles which the Government understand 
the owners in each district are prepared to follow in 
negotiating district settlements. As the Prime Minister 
told you to-day, the owners in North Wales have 
intimated that that district will require special con- 
sideration, and there is at present no definite information 
about Cumberland or Kent. The principles are as 
follows: (1) That wages should continue to be deter- 
mined by the results of the industry in the district, 
ascertained jointly by accountants appointed by each 
side with provision as hitherto for joint test audits, 
and the reference of any question arising therefrom to 
the Independent Chairman of the District Board, and 
that the owners in each district should discuss with the 
workmen’s representatives any method suggested for 
removing doubts about the fairness of transfer prices. 
(2) That the ratio for division of net proceeds between 
workmen and owners should range between 87 to 
wages and 13 to profits and 85 to wages and 15 to 
profits. (3) That the minimum percentage on basis 
rates should, subject to district settlements on hours 
and working conditions,be not less than the equivalent 
of 20 per cent. on standard rates. (4) That the sub- 
sistence wage to be paid to low-paid day-wage men be 
settled by arbitration in the district in the event of 
failure of the two sides to agree.” 





To these general principles—which, according to 
Secretary of the Miners’ Federation differed materially 
from the proposals as drafted—district settlements 
were, as will be seen, intended to adhere. On Monday 
the Executive Committee of the Miners’ Federation 
discussed matters, off and on, with the representatives 
of the Government until nearly midnight, their main 
contention being, in effect, it was understood, that 
practically everything in a district settlement should be 
correlated to a seven hours’ day. For obvious reasons, 
argument along that line was futile, and in the end, the 
Committee decided to suspend the negotiations until 
they had consulted a national delegate conference. 





Such a gathering took place in London on Wednesday, 
and at its close the following official statement was 
issued :—‘‘ Mr. Herbert Smith, who presided, stated 
that the Executive in their interviews with the Govern- 
ment had gone as far as they believed they were 
authorised to go by the last conference, and it was 
necessary to convene this conference to receive further 
instructions. Mr. Cook, on behalf of the Executive, 
gave a full and lengthy report of the interviews with 
the Government. Questions on the report were asked 
by several delegates, and explanations given. District 
reports were then taken as to the position in the various 
districts and the number of men who have gone back 
to work, These reports showed that there had been a 
considerable increase in the number of men at work 
since the last conference, but that the total was nothing 
like that given in the so-called official reports.” The 
conference then adjourned, it was added, until the 
following day. 


The Joint Committee on Imported Joinery, which 
is composed of representatives of the National Federa- 
tion of Building Trade Employers and the Amalga- 
mated Society of Woodworkers, announce that *‘ Woco”’ 
doors have been restored to the approved list. The 
Wheeler Osgood Company, which makes the doors, 
undertakes that the mark ‘‘ Woco”’ or any colourable 
imitation of it, shall not be affixed on any doors not 
manufactured by the Wheeler Osgood factory at 
‘Tacoma, and that “ Woco” doors shall be marked at 
their factory by a burnt-in brand with the mark 
“* Woco” to a depth of }in. The ban on the use of 
these doors has interfered with the progress of many 
housing contracts. 


The Grand Council of the Primrose League has 
passed the following resolution :—‘‘In view of the 
general demand for an improvement in the administra- 
tion of trade unions, Grand Council is of opinion that 
Parliament should reform the law so that the right of 
the individual worker to offer or withhold his labour 
without interference should be restored to him.” In 
order to achieve the end contemplated by the resolution, 
the Council believes it to be necessary: (1) To increase 
the security of the individual worker against victimisa- 
tion and intimidation on account of political beliefs ; 
(2) to make mass picketing and the picketing of a man’s 
private residence illegal; (3) to require the national 
accounts of trade unions to be audited by certified 
accountants ; (4) to consider the possibility of making 
illegal any strike called without a secret ballot of the 
members of the trade union affected. 














The executive of the National Union of Railwaymen 
has decided to discontinue the organisation’s part- 
ownership and control of the London Labour College. 
According to Mr. J. Reynolds, the secretary of the 
College, the decision is due simply to the present 
financial stringency arising out of the industrial 
situation. The N.U.R. resolution, Mr. Reynolds said, 
had been passed by the N.U.R. executive, but the 
N.U.R. alone could do nothing. It had to co-operate 
with the South Wales Miners’ Federation. The college 
was a mutual undertaking owned and controlled by 
both organisations, and so far the miners had not 
indicated any intention to withdraw their support. 
In any event, the present N.U.R. students’ period of 
residence did not terminate until next July, and before 
that date many things might happen. ‘‘ We are 
sufficiently confident,” he added, ‘‘that the future 
holds much brighter financial prospects for the unions 
— the present, and in that the college will, no doubt, 
share.” 





The National Union of Railwaymen recently put 
before the Railways’ Staff Conference the position with 
regard to Rule 12 in the new rule book issued by the 
L. & N.E. Company. This rule contains the provision 
that the company may at any time dismiss or suspend 
a man from duty as a disciplinary measure. The 
union has all along urged that this conflicts with the 
procedure of the national machinery, which lays it 
down that a man may not be dismissed or suspended 
until he has had an opportunity of stating his case, 
and that he may appeal to the higher officials before 
punishment is meted out to him. The Railway Review 
understands that the companies’ representatives were 
not prepared to accept the view that the national 
machinery prohibits a company from immediately 
dismissing or suspending a man in certain circumstances, 
‘and expressed the opinion that there is no conflict 
between the rule and the agreed disciplinary procedure. 
However, they pointed out that the rules and regula- 
tions are general, and are issued to each individual 
employee, whilst the disciplinary scheme applies to 
conciliation grades only; further, the disciplinary 
procedure has statutory authority under the Railways 
Act, 1921, and is not, therefore, abrogated by any 
general rules issued by the railway company. 





The question as to whether casual employees should 
be paid overtime rates, which was a subject of conten- 
tion between the National Union of Railwaymen and 
the Southern Railway Company, has been settled. The 
company’s representative intimated at the meeting 
between the union’s representatives and the Railway 
Staff Conference that arrangements had been made to 
pay the standard overtime rate to these men for time 
worked in excess of the ordinary daily hours. 





The National Union of Distributive and Allied 
Workers, the Shop Assistants’ Union, and the Association 
of Women Clerks and Secretaries, are balloting on the 
amalgamation scheme, drawn up by the General Council 
of the Trades Union Congress for their particular trades. 
The results are returnable by November 30. The 
combined membership of the three organisations is, in 
round figures, 136,000. The scheme provides that the 
new organisation shall have a president, an industrial 
general secretary, a political secretary, and an assistant 
industrial general secretary, chosen from the officers of 
the N.U.D.A.W. and the Shop Assistants’ Union. 





Official publications of the Communist Party are 
frankness itself regarding the aims of their movement. 
‘* The victory of the workers over the Capitalists is only 
possible (says 7'he Workers’ Weekly) if the trade unions, 
the Co-ops., and the factory committees, are united in a 
common struggle, through the instrumentality and 
under the direction of the Communist Party. The 
workers’ dictatorship can only function on the basis of 
the closest relations between the Communist Party, 
which guides the dictatorship, and the trade unions, 
Co-ops., and Workers’ Councils, which are its instru- 
ments. Only by the incessant work of the Communists 
in these organs, and the conviction on the part of the 
majority of the workers that the Communist Party is 
capable of leading them to victory, can the dictatorship 
of the workers be maintained. The Communist Party 
can only win the workers by taking part in all their 
struggles, and by showing them in the light of their own 
experience that it is capable of leading, and that it is 
not afraid to admit its mistakes and to correct them. 
Our Party in Britain has great opportunities. It is 
the only Party whose policy has stood the test of the 
struggle of 1926. It is not eaough to have a correct 
policy, however. One must strive to secure its accept- 
ance and its application by the workers. The bank- 
ruptcy of all other parties is our opportunity.” 





The Ministry of Labour states that on November 1, 
1926, the number of unemployed persons on the 








registers of Employment Exchanges in Great Britain 
was 1,559,200, of whom 1,199,400 were men, 42,100 
boys, 277,300 women, and 40,400 girls. Of the total 
number, 79,100 men, 200 boys, and 700 women were 
“persons normally in casual employment.” On 
October 25, 1926, the number of unemployed persons 
was 1,516,171, of whom 1,172,717 were men, 41,047 
boys, 262,801 women, and 39,606 girls; and on 
November 2, 1925, it was 1,207,612, of whom 970,673 
were men, 36,067 boys, 172,006 women, and 28,866 
girls. The total of 1,559,200, on November 1, does not 
include ‘‘ persons who ceased work in the coal-mining 
industry on account of the dispute.” 





The Boot and Shoe Repairing Trade Board (Great 
Britain) at a recent meeting decided to give notice of a 
proposal to vary the general minimum piece rates for 
outworkers, and the general minimum piece rates for 
repairing surgical work, ladies’ long work, and certain 
other items. The Board also decided to propose to 
vary the general minimum time rates in their application 
to certain classes of learners and to male and female 
clickers and closers. Notices setting out the proposals 
are to be issued in due course to all employers in the 
trade who are known to the Trade Board, and a period 
of two months will be allowed for lodging objections to 
the proposals. No change can be made in the present 
minimum rates until the Trade Board has considered 
any objections lodged and has varied the rates, and 
the variation has been confirmed by the Minister of 
Labour. 





Copies of a report on the subject of industrial unrest, 
prepared by a Special Committee of the- Association 
of British Chambers of Commerce, have been sent to 
the Prime Minister, the Home Secretary, and the 
Minister of Labour. In it, the opinion is expressed 
that there is an urgent need for immediate legislation 
to give effect to the following :—(1) Every organisation 
of employers and every trade union should be registered 
with the appropriate registrar, whose duties should be 
clearly defined. The rules of all registered organisa- 
tions and unions should comply with certain funda- 
mental principles which should be defined. (2) Any 
trade union so registered should be entitled to register 
its benefit funds with the Registrar of Friendly 
Societies, which funds should then be immune from 
liability for any acts of the said union in any matter 
connected with trade disputes. (3) Apart from the 
above provision, exempting benefit funds, all organisa- 
tions, whether employers or employed, should be liable 
under the law of the land for all acts of tort and should 
be liable in the ordinary manner. Trade unions which 
have not secured exemption from liability by the 
process of the above registration, for their benefit 
funds, should be liable in these, and all their other 
funds, for any acts of tort committed by them or on 
their behalf. (4) All funds contributed by a member 
of a trade union should be marked on the membership 
card, with the exception of any moneys subscribed 
by any member for the support of a political party, 
which should be separately contributed. Only funds 
so contributed should be applied by the trade 
organisation in support of any political party. (5) It 
should be unlawful for a trade union to expel a member 
or deprive him of benefits for which he has already 
subscribed on the sole ground that he has refused to 
withhold his labour. (6) The right of peacefully invit- 
ing any person to work or abstain from working should 


identifiable, and be exercised only at the entrances to 
the premises where the trade dispute exists, and in 
no other place. 





The Committee further suggests that the standard 
rules of registered trade unions should provide :—(a) 
In the case of essential services hereafter to be 
prescribed, a renunciation of the right to strike or lock- 
out, provided that in the place of a strike or lock-out, 
an efficient substitute is given whereby all disputes and 
complaints can be equitably dealt with. (6) In all 
other industries, simple but effective procedure should 
be provided for the avoidance and settlement of 
disputes. (c) In the event of a failure to achieve settle- 
ment, strike and lock-out action should be governed 
by a reference to every worker concerned, and similar 
reference should be provided for on the employers’ side, 
due regard being had to the method, secrecy and the 
number of persons voting. The terms and conditions 
of engagement of all members of the Civil Service 
should provide, it is added, that any member giving 
either physical or financial assistance to a trade union 
or employers’ association, for the purposes of a strike 
or lock-out, would thereby cancel the terms of the 
engagement, and would cease forthwith to be a Civil 
servant. The Committee propose to deal at a later 
date with the general question of the desirability of 
the education of the workers in matters affecting the 





industries in which they are employed. 


be confined to a limited number of persons, visibly ~ 
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4-12-2 TYPE THREE-CYLINDER LOCO- 
MOTIVE FOR THE UNION PACIFIC 
RAILROAD. 

(Concluded from page 519.) 

In the present article, we propose to give details 
of some of the running parts of the interesting 
4-12-2 type locomotive lately built by the American 
Locomotive Company, of New York, for the Union 
Pacific Railroad. One of the most notable features 
of this locomotive is its great wheelbase, which is 
no less than 52 ft. 4 in. In spite of this, however, 
with the arrangements adopted for the leading and 
trailing trucks, and for the leading and trailing drivers, 
the rigid wheelbase is virtually reduced to 17 ft. 6 in., 
and the engine can easily negotiate curves of 5} chains 
radius. 

The leading truck is illustrated in Figs. 57 to 59 and 64 
and 65, on this and the opposite pages. The method of 
centring, which is quite uncommon, is well shown in Figs. 
58 and 65. The centre casting transmits its load to 
the bolster through two rollers finished at both ends 
to the form of small pinions, which mesh with 
corresponding racks on the centre casting and on the 
bolster casting. The faces of both these castings 
are undulating, as is well shown in the figures, and 
on any side movement occurring both rollers ride 
up inclines. This develops the necessary tendency 
to self-centring return. The whole roller movement is 
enclosed in a box to facilitate lubrication. The weight 
on the bolster is transmitted direct to two inverted 
laminated springs, the spring buckles, as shown in 
Fig. 64, being housed in shallow recesses on the 
under side of integral brackets at the sides of the 
bolster. The springs, in turn, are hung by links 
from two double-walled side-frame castings, in 
which they are housed. The two walls of these 
frames are joined at the ends by the axleboxes. 
Relative vertical movement is possible between the 
bolster casting and the side frames, the former being 
provided with fore and aft square-ended extensions, 
the corners of which, fitted with rubbing strips, work 
in rectangular guides in the side frames. The integral | 
axleboxes are illustrated in Figs. 60 and 61. Each 


is fitted with a brass and keep, and a spring cover on 
the outer end for oiling. The arrangement provides 
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facilities similar to those of the ordinary tender box, 
but turned through a right angle. 
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The weight of the side frames and springs is thus 
not spring-borne. The load on the box is carried by 
bearing plates shown in Figs. 60 and 61. The two 
longitudinal springs are shown by Fig. 62. They 
consist of 17 plates, §-in. thick, and are straight when 
unloaded, having, when loaded, a reverse camber of 
3} in. The springs are 4 ft. 8 in. long from centre to 
centre of hangers. The outer faces of the side frames 
are fitted with renewable hub liners, which we illustrate 
in Figs. 77 to 81, page 602. These are made in two 
halves, each of which has an inclined dovetail on 
the back which fits a corresponding slot on the side 
frame face. The two parts of the lines are held 
together by bolts passing through lugs at the top. 
On the upper side, long narrow oil boxes are provided, 
supplying grooves cut in the wearing face. These 
liners, when worn, can be removed, faced with white 
metal, and replaced without taking down other gear. 
Fig. 64 shows the truck with the centre casting in 
position above it, and the equalising beam in position, 
for connecting up the spring suspension of the truck 
with that of the drivers. Fig. 45, in a previous article*, 
in which we dealt with the cylinder arrangements, 
also shows the truck and equalising beam. 

The four-wheel truck, as described above, has been 
designed with a view to eliminating bolted connections. 
It is also perfectly equalised, does away with wear of 
of the boxes in the horns or pedestals, and is very easy 
to manufacture. It is stated that service records show 
that it gives very little trouble in operation and is 
light in maintenance. 

The two-wheeled trailing truck is of the outside axle- 
box Delta type, which is familiar to our readers from 
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previous descriptions* which have appeared in these 
columns. 

As stated in our first article, in addition to the lead- 
ing and trailing trucks, the effective rigid wheelbase 
is considerably reduced by the lateral play allowed to 
the leading and trailing drivers. This play is controlled 
by spring gear, which is illustrated in Figs. 66 to 74, 
page 602. Figs. 66 to 69 show the control for the lead- 
ing driving axle; the remaining figures illustrate that 
for the trailing axle. The principle is the same in the 
two cases. Two vertical Vee-shaped levers are 
pivoted at their centres, between the main frames. 
At the bottom, the two ends of each lever are fitted with 
3}-in. rollers, which bear up against the axlebox 
inner face, if lateral displacement takes place. The 
sideways movement is resisted by the action of the 
spring held in an open bridle between the upper ends of 
the rocking levers. The bearings for the leading driver 
control are on brackets fixed to the frame and the 
middle guide yoke. As shown in Figs. 70, 71 and 74, 
in the case of the trailing gear, the bearings are placed 
in a separate stretcher casting. The device is adjust- 
able according to requirements and imposes no addi- 
tional load on the axleboxes. When on the straight, 
the rollers are clear of the axlebox faces so that they 
do not interfere with repair work. 

Details of the main and crank-axle driving boxes are 
given by Figs. 75 and 76. These boxes, as will be seen, 
give a bearing for the journal of rather more than 
270 deg., two supplemental brasses being fitted against 
wedge faces below the centre-line. The supplemental 
brasses are kept up to their work by a wedge block 
below, which is drawn towards the box side by a bolt, 
forcing the brass also up against a face on the box side, 
inclined towards the journal. The whole keep can be 
dropped by unscrewing nuts below the box. Inside the 
keep is a grease box, which, in the case of the main 
drivers, is withdrawn sideways through an opening 
fitted with a spring lid. In the case of the crank axle, 
the grease box is removed through a drop bottom. 

The spring rigging is illustrated well in the general 





* Page 413, ante, 





* See vol. exvi, page 27, &c. 
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brought its price to the level of steam, there would be 
no inducement to use it. Even if still lower in price 
than steam after being rendered as convenient, enough 
would have to be sold to pay the requisite dividend, 


elevation given in Fig. 2, Plate XVII, with our issue 
of September 3. The engine is equalised in three groups. 
The leading truck, as already stated, is equalised with 
the front driving axle, and this system is continued 
through to the second driving axle. The driving axles to | for it is the power sold, not the power available for 
the rear of this are equalised through, on each side of the sale, which really matters. This I have always 
locomotive, to and including the trailing truck. All} considered the main difficulty, but the rising cost of 
springs are flat when light, and have a reverse camber | steam power, and the many new electro-chemical and 
when under load. The driving axle springs are illus- | electro-metallurgical uses for cheap energy make the 
trated in Fig. 63, and consist of 13 plates, 4 in. thick, | future for tidal power hopeful. 

The trailing truck springs consist of 20 plates, 4 in. | In judging the practicability of such projects, a 
thick, the spring hangers being centred 3 ft. 8 in. apart. | rough, but sufficient, estimate should first be made of 
the cost of the works and the amount of power they 
would render available, so as to find the price it could 
be offered at. Then a careful inquiry could be instituted 
as to the probability of profitably disposing of the 
power before proceeding with the works. This does 
not seem to have been done with regard to the Severn 
scheme, as the price and disposal of the power is 
scarcely ever mentioned. It may be said that the 
proposed barrage would offer other advantages, and 
tap other sources of revenue, in addition to the power ; 
so also would most of the smaller schemes. All those 
planned on the old system of utilising the outfall only 
would also aid navigation by holding up the tide and 
thus partially forming a dock at the inlet; nearly all 
tidal dams could be made to carry a profitable railway, 
or road, or both. Thus the proposal I put before the 
| Bridgewater Corporation in 1905 was planned to carry 
across the mouth of the Parrett a railway between 
Highbridge and Watchet, and that which I put forward 
for the Walney Channel would have obviated the large 
my investigations have convinced me that though | bridge afterwards built. My scheme for the Wyre 
there are many places on our coasts where inter-| estuary, proposed in 1883, and revised and revived 
mittent tidal power would cost far less than the | about six years ago, would also supply a much-needed 
cheapest steam power, I have come across none where | road and an important link in the North Lancashire 
its price would be less after storage and transmission | railway system. 

had made it as convenient as steam for general use,| Many of the smaller river estuaries of Morecambe Bay 
and I fail to see that the Severn would form an excep-| are already crossed by railway embankments and 
tion to this. Therefore, the problem may really be | bridges which could be converted into tidal dams for 
to find a market for a vast amount of cheap but | utilising the outfall only. The larger estuaries of the 
Inconvenient power. If storage and transmission | Lune and Wyre could, and I believe without prohibitive 





LETTERS TO THE EDITOR. 


TIDAL POWER. 


To THE Epitor OF ENGINEERING. 


Sir,—Your correspondent, ‘‘ 8. O’D.,”’ has expressed 
the views of most who have studied this subject. The 
Severn Barrage is far too ambitious a proposal for a 
beginning, and there are several schemes much more 
likely to pay. Although the rule may be “ the larger 
the undertaking the lower the cost of the power,” 
there are both engineering and commercial limits to 
its application. The first is when the minimum cost 
of works per unit of power obtainable is reached, but 
the second depends also on the proportion of the 
power which can be sold or profitably disposed of. 
Although the subject is very difficult to generalise upon, 











cost, be dredged to suit my proposed steel and concrete 
dam for utilising both the in-flowing and out-flowing 
tides, a system which would yield more power, 
interfere less with drainage, and avoid silting. These 
estuaries have also the advantage of having no impor- 
tant port upon them. Lancaster and Glasgow Dock 
may now be considered derelict, and Fleetwood is 
outside the area proposed to be inclosed, so that only 
small locks would be required in a tidal dam for either. 

I believe all the works required for the Wyre scheme, 
including the tidal dam with road and railway, lock, 
dredging and land reclamation, could be carried out for 
less than half a million pounds sterling, and would enable 
about sixty-eight million units of electricity, or equal 
energy in other forms, to be sold yearly. If the 
whole of this could be sold, the price need be no more 
than half a farthing per unit to yield a dividend of 
six per cent., or a farthing if only half were sold. If 
confirmed by a fuller independent investigation, such 
quotations should be sufficient to make a market for 
even intermittent power, for such purposes as nitrogen 
fixation, smelting, &c., or even for the old proposal for 
supplying sea-water for sanitary purposes to the 
great towns of Lancashire and West Yorkshire. 

The proximity of Black Combe makes the Duddon 
estuary a possible site for stored tidal power, and the 
Menai Strait; is also likely in this way and for supply- 
ing constant power by the three-dam or double 
basin system; or to supplement the fresh-water 
works of the North Wales Power Company. I think 
the advantages accruing from the very narrow entrances 
of both Loch Etive and Strangford Lough may possibly 
be neutralised by the comparatively low range of side 
at both places, as tidal power varies, not directly, but 
as the square of the range ; the estuary of the Conway, 
however, might be found a likely site. 

Sufficient has been stated to show that there are, as 
your other correspondent contends, many better places 
than the Severn to utilise tidal power, especially for a 
pioneer scheme. 
Yours faithfully, 

ARTHUR OATES. 
Wyke, Bradford, November 8, 1926. 








OUR ELECTRICAL POSITION. 
To tHE EpiTor oF ENGINEERING. 


Srr,—When reading your leading article of Friday, 
October 29, I was impressed once again by the com- 
placent attitude adopted by the editors of our leading 
technical journals, and I am beginning to wonder 
whether this attitude has not a considerable bearing 
upon the low rate of progress we are making. In 
your last paragraph you say “ This is clearly a great 
handicap, and is very largely due to the fact that we 
insist on a quality of work which is not considered 
necessary elsewhere.” Having had experience of 
wiring regulations in a number of countries other than 
Great Britain, I am not prepared to agree that the 
quality of work is particularly high in our own country. 

A very much more important fact bearing on the 
cost of distribution and installation, is the ridiculous 
plan adopted by most of our Municipalities of selling 
current at different rates, according to the purpose 
for which it is to be used. This frequently involves 
doubling the cost of installation without any corre- 
sponding economic benefit to the producer of electricity, 
to the consumer or to the community at large. It is 
a plan which is confined to the electrical industry, and 
it has no logical base. When one purchases electricity 
it should be at a price based upon its economic value, 
without any reference to the purpose for which it is 
required. If such a plan were adopted, it would 
reduce greatly the cost of installation and lead imme- 
diately to a greatly increased consumption. 

It is much to be regretted that soundly-based criti- 
cisms of present methods should fail to meet with proper 
support from those who are leading the professional 
opinion of the country. | 

Yours faithfully, 
M. R. MELDRuM, 
Mem.Am.Soc.Mech.E. 
“Yin Lum,” Nanpantan, Loughborough, 
November 8, 1926. 








AN AUTOGRAPHIC EXTENSOMETER. 


To tHe Eprror oF ENGINEERING. 


Srr,—We notice in the description of an Autographic 
Extensometer by Mr. F. C. Turner, in your issue of 
October 29, he states that the design of the knife edges 
used was originated by Professor F. C. Lea. This 
design is the same as was first used by Sir Horace 
Darwia over thirty years ago in the rocking microtomes 
manufactured by this company, and since used in 
dozens of the products of this company. Apart 
from our catalogues, it has been several times fully 
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described, for instance, by Sir Horace Darwin in the. 


first Wilbur-Wright Memorial Lecture and in Professor 
Pollard’s recent lectures on the design of iastruments. 
Yours faithfully, 
For CAMBRIDGE INSTRUMENT Co., LD., 
C. C. Mason, 
Joint Managing Director. 
Cambridge, November 6, 1926. 


ENGINEERING TRAINING AND 
EDUCATION, 


Training for. Automobile Engineering.—For the 
benefit of parents who have sons desiring to take up 
motor-car engineering as a profession, the Council of 
the Institution of Automobile Engineers, after careful 
consideration of the whole question, has agreed upon 
a recommended course of training, and has also prepared 
a list of engineering firms, in various parts of the 
country, who have in operation special schemes for 
training youths. Application for advice in this con- 
nection, which will be given free to parents, should 
be made to the secretary of the Institution, Watergate 
House, York Buildings, Adelphi, London, W.C.2. 
Parents are strongly advised to give consideration 
to the training of their boys before the latter have left 
school, so that the best procedure may be followed from 
the commencement. 











THE LATE ENGINEER-CAPTAIN 
IVOR ROBERTS. 


Nor for many years has the engineering branch of 
the Royal Navy suffered so severe a loss as it has done 
by the sudden death, on October 31, of Engineer- 
Captain Ivor Edward Stephen Roberts, who since 
August 1, 1923, has been Assistant Director of Dock- 
yards at the Admiralty. Born at Teddington, 
December 30, 1874, Roberts became, at the age of 15, 
a student of the Royal Naval Engineering College, 
Keyham, and, in 1894, passed into the Navy as a 
probationary assistant engineer. A few months later, 
he was appointed to the battleship Collingwood in the 
Mediterranean, and subsequently served in H.M.S.S. 
Vulcan, Argonaut, Europa, Prince of Wales and 
implacable, his work as senior engineer of the Implacable 
gaining for him an expression of appreciation from 
the Engineer-Commander of the Fleet. It led to 
his appointment, in 1906, to the staff of the Controller 
of the Navy, at Whitehall. Three years later, in 
December, 1909, he was detailed for work in the light 
cruiser, H.M.S. Blonde, then building, and altogether 
served in her for three and a-half years. Following this, 
came two years in H.M.S. Fisgard, the training school 
at Portsmouth for boy artificers (now engineer appren- 
tices), and it was there that he laid the foundation of his 
wide knowledge of naval engineering training in all 
its ramifications. He had been promoted to Engineer- 
Commander in January, 1912, and from the Fisgard 
was, in August, 1915, appointed to the battle cruiser 
Inflexible in the Grand Fleet, and he remained in her 
till nearly the end of the war. His earlier work in the 
Fisgard had been officially recognised by the Admiralty, 
and in September, 1918, he was re-appointed to that 
ship. Eighteen months later, he was transferred to the 
Admiralty, and became assistant to Engineer Rear 
Admiral W. Toop, who was then responsible for naval 
engineering personnel matters, and Roberts, during 
the next two years, February, 1920, to April, 1922, was 
largely connected with the various modifications made 
in the training of naval engineers, due to the partial 
abandonment of the Selbcrne-Fisher scheme. 

In May, 1922, he became Chief Engineer of Sheerness 
Dockyard, and a year later was made Assistant Director 
of Dockyards. His career, it will thus be seen, was of a 
varied and interesting character, but in every capacity 
in which he served he speedily gained the admiration 
and respect of all those about him. Though he did 
not make his mark at college as a student of exceptional 
ability, as his powers matured he steadily rose in the | 
estimation of his superior officers, and came to occupy | 
a prominent position among his fellows. Happily. 
our public services produce a constant succession of 
men of judgment, zeal and integrity, and Ivor Roberts 
possessed all these, During the last three years of his 
life, he was mainly concerned with the work and 
equipment of the Dockyards at home and abroad, but 
no subject appealed to him more than the entry and 
training of naval engineer officers. Maintaining a wide 
outlook, he regarded only the highest interests of the 
Service and was especially eager that the younger 
generation of engineer officers should be as well equipped 
for their numerous duties as he and his contemporaries 
had been. He was ever anxious that the prestige of 


the engineering branch should be fully maintained. | 


There have, in the past, been many, such as Johnson, 
Murphy, Charlton, Edwards, and others, who have been 
imbued with the same ideas, and the name of Ivor 


Roberts will ever be associated with theirs. With his 
deep interest in all such matters, however, he still 
found time to cultivate a love of reading and study, 
jand was familiar with economic, ethical and social 
| problems, and discussed them freely and acceptably. 
| By so doing he exercised a profound influence on 
|some of those most intimate with him. It is not 
| surprising, therefore, that his death at the early age 
| of 51, when in the fulness of his powers, should have 
| called forth many tributes to his character from the 
| Board of Admiralty, his colleagues and his friends, 
|and these tributes have gone far to soften the blow 
|to those he has left behind. But though the gap he 
leaves will be hard to fill, his influence will persist, 
and will be an inspiration to those who follow. 
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InpIAN ENGINEERING: ERRATUM.—We regret that in 
our leading article (page 573 ante) on the presidential 
address delivered before the Institution of Civil Engineers 
reference was incorrectly made to the Sone Bridge as 
having 15 spans of 345 ft. each. These figures relate to 
| the Sara Bridge carrying the Eastern Bengal Railway 
| over the Ganges. This bridge was described in a paper 
read by Sir Robert Gales before the Institution of Civil 
Engineers in 1917. It was opened in 1915, and replaced 
an excellent, but very inconvenient, ferry service plying 
between Damatodia and Sara Ghat. Owing to the 
shifting of the river channel, the railway approaches had 
constantly to be moved, and the construction of the 
bridge involved large training works. The Upper 
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Sone River Bridge is on the East India Railway 
and has 93 spans of a clear span of 100 ft. each, and the 
operation of doubling it to take two lines of track was 
described recently in a series of articles in vol. cxxi of 
ENGINEERING. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The situation, so far as 
Cleveland pig-iron is concerned, is little changed. Prices 
are steady, and business is on a very limited scale. 
Considerable supplies of Continental iron have been 
arriving for consumption in this district, but purchases 
from abroad are no longer easily made, foreign producers 
having sold most of their output over the remainder of 
the year. The result is that Continental iron, claimed to 
be similar in quality to No. 3 Cleveland, has advanced to 
100s., delivered a month hence. No. 1 Cleveland pig is 
125s.; No. 3 g.m.b., 120s.; No. 4 foundry, 119s.; and 
No. 4 forge, 118s. 6d. 

Hematite.—There are no ordinary marketable qualities 
of East-Coast hematite iron available for disposal, and 
sales are confined to small odd parcels of off grades, at 
round about 92s. 6d. 

Foreign Ore.—No effort in the direction of resumption 
of operations in foreign ore is noticeable. 

Coke.—Continued acute scarcity of coke is causing 
much inconvenience and anxiety to consumers. Quota- 
tions have advanced to practically prohibitive levels. 


Manufactured Iron and Steel.—There is much pressure 
for supply of finished iron and steel commodities, and 
producers with parcels to offer realise substantially above 
recognised current rates. Common iron bars are 111. 15s. ; 
steel ship plates, 8/. 2s. 6d.; steel joists and angles, 
71. 12s. 6d. ; heavy steel rails, 8/. 10s. ; and galvanised 
corrugated sheets, 17/. 10s. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel—Many difficulties continue to arise 
from the failure to reach a settlement in the coal dispute, 
largely owing to further advances charged for all classes 
of fuel, but a greater obstacle is presented by the 
scarcity of steel and steelmaking materials. No basic 
steel is being manufactured, and though the position 
is to some extent relieved by supplies from Continental 
sources, deliveries are in arrear, and on the whole the 
tonnage available is inadequate to meet manufacturing 
needs. The crucible-steel trade, which supplies makers of 
high-class boring tools and other users of special steels, is 
largely operating on foreign coke. Some of the increased 
cost of manufacture has been passed on to crucible-steel 
users, though officially high-speed steel prices are un- 
altered. Cheap carbon drills are being made from 
imported steel, and there is a certain agitation in favour 
of these being stamped to show clearly that they are 
not made from Sheffield steel. Preparations for start- 
ing up the furnaces in the constructional trades are 
well advanced. The biggest plants have kept in stock 
sufficient supplies of pig-iron and scrap to enable them 
to put bulk steel on the market within a fortnight of coal 
deliveries returning to normal. Other plants, not so 
fortunately situated, will experience a delay of about 
two months until pig-iron is available from British blast - 
furnaces. Production in the lighter trades is rather more 
restricted than was the case a week ago. The shortage 
of basic billets is badly handicapping file manufacturers, 
who have been compelled to restrict their output and 
reduce their staffs. At the same time, there is a sub- 
stantial demand for all classes of small tools, particularly 
in connection with building trade operations, and an 
active future is assured as soon as adequate supplies of 
materials are available. 

South- Yorkshire Coal Trade.—Prices are still in the 
ascendant in almost every section of the coal trade, 
and, as a result, increased charges are notified from yas 
and electricity concerns, which have incurred substantial 
losses as a direct result of the coal strike. High prices 
are being paid for best house coal, under control arrange- 
ments. There is a widespread scarcity of coal and coke 
for manufacturing purposes, and quotations have reached 
a record level. Steel coke is commanding as much as 
80s. 6d. per ton at depots, compared with from 18s. 6d. 
and ll. per ton before the coal strike. Best steam hards 
also show a rise of between 200 and 300 per cent. since 
the beginning of May, the average price of 55s. to 60s., 
comparing with the earlier quotation of 20s. to 22s. 
Railway delays are increasing the difficulties experienced 
at depots. There is a strong demand for outcrop coal at 
prices ranging between 30s. and 40s. at workings. Con- 
tracts have been made to cover deliveries two to three 
months ahead. 





PERSONAL.—Messrs, Seller and Fraser, 144, St. Vincent- 
street, Glasgow, have been appointed by Messrs. Bruce, 
Peebles and Co., Limited, electrical engineers, Edinburgh, 
as their agents for the West and North of Scotland. The 
name of The Parsons Motor Company, Limited, Town Quay 
Works, Southampton, has been changed to The Parsons 01! 
Engine Company, Limited, but the business remains 
under the same management and at the same address.— 
We are informed that Messrs. A. and J. Main and Co., 
Limited, constructional engineers,of Glasgow and London, 
have acquired a controlling interest in Main Ropeways 
Limited, 47, Victoria-street, S.W.1—The registered 
offices of the British Cast Iron Research Association, 
hitherto at 75, New-street, Birmingham, together with 
the laboratory at 56, Guildford-street, Birmingham. 
have now been removed to 24, St. Paul’s-square, 
Birmingham.—Mr. A. K. Wilson has now joined the 
Board of The Parkgate Iron and Steel Company, Limited, 
in place of the late Mr. C. P. Markham. Mr. Wilson 
is Governing Director of Messrs. Spear and Jackson, 
Limited Aetna Works, Sheffield. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel Trade.—With the coal trouble still 
unsettled there has been no visible change in the state of 
the Scottish steel trade. There were hopes that the 
present negotiations would be successful, but even if they 
are, it will probably be a week or two before the heavy 
steel mills are in operation. Business all round is at a 
low ebb and buying is very much restricted. The only 
exception is the black-sheet trade, where there continues 
to be a good output and well-filled order books, which 
ensure steady running of plant well into the spring 
months. 
coal will stimulate buying, and there is the probability. 
of more concerns considering the advisability of restart - 
ing operations. Prices are still very firm, and the follow- 
ing are to-day’s market quotations :—Boiler plates, 117. 
per ton; ship-plates, 81. 2s. 6d. per ton; sections, 
7l, 17s. 6d. per ton; and sheets, under 7 in. to } in. 
122. to 127. 10s. per ton, all delivered at Glasgow stations. 
The export price for galvanised corrugated sheets, 
No, 24 gauge, is 17/. 5s. to 181. 5s. per ton, f.0.b. Glasgow. 


Malleable-Iron Trade.—The past week has brought out 
nothing fresh in connection with the malleable -iron trade 
of the West of Scotland. The turnover in re-rolled steel 
bars is very satisfactory considering the prevailing con- 
dition, but bar iron is extremely quiet. The current 
price for Crown bars is 12/. per ton, delivered at Glasgow 
stations. 


Scottish Pig-Iron Trade.—In Scottish pig-iron trade, 
there has been little movement during the past week. 
The possibility of an early settlement of the coal dispute 
has given a better feeling, but supplies all round are scarce. 
Foundry iron, for delivery after operations have been 
resumed, is quoted as follows :—No. 1, 5/. per ton and No. 3 
41, 10s. per ton, both in trucks at makers’ yards. 


Scottish Pig-iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, November 6, amounted to 75 tons. Of the 
total 20 tons were for foreign destinations and 55 tons 
went coastwise. For the corresponding week of last year 
the figures were 987 tons overseas and 50 tons coastwise, 
making a total shipment of 1,037 tons. 


Shipbuilding.—Messrs. D. and W. Henderson, Limited, 
Partick, Glasgow, have received an order from Messrs. 
Maclay and M’Intyre, Limited, Glasgow, for a steamer of 
8,000 tons deadweight.—The Greenock Dockyard 
Company, Limited, Greenock, have booked an order for 
another oil tank steamer for Messrs. Gow, Harrison 
and Co., Glasgow. The new vessel will be similar to the 
one booked in May, viz. of 8,000 tons deadweight. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W. 1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case :—The Municipality of Keetsmanhoop, South 
Africa, are calling for tenders, to be presented by Decem- 
ber 15, 1926, for the supply and delivery of the material 
required for an electric lighting scheme for the town. 
(Ref. No. BX 3007.)—The Post and Telegraph Depart- 
ment, Wellington, N.Z., invite tenders, to be presented 
by January 19, 1927, for electric bells and tumbler 
switches. (Ref. No. BX 3011.}—The Posts and Telegraphs 
Department, Melbourne, Australia, are calling for tenders, 
to be presented by January 18, 1927, for switchboard 
cable. (Schedule C 151.) (Ref. No. 3013.)—The Post- 
imaster-General’s Department, Melbourne, Australia, in- 
vites tenders, to be presented by January 25, 1927, for 
telephone transmitters and parts. (Schedule C 152.) (Ref. 
No. BX 3012.)—His Majesty’s Trade Commissioner at 
Wellington reports that the Public Works Department, 
New Zealand, are calling for tenders, to be presented by 
December 14, 1926, for substation cables and cable boxes 
for Arapuni, Section 188. (Ref. No. BX 3010.)—Tenders, 
to be presented by December 2, 1926, are invited by 
the Lisbon Harbour Board for the completion of dry 
docks, Nos. 3 and 4, at the port, comprising the supply 
of all the material and the execution of all the works 
thereby involved. Local representation is essential. 
(Ref. No. AX 3807.)—The Public Works Department, 
New Zealand, are calling for tenders for the supply, 
manufacture and delivery of structural steel screens for 
surge-chamber and ladder rungs in accordance with the 
specification. (Section 37.) (Ref. No. A 3809.)—There 
is another call, from the same source, for tenders for 
the manufacture, supply and delivery of penstock gates 
and one drain valve, all complete with operating mechan- 
ism, guides, bolts, and holding-down bolts, together with 
complete working drawings for erection, in accordance 
with the specification. (Section 25.) (Ref. No. A 3808.) 
Both the above tenders close on February 1, 1927. The 
specifications can be seen by British firms at the De- 
partment of Overseas Trade (Room 50), until Novem- 
ber 13, 1926. A copy of the specifications will be sent 
on loan to firms unable to arrange for inspection in 
London.—The Chief Mechanical Engineer's Branch 
of the New South Wales Government Railways and 
Tramways is inviting tenders for the manufacture, 
supply, and delivery of the whole of the electric train 
equipment required for 105 motor-cars and 100 trailer 
cars, as detailed in the specification, Tenders close 
in Sydney on January 26,1927. The specification can be 
seen, until November 19, by British firms, quoting Ref. 
No. AX 3810, at the Department of Overseas Trade 
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THe Institution OF MECHANICAL ENGINEERS.— 
To-night at 7 p.m., at Storey’s Gate, S.W.1. Informal 
Meeting. ‘‘ Estimating ’’ Introduced by Mr. L. J. T. 
Wheatley. Friday, November 19, at 6 p.m., “ Electric 
Locomotives: A Method of Classifying, Analysing and 
Comparing their Characteristics,’’ by Mr. T. A. F. Stone. 


NOTICES OF MEETINGS. 





Tue Instirution oF ENGINEERING INSPECTION.— 
To-night at 7.30 p.m., at the Royal Society of Arts, John 
Street, Adelphi, W.C.2. “Further Notes on Ciment 
Fondu,” by Mr. H. J. Davey. 


THE Junior Instirution or ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Annual 
General Meeting. Friday, November 19, at 7.30 p.m. 
Lecturette. ‘‘ Short Wave Wireless Communication,” 
by Mr. B. J. Axten. 


THe Ramway Crius.—To-night at 7.30 p.m., at 
Tothill-street, S.W.1. ‘‘ Light Signalling,” by Mr. 
Thorrowgood. 


THe BrirMINGHAM METALLURGICAL SocieTy.—Satur- 
day, November 13, at 7. p.m., at the Girls’ High School, 
Dudley. ‘“‘ Cast Iron,’ by Mr. J. E. Fletcher. Thursday, 
November 18, at 7 p.m.,'at the Engineers’ Club, Waterloo- 
street, Birmingham. Open Discussion on “ Metal 
Melting.” 

Tue INstTITUTION OF AUTOMOBILE ENGINEERS: GLAS- 
Gow CENTRE.—Monday, November 15, at 7.30 p.m., 
at the Royal Technical College, Glasgow. ‘‘ Recent 
Research on Friction and Lubrication,” by Mr. J. E. 
Southcombe. 
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THe Braprorp ENGINEERING Society.—Monday’ 
November 15, at 7.30 p.m., at the Technical College» 
Great Horton-road, Bradford. ‘‘ The Parsons 50,000 
kw. Steam Turbo-Alternator at Chicago.’’ Tllustrated 
by lantern slides and cinematograph film. 


THE Royat Society or Arts.—Monday, November 15, 
at 8 p.m., at John-street, Adelphi, W.C.2. Howard Lec- 
ture. “‘ Recent Experiments on the Properties of 
Steam at High Pressure ” (Lecture I), by Professor H. L. 
Callender, F.R.S. Wednesday, November 17, at 8 p.m., 
** Artificial Silk,” by Mr. T. Brough. 


THe Roya Instirutton.—Tuesday, November 16, 
at 5.15 p.m., at 21, Albemarle-street, W.1. ‘‘ The 
Acoustics of Public Buildings,’ by Dr. C. W. C. Kaye. 


Tue INstITUTE OF TRANSPORT.—Tuesday, November 
16, at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Graduates’ 
and Students’ Lecture: ‘‘ The Great Western Railway 
Goods Depot at Bristol,’’ by Mr. F. W. Lampitt. 


THE Institution oF Civit ENGINEERS.—Tuesday, 
November 16, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. ‘“‘H.M. Dockyard, Rosyth,” by 
Mr. Thomas Briggs Hunter and Mr. Arthur Langtry 
Bell. Wednesday, November 17, at 6.30 p.m., Students’ 
Meeting. Address by Mr. J. E. W. Monkhouse. 


Tue Society or Guiass TecHnoLtoey.—Tenth Anni- 
versary Meeting, Tuesday, November 16, at 7 p.m. 
Informal Dinner at the King’s Head Hotel, Sheffield. 
Wednesday, November 17. Visit to Glass Works of the 
British Thomson-Houston Company, Limited, Chester- 
field. At 1.15 p.m. Luncheon at the King’s Head 
Hotel, Sheffield. At 2.45 p.m., General Meeting, at 
the University, Sheffield. Presidential Address, by 
Mr. Walter Butterworth. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS: NORTH 
MIDLAND CENTRE.—Tuesday, November 16, at 7 p.m., at 
the Hotel Metropole, Leeds. Chairman’s Address by Mr. 
W. E. French. 

Tue Instirure or British FOUNDRYMEN: LANCA- 
SHIRE BRANCH. BuRNLEY SEection.—Tuesday, Novem- 
ber 16, at 7.15 p.m., at the Municipal College, Ormerod- 
road, Burnley. Lecture: ‘‘ A Talk about the Cupola,” 
by Mr. F. Perkins. 


_ THe Institution or AUTOMOBILE ENGINEERS: 
WoLVERHAMPTON CENTRE.—Tuesday, November 16, at 
7.30 p.m., at the Engineering Club, Queen-street, Wolver- 
hampton. ‘The Effect of Reduced Intake-Air Pressure 
and of Hydrogen on the Performance of the Slow-Speed 
Solid-Injection Engine,” by Mr. G. F. Mucklow. 

THe INSTITUTION OF ENGINEERS AND SHRIPBUILDERS 
in ScoTttanp.—Tuesday, November 16, at 7.30 p.m., 
at 39, Elmbank-crescent, Glasgow. ‘‘ Diesel Engines,” 


| Tue Socrety or TECHNICAL ENGINEERS: LONDON 
| BRaNcH.—Wednesday, November 17, at 7.30 p.m., 
at 102, Belgrave-road, S.W.1. “The New Laws 
Relating to Industrial Organisation in Italy,” by 
Commendotore Luigi Villari. 


THE Socrety oF TECHNICAL ENGINEERS : MANCHESTER 
AREA.—Wednesday, November 17, at 8 p.m., at Milton 
Hall, Deansgate, Manchester. ‘‘ Impressions of Industrial 
Conditions in U.S.A.,”” by Mr. S. Ratcliffe. 


Tue Institution oF MINING AND METALLURGY. 
Thursday, November 18, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly. W.1. ‘‘ The 
Internal-Combustion Engine : Some Modern Types and 
their Application to Mining,” by Mr. W. A. Macleod. 
‘A Method for Grading Variable Ores,’”? by Mr. W. F. 
Smeeth. 


Tue Institution oF EnecrricAn ENGINEERS.— 
Thursday, November 18, at 6 p.m.,!at Savoy-place, 
Victoria-embankment, W.C.2. Lecture, ‘The Appli- 
cations of Electricity to Agriculture,” by Dr. A. 
Ekstrom. Exhibition of a Film, ‘‘ American Agriculture 
and Farm-house Electrification,’”’ by Mr. J. W. Beau- 
champ. 

THe Royat AERONAUTICAL 
November 18, at 6.30 p.m., at the Royal Society o 
Arts, John-street, Adelphi, W.C.2. “Methods o 
Performance Testing and Analysis,” by Flight-Lieut. 
R. S. Capon. 

Tue West Bromwich ENGINEERING SocitrTty.— 
Friday, November 19, at 7.30 p.m., at the Technical 
School, West Bromwich. ‘‘ Steel-making and Special! 
Steels,” by Mr. F. A. Hurst. 

THE Institute oF British FOUNDRYMEN: LANCA- 
SHIRE BRANCH. JuNIOR SEectrion.—Saturday, Novem- 
ber 20, at 7 p.m., at the College of Technology, Sackville- 
street, Manchester. ‘‘ The Foundry Cupola,”’ by Mr. A. H. 
Goodger. 

Tae Hutt Association or ENGIneERS.—Saturday, 
November 20, at 7.15 p.m., at the Technical College, 
Park-street, Hull. ‘“‘ Starters for Alternating-current 
Motors,” by Mr. O. C. Dinermann. 


Socrety.—Thursday * 
f 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 
The Coal Trade.—There has been a comparatively 
large increase in the drift back to work, and the 
output, too, is increasing. The quantity of coal 
raised, estimated at about 50,000 tons per week, is, 
however, required for use in the district, though small 
quantities are released for transport to other areas. 
The commercial committee of the Monmouthshire and 
South Wales Coalowners’ Association have agreed that. 
the following maximum pithead prices shall be charged 
for Welsh coal: Large, 55s. per ton ; through, 508. per 
ton; and small, 40s. per ton. Previously these prices 
applied to coal for household use and gas:orks only, but 
they now relate to sales for all purposes. While the out- 
come of the efforts to settle the strike are still uncertain, 
it is hoped that an end to the dispute will qu ckly be 
reached, as many consumers of Welsh coal are now, 
as is usual at this time of the year, considering the 
question of contracting for their supplies over next 
year, and, unless a speedy settlement of the strike is 
reached, there is no doubt that business, which usually 
comes to South Wales will be lost to the Continent and 
America. The importation of foreign coal is, however, 
still proceeding on active lines, for, in the past week, 
112,530 tons were brought to the Welsh ports, of which 
105,930 tons came from America, 3,780 tons from 
Germany, and 2,820 tons from Belgium. To date no 
less than 1,350,000 tons of American, South African, 
Spanish and other Continental coal has been imported, 
and two cargoes of Indian coal are on the way to the 
district. Arrivals at the different ports during the past 


fortnight were as follows :-— 
Week ended 


Nov. 2. ov. 9. 

Tons. Tons. 
Cardiff 74,160 109,710 
Newport 30,920 1,080 
Swansea... 3,510 1,740 
Port Talbot 12,600 — 


The importation of foreign coal has provided remune- 
rative employment for a considerable number of dock- 
workers, though the tippers and trimmers continue idle 
owing to the absence of coal for export. 





by Mr. D. M. Shannon, 


THe Roya Institute or British ARCHITECTS.— | 
Tuesday, November 16, at 7.30 p.m., at 9, Conduit-street, 
W.1. Third Informal Illustrated Lecture on Architecture | 
to Workers in the Building Trades. ‘Good and Bad} 
Buildings,’”” by Mr. H. Robertson. 


Tue Royat MEeTEoROLoGIcAL Socrety.—-Wednesday, 
November 17, at 5 p.m., at 49, Cromwell-road, South 


Kensington, 8.W.7. ‘The Nile Flood and World | 
Weather,” by Mr. E. W. Bliss. ‘‘ An Investigation | 


of Periodicities in Rainfall, Pressure and Temperature | 
at Certain European Stations,” by Mr. D. Brunt, B.Sc. | 
“The Period of Simple Vertical Oscillations in the | 
Atmosphere,” by Mr. D. Brunt, B.Sc. } 


THE NORTHAMPTON ENGINEERING COLLEGE Exar. | 
EERING Socitety..—-Wednesday, November 17, at 5.30) 
p.m., at St. John-street, E.C.1. ‘The Future of the 
Diesel Engine,” by Mr. R. M. Hayes. 

THe LIveRPOOL ENGINEERING Socrety.—Wednesday, 
November 17, at 6 p.m., at The Temple, Dale-street, 
Liverpool. ‘Longitudinal Strength of Ships,” by 





(Room 50). 





Dr. A. M. Robb. 
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material is used chiefly as a manure. 


Iron and Steel_—Exports of iron and steel goods 
amounted to 2,535 tons in the past week, compared with 
5,318 tons in the preceding six days. With the excep- 
tion of the miscellaneous goods, all branches registered 
reductions, tinplates and terneplates falling from 3,689 
tons to 1,707 tons, black-plates and sheets from 315 tons 
to 269 tons, and galvanised sheets from 1,221 tons to 
87 tons, but other iron and steel goods were increased 
from 93 tons to 473 tons. 





Frencn Exports or Basic Stac.—According to 
figures quoted in a recent issue of La Technique Moderne, 
8,126 metric tons of basic slag were exported from 
‘ 24. Some 152,000 tons were supplied 
to Germany, 165,500 tons to Belgium and Luxemburg 
000 tons to Switzerland. In 1925, exports totalled 
metric tons ; this figure includes shipments from 


France during 19 


751,382 


the Sarre Basin, which is incorporated injFrench territory 


for customs purposes. Of this quantity, 516,600 tons 
were sent to Germany, 118,500 tons to Belgium and 
Luxemburg and 64,600 tons to Switzerland. The 
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COMBINED HEAT AND POWER 
PLANTS. 


PALMERSTON defined dirt as matter in the wrong 
place, and if we accept the Relativity view that 
mass and energy are convertible terms, Palmerston’s 
definition would seem to be equally applicable to 
the vast quantities of heat discharged from the 
condensers of our power stations, These wastes 
are certainly nearly as troublesome and difficult 
to dispose of satisfactorily as were the community 
wastes, responsible for the formulation of the adage 
quoted above. Indeed, it has been suggested that 
the scarcity of large rivers in this country may 
prove the factor limiting the size of inland power 
stations. Many of these are being run to-day with 
cooling towers, a plan which, in spite of great 
improvements in the design and operation of sur- 
face condensers, always involves some sacrifice. of 
vacuum, with a consequent increase in fuel costs. 
An additional objection to cooling towers is the 
vast spaces they occupy. They are, in fact, rapidly 
becoming—if, indeed, they have not already become 
—the dominant feature of the power stations which 
adopt them. They dwarf the turbine room into 
insignificance and overshadow to a lesser, but 
increasing extent, the boiler-house. In any case, at 
even the best of our large power stations some 
60 per cent. of the total heat in the fuel is dissipated 
in providing an unwanted supply of warm water, 
and so far as the larger power stations are concerned 
there appears to be no immediate prospect of 
diminishing this waste. 

Due, possibly, to the greater severity of its 
winters, Germany seems to have been more success- 











Thus, at the ‘World-Power Conference held at 
Wembley in 1924, Herr H. Eitel stated that 43 per 
cent. of the large steam turbines set to work in 
Germany, during the preceding five years, were of 
the bleeder type, and, indeed, that it was only by 
exception that turbines for industrial uses were 
of the ordinary pattern. With the other type, 
the turbines during the winter months are bled for 
heating steam, which is tapped off at a pressure of 
about 214 lb. per square inch. It.is therefore only 
in the summer season that these turbines are 
operated with condensers in the ordinary way. We 
have here an instance of a partial solution of the 


9| problem of disposing of waste heat, but applicable 


only in certain climates and during the colde 
months of the year. 

There are, however, not a few industries in which 
there is not only a heavy demand for power, but 
which also require large quantities of heating steam. 
In these cases it is becoming more and more generally 
recognised that, as matters stand, it is good policy 
for a works to have its own power station, even if 
this must be on too small a scale to be run with 
maximum economy. In this station the steam is 
generated at a fairly high pressure, and expanded 
down to that required for the heating steam or 
for manufacturing processes. In the discussion 
on Herr Eitel’s paper, this plan was criticised on 
the ground that the capital invested in the power 
station would be more profitably expended in 
perfecting manufacturing operations, since a manu- 
facturer, it was stated, turned over his capital 
six or eight times in a year, whilst the large 
power station did it but once in about five years. 
No doubt, there is some force in the view that it 
is generally well to concentrate on one thing, but 
there are exceptions, and it would seem that the 
practice of combining power production with the 
provision of heating steam is one of these, since the 
power is obtained almost as a by-product and at a 
price with which the ordinary power station, how- 
ever well equipped and however skilfully run, is 
quite unable to compete. In short, the greatest of 
all the power-station wastes is eliminated. 

Moreover, in certain of the chemical industries 
the amount of power required is very considerable, 
so that it becomes possible to adopt as elaborate an 
arrangement for fuel saving as in the largest stations 
devoted solely to power production. Certain 
important electro-chemical operations, therefore, 
in which both power and heating steam are required 
can be operated more economically in this country 
than in others more lavishly endowed with water- 
power resources. Unfortunately, the latter have the 
advantage in most electro-metallurgical operations. 

In some cases this advantage is offset by the fact 
that hydro-electric power stations are often far 
removed from the industrial areas in which the 
metals or chemicals, produced by electrical methods, 
must be used, so that freight charges to and 
from the reduction works may form an important 
fraction of the total costs. Thus, it has been 
estimated that it is more profitable to smelt scrap 
steel electrically at Sheffield than in the Highlands, 
although the cost of a kilowatt-year is perhaps 141. 
in the one place and 4J. in the other. In this 
metallurgical operation, however, the total power 
required is relatively small, being about one-fifteenth 
of a kilowatt-year per ton. The final product, 
moreover, has to be sold at a somewhat moderate 
price. To produce a ton of aluminium, on the other 
hand, requires energy to the extent of about 3} kw.- 
years and the metal fetches over 100/. per ton. 
In this case the freight charges form only a. small 
fraction of the total costs, and as a consequence the 
metal is produced to-day almost exclusively by 
means of water power. Were it practicable to 
group industries in such a way that those requiring 
much heat and little power were united in co-opera- 
tion with electric smelting plant, it might yet prove 
possible for steam power to compete successfully 
with ‘‘ white coal,” even for the production of 
aluminium. 

Large-scale operations in the joint production of 
heat and power are, however, still the exception, 
being confined almost exclusively to certain chemical 
works. During the last few years, however, a large 
number of small plants have been erected, in which 





ful in utilising waste heat than we have been. 











this highly desirable combination has been carried 
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into effect. Thus, at Manchester, exhaust steam 
from the Dickinson-street electricity works is 
supplied for heating purposes to a number of 
neighbouring offices, and the system of supplying 
hot water from a central station where power can 
also be generated has been adopted for the buildings 
on the Blackley and Gorton estates of the Manchester 
Corporation. Large hotels, schools and asylums are 
also finding it advantageous to generate their own 
electricity by means of pass-out engines, the exhaust 
being utilised for heating purposes, and similar 
plants have been installed by numerous industrial 
establishments, almost every trade, from boot- 
making to aeroplane works, being represented. 
The pressure at which the heating steam is bled is 
sometimes as low as 1 Ib. per square inch gauge, 
and occasionally is as high as 70 Ib. The more 
usual figure ranges between 5 and 10 Ib. per square 
inch. In most cases reciprocating engines are 
preferred to turbines, since it is only in large units 
that the high pressure end of a steam turbine is as 
efficient as a corresponding reciprocator. Hundreds 
of such engines have been supplied during the past 
few years, and in some cases nearly 7,000 h.p. is 
developed in individual plants. In outputs of this 
magnitude, however, the low first cost and the small 
space occupied constitutes a strong argument in 
favour of the turbine. It is conceivable that the 
steady growth of these combined plants may 
threaten the success of the Government scheme for 
superpower stations. A precedent for such a result 
is to be found in the history of the power gas supply 
in Staffordshire, where at the outset it was expected 
that the gas would be used mainly for power 
production, but the development of the suction gas 
producer made it necessary to find other customers, 
and to pay special attention to the improvement of 
gas-fired furnaces. : 





ELECTRICITY SUPPLY STATISTICS. 


THE Electricity Commissioners have now issued 
their second return of engineering and financial 
statistics relating to Authorised Undertakings in 
Great Britain,* which covers the two years ending 
March 31 or May 15, 1925, for Local Authority 
undertakings and December 31, 1924, for company 
undertakings. This is issued in pursuance of the 
decision of the Commissioners, announced in the 
previous Return, to undertake the preparation— 
presumably also the publication—of an annual 
volume of statistics. The present Return is in 
substantially the same form as the previous one, and 
will usefully find place among the books of reference 
relating to the industry and service. As its title 
implies, it does not deal with the supplies given by 
undertakings without statutory powers, or with 
those which railway and tramway authorities or 
private industrial undertakings, such as collieries, 
yenerate for their own use, and a complete sub- 
division has not always been possible where an 
undertaker holds statutory powers for more than 
one undertaking. Subject to these exceptions, 
the return provides a comprehensive statement of 
the leading particulars of each authorised under- 
taking, and the statistics are summarised in a 
series of tables and an introductory general review. 

With the immediate mterest of the Electricity 
Bill in mind, readers would doubtless have been 
glad to have had an account of the performances of 
the most modern and efficient stations, separated 
from those of the earlier stations, the results of which 
afford little or no indication of what could be 
expected from further developments on the present 
lines. Such information, if they want it, they 
must extract for themselves from the alphabetically- 
arranged tables in the body of the book. The 
summary tables deal necessarily with the results 
as a whole ; sometimes, indeed, divided into groups 
according to their several grades of efficiency, but 
always dealing with averages, which mask the 
best results to a greater or a less extent by taking 
account of the results obtained by all stations or 
by all within the group. Nevertheless, the figures 
of the two years under review, when compared with 
those for the preceding years, show in many respects 
& progress in the aggregate or average service that 
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is not concealed by the inclusion of the less efficient 
undertakings. 

The number of undertakings increased in the 
period under review from 494 to 541, counting 
multiple undertakings on the same basis for both 
periods, and the capacity of their generating plant 
increased by just over 20 per cent. to about 3,750 
million kilowatts, though the number of stations was 
only about 5 per cent. larger than at the end of the 
earlier period. The output generated by recipro- 
cating steam plant fell, and of that generated by 
steam-turbine plant increased by about 4 per cent., 
the latter finally accounting for approximately 
90 per cent. of the total installed capacity. Of 
the supplies generated by oil or gas engine or water 
plant, aggregating in each period less than 2 per 
cent. of the total installed capacity, only about a 
tenth was generated by water power. Of the steam- 
turbine driven plant all but about 4 per cent. was 
provided by alternators. The proportion of the 
alternating-current plant generating at 50 cycles per 
second increased by about 4 per cent., to over three- 
fourths of the alternating-current capacity installed. 
The current actually generated increased by approxi- 
mately a third, in about equal annual increments, 
and the amount sold in a slightly higher proportion. 
The percentage of undertakings which sold less than 
100 units per head of population per annum fell 
from about 80 per cent. to about 70 per cent., and 
the average annual consumption per head of 
population throughout the whole country, taken 
over all authorised undertakings, increased by a 
third, apart from any variations in the large supplies 
generated for traction, colliery, and other indus- 
trial purposes outside the stations of authorised 
undertakers. Though the amount of energy sold in 
bulk increased by one-half, the increase in its 
proportion of the. gross public supply was less than 
1 per cent. of the total. The aggregate maximum 
loads on the authorised undertakings increased 
by about 28 per cent., and on their generat- 
ing stations by about 25 per cent., showing a drop 
in surplus installed capacity from about 69 per 
cent. above aggregate maximum demand to 
62 per cent. The combined load factor of the 
entire generating plant of undertakers in Great 
Britain improved from 28 per cent. to 30 per cent. 
though the latter figure had been reached in 1920-21. 
Perhaps the most striking improvement is in the 
fuel consumed in generation, which, neglecting 
any differences in calorific value, showed a gain in 
output per ton of fuel of about 10 per cent. for 
the period, or 34 per cent. as compared with 1920- 
21. During the period under review the number of 
stations which generated 1,000 units or over per 
ton of fuel, increased from 1] to 27, the minimum 
average consumption at any station being 1-75 lb. 
per unit generated. 

These results, though in no way throwing doubt on 
the view that a large field exists for expansion in the 
supply of electricity, are clearly inconsistent with 
any suggestion that the service is stagnant, or that 
as a whole it has not made notable progress. A 
similar conclusion is suggested by the financial 
statistics. The first circumstance they force on the 
attention is the very considerable dimensions to 
which the service has attained. In the period under 
notice some 36,000,000/. have been spent on capital 
account, which now stands at not far short of 
200,000,0007. The expenditure on this account 
appears, moreover, to have been justified by the 
sales. 

The expenditure of 1924-25 was accompanied 
by a ratio of sales to capital expenditure some 20 per 
cent. higher than in 1921-22, although, by reason 
of reductions in charges for current, the revenue 
per cerit. of capital expenditure had _ steadily 
decreased throughout the periods reviewed in both 
returns. The figures of working costs show un- 
interrupted reductions throughout the entire period 
covered by both returns. Apart from a heavy fuel 
charge in 1921-22, due partly to the high cost of 
fuel, the most substantial and progressive reduction 
in the costs of generation has been in costs other than 
fuel—i.e.. wages, repairs, and stores—which, in 
1924-25, were not much more than half what they 
were in 1921-22. A reduction of about 10 per cent. 


has also been made in distribution, management, 
and other working expenses per unit sold. 


These 


costs are exclusive of capital charges, and it may be 
questioned whether clearer estimates and com- 
parisons of the industrial performance of different 
undertakings would not be obtained by adopting 
coefficients for these charges and applying them to 
the working costs. As they stand, however, they 
are quite significant for comparing what are mainly 
the same undertakings over a series of years, and 
their evidence leads-obviously to conclusions similar 
to those that flow from the engineering statistics. 
It is to be observed, incidentally, that in each of 
| the years under review the gross surplus of revenue 
after paying working expenses, out of which interest, 
dividends, depreciation and reserves had to come, 
lay for over 80 per cent. of the undertakings between 
| 5 per cent. and 15 per cent. on the capital spent. 

| 


| THE 1925 TRAFFIC CENSUS. 


| 

AN indication of the growth of road traffic is 
afforded by the annual taxation returns for motor 
vehicles, but these, while giving a reasonably- 
aecurate indication of the growth as a whole, afford 
no clue as to its distribution throughout the country. 
If the distribution approached uniformity, there 
would be no traffic problem, as the latter is entirely 
created by the concentration of vehicles at certain 
points, or along certain routes. The congestion at 
any particular point is dependant not only upon the 
number of vehicles approaching in a given period, 
but also on the width of the road and the mobility of 
the traffic, and the census which is now being under- 
taken by the Ministry of Transport is of particular 
value in that it affords information on both the 
distribution of traffic over the whole country and its 
mobility. Actual traffic blocks do not come within 
the scope of the census, as observation points 
were selected, with few exceptions, either in the open 
country or on the outskirts of the larger towns, but 
even on this point valuable information could be 
deduced by studying the nature of the approaching 
traffic, as revealed by the census, in conjunction with 
local conditions. 

The last census was made in August, 1925, at 4,603 
selected points on the 24,000 odd miles of Class | 
roads in Great Britain. As far as possible, the 
selected. points were the same as those employed in 
the previous census, held in August, 1922. The 
main difference between the two records lies in the 
fact that the scope of the census was extended to 
include a number of points on the fringe of London 
and other large towns. In both cases the count was 
made during a period of seven consecutive days for 
sixteen hours a day, and the difference between the 
two sets of figures may therefore be taken to repre- 
sent the growth of traffic at the various points with 
considerable accuracy. The results in all cases 
are given in tons per day, the average weight of 
each type of vehicle being estimated for this 
purpose. Before going into the figures, it may be 
explained that Class I reads include the main traftic 
arteries, and receive from the Road Board a con- 
tribution towards their upkeep in proportion to 
their importance. Roads of secondary importance 
are grouped under Class II, the respective figures for 
1925 being 24,553 miles of first-class roads and 
15,625 miles of second-class. A census for the latter 
class of roads was taken in August, 1923, and details 
of this were given on page 837 of our issue for 
December 19, 1924. 

It is obviously out of the question to enter into 
the figures for the 1925 census, just published in 
detail, but it appears from the tabulated results, 
given in an appendix to the report, that the average 
traffic over the whole country has nearly doubled in 
the three years’ interval represented by the figures 
for 1922 and 1925. This conclusion is confirmed by 
a series of graphs accompanying the report, which 
show the average daily number of vehicles over 
selected roads in six counties. Corresponding 
graphs for August, 1911, are given, and in most 
cases the growth in the past three years is fully 
equal to that in the eleven years between 1911 and 
1922. As regards the weight of traffic, a table in the 
report brings out that, whereas in the 1922 cerisus. 
1,220 points showed a passage of less than 500 tons 
per day, in 1925 the corresponding figure was only 
642. The number of points at which over 5,000 
tons per day were registered was 62 in 1922 and 330 
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in 1925, but these figures are no doubt affected by the 
inclusion of points on the outskirts of large towns to 
which we have already referred. The congestion on 
the northern approach to the London Docks, to 
which attention has been frequently directed, is 
indicated by the fact that the census point with the 
highest average daily weight—45,486 tons—was near 
the Iron Bridge over the River Lea. It should be 
mentioned, however, that this figure covers the full 
twenty-four hours. 

The census clearly brings out the value of the 
various new arterial roads round London. This is 
indicated by the volume of traffic utilising these 
roads, and one or two representative figures may be 
quoted. Onthe Rainham By-pass the daily tonnage 
was 3,000; on the new Eastern Avenue at Ilford, 
4,344 ; and on the new Southend road, 4,000. In 
tables accompanying the report, the traffic is 
analysed into types on two selected routes, namely, 
London to Dover via Chatham, and London to 
Eastbourne via Purley. Similar statistics for all the 
principal Class I routes can be consulted at the 
Ministry of Transport, or at the offices of the 
Divisional Road Engineers. The chief point brought 
out by these tables is that the proportion of horse- 
drawn to total traffic at each census point is, 
generally speaking, even less in 1925 than it was in 
1922. This does not necessarily indicate that the 
total bulk of horse-drawn traffic is decreasing, since 
it is reasonable to assume that this class of traffic 
is being more and more diverted to minor roads, or 
is employed for short-distance journeys in towns. 

As the census records include information regarding 
the material of the road surface at the various obser- 
vation points, useful statistics are made available 
concerning the improvements made between the 
1922 and 1925 census. A table is given showing the 
number of census points where the road is laid with 
water-bound macadam, surface-tarred macadam, tar 
macadam, bitumen or asphalt surface, wood blocks, 
granite setts and concrete. The great majority of 
Class I roads are shown to be laid with either surface- 
tarred or tar macadam, these two facings comprising 
about 70 per cent. of the total. Water-bound 
macadam is recorded at about 17 per cent., bitumen 
or asphalt surfaces in about 6 per cent., and 
granite setts in about 3 per cent., of the census 
points ; wood block paving is recorded in only 34, 
and concrete in 13, out of a total of 4,392 points 
tabulated. A comparison between 1922 and 1925 
shows that untarred water-bound macadam surfaces 
have fallen from 38 to 12 per cent. of the total in 
England and Wales, and from 64 to 39 per cent. in 
Scotland. 





NOTES. 
Puovro-E.asrtIicity. 

‘Tue Thomas Hawksley lecture was delivered at 
the Institution of Mechanical Engineers on Friday, 
last by Prof. E. G. Coker, F.R.S. The lecturer chose 
as his subject the optical methods of determining 
stresses, with which his name has been so closely 
associated in the past. In his opening remarks he 
explained how the colours seen when a strained but 
transparent body is traversed by polarised light 
provide a measure of the difference between the 
principal stresses at each point. He also explained 
briefly that the sum of these principal stresses could 
be determined by measuring the transverse con- 
traction of the body at each point. A combination 
of the two sets of observations gave the value of 
each of the two principal stresses. These could, he 
stated, also be determined by purely optical obser- 
vations, but as the result then depended upon an in- 
tegration, there was a liability to cumulative errors. 
Incidentally the speaker described a very compact 
form of spring balance in which the spring took the 
form of a simple ring which was subjected to tension 
across a diameter. By suitable multiplying gear 
the stretch along this diameter was recorded on a 
greatly magnified scale. The author also gave a 
simple mathematical proof of the well-known 
proposition that in cases of plane strain the distri- 
bution of the stresses is independent of the elastic 
constants of the material at least so long as the 
body strained is “ simply connected.” It is there- 
fore possible to determine the stresses in a steel 
structure by experiments on a celluloid model. It 


is, of course, a commonplace that in most of the 
failures met with in practice, the elastic limit of the 
material has been exceeded, and of late years much 
attention has been devoted to the question of plastic 
flow. This has been investigated optically by Prof. 
Coker, who finds that the peculiar optical properties 
of transparent bodies subjected to strain are retained 
even when the elastic limit is exceeded, and persist 
until the material is so broken up that light fails 
to get through it. This property has been utilised 
to locate the points at which failures commence, and 
the speaker suggested that we had here a means for 
securing uniform strength in machine parts subject 
to complex stresses. To this end a model would 
be made in celluloid and tested until the photo-elastic 
effects gave evidence of local failure. A new model 
would then be made proportioned so as to reduce the 
stress at the weak point and the experiment repeated. 


Tue AGE HARDENING OF Y-ALLOY. 


The accelerated ageing of alloys of the Duralumin 
class, which consists in tempering the quenched mate- 
ria] at temperatures in the neighbourhood of 100 deg. 
C., for short periods, is a process which has been 
successfully applied for some years past. In order 
to obtain definite quantitative data on the behaviour 
of Y-alloy, when subjected to a low-temperature 
tempering of this type, an investigation was recently 
carried out by Messrs. 8. L. Archbutt and J. D. 
Grogan, at the National Physical Laboratory. The 
work was performed for the Engineering Research 
Board of the Department of Scientific and Industrial 
Research, and the results obtained are set out in a 
report issued recently by the Aeronautical Research 
Committee. The most important conclusion arrived 
at is that in the case of wrought Y-alloy age-harden- 
ing is substantially completed by exposing the speci- 
men to a temperature of 100 deg. C., for half an 
hour, either immediately after quenching, or at any 
convenient time afterwards, within the period 
examined, namely, 16 hours. It was also ascertained 
that the properties of material aged in this way are 
similar to those possessed by Y-alloy aged at atmos- 
pheric temperature. Machined test pieces of the 
wrought alloy, heat-treated at 520 deg. C., and 
quenched, were found to have an ultimate strength 
of 19-9 tons per square inch, and a Brinell hardness 
of 81-7. Tempering at once at 100 deg. C. for 
half an hour gave the material an ultimate strength in 
the neighbourhood of 26 tons per square inch, and a 
Brinell hardness of 105. Tests carried out on the 
quenched alloy after 16 hours ageing showed that 
the ultimate strength was 21-2 tons per square inch, 
and the Brinell hardness 92. Upon tempering this 
specimen at 100 deg. C., for half an hour, the ultimate 
strength was brought up to 25 tons per square inch, 
and the Brinell hardness to 106. Air-aged Y-alloy 
test pieces possessed an ultimate strength of about 
24 tons per square inch, and a Brinell hardness 
number of 109. An interesting point brought out 
in the course of the investigation was that when 
material was exposed to a temperature of 100 deg. C. 
for periods too short to complete the hardening, 
ageing proceeded at atmospheric temperature 
until the process was completed. Some work 
carried out on chill-cast material indicates that the 
age-hardening of castings can also be accelerated. 





In the best series of results obtained, ageing was 
substantially completed by a two-hour tempering 
treatment at 100 deg. C., carried out immediately 
after quenching. 





THE ACOUSTICS OF PUBLIC 
BUILDINGS. 

Tue delivery of the lectures at the Royal 
Institution having been interrupted last May by 
the labour troubles, the Institution has arranged 
for a special November-December session. On 
Tuesday, November 2, Dr. G. W. C. Kaye, M.A., 
Superintendent of the Physics Department of the 
National Physical Laboratory, opened this supple- 
mentary series by giving the first of three Tyndall 
lectures on “‘ The Acoustics of Public Buildings.” 
The study of acoustics, he remarked in his intro- 
duction, had always received attention at the Royal 
Institution. Count Rumford and Sir Humphry 
Davy assisted the architect, Mr. Webster, in design- 





ing an Institution theatre the acoustics of which 





should be beyond reproach. When the House of 
Parliament had been destroyed by fire in 1834, 
Faraday stated before a House of Commons com- 
mittee that the theatre was almost perfect for a 
single speaker. Much of the great work of Tyndall 
and of Rayleigh on sound was done when they were 
Fullerian Professors to the Royal Institution,and 
“The World of Sound ’’ was the title chosen by the 
present Fullerian Professor, Sir William Bragg, when 
delivering his Christmas lectures there in 1919. 
Although the fundamental principles of acoustics 
were laid down in this country a century ago, little 
had. been done here, until recently, on applied 
acoustics as a quantitative science. Present day 
activities, however, included the Signals Experi- 
mental Establishment at Woolwich, under Major 
W. 8S. Tucker, which was primarily concerned with 
the acoustic requirements of the Fighting Services ; 
the Building Research Station which under Dr. 


| Stradling inquired into the acoustic properties of 


building materials; while the National Physical 
Laboratory took up the study of acoustics in 1922, 
and an Acoustic Committee of the Department of 
Scientific Research was formed in 1924. Apart 
from these activities and a few private investi- 
gations, architectural acoustics in this country were 
somewhat neglected as compared with the state of 
things in the United States and Germany. 

Dealing first with the production and measure- 
ment of sound, Dr. Kaye said that sound waves 
were both reflected and refracted, and showed inter- 
ference with one another. Not more than a few 
millionths of the sound energy would penetrate 
through a truly rigid, non-porous wall of wood or 
stone, which was more efficient as a sound reflector 
than the best mirrors were for light. In speech the 
wave-length varied from a few inches to 20 ft. If 
not dissipated into heat or some other form of energy, 
sound waves should go on for ever. The energy they 
represented was small, and Mr. R. L. Jones, of the 
American Telegraph and Telephonic Company, had 
calculated that a million persons would have to talk 
incessantly for 1} hours to produce enough heat to 
make a cup of tea. There were various sources of 
pure sounds. Organ pipes, used by Sabine in his 
researches, always gave harmonics, the open pipe 
giving the full series, but the closed pipe only the odd 
members of the series ;_ the diapason (flute pipe) note 
was purer. The harmonics could be filtered out by 
Quincke’s method, in which the sound was led 
through a short horizontal pipe, making a T with a 
vertical tube ; this tube was tuned by means of a 
sliding piston to the desired frequency which the 
pipe then absorbed. The improved motor-driven 
sirens of E. A. Milne and R. H. Fowler produced 
pure sounds of low frequency. But electric loud 
speakers, actuated by alternating current of pure 
sine-wave form, checked by a cathode-ray oscillo- 
graph, were superior and highly elastic generators 
of sound. 

In the ordinary electro-magnetic microphone or 
loud speaker (Fig. 1), the diaphragm oscillated under 
the influence of the varying strength of an electro- 
magnet, and the sensitivity varied with the tem- 
perature, which probably altered the gap between 
the pole and diaphragm. The electrodynamic loud 
speaker or microphone (Fig. 2) was preferable. The 
diaphragm carried a coil moving in a constant field. 
The corrugated diaphragm, which vibrated at a 
fundamental frequency outside the acoustic range, 
and which had been found constant and free from 
lag by Dr. A. H. Davis and Mr. N. Fleming, at the 
National Physical Laboratory, had an acoustical 


| energy transmission proportional to the square of the 


exciting current over a range of activity of about 
15,000 fold. The construction of these two types 
of loud speakers was practically that of microphones 
for sound measurements, but the coils were fed 
with alternating -currents to emit sound, whilst in 
the microphone the vibrating diaphragm set up 
alternating-currents in the coil. The instruments, 
presently to be mentioned, of Webster and Tucker 
and others, could similarly be reversed. 

For quantitative measurement of sound intensity 
the human ear was unsuitable, in spite of its extra- 
ordinary sensitiveness to ranges of frequency and 
intensity. In whistle blowing Rayleigh estimated 
that the amplitude of the aerial vibration was only 
8 x 10-8cm., assuming that all the energy of 





606 


ENGINEERING. 





[Nov. 12, 1926. 








blowing had been converted into sound. In the 
Rayleigh disc for sound measurements, a disc was 
suspended between two adjustable cylindrical reso- 
nators. Exposure to sound of the correct pitch set 
up oscillating currents between the resonators which 
gave the disc a turning moment proportional to the 
square of the air velocity. The instrument was 
very sensitive, and responded only to sound of the 
correct pitch ; but many resonators were required 
for testing over wide ranges. Dr. A. G. Webster’s 
phonometer, which was fully illustrated on pages 
763 to 765 of ENGINEERING, June 24, 1921, and is 
shown diagrammatically in Fig. 3, employed over 
a limited range would compete in sensitiveness 





Fig.1. MODIFIED ELECTROMAGNETIC 
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Fig.4. TUCKER SELECTIVE HOT WIRE 
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with the human ear. In the hot wire microphone 
of Tucker and E. T. Paris—much used during the | 
war for detecting the position of heavy guns—| 
(Fig. 4) a platimum wire 0-0006 cm. in diameter, | 
mounted in the mouth of a resonator, was heated to 
dark red by an electric current, and cooled by the | 
sound waves, the decreased wire resistance being | 
measured on a bridge; the resonator was tunable | 
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microphonic instruments were amplified by valves 
for measurement by hot-wire milliammeters, the 
amplifier itself being calibrated by the e.m.f. derived 
from the secondary of a variable inductometer 
through the primary of which an alternating current 
of the microphonic frequency was passed. In 
practice it was best to calibrate each of a series of 
microphone readings as taken, a selector switch 
being so arranged that either the unknown e.m.f. 
from the microphone or the known variable e.m.f. 
from the inductometer could be connected to the 
input of the amplifier system; the inductometer 
was then adjusted until the ammeter deflections 
were equal. The general lay-out of the apparatus 


Fig. 2. ELECTRODYNA MIC MICROPHONE. 
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Fig.8 . ELECTRICAL EQUIPMENT FOR PRODUCTION 
AND MEASUREMENT OF SOUND. 
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ference from outside could be suppressed by tuning 
the amplifier with the aid of the parts D of Fig. 8. 
For low acoustic frequency tests the oscillatory 
coils became rather large and costly, however, and 
ordinary large loud speakers were usually somewhat 
insensitive in the low-frequency region. 

Various methods were available for studying the 
wave-form of acoustic notes for purity. When 
diaphragm oscillations were photographically re- 
corded as in D. C. Miller’s phonodeik and the Low- 
Hilger audiometer (illustrated in ENGINEERING, 
January 25, 1924, page 108), resonances of the 
diaphragm and other parts were difficult to exclude. 





The condenser microphone coupled with amplifiers 


Fig. 3, WEBSTER'S PORTABLE SELECTIVE 
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| was free from that source of error over the ranges 
|of speech and music; suitable arrangement for 
'sound analysis had been described by Wegel and 
| Moore in 1924. The interpretation of acoustical 
| data for buildings had to realise the limitations of 
' human audition as to frequency and intensity. The 

lower and upper limits of audition were estimated 

at 8 to 40 and 12,000 to 50,000 vibrations per 
/second. The minimum air pressure intensity 
decreased first with increasing frequency, from 1 
'dyne per square centimetre at 32 vibrations, to 
| 00009 dyne at 1,029 vibrations, and then increased 
| again to 0-1 dyne at 16,384 vibrations. The ear 

was particularly sensitive in the frequency region of 
| ordinary speech, 1,000 to 5,000. But though the 
| intensity range was amazingly large, the ear being 
| able to pick up a pressure variation of one thousand 


over a limited range, but a series of resonators of | for loud-speaker testing was indicated in Fig. 7, millionth of an atmosphere, the ear could hardly 


different sizes was required for large ranges, asin all 
selective instruments, and the hot wire was more 


while Fig. 8 showed the connections. Residual 


imperfections in the wave of the oscillator were 


| estimate a difference of 10 per cent. in the intensity 
of two notes which were alternately sounded and 


sensitive for low (up to 500) than for high frequen- | filtered out by the tuned amplifier. The current failed thus as an instrument for sound comparison. 
cies. Telephonic sonometers were microphones | actuating the loud speaker was derived from the |The sensitiveness varied, moreover, considerably 


combined with instruments for measuring alter- 
nating-currents. 


In the new form of the Wente condenser micro- |ammeter A,. The microphone for exploring an, 
acoustic field was connected with the input of | 
the tuned amplifier system through the selector | 


phone (Fig. 5), a thin, highly-stretched steel dia- | 
phragm and a brass back-plate formed a condenser | 
with an air gap of 0 001 in. ; the condenser was kept | 
charged from a 200-volt battery through a high | 
resistance. Vibrating under the action of sound the | 
capacity was changed, which set up an alternating | 
electromotive force. Annular grooves were cut into | 
the face of the back-plate for damping. The natural | 
period of the stretched diaphragm vibrations was | 
high, 10,000 to 20,000, and the microphone was | 
almost uniformly sensitive to sounds of a wide range | 
of frequency as diagram Fig.6 showed. Although, | 
owing to the high tension of the diaphragm, the | 
sensitiveness was not high, the advantage of the | 
absence of selective sensitiveness was great. 

The small electromotive forces set up in these | 


oscillator output by an air-core transformer and | 


was passed through the resistance R and the 


switch K; the output was connected with a 
hot-wire milliammeter or a thermo-junction. The 
comparison e.m.f. from the inductometer was 


obtained by coupling its primary to the loud speaker, | 


so that a current was sent through the primary 
which was identical in frequency with that actuating 
the loud speaker; the secondary of the inducto- 
meter was then joined to the selector switch K. 

This arrangement, used at Teddington, was very 
convenient for wide frequency and intensity ranges 


and only involved tuning; but the e.m.f. involved | 
was so small that the apparatus had to be well | 


screened in metal boxes, and the lamp wires, &c., 
to be sheathed with metal tubing. Serious inter- 


with the frequency and the individual. The voice 
| energy was mostly of low pitch, but the character- 
istics essential to intelligibility were carried by 
high-frequency sounds. In a closed room sound 
was scattered more than reflected, and continued to 
reverberate until vibrations were damped out by 
| frictional conversion into heat. In a small empty 
room of the National Physical Laboratory a word 
spoken in ordinary voice remained audible for seven 
seconds. But there was also in most rooms 4 
| good deal of focussing, interference and resonance 
effects, so that regions of comparative loudness and 
silence were produced. With high notes particu- 
larly, the nodes and antinodes could easily be 
detected if one ear were stopped up. Good acous- 
tics demanded absence of single echoes, uniform 
loudness, and absence of reverberation, so that the 
sounds died away quickly, and of selective reson- 
ance and soundproof walls. 
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THE ECONOMIC SITUATION OF 
BRITISH ENGINEERING INDUSTRY. 


Art the request of the Preparatory Committee of 
the Economic Conference of the League of Nations, 
the British Engineers’ Association has prepared 
what it calls a monograph on the economic situation 
of British engineering industry. This document, 
which is published by the Association at 32, Victoria- 
street, S.W.1, at the price of 5s. net, is said to be 
modelled on the same body’s report on the engineer- 
ing industry, presented to the Government Com- 
mittee on Industry and Trade in March of last 
year, to which we referred in detail at the time.* 
The future may disclose the use to which the 
Preparatory Committee may put it, but in the mean- 
time the Association has been inspired wisely in 
believing that the information it has collected will 
be of immediate interest to the people of this 
country. The Association has been advised no less 
happily in following the form of its earlier report, 
to which indeed the present publication is to be 


Fig.1. VALUES OF IMPORTS AND EXPORTS OF 
METAL, ENGINEERING AND ALLIED PRODUCTS 
EXPRESSED AS PERCENTAGES OF/9/3 TOTALS. 
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“ENGINEERING” 
regarded as a sequel. The previous report was 
conspicuous for the admirable care that had been 
taken to make it readily intelligible to its readers. 
Its successor is presented on exactly the same scheme 
of exposition. Its statistical information is given 
in an appendix on the same lines as before, with 
several additional tables and graphs, and an intro- 
ductory analytical description which avoids the need 
for extended commentary in the body of the report. 
Mr. D. A. Bremner, the Director of the Association, 
and his staff, are to be congratulated not only on 
having set a standard for the exposition of technical 
statistics, but on having adhered to it in their present 
publication. It involves a careful analysis of the 
results, which must have involved much labour in 
preparation ; but this must have been actually out 


Enquiry was, of course, not made into the situation 
of other industries, which may have been no better 
off. 

The accompanying diagrams, prepared from some 
of those contained in the present report, illustrate 
the account that it gives of the actual cost and 
present position of the engineering trades. The 
figures are brought as nearly up to date as the 
available material allows. Fig. 1 gives an overall 
view of the course of the engineering trades, sum- 
marising the exports and imports of metal, 
engineering and allied products, including iron, 
steel, and non-ferrous metals and manufactures 
thereof, electrical goods and apparatus, cutlery, 
hardware, implements, &c., machinery, ships, 
locomotives, aircraft and vehicles of all kinds. 
The figures compared are the values of these exports 
and imports up to date, corrected to the prices of 
1913, and expressed as percentages of the figures for 
that year, those for 1926 being calculated on the 
basis of the returns for six months. The corre- 
sponding figures given in the earlier report went 


'g.2. IMPORTS AND EXPORTS OF MACHINERY. 
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of all proportion small when compared with the 
labour saved to the reader. The result helps the 
reader, as it must have helped the compilers, to a | 
clearer view of the actual ground covered than the 
bare collection of figures would afford. In the 
present instance, the convenience of the reader is 
consulted further by reprinting the text of the 
earlier report in an appendix. 

In the light of the full analysis of the situation 
given in the earlier report, the chief interest of the 
present statement lies in the change which has 
occurred in the interval. It will be remembered that 
as a fundamental part of the earlier report, a com- 
parison was instituted between the pre-war and post- 
war situations. It was pointed out that in view of 
the increased population of the country and its 
enormously increased financial burdens, the pre-war 
standard of living in an industry could not be main- 
tained permanently without a considerable increase 
in its earnings, and that pre-war outputs must be 
regarded as standards, not of attainment, but merely 
of comparison. It was shown, however, that even 
this standard was far from having been reached in 
the engineering trades; and when account is also 
taken of the general rise in the standard of living, 
and of the country’s overhead charges, little doubt 
can be felt that this important section of the nation’s 
industries, if debited with its share of these charges, 
was being carried on for the time being at a loss. | 








* ENGINEERING, April 10, 1925, page 453, and April 24, li 


1925, page 504. 
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only to 1924. It will be seen that though exports 
continued their slow but uninterrupted rise, they are 
still only about seven-¢ighths of what they were in 
1913 ; whereas imports, which in 1924 had already 
just passed the figure of 1913, have in the periods 
since then exceeded it by about 25 per cent. and 
14 per cent. respectively. Figs. 2 and 3 show, for 
the same periods, the actual export and import 
tonnages of machinery of all sorts, and of iron and 
steel and manufactures thereof. They show that 
machinery exports, with more leeway to make up 
than the average for the entire engineering and allied 
trades, had been increasing steadily since 1922, and 
showed a still more rapid increase in 1925; but on 
the trading of the first half of this year they fell 
away, and are now less than 70 per cent. of the 
exports for 1913. Imports of machinery, on the 
other hand, have risen without interruption since 
1922, and are now within 20 per cent. of their 1913 
figure. A further unfavourable feature indicated 
in last year’s report was that the average value 

per ton of machinery exports was_ steadily 
falling below that of exports; and this has 


slightly greater than in that of exports. The 
exports of iron and steel and their manufacture show 
similar tendencies even more markedly, the drop of 
exports and the rise of imports having been con- 
tinuous and substantial since 1923. 

Of the separate groups of machinery, much the 
largest, both in tonnage and in value of exports, 
is the textile class, which has shown a generally 
downward tendency, but the fluctuations in textile 
markets have doubtless so affected this trade that 
its features may have been due more to this influ- 
ence than to the course of the engineering trade. 
An exceptional group is electrical machinery, for 
which Fig. 4 shows a comparison between the 
average tonnage of the exports and imports for the 
period 1911-13, and those of post-war years to date. 
In this group the exports fall, on balance, till 1922, 
since when they have risen to nearly double the 
figure for that year, or about a third more than 
the figure for 1911-13, while in 1922 the imports 
had fallen to less than half the pre-war figure and 
have remained at substantially that level ever since. 


Fig.4. 1MPORTS AND EXPORTS OF 
E 9 CTRICAL MACHINERY. 
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Fig.5 . EXPORTS OF ELECTRICAL MACHINERY. 
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As appears by Fig. 5, the increase in all exports 
of electrical machinery is about the same as the 
increase in its exports to Australasia and India. 
The history of the important trade in agricultural 
machinery is shown in Figs. 6, 7 and 8. Roundly, 
the tonnage of imports is about half what it was 
before the war, but a substantial tonnage of re- 
exports has all but disappeared, leaving the retained 
imports roughly at the pre-war level, while the 
tonnage of exports has fallen by about a half. The 
exports lost appear to have been mostly European, 
and of the retained imports the United States 
supply about half, as against a much larger propor- 
tion before the war, a large part of which was 
doubtless re-exported. Figs. 9, 10 and 11 give 
similar facts for machine tools up to 1924, show- 
ing exports not much below the pre-war figure, 
but imports well over double. The exports party 
balance a large loss in the tonnage shipped to 
foreign countries by gains on a smaller scale in 
shipments to India and other parts of the Empire. 
In the imports the most notable feature is the loss 
of the United States and the remarkable gains of 
Germany, and to a less extent of other countries, 
though 1924 showed some contraction in shipments 
under the last two headings as against a steady rise 
in those from the United States. The unfortunate 
situation in the shipbuilding trade is too well 





remained so since 1924, though the fall since 1924 
in the average value of imports has been very | 


known to make it worth while to quote from the 
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adding to those of 27 of their number for 1924 and 
1925, the figures for those years of 38 other repre- 
sentative firms. In 1911-13 the 30 firms distributed 
under two-thirds of their earnings in dividends, 
after providing for debentures to the value of 
about half their paid-up capital, and their dividend 
was about 7} per cent. By 1924 the dividend had 
fallen to well under 5 per cent. ; but although 
their debentures were then only 30 per cent. of their 
paid-up capital, the reduced dividend absorbed 
within 4 per cent. of their entire earnings. The 
actual earned profits had, in fact, fallen from just 
on 12 per cent. on the paid-up capital to under 5 
per cent. ; and although no pre-war figure is given 
for the 65 firms, it appears that their earnings for 


figures given in regard to it. A hopeful sign is the 
proportion of marine engines under construction 
at the end of September last in the United Kingdom, 
being in shaft horse-power over a third of the world 
total of marine oil engines and over a half of the 
steam engines and turbines. 

The above are fair samples of the data presented 
graphically for exports and imports, and set out 
in much greater detail in tabular form. A large 
amount of tabular information is also given in 
regard to other topics of financial and trade in- 
terest, and the whole is summarised in a useful 
introductory table presenting the results in the form 
of index numbers, which give an immediate com- 
parison for each of the years 1921 to 1925 with 1913. 
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Without following this information into the |1925 were under 3} per cent. of their paid-up 


numerous topics with which it deals, reference | capital. 

should perhaps be made to the figures referring to| The causes of the present state of the engineering 
the consumption of fuel oils, the growth of which | industry were analysed in considerable detail in the 
has been more rapid than is perhaps generally | previous report. They remain substantially un- 
recognised. Including all kinds, heavy and light, 
fuel oils seem to be imported into this country 
at the present time at about four times the rate 


| foreign competition is slightly less severe. The posi- , 
| tion would have been worse but for the expansion of | 
of 1913; and a significant circumstance is that, at | the home market, which the report attributes in the | 
least up to 1924, less than 6 per cent. of these were | main to reconstruction work following on the war, | 
produced in the Empire. Among other conclusions | lavish expenditure on utility services, railway electri- | 
to which the information in the report leads, is | fication, and greatly increased demand for motor 
that an extraordinary effort has been made to meet | vehicles of all kinds. In the last report there was 
the exacting circumstances of the situation. Perhaps | shown to be reason for believing that from having 
the most striking single fact is the extent to which | been less than half the total production of 1907, home 
iron and steel producers have been able to deal with | trade had become nearly three-fourths in 1923 and 
their costs. In 1925, the cost of living, as shown | 1924. The example of the United States illustrates 
by the Ministry of Labour’s index number, was | the importance of a large home market to a manu- 
about three-fourths higher than that of July, 1914, | facturing industry; but it is obvious that to a 
with which it is compared, and the prices of all| country which has to procure large supplies from 
wholesale commodities, as shown by the Board of | abroad, and needs a constant growth of financial 
Trade index number, based on prices for 1913, had | means both to pay for these supplies, to discharge 
risen by about three-fifths , but the prices of iron | external debt, and to develop its own resources 
and steel for 1925 were only one-fourth more than | overseas, exports are far more necessary than they 
those of 1913. This seems to be the most remark- | are to a creditor and self-contained country. The 
able among a number of other notable endeavours | failure, therefore, of engineering exports as a whole 
made in the engineering trades to deal with their| to show the substantial increase over pre-war 
exceptional difficulties. The extent of these | figures that the situation demands, or even to 
is perhaps indicated most conveniently by their | attain those figures, is a matter of national impor- 
financial effect. In the previous report, a minute | tance, which is the graver when account is taken of 
examination was made of the collective results of | their relative position in the manufactures of the 
30 representative firms up to the financial year | country. A table given in the present report shows 





ending 1923 or within the following six months. | that in 1925 metal trade exports were roughly within 
The present report. brings the figures of the same/|10 per cent. of the entire textile exports, both 
firms up to a year later, and supplements them by | computed at pre-war prices, the two together | 





| altered, except that, for various reasons, the effect of ay 
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including three-fourths of the country’s entire exports 
of manufactured articles. The irony of the situation, 
so far as it concerns the engineering trades, is 
that the engineering requirements of the world are 
far from being satisfied, though the world’s engi- 
neering productive capacity is underloaded. The 
increase of this country’s engineering exports will 
be limited by a variety of external circumstances, 
which lie beyond the control of British industry ; 
but to whatever extent these are relieved, the condi- 
tion precedent for the adequate employment of 
engineering resources is that they shall be utilised 
to the fullest advantage, and the cost of their 
products cheapened. 

The report discusses various ways in which the 


Fig.i2.UNEMPLOYMENT IN THE UNITED 
KINGDOM. 1925-1926. 
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engineering industries of different countries could 
economise by co-operation instead of competition. 
All countries recognise that competition which 
killed the industry of any nation would reduce its 
purchasing power; and indeed, looking at the 
matter broadly, it is obvious that the largest world 
market for distribution among manufacturing 
countries can only be obtained by allowing each 
country to produce the most it can for the use of the 
rest of the world, just as the possibility of this 
maximum output being absorbed depends on the 
reduction of the energy absorbed in production. How 
far whole industries in each country will be able to 
regulate their affairs throughre presentative associa- 
tions remains to be seen ; but an immediate means of 
reducing costs in many markets would doubtless 
be found in conferences, national or international, 
concerned with the service of individual markets. 
It may be that, as the report urges, the organisation 
of the engineering industry will have to take the form 
of “representative and deliberative bodies posses- 
sing authority and the power to act,” and that, as is 
implied, such bodies may have to be trade-wide 























Nov. 12, 1926.] 


ENGINEERING. 





609 








in constitution. To invest such bodies with autho- 
rity to act for the entire industry is, however, a 
graver and more difficult’matter than for manu- 
facturers concerned in a particular market to 
concert means for avoiding wasteful competition and 
duplication of service in that market. Without 
prejudice to any wider measures that ultimately 
may be thought expedient, such limited co-operation 
seems more readily and immediately feasible, in the 
meantime. 

Apart, however, from questions of distribution, 
the report insists on the gravity of the questions of 
production that arise from industrial conditions. 
It feels no doubt that the recovery of the industry 
“has been greatly retarded by industrial strife, the 
sense of insecurity thereby engendered, and the 
consequent unattractiveness of industrial invest- 
ments.” Part of the trouble in the engineering 
industries may be found in “the inequitable dis- 
parity in the rates of wages economically payable 
to the skilled workers engaged in them, as compared 
with the wages paid even to unskilled workers in 
other less-exacting vocations.” This is illustrated 
in Fig. 13, showing the wages paid in a variety of 
trades in September, 1925. Just as in some districts 
a labourer earns less] for a full week’s work than 
misplaced and pauperising charity awards him 
from the dole, a skilled engineering fitter or ship- 
wright could have earned mere as an unskilled 
builder’s labourer or an underground labourer in a 
coal mine. Still more marked is the influence that 
a dispute in one industry may have on employment 
in others, a notorious example of which has been 
seen in the coal strike, and is illustrated in Fig. 12. 
The coal strike was initiated and has been carried 
on for the alleged advantage of the workers who 
in Fig. 13 stand above all others in their earnings, 
and head and shoulders above all of them except 
locomotive drivers. For the same ostensible end, 
the rates in mining districts have been raised, the 
funds of all sorts of trade unions in this country 
have been depleted, the miserable earnings of the 
Russian miners have been officially raided, and 
misinformed persons in this country deceived into 
charity. Fig. 12 shows how this deplorable move- 
ment has affected the comrades of the miners in other 
industries. After a long period of depression, from 
which the miners had been relatively free, the engi- 
neering industries had begun to revive. Exports were 
increasing, and so,were inquiries and orders, so that 
in a period of five months it is said that exports 
of machinery were almost within 10 per cent. of the 
corresponding period of 1925. By April, the curve 
of unemployment had begun to fall in all engineering 
industries. The coal strike stopped and reversed this 
fall abruptly and decisively. Up to August last, its 
effect on the total unemployment in all industries, 
excluding coal mining, is seen to have been to in- 
crease its percentage by 60 per cent. In engineering 
manufactures, in spite of the orders in hand, the 
unemployment percentage was increased by more 
than half, in the iron and steel industries it was 
nearly trebled, in shipbuilding it rose by nearly a 
fifth, in motor vehicles and aeroplanes it was nearly 
doubled, and in the building trades, which with 
the approach of summer should have been working 
at their highest activity, the unemployment. per- 
centage was increased by about two-fifths. Probably 
the history of industry can find no similar instance 
of a strike called for an already favoured class, to the 
reckless injury of all other industries and those who 
should have been engaged in them. 





A BeELeian MerattureicaL Guipe.—A publication 
described as a ‘‘ Continental Pocket Companion,” and 
entitled, ‘‘ Where to Buy Iron and Steel in Belgium, 
France and Luxemburg,” has just been issued by 
Messrs. W. H. Smith and Son, 78, Rue du Marché-aux- 
Herbes, Brussels, Belgium. The book, which has been 
compiled by Mr. M. L, Stiernet, late of the Providence 
Steel Works, Marchienne-au-Pont, Belgium, contains a 
list of 85 of the more important iron and steel works in 
Belgium, Luxemburg, and the Lorraine district of 
eastern France, together with particulars of their present 
rolling-mill programmes and the class of goods they 
manufacture. seful tables and a ready reckoner of 


prices in sterling per English ton, as compared with 
prices in franes per metric ton, at any rate of exchange 
from 60 to 120 francs to the pound, are included. A 
special section contains useful information regarding 
some other Belgian manufactured goods 
tains about 400 pages. 


bound, 


The book con- 
It is well printed and strongly 
The price is 20s, post free. 





THE SOCIETY OF GLASS 
TECHNOLOGY. 


THE first meeting of the Society of Glass Technology 
for the session 1926-27, was held in the University of 
Leeds, on Wednesday, October 20, 1926, the President, 
Mr. Walter Butterworth, Senr., being in the chair. 
The following papers were presented : 

Glass Annealing, by Dr. J. W. French. This stated 
that, in any discussion of annealing, the first question 
was the rate at which heat was dissipated by glass 
at the various temperatures of the annealing process. 
The second, but not necessarily in-order of import- 
ance, was the thermal expansion or contraction of the 
material. An average value of the thermal linear 
expansion coefficient for glass was 0.000,008,5. Thermal 
conductivity was the third question that required 
discussion. An average value of the conductivity was 
about 0-002. Copper had a conductivity 500 times as 
great. Glass was more liable to crack when heated 
rapidly than when cooled at the same rate. The other 
conditions determining the magnitude of the stresses 
that might be established in glass during the cool- 
ing process were: cohesion of the material; the 
viscosity of the glass; the existence of a surface 
layer having properties different from those of the 
underlying material; homogeneity of the glass; and 
the form and dimensions of the glass. 

The resuits of defective annealing in glassware and 
optical glass were noted, the means of detecting stress 
were indicated, with special reference to the use of the 
polariscope, and the methods of annealing were ex- 
plained. From the optical glass point of view, anneal- 
ing meant :—({1) the raising of the temperature to a 
point just above that of the hardest glass in the charge, 
and (2) the cooling of the plant at a rate which would 
not, at any one point, be sufficient to re-introduce 
stresses in any of the glasses. If cooling curves were 
plotted for all the varieties of glass, the charge should 
then be cooled in accordance with a curve which was 
the envelope of all the others. According to a method 
based on that of Guinand, a pot of glass was allowed 
to cool down comparatively quickly, the rate of cooling 
being such that the mass would break down into pieces 
of a workable size. These pieces were chipped to 
the weight of the required rough blocks, then placed in 
fireclay moulds stacked in ovens. These ovens were 
heated until the pieces melted down and filled the 
moulds. They were then allowed to cool at a prescribed 
rate, from 3 to 4, or in some cases, 5 weeks being in 
general allowed for the cooling operation. 

The Economics of the Annealing Process, by E. A. 
Coad-Pryor. In this paper, an account was given of 
experiments on which the Engineering Department 
and the Research Laboratories of the United Glass 
Bottle Manufacturers, Limited, had been recently 
engaged at Charlton. Ideal cooling curves for glass 
during the annealing process were most difficult to 
interpret into works practice, because they represented 
the temperature of the glass and not the temperature 
of the lehr. It was found that, by suitably grading 
the insulation of the entire lehr, it was possible to 
carry out rapid cooling without the aid of any induced 
draught whatever; and further that a lehr could be 
built which would anneal any size of bottle without 
any adjustment or damper regulation. 

Jn order to get the information on which to design 
a lehr on a sound theoretical basis, it was necessary 
to know the amount of heat taken into the lehr by the 
bottles and the heat lost through the lehr walls. Experi- 
ments to determine these factors were described. It 
was interesting to find that an alteration in the weight 
of the bottle being annealed did not greatly affect the 
heat balance, because, although the bottles took less 
heat into the lehr, the annealing time was very much 
less, and, therefore, they had only to balance the heat 
in the bottle with that lost from a smaller portion of 
the lehr. Although it was quite easy to raise a body 
from a temperature of 50 deg. C. to a temperature 
of 60 deg. C., with a fair degree of efficiency, it was not 
at all easy to add, efficiently, 10 deg. to a body already 
at, say, 550 deg.C. Eventually, they decided to supply 
heat to the lehr by means of the slats of the conveyor, 
and an experimental lehr, embodying the principles 
outlined, was built, and proved very interesting and 
successful. The fuel consumption was about 18 million 
B.Th.U.’s a day, that is, just over 100 gallons of oil or 
1,500 Lb. of coal with a calorific value of 12,000. During 
most of the period of testing, the lehr was running at 
about one-third of its maximum speed. The annealing 
was good throughout. They speeded it up to its maxi- 
mum rate, about 10 in. a minute, and the annealing 
remained excellent, even on quart bottles. This speed 
represented an output of 450 gross of quarts per day, 
or about. 40 tons of glass. 

The lehr was fitted with a number of curtains to 
restrict draught up the tunnel. They found that once 
the curtains were adjusted to the correct setting, no 
further adjustments were required. A thermo-couple 
was placed in the slat-heating chamber, close to the 





slats, and the only work the operator had to do was 
to see that the couple registered the required tempera- 
ture. They found that the lehrs retained their heat 
well for many hours, and consequently, if the machines 
were shut down, for a change of job, and the lehr was 
run idle for a few hours, the first bottles through after 
starting up again were well annealed. 





DETERMINATION OF GASES IN 
IRON AND STEEL. 


In the course of an investigation of the properties 
and melting points of iron and alloy steels, conducted 
by Dr. Paul Klinger in the works of Friedrich Krupp, 
at Essen, the determination of gases in iron and steel 
received particular attention. Though most workers, 
using different methods, agree qualitatively as to these 
gases, there is no quantitative agreement, and the fact 
that sometimes both CO and COg are found, whilst 
other analyses yield only the one or the other carbon 
oxygen compound, favours the assumption that the 
gases observed may be partly products of reactions 
taking place during the analysis, and not original 
constituents of the metal. The chief methods employed 
are physical vacuum extraction and chemical dis- 
solution. In the former case, the metal is heated in a 
vacuum, and also after melting. To facilitate the 
melting, Wiist mixed the iron turnings with tin or tin- 
antimony alloy, and was then able to finish the heating 
in vessels of vitreous silica. In the second method, the 
metal is dissolved, as far as possible in the cold (some of 
these reactions liberate heat), with the aid of bromine, 
iodine, mercuric chloride, copper chloride or copper- 
ammonium chloride. Klinger tested these various 
methods, and also checked his results by heating his 
electrolytic iron and steel samples in various atmos- 
pheres, and by reducing oxides of iron, silicon and 
manganese by carbon at 1,100 deg. C. His research 
is described in Stahl und Hisen, of September 16 and 
23 and October 7. 

The experiments with electrolytic iron and steels 
containing up to 1-2 per cent. of carbon, eg., a 
basic Siemens-Martin steel, with 0-1 per cent. of 
carbon, heated up to 1,150 deg. C., alone or in the 
presence of tin and antimony, gave 63-5 and 58 cub. 
cm, of gas per 100 grammes of metal. On the other hand, 
decomposition with copper-ammonium chloride yielded 
118 cub. cm. gas, and with iodine orily 8 cub. cm. 
It was further observed that CO, was not formed when 
the metal was heated alone, but that it appeared when 
tin alloy was added in the vacuum test. Subsequent 
experiments seem to prove that iron and steel do not 
in reality contain the carbon oxides, CO and COg, which 
are thought to be dissolved in the metal, but that these 
oxides, when found in the analyses, are really reac- 
tion products between the carbon and the oxygen, or 
iron oxides and other oxygen compounds, present in the 
steel. Thus the solution method, using iodine or mer- . 
curic chloride (not copper-ammonium chloride) would 
appear to be preferable for gas analysis, but it is not 
reliable for the determination of hydrogen and nitrogen ; 
these are oaly determinable by the vacuum method. 
The CO escaping from the fused steel carries hydrogen 
and nitrogen with it, thus causing blow holes. With 
regard to the conclusion that iron and steel do not 
retain carbon oxides in the dissolved state, Klinger 
confirms E, Maurer, 1922, and also Oberhoffer and 
Piwowarsky. There remains, however, a doubt as to 
oxygen. Oberhoffer thought that it was possible to 
determine oxygen in iron and steel by means of 
hydrogen. Klinger questions that, and apparently with 
good reasons ; the reactions between the oxygen and 
red hot metal and gases are very complex. Any doubt 
as to oxygen, however, affects the whole determination, 
notably that of nitrogen. The nitrogen found seems 
essentially to have been retained in the metal as iron 
nitride, so far as experiments with pure iron nitride 
indicate, but the total nitrogen present is usually 
determined by difference. 








Contracts.—During the last three months there has 
been a large demand for forced-draught furnaces due 
to the troubles encountered in raising steam from inferior 
fuels. The demand has been met by Messrs. Meldrums, 
Limited, Timperley, near Manchester, who have sup- 
plied during this period thirty-five of their furnaces 
to gas works, laundries, collieries, &c. The same com- 
pany has received numerous orders for their smoke- 
prevention door for use on vertical and locomotive boilers, 
and also for refuse destructors, both for municipalities 
and private works.—Messrs. Vickers, Limited, Vickers 
House, Broadway, Westminster, have received an order 
from Messrs. Bibby Bros. and Co., to equip the motor 
vessels Dorsetshire and Somersetshire for service as Gov- 
ernment transports.—Messrs. Gent and Co., Limited, 
Faraday Works, Leicester, have received an order for a 
complete system of Pul-syn-stic clocks consisting of 
transmitter, transmitting relays and many hundreds of 
clocks of all sizes and description, to be installed in 
the new Government Buildings at Delhi, {ndia. 
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RECORDER FOR DISSOLVED OXYGEN 
IN FEED WATER. 


It is now well understood and generally realised that 
the presence of dissolved oxygen in feed water is largely 
responsible for the corrosion of boilers, and de-aerating 
plants are commonly employed in power stations in 
order to keep the oxygen contents down to a low figure. 
It is extremely difficult, in practice, to eliminate dis- 
solved oxygen entirely, but this is hardly necessary, as 
the desired results, from the point of view of corrosion 
prevention, can be secured if the oxygen present is not 
allowed to exceed, say, 0-1 cubic cm. per litre of water. 
This can be done by an efficiently operated de-aerator, 
but there is still some risk of the de-aerated water 
picking up oxygen on its way to the boiler from leaking 
valves or broken seals on feed or booster pumps, and it 
is therefore desirable to provide some means of indi- 
cating and recording the amount of oxygen actually 
present in the feed water entering the boiler. 

An instrument for the purpose, which has been 
designed and constructed by the Cambridge Instrument 
Co., Limited, 45, Grosvenor-place, London, 8.W.1, 
is illustrated in Figs. 1 and 2 annexed, Fig. 2 
shows the upper part only, and the principles 
upon which the apparatus operates can be best 
explained with reference to the diagram Fig. 1. The 
instrument is known as the Cambridge dissolved- 
oxygen recorder, and is of strong construction for 
boiler-house use. It gives a continuous record of the 
quantity of oxygen present in the feed water on a chart 
calibrated in cubic centimetres per litre, so that defects 
in the feed system, which might otherwise remain 
unnoticed for long periods, may be instantly detected 
and remedied. The full-scale deflection of a pointer 
over the chart corresponds to the presence of 1 cubic cm. 
of dissolved oxygen per litre of the feed, so that, in 
normal working, the deflection should not exceed one- 
tenth of the full scale. If desired, the apparatus may 
be arranged to control an electric circuit which will 
ring a bell, light a lamp, or operate a Klaxon horn to 
give audible or visual warning of an excess of oxygen. 

The principle of the apparatus, which may be briefly 
explained before describing it in detail, is that a small 
quantity of water from the feed-water system is passed, 
at a constant rate, through a tower filled with extractor 
rings, where it is scrubbed by a constant flow of pure 
hydrogen generated electrolytically. The hydrogen 
mechanically displaces the dissolved oxygen in the 
feed water, and the relative rates of flow of hydrogen and 
water are so arranged that the displaced gas forms a 
considerable percentage of the total gas issuing from 
the top of the scrubber. This percentage is measured 
by means of a katharometer of the Shakespear type, and 
is shown on the chart of the recorder. The katharo- 
meter contains two identical spirals of platinum wire, 
enclosed in separate cells in a metal block, the spirals 
being connected to form two arms of a Wheatstone 
bridge circuit. When an electric current flows in the 
circuit, the spirals become heated and lose heat to the 
walls of the cells, their temperatures, and consequently 
their resistance, depending on the thermal conductivity 
of the gases surrounding them. One of the cells is 
exposed to the pure hydrogen passing from the electro- 
lytic supply, while the other is exposed to the gas after 
passing through the scrubber tower. Owing to the 
presence of the oxygen from the feed water, the thermal- 
conductivity of the gas in the second cell of the katharo- 
meter is different from that of the first, and the Wheat- 
stone bridge circuit is thrown out of balance, causing a 
deflection of the galvanometer, the extent of the 
deflection being an indication of the amount of oxygen 
present in the second cell. pets 

In Fig. 2, the katharometer is shown on the left, 
while the electrolytic-hydrogen generating cell can be 
seen on the right, and the scrubber tower in the centre 
at the bottom of the figure. The feed water is led from 
the high-pressure source through a needle valve to the 
inlet cock A, Fig. 1, and so into the constant-head 
device B. This is arranged to keep the water supply 
constant, without exposure to the air, by the overflow 
C. The flow through the scrubber is regulated by the 
cock D to about 500 c.c. per minute. The hydrogen is 
generated electrolytically in the cell M by a current of 
about 1*4 amperes, which may be obtained either 
from a direct-current supply iegulated by a series 
resistance, which may conveniertly take the form of 
incandescent electric lamps, or from a rectifier working 
off an alternating-current circuit. The whole of the 
hydrogen thus generated passes across one cell Xj of 
the katharometer, and then through the tube J to 
the bottom of the scrubber tower F. On leaving the 
top of the scrubber, it passes across the second cell, Xo, 
of the katharometer, and then out to the air. 

The katharometer is connected by 4-way leads to a 
standard thread-type recorder, which is driven by 
clock-work mechanism and comprises a moving-coil 
galvanometer, indicated by G in Fig. 1. The pointer of 
the galvanometer is automatically depressed once a 
minute on to an inked thread, which it presses into 





RECORDER FOR DISSOLVED OXYGEN IN FEED WATER. 


CONSTRUCTED BY THE CAMBRIDGE INSTRUMENT COMPANY, LIMITED, LONDON. 
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contact with a moving chart. A continuous record is 
thus obtained in the form of closely-spaced dots, pen 
friction being entirely avoided. The record for the past 
few hours is always visible, while the actual percentage 
of dissolved oxygen at any moment can be read on an 
engraved scale fixed over the pointer. The chart is ruled 
for 25 hours, and the record space is 95 mm. wide. The 
standard range, as previously mentioned, is from zero 
to 1 cubic cm. of oxygen per litre of water. The complete 
mechanism is enclosed in a stout moisture and fume- 
proof metal case, which can easily be fixed to a wall 
or other support. This case also contains a rheostat, 
marked R in Fig. 1, which can be adjusted to maintain 
the current in the Wheatstone bridge circuit constant, 
compensation being made in this way for any variation 
in the battery voltage. The 2-volt battery required 
is contained in a compartment at the back of the 
recorder case. 

The apparatus is extremely robust, simple to use, and 
may be depended upon to work efficiently, without 
special attention, for long periods of time. We may add, 
in conclusion, that although the instrument described 
above is used for recording the proportion of dissolved 
oxygen at only one point in the pipe line, it is possible to 
obtain records from a number of different points on the 
line by using multi-point thread recorders, also made 
by the Cambridge Instrument Company, Limited. 
Moreover, the same recorder could be used, if desired, 
to give records of temperature, COg and CO, as well as 
of dissolved oxygen, on the same chart. It would also, 
of course, be possible to employ a single, or multi-point 
indicator in place of the recorder, or to use an indicator 
and recorder in conjunction. In the latter case, the 
apparatus would be normally connected to the recorder 
and momentarily connected to the indicator by operating 
a push button. 





HypROGEN SULPHIDE PorsonInG In Texas OILFIELDS, 
—Petroleum vapours, in themselves obnoxious, become 
dangerous when they contain hydrogen sulphide. In the 
Panhandle and Big Lake Oilfields near Borger in Texas, 
up to 0-6 per cent. of hydrogen sulphide have been found 
in the ‘‘ sour ”’ well gas, and fatal cases were reported from 
the Big Lake some years ago, though none have occurred 
recently. Small animals, however, are often killed. At 
Panhandle drilling by the cable tool method has to be 
done in the dry, because the bentonite clay encountered 
swells in the presence of water to a sticky mud of six 
times its original volume, in which strings of casing are 
liable to become frozen. The dry bentonite dust irritates 
the eyes mechanically. But the sulphur gas escaping 
from some strata is much more injurious to the eyes and 
lungs. In the eye it or conjunctivitis, by which 
the whole crew of a well may be affected so that work is 
stopped, and the air is poisoned without definite warning 
—the smell pervades everywhere, of course—the men 
becoming unconscious without having time to retire. 
The patients mostly recover quickly in fresh air or under 
artificial respiration. To prevent these risks, which are 
dealt with in Investigation Report, Serial No. 2776 of the 
United States Bureau of Mines, by W. P. Yant and 
H. C. Fowler, nose masks with safety belts and life lines 
are recommended for certain work ; canister masks are 
unreliable unless kept under strict supervision as to degree 
of exhaustion; derrick floors are maintained clear of 


poison gas by means of steam jets. 
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THE OPTICAL SOCIETY. 


At a meeting of the Optical Society held at the 
Imperial College of Science on Thursday, October 28, 
the following papers were read and discussed : 

The Analysis of an Interferogram. By R. Kingslake. 
—This paper pointed out that it had been frequently 
suggested that it should be possible to analyse mathe- 
matically the interferometer pattern produced by a 
lens, in order to obtain a measure of the aberrations from 
the coefficients of the terms in the various orders of 
xandy. 2x and y were here the co-ordinates of a point 
on the interferogram, whose optical path difference 
relative to the central ray of the lens was known at 
once by counting the fringes. This method had now 
been tried several times, using the utmost experimental 
precautions to secure accuracy, but the figures did not 
agree very closely with those obtained for the same 
lens under identical conditions by the oblique Hartmann 
test. Possible reasoas for this disagreement were 
suggested. 

The Stationary Value of Axially Symmetric Functions. 
Part. II. By T. Smith.—Alternative methods to those 
described in Part I of constructing a series repre- 
senting the stationary value of a given function were 
developed ia this paper, and applied to evaluate all the 
terms not involving powers and products of the co- 
efficients of the fuaction higher than the eleventh. The 
formula in its optical applications enabled the first 
451 monorythmic aberrations of a symmetrical optical 
instrument to be determined. 





Russian Imports oF AGRICULTURAL MACHINERY.— 
The value of agricultural machinery imported into 
Russia during the year 1925-26 is officially given as 
25,107,000 roubles. The United States was responsible 
for 41-58 per cent. of this trade, Germany supplied 
25-7 per cent., Czecho-Slovakia 12-5 per cent., Sweden 
11-4 per cent., Austria 6-7 per cent., and the British 
Empire only 2-22 per cent. The above information is 
contained in a recent issue of the British-Russian Gazette 
and Trade Outlook. 





HeattH Exutsition, Hastines, 1927.—In connection 
with the thirty-eighth Congress of the Royal Sanitary 
Institute, a health exhibition will be held at Hastings 
from July 11 to 16, 1927. The exhibits will comprise 
appliances for housing and general sanitation, and will 
deal with all matters relating to health and physical 
welfare. The exhibition will be held in Timpson’s 
Garage, a large building off Queen’s-road, in the centre 
of the town ; it is certified by the Board of Trade as an 
industrial exhibition for the purposes of the Patents 
and Designs Acts, 1907 and 1919. Applications for 
space must be made on the official form ; this must be 
sent to the offices of the Institute, 90, Buckingham 
Palace-road, London, S.W.1, not later than June 18, 1927. 
The curator of the exhibition is Mr. C. J. Kilgallin. 
Official application forms and full particulars regarding 
the exhibition may be obtained from the secretary and 
director of the Institute at the address given above. 
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CONDENSER TUBE SCALING TOOLS. 


ALTHOUGH estimates of the heat lost in a boiler due 
to deposition of scale on the heating surfaces are often 
exaggerated, the facts remain that not only is scale 
objectionable, but that it is still very commonly met 
with, in spite of the closer attention given nowadays to 
the conditioa of the feed-water. It is equally objec- 
tionable in the surface condenser, where heat is being 
abstracted from the working fluid, instead of being 
added to it. 

The firm of Messrs, F. Gilman (B.8.T.), Limited, 
Skatoscalo Works, Smethwick, has recently intro- 
duced a tool for the removal of condenser scale. This 
has proved particularly useful in power station work, 
where a matter of some 8,000 tubes, say, 17 ft. long, 
may have to be dealt with. These tubes are usually 
thin and of small bore, and the removal of scale in 
them either by drilling it out or forcing a solid rod 
through it, ie liable to cause damage or distortion. 
The tool referred to is iustrated in Figs. 1 and 2. It 
consists of a small mace-headed chisel, attached at one 
end to a flexible shaft by a ball and socket joint. The 
hole in the ball through which a retaining pin passes 
has a large amount of clearance, and the other end of 
the chisel is thus free to move outwards under centri- 
fugal force, when rotated at its point of attachment to 
the shaft. As a result, its cutting edges strike against 
the scale. As the chisel is traversed along the tube, it 
cuts away the scale before it and so gets down to the 
metal without injury to the latter. The-rate at which 
tubes can be cleaned depends, of course, to a large 
extent upon the state into which they have been allowed 
to get. Under conditions in which a fairly considerable 
thickness of scale and mud exists, 15 to 20 tubes, of 3 in. 
internal diameter, and about 16 ft. long, can be 
cleaned per hour, a rate which has been maintained in 
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practice. In more normal working, where only about 
a; in. of scale has been allowed to accumulate, the 
number of tubes dealt with can be markedly increased. 
In any case, the tool is designed to enable engineers 
to maintain their condenser tubes in a clean condition, 
rather than to force its way through an almost solid 
accumulation, and, as it is so easily operated, and 
consumes so little power that it can be run off an 
ordinary electric lighting circuit, it removes the tempta- 
tion to put off the cleaning of condenser tubes on 
account of the trouble involved. The equipment com- 
prises a 4-h.p. high-speed motor, a flexible steel shaft 
of small diameter, the tool holder and tool. 








SAFETY IN MINES RESEARCH. 


TuE fourth annual report* of the Safety in Mines 
Research Board, including a report of matters dealt 
with by the Health Advisory Committee, was published 
recently, and shows that substantial progress has 
been achieved during the past year in many of the 
investigations undertaken. 

Laboratory researches were continued during the 
year under review—1925—at Sheffield University, 
partly in a building rented by the Board from the 
University, and partly in the University laboratories. 
Permanent accommodation is being arranged on a site 
adjoining the University. 

A new experimental station for large-scale experi- 
ments is in hand at Harpur Hill, Buxton. Here, 
besides laboratory and office accommodation, electric 
generating plant and workshops, a new 4-ft. gallery, 
1,000 ft. long, for coal-dust explosion work, has been 
laid down on the site of a level, disused railway line, 
and the 7}-ft. and 1-ft. galleries formerly at Eskmeals, 
and intended for firedamp experiments, will shortly be 
re-erected here, with fans, gasholders, firing apparatus, 
bunkers and a coal crusher. Research work on mining 
explosives is already being carried out at this station. 

We have at various times referred to the joint scheme 
of experimental work arranged with the United States 
Bureau of Mines at conferences held in Pittsburgh 
and Washington, and now in course of being carried 
out. One of the ablest of the British investigators, 
Dr. Coward, is now working at Pittsburgh; whilst 
Dr. Thiessen, of the Pittsburgh Experimental Station, 
an eminent authority on the constitution of coal, 
18 pursuing researches in the Sheffield Laboratories. 





* H.M. Stationery Office, Adastra] House, 
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Other investigators in the two countries are in touch, 
and exchange information, and joint reports have 
already been published. 

With regard to the progress made in the safety 
researches during the past twelve months, it is possible 
only to touch upon a few of the matters raised in this 
report. Experimental work relating to coal-dust 
explosions on a large scale has necessarily been 
suspended during the transfer of the experimental 
station from Eskmeals to Buxton, but laboratory 
work was continued throughout the year. The main 
object of this was to devise means whereby the relative 
inflammabilities of different coal dusts could be 
determined with sufficient accuracy to render extensive 
large-scale tests unnecessary. Research is at present 
being conducted at the Armstrong College, in the 
attempt to establish an order of inflammability of 
different coal dusts, and to correlate this order with 
one or more properties of the coals. The method 
employed is to propel a measured quantity of air, 
uniformly laden with coal dust, through a vertical 
conical tube, and to ignite the dust cloud. Under 
these conditions the flame travels through the cloud 
against the air current, until a point in the tube is 
reached where the propagation is equal to the velocity 
of the air current, when the flame remains stationary. 
Hitherto the work has consisted chiefly in overcoming 
difficulties in the design of the apparatus which will 
deliver a sufficiently regular supply of coal dust 
capable of variation within fairly wide limits. Bearing 
upon the same point, the correlation of the chemical 
and physical properties of coal dusts with their 
inflammability has been studied. As a laboratory 
method the one which appeared to be the best for 
obtaining data with regard to the degree of inflamma- 
bility of a coal dust, was the study of the flame 
produced when a cloud was blown through a heated 
furnace by a blast of oxygen. By varying the pressure 
of the oxygen blast, the time of contact between the 
coal-dust particles and the furnace could be varied. 
There would seem to be an optimum value for every 
coal, for the time of contact to produce the largest 
flame, and an optimum concentration. These values 
are being determined for each of the coals under 
investigation. The flames produced under a variety 
of conditions have been photographed, both on a 
stationary plate and on a cinematograph film. The 
total length, thickness and shape of the flames are 
recorded, and an indication has thereby been obtained 
of differences in their rate of development and of their 
duration. This has enabled coal dusts to be grouped 
according to their degree of inflammability. Another 
factor being studied in the same connection is the 
effect of varying the duration of the heating period 
and the effect of different temperatures. In this 
work it was found necessary to reduce the duration 
of the heating period to a minimum, so that only 
the gases which are first evolved should be collected, 
and so as to avoid any cracking of the tarry vapours 
produced. 

In preventing the spread of a coal-dust explosion, 
the most satisfactory method at present known is the 
admixture of incombustible dust with the coal dust. 
A knowledge of the effect of the incombustible sub- 
stances already present in, or associated with, the 
coal dust is therefore desirable. This investigation 
may have a further important bearing on the spon- 
taneous combustion of coal. The factors involved in the 
separation of the inherent from the adventitious ash 
of different coals have been studied, and this has 
involved a study of the ‘ wetting” of different coal 
dusts and of other dusts. with different liquids, the 
method adopted of removing the adventitious ash being 
the subjection of the finely ground dust to a selective 
wetting process. 

Further experimental work on the electrical charges 
developed in particles of coal dust when they are 
whirled in air have been made. With one particular 
coal dust, the charge recorded by the volt meter 
has been found to be approximately 6,000 volts. There 
would seem to be a distinct possibility that, with 
voltages as high as this, the self electrification of coal 
dust particles would render possible spark discharge 
capable of igniting fire damp mixtures. Sparks a 
few millimetres in length have actually been obtained ; 
but attempts to ignite mixtures of methane and air 
with them have not been successful up till the present. 
The inflammability of a coal dust is dependent 
upon its fineness, and for gallery tests a fineness has 
been specified such that 85 per cent. of the dust passes 
through a 200 mesh I.M.M. standard sieve, which is 
the finest made. The ultimate fineness of about 85 
per cent. of the dust is therefore unknown. But even | 
for the relatively large particles of a coal dust, sizing 
by sieving is unsatisfactory. This is partly due to 
variations in the size of mesh, however carefully it may 
be made, and partly because of difficulties in the shape 
of the coal particles. A careful study is being made 
of other methods of determining fineness, the most 


elutriator designed at the Experiment Station in 
Pittsburgh is being used for preliminary trials, and a 
second model has been constructed, which will allow 
several sizes to be sorted at the same time from each 
other. 

In the last report of the Board mention was made of 
field experiments made to determine the ability of 
certain liquids to wet accumulations of coal dust so as 
to prevent them being raised as clouds in air. As the 
results were disappointing it was decided to approach 
this important problem from a fundamental standpoint, 
and a research has accordingly been instituted on the 
wetting of coal surfaces and the measurement of the 
physical quantities involved. 

Research on firedamp explosions has proceeded along 
the same lines as those indicated in the Board’s report 
for 1924. Firedamp is more readily ignited than coal 
dust, but, under modern conditions of mining in this 
country, a fire damp explosion is the most frequent 
cause of the initiation of a coal dust explosion. It is, 
therefore, essential to study the phenomena that 
result in or accompany the combustion of firedamp as 
completely as possible. 

The Board’s research work directed to this end can 
be divided into two groups, namely, that dealing with 
the ignition of firedamp, and that dealing with the 
propagation of flame in firedamp mixtures. Various 
possible means of ignition are being studied, such as 
lamp flames, heated wires, heated surfaces and electric 
arcs and sparks. The possibility of sparks being caused 
in the use of picks, or by falling rocks, is also being 
examined. Experiments made with a wheel revolving 
inside a chamber at fairly high speeds against a block 
of some other material, have failed to produce direct 
ignition with steel or carborundum, though various 
devices were employed to concentrate the shower of 
sparks produced, so as to keep the hot surfaces of the 
particles in contact with the inflammable gas for as 
long a period as possible. Ignition has, however, been 
produced with a sandstone wheel in contact with a 
block of sandstone, but it seems doubtful from obser- 
vation whether this was really due to the sparks, or 
rather to the fact that, sandstone having a low thermal 
conductivity, the frictional heat is retained by the 
stationary sandstone block, which in the experiments 
attained a bright red heat over a considerable area. 
Underground conditions were approximated in experi- 
ments in which a revolving cutting disc was brought 
into contact with rock surfaces. When a disc fitted 
with tungsten steel cutters impinged upon a block of 
sandstone or of iron carbonate, few sparks were pro- 
duced, but a bright red glow usually appeared at the 
part of the rock being cut, and in many cases ignition of 
firedamp was thus obtained. 

In studying the propagation of flame in firedamp-air 
mixtures, the effects of turbulence have received most 
attention, because turbulence causes an enhanced speed, 
and it is necessary to know the maximum speed which 
the flame is likely to attain in a firedamp explosion, and 
the degree of violence which may accompany it. It 
might be expected that restricted passages or the 
presence of brattice cloths in a mine roadway would 
tend to check an explosion, but researches suggest that 
they have an opposite effect by inducing turbulence. 
Assuming that a small body of an inflammable mix- 
ture of firedamp and air at some point in an underground 
roadway becomes ignited, the flame may travel a 
considerable distance beyond the region within which 
the original inflammable mixture extended. Thus 
ignition of gas in a heading might result in some of the 
inflammable mixture being forced by the initial 
expansion of the burning gases into the roadway, and 
the propagation of flame would not be confined to the 
heading where previously the inflammable mixture 
alone was present. A new programme has. been 
undertaken by the Board to investigate how far the 
flame of an explosion may be projected beyond the 
original confines of the explosive mixture. So far the 
longest distance of projection into air has been found 
to be about five times the length of the original charge 
of mixture. 





Anopic BEHAVIOUR OF FERROMANGANESE.—Of the 
two chief constituents of ferromanganese, iron’is prone 
to passivity, but this cannot be said of manganese. 
Ferro-manganese being fairly stable even in damp air, in 
which manganese is rapidly corroded, a certain amount of 
passivity of ferromanganese was expected and was found 
by some experimenters, According, however, to Dr. A. 
Newton Campbell, M.Sc., speaking at the Faraday 
Society, on October 27, the ordinary stability of ferro- 
manganese cannot be very deep-seated, since it is easily 
destroyed in hot electrolytes. Especially when alter- 
nating-currents are superposed upon direct-currents—an 
attack under which most otherwise refractory metals 
fail—ferromanganese is corroded by electrolysis, and 
both the constituents dissolve in proportions which vary 
with the experimental conditions. Gases are evolved 
and the anodes disrupt completely, giving slimes of 
various compositions. Manganate is, however, not formed 
in hot caustic potash, in distinction from pure manganese, 
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promising up till now being elutriation. A model of an 


Asan insoluble anode, ferromanganese seems to be useless. 
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BURNT FEN DRAINAGE SCHEME. 

Many, if not most, of the engineering developments | 
discussed in these pages are concerned with the solution | 
of problems arising from modern ways of life, but now | 
and then we are concerned with one having a substantial | 
historical background. The drainage of the large tract | 
of eastern England known as the Fen district is one of | 
these. We propose now to describe an example of | 
recent practice in the way of coping with troubles | 
which, as the remains of the Carr Dyke attest. occupied | 
the attention of the Roman conquerors of Britain ; | 
with which again the mediwval churchmen struggled ; | 
and on which the Dutchman Vermuyden, and our own | 
Rennie and Telford successively laboured. The | 
particular area with which we are more concerned, is | 
known as the Burnt Fen District and lies some five | 
miles to the north-east of Ely. It comprises 16,000 
acres between the River Lark and the Little Ouse River, | 
and most of it lies below sea level. This land is of course | 
almost level and so becomes readily water-logged. 
The drainage is effected by natural gravitation to a | 
large cut or drain, five miles long, and with a bottom 
some 20 ft. below the surrounding surface, The drain | 
stretches from river to river below their levels, and at | 
each end the water has to be lifted from it and dis- | 
charged into the river. For this purpose there is a 
pumping station on the river bank. One of these 
stations is known as the Brandon site, and the other | 
as the Lark site. 

Both stations are equipped in a similar manner, but 
the first has been in operation for about a year, while | 
the second was officially opened as recently as July 16 
of this year. Both also replace earlier pumping plants 
dating from 1842, The Lark plant formerly consisted | 
of a horizontal tandem steam engine driving, by | 
means of bevel gearing and a vertical shaft, an Appold | 
pump at the bottom of a well. The present Blackstone | 
oil-engine plant with a Gwynne centrifugal pump has, | 
at the Brandon station, already demonstrated its 
superiority to the old installation by reducing the fuel | 
bill by 5007. per year, while its reliability is shown by 
the fact that on one occasion the engines were run | 
continuously for seven days- and five nights at three- | 
quarter load without the slightest trouble. The year’s | 
pumping comprised 120 days. The specified duty of | 
each plant is to lift 150 tons of the drained water into 
the river per minute. As the river level varies with the | 
seasons the duty required from the pumps is likewise | 
variable. The above quantity can, however, be | 
delivered against a possible total head of 19 ft. at the | 
Brandon station and 20 ft. at the Lark station. Figs. 
1 to 6, on this page and opposite, illustrate the instal- 
lations by which this work is accomplished. 

Figs. 1 and 2 show the position of the Lark pump | 
house relatively to the river and the drain. The latter | 
terminates in a concrete sump, the mouth of which is | 
protected by a screen, the debris intercepted being | 
removed periodically by rakes. The inlet pipe draws | 
from the bottom of the sump. The outlet pipe has a | 
slight fall from the pump to the river and terminates | 
in a concrete bay across which a timber weir may be | 
fitted for discharge measurements at times when the 
outlet is not wholly submerged. The pump house is a | 
steel framed building, well lighted, and provided with | 
large sliding doors at one end. The fuel tank is 
situated on the side next to the road by which supplies | 
are brought to the station by tank lorries. Figs. 3, | 
4 and 5 show the arrangement of the machinery in the | 
Brandon station. A photograph of the interior of | 
the Lark station is reproduced in Fig. 6. Practically | 
the only difference between the two stations lies in the | 
lay-out of the engines and pumps, the one having | 
the pump on one side of the engine, while in the other | 
station the arrangement is reversed. 

The pump installed at each station is by Messrs. 
Gwynnes Engineering Co., Limited, Hammersmith, 
and is one of their standard Invincible type with a 
split cast-iron casing and a cast-iron double-inlet 
impeller. The inlet and outlet branches are 42 in. | 
in diameter. The shaft is carried on two internal 
neck bearings, and two external bearings, bushed with 
white metal and oiled by double rings. The pump is 
connected direct with the crank shaft of the engine by a 
flexible coupling of the pin type.; The outlet sluice | 
valve is situated in the pump house, and is operated 
by a small engine driven by compressed air. 

The main engines are well shown in Fig. 6. They 
are of the Blackstone three-cylinder, spring injection, 
heavy fuel-oil type, of 250 brake horse-power, and are | 
made by Messrs. Blackstone and Co., Limited, Stam- | 
ford. A cardinal feature of this engine is its readi- | 
ness in starting up when cold on its ordinary fuel, | 
no preheating of any part being necessary. The | 
thermal and mechanical efficiencies are high, the | 
former being 35 per cent. on a brake horse power basis, | 
between full and three-quarters load, and the latter | 
85 per cent. at full load. We understand also that | 
the low consumption of 0-4 Ib. of fuel per brake horse- | 
power hour is guaranteed at full and three-quarter load. | 
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Fie. 6. Lark River Pumprine Station. 


These advantages and others are, for the most part, 
derived from the employment of the spring injection 
gear for the fuel, from which the engine takes its name. 
This gear has already been described on more than 
one; occasion, in our columns and was completely 
illustrated in our issue of November 7, 1924.* 

Reference to Figs. 4 and 5 will show that the engine- 
house is furnished with a countershaft, driven by a Black- 
stone oil engine. This is of 7 brake horse-power and 
supplies power for an air compressor and a pump 
exhauster. The former isa Blackstone two-stage vertical 
machine, and provides air for the two starting bottles 
to be seen in Fig. 3, as well as the operating engine 
on the sluice valve, previously mentioned. The pump 
exhauster is used for creating a vacuum on starting 
the centrifugal pump. The cylinder water-cooling 
pump is driven by a belt from the main engine crank- 
shaft. It is a Blackstone three-throw ram pump, 
which draws the water from a cooling pond where the 
warm discharge is sprayed into the air. A 3-ton 
hand-operated travelling crane runs the full length of 
the engine-house. 

A series of tests was carried out on the engine for the 
Brandon station, by Mr. J. L. Chaloner, A.M.I.Mech.E., 
a full account of which we gave in our issue of April 24, 
1925.¢ That the results obtained in these tests have 
been maintained in practice is evident from the magni- 
tude of the fuel savings effected over the old steam 
plant, which, on the complete scheme amount to 1,000/. 
per year. The compactness of the new building 
compared with the old engine, pump, and _ boiler- 
houses, strikingly illustrates the advances made in 
pumping practice, but we cannot close this account 
of a successful plant without a reference to a new set 
of problems which did not trouble earlier engineers. 
These problems arise from the facts that the level of 
the fens is sinking, and that the rivers are silting-up. 
The water pumped into the rivers has now greater 
difficulty in reaching the sea, and serious trouble may 
result from heavy floods in spite of the most adequate 
pumping plant. 








THe PropuctTion oF Pic IRON AND STEEL IN THE 
Untrep Srares.—According to the Guaranty Trust 
Company of New York, the production of pig iron in the 
United States, during the month of September, amounted 
to 3,136,293 tons, which figure represents a daily average 
of 104,543 tons. The daily output during August 





THE INSTITUTION OF CIVIL 
ENGINEERS. 


Presidential Address* by FREDERICK PatmeEr, C.I.E. 
(Concluded from page 567.) 
IRRIGATION. 

THE need for irrigation works in India has arisen from 
the extremely varied meteorological conditions which 
prevail in that country. Normal rainfall varies from 
nearly 500 in, per annum at Cherrapunji, in Assam, to 
less than 3 in. per annum in Upper Sind, while the 
maximum has reached over 900 in. per annum at the 
first-named place, and the minimum nil in Sind. 
Another factor is the unequal distribution of the rain- 
fall. In the south-east of the Peninsula the heaviest 
rainfall occurs in the three months October to Decem- 
ber, but elsewhere precipitation is confined almost 
entirely to the south-west monsoon period, June to 
October. In the winter months, 1 or 2 in. normally 
fall, but in the hot season, March to June, there is 
practically no rainfall. The problem is to conserve, 
store, and distribute the rainfall in such tracts as admit 
of this procedure. But by far the greater part of the 
country east of the Sydharis, or Ghats, of western 
India, is a high-lying rocky plateau subject to uncertain 
rainfall and having rivers which, for the greater part of 
the year, are nearly dry. The whole area is very un- 
favourably situated in this respect. 

In Northern India, however, there is a huge area of 
territory watered by rivers which rise in the Himalayas, 
and as these are fed by melting snows in the hot season, 
there is always a supply of water, reliable within limits, 
which has been harnessed for distribution. The Indus 
and its tributaries, the Jhelum, the Chenab, the Ravi, 
the Beas, and the Sutlej, flow in a south-westerly 
direction; while the Ganges and its main tributary 
from the Himalayas, the Jumna river, flow south- 
easterly. All these rivers have been brought into use, 
and their canals command large areas in the Punjab 


| and the United Provinces. 


But with all these works, only about 11 per cent. of 


| the cultivable land in India is irrigated by canals, 


amounted to 103,241 tons, and the corresponding figure | 


for September, 1925, was 90,873 tons. 
steel ingots averaged 151,180 tons a day during September, 
against 154,022 tons during August and 134,214 tons 
during September, 1925. 





* ENGINEERING vol. cxviii, page 638. 
t See vol. cxix, page 528. 


The output of | 


about 5-3 per cent. from wells, and 6-2 per cent. from 
reservoirs, mainly in the Madras Presidency, leaving 
774 per cent. unirrigated. 

It can be seen how precarious was the position of the 
country before the days of canals. Nearly 90 per cent. 
of the cultivable area was wholly dependent upon 
rainfall, and there were but few years when failure of 
the rains did not lead to famine in some part or other, 
and, in some cases, to disastrous famine. It is true 
to say that millions of lives have been Jost in India 
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from sheer starvation due to drought and consequent 
famine. Fortunately, these disasters are practically 
unknown to-day, for, with assured crops in large tracts, 
and ample railways for distribution, food can now be 
taken to any threatened area—a thing which formerly, 
even in comparatively recent times, was quite impos- 
sible of accomplishment. 

The first work by British engineers in India was the 
re-opening of the Western Jumna Canal in 1821. From 
want of sufficient funds this undertaking was not a 
success at first, but mistakes then made were corrected 
one by one, until it became a very flourishing concern. 
In 1834, Colonel (afterwards Sir) Arthur Cotton put 
forward proposals of establishing a stable regime in the 
Cauvery, where accummulations of silt had jeopardised 
the utility of those ancient works; and, with the 
exception of some mistakes which have since been 
rectified, these proposals proved effective. 

Commenced in 1842 and opened in 1854, the Ganges 
Canal in the United Provinces was the first work wholly 
constructed by the British in India. It was proposed, 
designed, and built by Colonel Sir Proby Cautley, of 
the Bengal Artillery, and still ranks as one of the 
largest in the world, serving in many respects as a 
model for those since built. Four large torrents are 
encountered, two of which are carried over the canal 
on masonry superpassages 200 and 300 ft. wide ; a third 
torrent is passed into the canal on one side and out on 
the other side through a regulator weir more than 700 ft. 
long. The fourth, the Solani River, is crossed by a fine 
aqueduct of 15 arches of 50-ft. span, the trough of the 
canal being 10 ft. deep and 164 feet. wide in the clear, 
excluding roadways on either side. The embankments 
carrying the canal to and from the aqueduct are over 
2} miles in length and 36 ft. in height. 

In 1846, the Godaveri Weir was built. It is in four 
sections, separated by islands, with a total length 
of more than 2 miles; and the canals drawn from the 
impounded water have converted the Godaveri delta 
into one of the richest tracts in the Madras Presidency. 
This was followed by a project of almost the same 
magnitude on the River Kistna, and several minor 
schemes in the same province. The upper Bari Doab 


Canal in the Punjab, commenced in 1851, was 
on @& somewhat smaller scale than the Ganges 
Canal, but it serves to irrigate 14 million acres. 


‘ollowing upon this successful activity there was a 
“boom ” in irrigation. Sir Arthur Cotton put forward 
several schemes, all of which ended in disastrous failure 
and in the Government having to buy out the com- 
panies. This experience led to the adoption in 1866 of 
the policy of Government loans for productive works, 
and the great development of irrigation works in India 
which has taken place since that time has followed 
upon the acceptance of this policy. 

Five great works were inaugurated—the Sirhind, the 
Lower Ganges, the Agra, the Lower Swat, and the 
Mutha Canals and several smaller works. The Sirhind 
Canal draws its waters from the River Sutlej and com- 
mands 8,50C square miles, 4,000 of which are in British 
territory and 4,500 in Indian States, mainly Patiala. 
By agreement between the Government and the Indian 
States concerned, the capital cost was divided between 
the parties in proportion to the areas served. The 
total length of the channels in this canal system is 
3,733 miles, being exceeded only by those of the Upper 
and Lower Ganges Canals, which are 3,861 and 3,796 
miles respectively. The area irrigated is 1,600,000 
acres, and on the British portion a return of 114 per 
cent. on the capital expended is realised. 

The Lower Ganges Canal system includes a weir 
3,800 ft. long across the Ganges at Narora. It is fitted 
with falling shutters, which enable the level of the 
normal cold-weather supply of the river to be raised 
by 10 ft. to feed the canal. This canal] joins the 
original Ganges Canal, now usually known as the 
Upper Ganges Canal, at Gopalpur, and has relieved 
that canal of a considerable amount of irrigation. The 
surplus revenues from the two Ganges canals, which 
together irrigate 2} million acres over a length of 
nearly 500 miles of country served, amount to well 
over 5 millions sterling, after paying working expenses 
and interest charges. 

The construction of the Lower Swat Canal was 
prompted mainly by political motives, in the hope 
that the existence of such 2 work would tend to pacify 
and settle the Mohmand Rorder at the extreme limit 
of British India, beyond Peshawar. It was built under 
the greatest possible difficulties, in a country barren 
and almost uninhabitable, while about it lay an 
inhospitable land, peopled mainly by predatory marau- 
ders. Opposition was experienced from the tribes 
immediately beyond the frontier, while the people 
within British borders were for a long time either openly 
or passively hostile. Although originally estimated to 
serve 24,000 acres, the system became so popular, when 
once its advantages were perceived, that the irrigated 
area was extended to over 160,000 acres, and yields 
a return of 10 per cent. on the capital outlay. Not 
only has the work been eminently successful financially, 
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but politically it has more than achieved all that was 
ever hoped for. From a barren, uninhabited wilderness 
in 1875, the country had become, by 1895,a wide expanse 
of cultivation, dotted with villages occupied by a 
law-abiding and contented peasantry. Avenues of trees 
sprang up along the canal and its distributaries, and, 
while in 1875 no officer was permitted to go outside 
cantonments without an armed escort, to-day the tract 
is as peaceful and secure as any in the Punjab. 

It may be added here that thirty years later the 
Upper Swat Canal system was commenced. This 
canal leaves the Swat Valley by means of the Benton 
tunnel, more than 2 miles long, through the Malakand 
range, after passing which the waters flow down the 
Dargai Nullah, with a fall of 300 ft. in 5 miles, to 
Dargai, where a regulator distributes the waters in 
two canals. .The engineering difficulties in taking 
this canal along slopes cut up by ravines and torrents 
were enormous, and there are seven other tunnels 
aggregating a mile in length. The political difficulties 
were just as great, and this system ranks among the 
boldest projects yet constructed. 

There is probably no part of India more favourably 
situated in regard to rivers and more unfavourably 
in regard to rainfall than the country already referred 
to, lying between the Jhelum and the Sutlej rivers. 
This tract is traversed by the five great rivers from 
which the Punjab proper takes its name—the land 
of the five rivers. They are the Jhelum, Chenab, 
Ravi, Beas and Sutlej. The rainfall is scanty, by 
far the greater portion of the country having a precipi- 
tation of less than 16 in. per annum, and much of it 
less than 10 in. Even these small rainfalls are liable 
to serious deficiencies in years of drought, and excepting 
some small cultivation on the fringes of the rivers, 
the whole vast stretch of country was formerly desert 
waste, with no resident population beyond a few 
nomad graziers. 

Prior to 1880, with the single exception of the 
Swat Canal, the main object of canals was to improve 
existing cultivation, but in the Punjab the problem 
confronting the Government was not only to turn 
desert waste into cultivable land, but also to transport 
bodily whole communities into the new areas thus 
opened up. In 1882 an experiment was started with 
the construction of the Sohag and Para Canal from the 
Sutlej and the Sidhnai Canal from the Ravi. Colonisa- 
tion began in 1886, and the utmost difficulty was 
experienced in obtaining settlers. The jungle waste 
looked uninviting, and the few indigenous inhabitants 
were decidedly hostile to strangers; but once the 
tide of colonisation turned, no further difficulty was 
met with. The area commanded by the Sidhnai 
Canal was more than 400,000 acres, and the capital 
cost has been returned many times over by the 
surplus profits, which, in 1920, exceeded 40 per 
cent, after paying all working expenses and interest 
charges. The success attending this work encouraged 
the Government to proceed on a far greater scale, and 
in 1889 the Lower Chenab Canal project (the most 
extensive and successful irrigation system in India 
and probably in the world) was taken in hand. The 
tract to be served was one of extreme desolation, 
yet this wilderness has been converted into a veritable 
garden. The weir across the Chenab is 4,090 ft. 
long, and the main canal, with a width of 250 ft., 
carries a discharge of 10,700 cub. ft. per second, six 
times that of the Thames at Teddington. Colonisation 
commenced in 1892, and the earlier colonists had 
an even harder time than on the Sidhnai system. 
There was no railway, and they had to walk 
through a country nearly as waste as that to which 
they were going. The same opposition was met with 
from the indigenous nomads, and many prospective 
settlers, refusing to believe that the land was worth 
cultivating, returned to their homes. Cholera also 
created havoc, but although those who persevered 
were rewarded by an excellent crop, their troubles 
were not over. There was insufficient labour to 
harvest the crops, and difficulties were encountered 
in disposing of what could be reaped, as all surplus 
produce had to be carried along the same perilous 
way by which the settlers came. This was, however, 
only a transitory phase, as news of the fertility of the 
soil and the magnificent crops sp-ead quickly over 





of famine. Across a steep V-shaped gorge, some 
3,000 ft. above sea level, in the middle of almost 
impenetrable malaria-ridden jungle, a concrete and 
masonry dam has been constructed under difficulties, 
both engineering and climatic, never before encountered. 

The total quantity of water impounded to crest- 
level is 15,660 million cubic feet, and of this quantity, 
owing to the wedge shape of the gorge, over 9,000 
million cubic feet can be utilised, being above the outlet 
level. By this work a river ordained by nature to flow 
into the Arabian Sea has been led across the Peninsula 
into the Bay of Bengal, irrigating on its way some 
100,000 acres of land. 

The Triple Canals Project in the Punjab is the largest 
irrigation work yet completed in India, and is a striking 
monument not only to the engineering skill of those 
entrusted with the design and execution of the work, 
but also to the far-sightedness of the originators of 
the scheme. The main object was the irrigation of a 
tract known as the Lower Bari Doab, between the 
Ravi and the Sutlej, and as the winter waters of the 
Ravi were already fully utilised by the Upper Bari 
Doab Canal, the Sutlej] seemed to be the natural source 
of supply. A scheme for a canal from this river was 
actually formulated, but it was strongly opposed by 
the Settlement Commissioners, Sir James Wilson, and 
by Colonel Jacob, of Chenab Canal fame, on the grounds 
that the Sutlej waters would eventually be required for 
development of irrigation on either side of that river, 
and that as there was a large supply in the Jhelum in 
excess of the requirements of the watershed lying 
between it and the Chenab, this surplus should be 
utilised for irrigating the Lower Bari Doab. 

The investigations required for this scheme were 
entrusted to Mr. (afterwards Sir) John Benton, who 
marvellously amplified and improved upon the original 
proposals by providing for two further very large areas 
of irrigation between the Jhelum and the Ravi, the 
first to the east and the second to the west of the 
Chenab. At Mangla, on the Jhelum, a permanent 
shingle bar obviated the necessity for a weir, and from 
this place the Upper Jhelum Canal carries the Jhelum 
waters into the Chenab above the headworks of the 
Lower Chenab Canal. This canal is thus fed with 
Jhelum water, and the Chenab water so set free is 
taken at Merala, 36 miles farther up the river, into 
the second link of the Triple system, the Upper Chenab 
Canal. 

The project was sanctioned in 1905, and in originality 
of conception and design and the boldness and magni- 
tude of the works undertaken the Triple Canals rank 
as one of the finest engineering works in the world. 
Each section was opened as it was practically finished, 
the first in 1912, the third in 1913, and the second in 
1915, but the whole work was not completed until 
1917. There are 433 miles of main canals and branches, 
3,010 miles of distributaries, and nearly 20,000 miles of 
watercourses, irrigating 1,750,000 acres out of a total 
area commanded of almost 4,000,000 acres, or 6,250 
square miles, of which 1,570,000 acres (some 2,500 
square miles) was waste land. From Mangla, on the 
Jhelum, to the southern extremity of the Lower 
Bari Doab is a distance of nearly 500 miles. The 
total cost was about 8&,000,000/., and, besides the 
vast indirect benefits resulting from the scheme, a 
direct return of 8 per cent. on capital will be obtained 
when the lands are fully settled. 

Of the many works in progress, space only permits 
of briefly mentioning four. The dam across the 
Pravara at Bhandardara, in the Bombay Presidency, 
will be 270 ft. high and impound about 13,000 million 
cubic feet of water. The Bhatgarh dam, also in the 
Bombay Presidency, will be 190 ft. high and more 
than a mile long at the crest, impounding over 24,000 
million cubic feet of water. The Sind Canals works 
include a barrage across the Indus at Sukkur, 4,725 ft. 
long, with 66 spans of 60 ft., each supporting a shutter 
of that length, and 18} ft. high. The canals will carry 
a maximum discharge of nearly 50,000 cub. ft. per 
second, and will command an area of 7,500,000 acres 
(12,000 square miles), of which the annual irrigation 
of 5,333,000 acres (8,000 square miles), mostly barren 
desert at present, is anticipated. The Sutlej Valley 
ptuject is the direct outcome of the Triple Canals 
scheme. The whole project consists of four weirs, 


the Province, and the principal difficulty became the| with 12 canals taking off above them, irrigating 


selection of desirable settlers from the thousands of 
applicants. Roads and railways came rapidly into 


being, towns and factories sprang up, and in ten years | three-fifths in Indian States. 


| 


annually 5,100,000 acres, or nearly 8,000 square miles. 
Of this area two-fifths will be in British territory and 
The principal virtue of 


the population rose from 8,000 to 800,000. The capital | the project, however, lies in the fact that 3,750,000 
cost was just under 2,500,000/., which yields a return | acres (5,500 square miles) of, and at present, desert 
of 45 per cent. per annum, while the value of the crops | waste, will be brought under cultivation, and, including 


in the year 1919-20 was no less than 12,000,000I. 

The Periyar project in Madras is a remarkable 
instance of directing the resources of Nature to the 
service of mankind. The Periyar River rises in 
unsurveyed country in the Western Ghats in 


Travancore, and flows through uninhabited jungle 
westwards to the Arabian Sea, while the country 
lying east of the Ghats was in a continual state 





the enhancement in land value, the return on the 
project will amount to 38 per cent. per annum. 

With the large number of works already completed, 
the projects under construction, and those which will 
follow in a brief space of time, the total area com- 
manded may easily amount to 120,000 square miles, 
and the actual irrigation each year to 80,000 square 
miles—an area almost equal to that of Great Britain. 





THE CONSTITUTION AND THE 
PHYSICAL PROPERTIES OF THE 
ALLOYS OF CADMIUM AND ZINC.* 

By C. H. M. Jenxtns, B.Sc., A.R.S.M. 


Tue present research on the constitution and physical 
properties of the alloys of cadmium and zinc, forms a 
continuation of the systematic investigation into the 
properties and uses of the alloys of cadmium carried 
out on behalf of the Minor Metals Research Committee. 
The physical properties of these alloys are found to be 
more complex than would result from a simple eutecti- 
ferous series composed of cadmium and zinc, and the 
complexity has been traced to alterations in the alloys 
caused by the transformations in zinc. Recent work 
on zinc tends to throw doubt on the existence of such 
transformations ; it would appear, however, that this 
metal has a complex hexagonal structure which has 
not, up to the present, been fully identified under X-ray 
examination. 

In the present investigation, the physical properties 
and the constitution of the alloys in the solid and liquid 
states have been determined. From a preliminary 
consideration it was thought that the industrially 
useful alloys would be those containing high percentages 
of zinc or cadmium, with perhaps the inclusion of the 
eutectic alloy. The equilibrium diagram of the alloys 
of cadmium and zinc shows the presence of a eutectic 
situated near the cadmium end of the diagram, with 
a small mutual solid solubility of each metal in the 
other. Changes have been found in the solid solubility 
of cadmium in zinc, an increase in the solid solubility 
being found above the eutectic temperature. This 
abnormal solidus line in the diagram is thought to be 
due to one of the polymorphic transitions in zinc. 
On cooling a selected molten alloy in this region, under 
conditions such as allow it to be in equilibrium at each 
stage, solidification would be followed by a partial 
remelting ; the liquid thus formed would remain until 
the alloy cooled to the eutectic temperature. 

Preparation of the Alloys.—The alloys used in this 
research have been prepared from electrolytically 
refined cadmium and zinc, showing a purity of not less 
than 99-98 per cent. The casting conditions for the 
zinc-rich alloys have been maintained constant for the 
series, the metal being poured at a temperature of 
450 deg. C. into a cast-iron mould 1 in. in diameter, 
heated to 250 deg. C. Density measurements showed 
that sound castings were produced, but when the 
alloys contained more than 3 per cent. of cadmium 
they appeared to be somewhat friable while hot, the 
friability increasing with the cadmium content. For 
the cadmium-rich alloys, a suitable casting temperature 
was found to be 350 deg. C., the metal being poured 
into a cold cast-iron mould. Under these conditions 
satisfactory castings were obtained. The material 
for the tests in the worked state was rolled at 160 deg. C., 
with a reduction of 70 per cent. The rods obtained 
were subsequently aged or annealed. Rods 10 in. 
long by 0-183 in. in diameter, for the tests on electrical 
conductivity, were produced from the rolled material 
by extrusion at 200 deg. C., as described in a previous 
paper by the present author.t The material tested 
had been annealed for six weeks at 250 deg. C. prior 
to extrusion, and was then re-annealed for 4 hours at 
250 deg. C. The material for microscopic examination 
was cast into a cold cast-iron mould, 1 in. by 3 in. in 
cross-section. This material, which had been rapidly 
cooled, was found to be reasonably free from segregation 
and was annealed in sealed glass tubes to prevent loss 
by volatilisation and oxidation. 

The Constitution of the Alloys.—The constitution of 
the alloys has been closely studied, with the aid of 
numerous heat-treatments carried out between 60 deg.C. 
and 400 deg. C. Previous investigators have more or 
less assumed that the alloys formed a simple eutecti- 
ferous series, with a certain degree of solid solubility of 
one metal in the other. Mathewson and Scott and 
Losana thought that the transformations of zinc should 
cause changes in the alloys. From the present results, 
this opinion is strongly confirmed, and the series of 
alloys can be regarded as complex. The transformation 
in zinc from one modification to another leads to an 
abnormal solubility of cadmium in zinc in the neigh- 
bourhood of the upper zinc change point (330 deg. C.). 
The effect of the lower zinc point (160 deg. €.) on the 
microstructure is not so marked, as the maximum solid 
solubility at this temperature is only in the order of 
0-5 per cent. From the results of the heat-treatments 
and cooling curve determinations, an equilibrium 
diagram has been drawn, which is given in Fig. 1, 





* Research carried out at the National Physical 
Laboratory for the Engineering Co-Ordinating Research 
Board of the Department of Scientific and Industrial 
Research. Presented to the Institute of Metals, Liege 
meeting, September 2 and 3, 1926, Abridged. : 

+ “The Physical Properties of the Copper-Cadmium 
Alloys Rich in Cadmium,” Jour. Inst. Metals, 1925, vol. 
xxxiv, page 103. 
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and an enlarged portion of this representing the zinc- 
rich alloys is given in Fig. 2. 

It is suggested that two narrow duplex fields occur 
in the solid zinc-rich alloys. The one extends from 
the upper transformation point in zinc at 330 deg. C. 
to the ends of the horizontal reaction line at 2-25 per 
cent. to 2-75 per cent. of cadmium. This definite 
discontinuity of about 0-5 per cent. in composition 
of the sloping solidus lines has been experimentally 
verified. The lower duplex area in the diagram, 
extending from the 160 deg. change point in zinc, 
is at present hypothetical, as the existence of a 
definite horizontal discontinuity in the sloping solidus 
lines has not been found owing to the low maximum 
solid solubility at this temperature. It has not been 
found possible to prepare specimens, representing 
either of these duplex areas, showing an actual duplex 
structure; but it must be borne in mind that the 
fields are narrow, and no great difference in the 
etching properties of the phases occurs such as would 
lead to a ready differentiation of the two constituents 
when present together. The constitution of the alloys 





to the temperature from which the alloys have been 
quenched. The alloys quenched from high tempera- 
tures show marked acicular structures, and, on etching, 
are often soot-black in colour. Acicular markings 
are found in alloys afterall the various heat-treatments. 

The Physical Properties of the Alloys.—The density 
of the alloys has been determined on both cast and 
annealed material. The results for the zinc-rich alloys, 
containing up to 6 per cent. of cadmium for the cast, 
rolled and annealed states, vary from 7-11 to 7-24, 
and for the cadmium-rich alloys from 8-52 to 8-67. 
The density of the eutectic alloy is approximately 8-35. 
No large differences in density were observed in any 
of the series, indicating that material, as cast, is free 
from appreciable unsoundness. 

The Physical Properties of the Zinc-Rich Alloys.— 
The physical properties of the zinc-rich alloys have been 
studied over the range of composition from 0 to 6 per 
cent. of cadmium. The results for the tensile strength 
and Brinell hardness have been obtained on the material 
in the following conditions: (1) As cast. (2) After 
rolling, followed by ageing for three months. (3) After 





| 
| 





alloys were cast under the conditions previously given, 
and tests were made on this material in the cast state, 
as rolled, and after annealing. The effect of nine 
months ageing on the cast material has also been 
determined by some Brinell tests. In the second series, 
six alloys were cast and rolled, and the material 
machined into test-pieces and allowed to age at room 
temperature for six or seven months before any 
further heat-treatment was carried out. The material 
after heat-treatment, preceded by ageing, has properties 
noticeably different from those of the heat-treated 
unaged material. 

Properties of the Material as Cast.—The Brinell 
hardness of zinc appears to be about 34, a figure in 
approximate agreement with the usually accepted 
value. The addition of 1 to 2 per cent. of cadmium 
raises the Brinell hardness, in the cast state, to between 
50 and 60. Although several ingots were made, 
variable values were obtained, but the high Brinell 
hardness of the alloys in this region has also been 
confirmed by the existence of a peak in the hardness 
curve taken on a series of alloys, about lin. x 0°25 in. 
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has not been determined below the temperature of 
the phase change in cadmium ; the diagram, therefore 
takes no account of such a change. A considerable 
degree of metastability occurs in all these alloys; 
this is especially noticeable in the zinc-rich alloys 
above the eutectic temperature, where, at ordinary 
rates of cooling from the molten state, no noticeable 
thermal arrests are observed on cooling curves, except 
at the temperature of the liquidus and eutectic 
points. 

Microscopic Examination.—To guard against surface 
losses resulting from oxidation or volatilisation, 
annealing was carried out in sealed tubes. All alloys 
were examined on freshly-cut surfaces, sectioned 
after annealing. The acicular markings and the 
recrystallisation effects due to sectioning and polishing 
any of the alloys, cause considerable difficulties in 
the examination of microsections for the determination 
of the solubility limits. The specimens were polished 
with magnesia on a rotating polishing pad, and were 
subjected to polish attack by means of a solution of 
one-tenth per cent. of nitric acid in water, which, 
as polishing proceeds, slowly dissolves the magnesia 
from the pad, thus preventing its entanglement in 
the surface of the specimen. The specimens were 
finally etched in a 1 per cent. solution of nitric acid 
in alcohol. No staining of the surface occurred with 
this treatment. 
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| rolling, with subsequent annealing at 250 deg. C. 

(4) After rolling, followed by ageing for six months. 
(5) After rolling, ageing, and annealing at various 
temperatures. 

The various treatments specified have resulted in 
material of widely different physical characteristics. 
The marked difference in the character of the material 
after ageing is particularly noticeable, resulting in 
softening in the case of alloys, whereas the effect on 
unalloyed zine is not very marked. The effect of 
ageing is most noticeable if the alloys are further 
annealed before testing. 

It would appear, from the results, that the properties 
of the alloys are influenced by the four. following 
factors :— 

1, Hardening caused by cooling the material through 
a transformation temperature at which differences 
occur in the solid solubility of cadmium in the two 
forms of zinc. 

2. The effect of recrystallization or grain-growth of 
the material caused or accelerated by polymorphic 
transformation. 

3. The limit of solubility of cadmium in zinc. 

4. The effect of ageing at room temperature. 





It is thought that the alloys undergo slow softening, 
with either the release of mechanical stresses due to 
cold-work or the separation of material held in solid 
solution at higher temperatures. This depends on the 





The appearance under the microscope of the zinc 
alloys containing cadmium seems to vary according | 


previous history of the material. 


Two series of alloys were cast. In the first series, 
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in cross-section, which have been chill-cast in a cold 
iron mould. This increased hardness, first noticed by 
Ludwik,* does not appear to be accompanied by extreme 
brittleness such as was found to exist later in a series 
of alloys quenched from about 355 deg. C.; neither does 
it exist to the same extent in annealed material. Further 
increase of the cadmium content to 6 per cent., causes 
the Brinell hardness to fall from 50 to 45. The tensile 
strength of these alloys rises with the cadmium content ; 
here there is a slight divergence in the values obtained. 

Two series were tested; these had been cast, so 
far as could be judged, under identically the same 
conditions. In the first series, a maximum of 8 tons/in.* 
was reached with the addition of 3 per cent. of cadmium ; 
in the second series, the maximum value, 9-5 tons/in.?, 
was not reached until the highest percentage addition, 
namely, 6 per cent. of cadmium. The effect of ageing 
on the cast material is apparent from the values of the 
Brinell hardness obtained after nine months ageing. 
These are numerically 3 to 8 lower than when the 
same material was previously tested. This softening 
effect may possibly be due to decrease in the amount 
of cadmium held in solid solution, and possibly to 
aggregation at room temperature of the particles 
thus separated. 

Macrostructure of the Cast Zinc-Rich Alloys.—The 
macrostructures of the 1 in. cast bars of the zinc-rich 
alloys are shown in Fig. 3. The section on the left 
is that of pure zine ; the centre and right-hand sections 
contain 1 and 3 per cent. of cadmium, respectively. 
The illustrations show the refinement of the grain-size 
and the suppression of the radiating structure that has 
occurred on the addition of a small percentage of cad- 
mium to zinc. 

Properties of the Material after Rolling.—Tests 
carried out on the material of the first series, after 
a reduction of 70 per cent. by rolling (commenced 
at 160 deg. C.), followed by three months ageing at 
room temperature, showed that the tensile strength 
rises from 10-3 tons/in.? to 14 tons/in.? on the addition 
of 1-5 per cent. of cadmium without causing the 
elongation to fall below 50 per cent. Further increase 
in the cadmium content to 5 per cent. does not appear 
to cause a marked alteration in the properties. No 





* Ludwik, Z. anorg. Chem., 1916, vol. 94, page 161. 
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Brinell hardness tests, were made on the first series of 
alloys. In the second series, somewhat similar results 
have been obtained for the increase in the tensile 
strength, but the longer ageing time, six to seven 
months, does not appear to have reduced the values ob- 
tained for the elongation. The Brinell hardness rises 
from 36 to 50-5 by the addition of 2-5 per cent. of cad- 
mium ; the high values found for the material in the cast 
condition containing about 1 per cent. of cadmium, 
do not occur in the rolled material. The cause of these 
abnormally high values in the cast alloys is ascribed 
to hardening caused by the transformation at 353 
deg. C. 

Properties of the Material after Rolling, with 
Subsequent Annealing at 250 deg. C.—The tensile 
strength of zinc, annealed at 250 deg. C immediately 
after rolling, is slightly over 9-0 tons/in.*. This, on 
the addition of 1-5 per cent. of cadmium, increases 
to over 11 tons/in.?; further additions of cadmium, up 
to 6 per cent., do not noticeably affect the result 
obtained, the tensile strength varying between 11 
and 12 tons/in.? The elongations obtained vary 
between 10 and 25 per cent. for all compositions. The 
Brinell hardness of the material rises from 36-5 to 
49 on the addition of 1 per cent. of cadmium, further 
additions causing the values to fall slightly. The 
slight rise is thought to be due to the separation of 
cadmium from solution by the alloy at room tempera- 
ture, but the rise here observed is not so marked as 
that found for the cast material. 

The Effect of Ageing on the Alloys.—The effect of 
ageing on the cast and rolled material has, to a limited 
extent, been studied by a few tests which show the 
alteration in the properties. The specimens used for 
the Brinell tests in the cast series were given fresh 
indentations after they had received nine months 
ageing, when a noticeable fall had occurred in the 
values, especially for the alloys containing from 1 to 
2 per cent. of cadmium. The Brinell impressions of 
the re-annealed aged material tended to be oval in 
shape, the long axis lying in the direction of rolling. 
The results of ageing tests on an alloy containing 
2-5 per cent. of cadmium, annealed at 355 deg. C., 
and afterwards quenched, showed a fall in the Brinell 
hardness number of approximately 15, which has 
occurred by the softening of the alloys at room tempera- 
tures. The maximum Brinell hardness of this material 
was about 70. Tensile tests on the rolled and aged 
material show that the effect of cadmium on zinc 
is to improve the properties, which can be regarded 
as quite satisfactory. Reliable values have been 
obtained for this material. The tensile strength of 
zinc tested after three months ageing is approximately 
10-3 tons/in.*, and after six to seven months ageing 
about 9-7 tons/in.? By additions of 1-5 to 2 per cent. 
of cadmium to zinc, the tensile strengths of the material, 
after both these periods of ageing, are found to be above 
14 tons/in.2 The elongations exceed 55 per cent. 
on 1-25 in. Prolonged periods of ageing, such as six 
to seven months, render the rolled material on re- 
annealing exceedingly liable to excessive grain-growth. 
The effects of re-annealing for one week on previously 
machined specimens of rolled material subsequently 
aged, which were tested immediately after the heat- 
treatment, gave interesting results. The temperatures 
at which annealings were performed were 100 deg. C., 
160 deg. C., 210 deg. C., and 250 deg. C. At 100 deg. C., 
a fall in the tensile strength occurred, but the elongation 
remained in the neighbourhood of 60 per cent.; with 
increase in the annealing temperature to 160 deg. C., 
the tensile strength fell still further, but the grain-size 
of the material was considerably coarser, and in none 
of the alloys did the elongation reach 10 per cent. 
Further increases in the annealing temperature to 
210 deg. and 250 deg. C., caused the grain size to be 
even coarser, single crystals occupying the entire 
cross-section of some of the bars. The majority of 
the test specimens, unfortunately, broke in the thread. 

The Physical Properties of the Cadmium-Rich 
Alloys.—The properties of the cadmium-rich alloys, 
containing up to 6 per cent. of zinc, have been deter- 
mined in the cast state, and on rolled material annealed 
for six weeks at 250 deg. C. 

Properties of Material as Cast——The tensile 
strength of cadmium in the cast state is approximately 
5-3 tons per square inch, with an 2longation of 50 per 
cent. and a reduction of area about 70 per cent. On 
additions of zinc up to 2 per cent., the tensile strength 
slowly rises, with a gradual fall in the value of the | 
elongation and reduction of area to about 30 per cent. | 
With further increase in the zinc content to 2-5 per | 
cent., there is no improvement in the tensile strength, | 
but there is a marked fall in the values of the elongation | 





and reduction of area corresponding to the limit of the | 
solid solubility of zinc in cadmium. The alloys tested | 


between 2-5 and 6 per cent. of zinc, show a slight | 
decrease in tensile strength and in the values for the | 
elongation and reduction of area, probably due to the | 


presence of zinc in the grain boundaries of the cadmium. | 
The eutectic is probably not present in its usual form, | 


as the cadmium portion has separated on the existing 
primary cadmium, leaving a residual zinc envelope. 
As the zinc content increases, with 10 per cent. or 
more present, the alloys contain an increased quantity 
of eutectic, which now exhibits its characteristic 
structure. This change results in an improvement in 
the mechanical properties. The alloys containing 
12-5 per cent. and 17-4 per cent. of zinc show tensile 
strengths of 10 tons per square inch with elongations 
exceeding 30 per cent. The Brinell hardness of the 
cast material increases from 24-5 to a maximum value 
of 42 on the 12-5 per cent. alloy, after which the values 
decrease. 

Properties of the Annealed-Rolled Material.—Most 
of the alloys after this treatment were found to have a 
very coarse grain size; the results of the tensile tests 
are, therefore, not very consistent. The tensile strength 
of rolled cadmium, annealed for six weeks at 250 deg. C., 
is 4:45 tons per square inch, with an elongation of 
40 per cent. Additions of 2 per cent. to 3 per cent. of 
zinc cause the tensile strength to increase to over 
6 tons per square inch, the elongations of all the alloys 
tested exceeding 30 per cent. on 1-25in. Additions of 
zinc cause only a slight increase in the Brinell hardness 
of cadmium. . 

The Effect of Annealing on the Grain-Size.—The 
zinc-rich alloys which were used for tests on the physical 
properties and which had been annealed immediately 
after rolling for as long as six weeks at 250 deg. C., 
did not show grain growth; also on rolled material 
which had been aged for six to seven months no marked 
grain growth occurred in the series on annealing for 
one week at 100 deg. C., but at higher temperatures 
(160 deg., 210 deg., and 250 deg. C.) marked grain 
growth occurred. On microscopic examination of 
separate specimens of unworked alloys, it was found that 
very marked grain growth occurred at about 350 deg. C. 
The rolled cadmium-rich alloys which had been annealed 
almost immediately after rolling showed marked grain 
growth, but no brittleness was produced. 

Increase in the Value of the Mechanical Properties 
at the Eutectic Point.—Kurnakoff and Achnazarofi* 
have already shown an increase in the Brinell hardness 
at the eutectic point by rapidly cooling the liquid. 
The values obtained in the present research show 
increase of strength in the cast alloy at the eutectic 
composition, although insufficient work has been 
carried out to show whether the maximum increase in 
the values of the mechanical properties occurs at the 
actual eutectic composition. Annealed alloys do not, 
of course, show increases in strength in the region of the 
eutectic. The eutectic alloy, containing 82-6 per cent. 
of cadmium and melting at 266 deg. C., shows a tensile 
strength of 10 tons per square inch and an elongation 
of about 30 per cent. on 1-25in. Further experiments 
are being carried out to determine the tensile strength 
of these alloys at temperatures up to 200 deg. C., 
such as might occur in the use of this material as a 
solder. The flow under load of tin-lead solders at 
slightly raised temperatures is well known; in the 
zinc-cadmium eutectic alloy, this effect does not seem 
to occur at so low a temperature. 

Corrosion Tests.—Comparative corrosion tests have 
been carried out with zinc and alloys containing 0-5, 
1-2, and 5 per cent. of cadmium, exposed to both the 
ordinary atmosphere and immersed in rain-water. 
The material was tested in the cold-rolled state in the 
form of strips 0-17 in. in thickness, 4-5 in. long, and 
0-75 in. wide. These strips were hung by glass rods 
threaded through a hole in the top of the specimen. 
The duration of the exposure was 10-5 months; at 
the end of this time the specimens were not appreciably 
affected, indicating that there is no great change in 
the resistance of zinc on the addition of cadmium. 
The amount of scaling was very slight. The addition 
of cadmium to zinc appears slightly to improve the 
resistance to corrosion. 





THE FIRE-SNOW FIRE 
EXTINGUISHER. 

Amonest ordinary users of _fire-extinguishing 
appliances there is sometimes a belief that one particular 
apparatus will be equally effective in dealing with a 
fire in any sort of combustible. That this is not the 


}case was shown very clearly at Muswell Hill Fire 
| Station, London, N., on Thursday, October 21, when an 


interesting demonstration was carried out by Messrs. 
John Morris (Fire Snow), Limited, Manchester. A 
shallow tank, 124 sq. ft. in area, was filled with 4 gallons 
of No. 1 motor spirit, which was then ignited. The 
resulting fire was easily and rapidly put out by the use 


|of a 2-gallon Fire Snow extinguisher, an apparatus 


producing a jet which deposited a blanket of foam on 
the top of the petrol. This was then skimmed off, and 
the petrol re-ignited. Jets from three 2-gallon extin- 
guishers of the soda-acid type, also made by the firm, 


* Kurnakoff and Achnazaroff, Z. anorg. Chem., 1922, 
vol. exxv, page 185, 








were directed on the flames, with no effect. This test 
was followed by the use of several] squirt-type extin- 
guishers containing carbon tetrachloride, negative 
results being again obtained. Finally, the fire was 
extinguished by a 1-gallon Fire Snow apparatus. The 
soda-acid and carbon-tetrachloride appliances were 
quite unsuited to the task, and actually are intended 
by Messrs. Morris to be used to deal with fires of such 
free-burning materials as wood, fabrics, paper and 
straw, in the first instance, and with those arising by 
arcing in such places as an electric power station, in 
the second instance. 

The preparation Fire Snow is a dense froth or foam 
having the adhesive properties of natural snow, and 
formed of minute bubbles containing CO,. The clinging 
properties of the foam cause it to cover the ignited 
surfaces with a fireproof layer. The foam is produced 
by the combination of two substances, the nature of 
which. was not disclosed, dissolved in water. One of 
the solutions is contained in the body of the 
cylindrical extinguisher, and the other is placed in 
a small concentric chamber in the centre of the 
extinguisher. This chamber is removable, and is 
normally closed by a spring-operated valve locked by 
means of a bayonet joint on the valve spindle, which is 
tubular and terminates in a T-head, forming a handle. 
One arm of this head forms the nozzle, and the apparatus 
is caused to function by giving the handle a quarter- 
turn and holding the extinguisher upside down. The 
first movement opens the valve, and the second allows 
the two fluids to come into contact, when they com- 
bine to form a foam, of about eight times their own 
volume, charged with CO,. The resulting foam is pro- 
jected by the pressure of the generated gas for a 
distance of 25 ft. in the smaller sizes. The jet can, 
however, be stopped by closing the valve. 

The solutions remain operative for a long period. 
though their renewal is recommended in unused extin- 
guishers after about two years. Renewal of an ex- 
hausted extinguisher can be made on the site in less 
than a couple of minutes, the operation consisting 
merely of the mixing of the powdered charges with 
water, pouring them into their respective chambers, 
and re-screwing the cap. The one-gallon extinguisher 
weighs 23 lb. when charged, and the two-gallon one 
weighs 39 lb. The 10-gallon machine is either carried 
on a pair of poles, or is mounted on a two-wheeled 
hand truck. It throws a jet for a distance of about 
50 ft. The 30-gallon extinguisher is mounted on 
road wheels 4 ft. 2 in. in diameter, and is provided 
with 30 ft. of hose pipe. It will throw a jet effectively 
to about 70 ft. 

The demonstrations included other tests with 
Fire Snow, in which the soda-acid and carbon-tetra- 
chloride extinguishers were not used. Thus, a 
bonfire of scrap wood, boxes, &c., saturated with 
petrol and paraffin, was lighted, and a tar boiler, of the 
usual road type, was allowed to boil over and ignite. 
Both these fires were put out with a 2-gallon Fire Snow 
extinguisher in less than a minute each. Half-a-ton 
of fuel oil in a tank exposing 72 sq. ft. of surface, was 
ignited with the aid of petrol and paraffin, and when 
thoroughly ablaze, was extinguished by part of the 
contents of a 10-gallon Fire Snow container in one 
minute. 

Perhaps the most convincing demonstration was that 
carried out upon an old motor-van with a covered body. 
This was thoroughly soaked with petrol, and as a 
further test, a battery of celluloid cells, also wetted 
with petrol, was placed on the driver’s seat. When well 
alight, the fire was extinguished in a remarkably short 
time, even the celluloid cells being put out. The 
extinguisher used was the one-gallon Fire Snow 
extinguisher, which is the size suggested by the 
makers as being suitable for commercial motor vehicles. 
A small pattern, with a charged weight of 7 1b., and a 
capacity of a quart, is made for motor-cars. This has 
a radius of 20 ft., and can consequently be handled at 
a safe distance from a burning car. It is also particu- 
larly well adapted for extinguishing incipient fires 
underneath a car. An examination of the Fice Snow 
itself showed that it had no harmful effect upon the 
skin or fabrics. It ultimately dries to a white powder, 
which is easily brushed off. 








Surprinc CAsvuALtIEs.—Returns recently issued by 
Lloyd’s Register of Shipping showed that. the vessels 
of 100 tons gross and above totally lost or condemned in 
consequence of casualty or stress of weather, during the 
quarter ending March 31 last, numbered in all 89 steamers 
and motorships of a total tonnage of 120,673. Out of 
this total, 26 vessels, aggregating 35,609 tons, belonged 
to Great Britain and Ireland. During the same period, 
35 sailing ships, totalling 19,093 tons, all of which belonged 
to foreign countries, were lost. Vessels otherwise broken 
up, condemned, &c., numbered, in all, 68 steamers and 
motorships, making 158,502 tons gross collectively, of 
which, 18 ships, totalling 41,957 tons, belonged to Great 
Britain and Ireland. Sailing ships, to the number of 7 
and totalling 12,257 tons, were broken up or condemned- 





One of these, a vessel of 712 tons gross, was British. 
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THE PERMEABILITY OF PORTLAND 
CEMENT CONCRETE. 


Tue Building Research Station of the Department of 
Scientific and Industrial Research is conducting a 
series of investigations into the conditions, both in 
preparation and use, which affect the extent to which 
building materials can resist penetration by water. 
Tn the course of this, a study has been made by Mr. 
W. H. Granville, of the permeability of concrete when 
subjected |to water pressure. The results of this work 
so far obtained, have recently been published in the 
form of a report (Technical Paper No. 3) entitled “* The 
Permeability of Portland Cement Concrete.” Of 
the factors affecting the permeability of concrete, 
this report deals in particular with the following: (1) 
The influence of the constituent materials; (2) the 
effect of the methods of preparing concrete; (3) the 
influence of the subsequent treatment of concrete. 
The admission is made at the outset that ‘in labora- 
tory experiments field conditions can never be exactly 
reproduced ”’ and it is claimed that “it is as compara- 
tive results that the permeability figures are of 
particular value. 

Permeability is rightly defined as “ that property 
which permits the passage of a liquid through a 
material,” and it is appreciated that it is a continually 
varying property. The voids which occur in permeable 
concrete are considered as primarily “air” voids and 
‘“‘ water ” voids, and these water voids as being due to 
excessive water. 

The number of specimens mixed at a time was six, 
and the consistency was determined by trial and error 
until the densest mass was obtained. The slump and 
flow results are recorded as a matter of interest. The 
mortar or concrete was moulded into slabs 83 in. by 
84in. by 2 in. cast on edge, a quarter of the mould being 
filled each time and rammed with thirty strokes of an 
iron-faced rammer, 2 in, by 1} in. in size. The method 
and duration of mixing are not stated, though a 
reference is made to Withey, who says that longer 
periods of mixing are required by lean mixes than by 
rich, as is well known. 

The specimens were taken out of the moulds after 
24 hours and coated, except for the test area, with 
cement grout, then cured for 24 hours in moist air and 
immersed in water for 28-days, when a pressure with 
water at 100 lb. per square inch, was applied. In 
general, a flow of 5 c.c. per hour into a specimen, 
represented a concrete through which no leakage was 
registered. In the matter of materials, one make of 
Portland Cement which passed the British standard 
tests was used, though this was somewhat coarsely 
ground. The fine aggregate was a fine-grained sand 
from Leighton Buzzard, and the coarse a grade of 
unspecified gravel sieved to pass a 4-in. and remain 
in a }-in. sieve. 

The first series of tests consisted of three mixtures, 
1:1:2, 1:2:4 and 1:3}: 6%, all by weight, with 
varying quantities of water, from which comparative 
results were obtained for permeability, crushing 
strength, and what is termed percentage mortar voids. 
The last term appears to include the volume of water 
used plus all the air voids, but no indication is given 
of the method employed of obtaining the volume of the 
air voids. The results when plotted show, as might be 
expected, that maximum strength corresponds with 
minimum permeability and minimum voids. The 
percentage of water used is stated as a ratio of the 
cement, irrespective of the quantities of aggregate 
used. The permeability figures show that the 1: 1:2 
mixture is practically impermeable; the 1:2:4 is 
slightly permeable and the 1: 34: 6%is porous. Tests 
carried out for longer periods than 28 days show that the 
1: 2: 4 mix becomes impermeable when matured under 
water. 

A second series of tests compared the effect of normal 
water content with 20 per cent. surplus, and the 
percentage of cement contained in the dry aggregate 
was varied from 9-1 per cent. to 25 per cent. The 
results in this case show that the permeability, above 
14-3 per cent. of cement, was practically negligible in 
the normal mixture, but not in the wetter consistency. 
In a third series, tests were made with variations in 
the weight of the sand in the 1: 2:4 mix, and then in 
that of the gravel. The results merely confirm the 
fact, already well known, that an increase of the sand, 
at the expense of the gravel, results in a lower perme- 
ability. When a fine sand was substituted for some of 
the cement, the permeability was also shown to 
increase, while there was a corresponding decrease in 
strength. 

The report next passes on to the effect of the method 
of preparing concrete, in which connection some tests 
were made on mixtures rammed with 120 strokes 
instead of 30. These showed that, ina 1:2:4 mix, 
the percentage of voids was decreased, and the per- 
mea bility reduced, while the crushing strength remained 
about the same. Trowelling the surface was found to 
reduce the permeability, and for the purposes of these 
tests the surface was therefore removed by wire brushes. 





Ageing in the case of a 1: 2: 4 concrete matured in 
water, resulted in a reduced permeability, from 240 
c.c. per hour per square foot at 7 days to 5 c.c. at 
twelve months, though when cured in air the figures 
remained at about 500 c.c. per hour per square foot at 
both ages. The maturing of the specimens in air or 
water showed that those cured under water tended to 
become less permeable. 

Mr. Glanville’s report concludes with a general 
summary in which a formula is put forward which, it is 
claimed, represents approximately the law connecting 
permeability and water content. No definite attempt 
is made to prove this, and it is evident that it pre- 
supposes certain conditions. Unfortunately, however 
these are not sufficiently fully stated for an idea to be 
obtained of its accuracy. Certainly, if it can be 
substantiated, it might prove useful, Nowhere in the 
paper are the figures to be found of the exact percentage 
of water required by the cement for what is termed 
“normal ’”’ consistency, and in no test is the weight of 
water definitely stated. It might be obtained by 
somewhat laborious calculations on certain assumptions, 
but in a work of this nature, which is intended to guide 
or assist others, all essential factors should, we think, 
be given clearly. It is certainly desirable that the 
exact amount of water by weight should be ‘stated, 
since so much depends on the water content in concrete, 
a point which is stressed in this very report. 

Since we believe water content to be of such import- 
ance in tests of permeability and strength, we may point 
out that the results of the crushing tests with varying 
percentages of cement to the dry materials by weight, 
follow closely the results obtained by Mr. H. G. Lloyd, 
which he described subsequently in a paper read before 
the Institution of Structural Engineers in 1925. The 
paper was reproduced in abridged form in ENGINEERING, 
vol. exxi, page 55. 

Since the general results are in such close agreement, 
it appears probable that the elaborate method adopted 
in this Research Board work of obtaining the densest 
mix by trial and error, might well be replaced by the 
more scientific method which Mr. Lloyd brought 
forward. 

The report takes objection, quite properly, we think, 
to the judging of consistency by eye, but, unfortunately, 
at the same time enters an objection to the method in 
which a definite percentage of water is used for each 
cement, and a definite percentage for the particular 
aggregate employed. The point is raised that this 
method affects the “workability.” The rejection of 
this method would appear to be somewhat unfortunate 
since in principle it has been definitely agreed to by the 
committee of the British Engineering Standards Associ- 
ation. In the same way, the report gives slump and 
flow test figures, though these tests are not regarded as 
satisfactory by many British workers, and have been 
discarded by many. In this respect, in fact, the results 
given in the report are so varied as to be self- 
condemnatory. 





BOILER EXPLOSION ENQUIRIES. 


In accordance with the provisions of the Boiler 
Explosions Acts, 1882 and 1890, preliminary inquiries 
have recently been conducted by Board of Trade 
surveyors into a number of explosions. Of some of 
these we give brief summaries below. 

Explosion of the Cylinder Casting of a Steam Lorry.— 
The fracture of the iron cylinder casting of a steam 
lorry, which took place on December 18, 1925, while 
the vehicle was proceeding along York Road, Leeds, 
formed the subject of a recent inquiry. The cylinder, 
which was about ten years old, was mounted on the 
top of the boiler; it was jointed to a stool riveted to 
the shell by a rectangular flange. The cylinder frac- 
tured suddenly with a-loud report, the crack extending 
completely round the casting, at the part adjacent to 
the flange. Through the opening thus formed, steam 
at a pressure of 200 lb. per square inch escaped from 
the boiler and enveloped the lorry. Although no 
leakage appears to have been noticed at any time, 
there were definite signs that a crack existed in the 
casting before the explosion. The casting had been 
satisfactorily tested by hydraulic pressure to 300 Ib. 
per square inch during manufacture, and also with- 
stood a similar test in July, 1924. | 

Explosion of a Main Steam Pipe on Board 8.8. Lynn- | 
town.—A mishap, which oceurred to the steam pipe | 
connecting the main stop-valve chest of the port boiler 
to the stop-valve chest of the main engines of the 
2,050-ton steamship Lynntown, was the subject of an 
inquiry held recently. The pipe had an overall length 
of about 10 ft. 6 in. and was made of solid-drawn 
copper; it had an internal diameter of 4 in. and a 
thickness of 0-176 in. It had been repaired by means 
of a brazed sleeve joint at the engine stop-valve end. 
The explosion, which occurred on July 9 last, while the 
vessel was in the Mediterranean Sea, was not violent. 
A leak was detected, and the engines were stopped ; 





| while it was in a water-logged condition. 








on removing a clip which was round the pipe, a circum- 


ferential crack 6 in. in length was found in the vicinity 
of the brazed sleeve joint. The mishap was due to the 
absence of sufficient allowance for expansion in the 
pipe; stresses caused by expansion were probably 
set up at the point where the pipe failed. Moreover, 
the pipe had been expanded to make the sleeve joint, 
and was probably damaged and weakened in the 
process. 

Explosion at the Barking Generating Station.—An 
investigation completed recently had reference to the 
explosion of a stop valve at the generating station at 
Creekmouth, Barking, Essex. At noon on Monday, 
December 14, last, the cover of the governor relay valve 
of a 32,000-kw. turbo-generator operating at a steam 
pressure of 350 lb. per square inch, was forced violently 
from the cast-steel valve chest, breaking all the studs. 
It was torn from its cast-iron superstructure, oil pipes, 
&c., and did considerable damage. The explosion 
was attributed to water hammer,. The plant had 
been shut down over the week-end during severe 
weather, and the conditions were favourable for the 
condensation of steam and the lodgment of water. The 
steam pipes were fitted with adequate means for 
draining, but neverthless steam appears to have been 
admitted while the pipes were charged with water. 
The valve chest, which was only four months old, was, 
on completion, hydraulically tested to a pressure of 
700 lb. per square inch, with the cover in place; the 
studs were, therefore, able to withstand the working 
stresses normally allowed. The makers, however, have 
now adopted an alloy steel for the cover studs. A drain 
has also been fitted over the relay valve and the drainage 
system has been modified. 

Explosion of a Water-Tube Boiler at Walthamstow.— 
The report of a formal investigation into the circum- 
stances attending the explosion of a water-tube 
boiler at the Hale End Works of the British Xylonite 
Co., Limited, Walthamstow, London, E.4, has just been 
made public. The boiler is of the usual Babcock and 
Wilcox land type; it comprises two steam and water 
drums, each 3 ft, 6 in. in diameter and 23 ft. in length, 
together with 160 solid-drawn tubes. The boiler is 
designed to supply steam at a pressure of 200 lb. per 
square inch. The explosion occurred on January 29, 
last ; one of the tubes was pulled out of the back header, 
whilst the boiler was working at a pressure of 195 Ib. 
per square inch, resulting in the violent escape of steam 
and water. The tube which failed was found to be 
completely blocked with a soft limey deposit over a 
length of about 30 in. Nine other tubes were almost 
choked up with sludge over a part of their length and, 
in a considerable number of cases, the tubes were half 
filled with deposit. It was evident that the boiler 
could not have been properly inspected and cleaned 
since the thorough examination made by the insurance 
company’s inspector on March 31, 1925. A _ con- 
tributory cause of the explosion was the feed water. 
For some months prior to the accident the water- 
softening apparatus had frequently been used beyond 
its capacity, and insufficient time had been allowed for 
the deposit in the water to settle in the tank. The 
effect of this was that lime was carried into the boiler, 
and this, together with the deposit which would 
naturally accumulate during working, choked the tubes. 
The conclusion arrived at was that the power engineer 
in charge of the plant was solely responsible for the 
explosion ; he was very severely censured and ordered 
to pay 25. towards the costs of the formal inquiry. 

Rupture of a Soap-Boiling Pan.—The explosion of 
a steam-jacketed, steel, cylindrical pan used for melting 
down soap scrap at the Tower Soap Works, Radcliffe, 
near Manchester, formed the subject of a recent 
inquiry. There were no mountings on the pan; 
steam entered through a 1-in. orifice at the base of the 
outer shell and exhausted through a }-in. hole in the 
centre of the outer bottom. The explosion, which took 
place on January 14, last, was violent locally, the inner 
bottom being completely wrecked. The accident was 
brought about by water-hammer action, which followed 
the sudden admission of steam into the base of the pan 
A contri- 
butory cause was the weakened state of the pan bottom ; 
this had presumably been bulged from concave to 
convex form in a previous accident, which had not been 
recorded. 





THE PropuctTion or Pia IRON AND SvTEEL.—The 
monthly note issued by the National Federation of Lron 
and Steel Manufacturers, Caxton House (East), Tothill- 
street, London, S.W.1, states that, owing to the continu- 
ance of the coal stoppage, thenumber of furnaces in blast 
was again reduced during the month of September. On the 
eve of the stoppage, 147 blast furnaces were in operation ; 
at the end of September only five remained active. The 
production of pig iron, therefore declined to 12,500 tons, 
compared with 13,600 tons in August and 539,100 tons 
in April. On the other hand there was a slight rise in the 
output of steel ingots and castings during the month under 
review. Steel products amounted to 95,700 tons in 
September, an increase of over 40,000 tons over the out- 
put for August. The production for April amounted to 
661,000 tons. . 
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gr Aone may, at Ly hy within two months from date of 
advertisement 0, of a Complete Specification, 
give notice at the Patent O; of opposition to the grant of @ 
Patent on any of the grounds mentioned in the Acts. 


AERONAUTICS. 


251,753. Sir W. G. Armstrong, Whitworth 
Aircraft, Limited, Coventry, and F. Pratt, Coventry. 
Air Screws. (1 Fig.) April 14, 1925.—The invention 
relates to air screws, and its principal object is to provide 
an improved construction of hollow wooden spinner such 
as is employed to enclose the hub of the screw and 
provide a stream-line effect from the centre of the screw 





(251753) 





to the end of the fuselage or the engine, as the case 
may be. According to the invention, the spinner 
comprises curved wide walls 8 of ply-wood, extending 
from blade to blade of the air screw, attached at their 
front edges to the air-screw hub and secured at the back 
to ribs 9 supported on radial webs on the air-screw 
hub.—-(Sealed.} 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


254,106. F. J. West, Miles Platting, Manchester, 
E. West, Miles Platting, Manchester, and West's 
Gas Improvement Company Limited, Miles Platting, 
Manchester. Vertical Retorts. (4 Figs.) June 30, 
1926.—The invention relates to coke extractors for vertical 
retorts of the type in which the coke is gradually lowered 
by a descending platform through a coke chamber 
disposed beneath the retort and having arranged therewith 
means for supporting the contents of the retort during 




















evacuation of the chamber. The invention comprises 
the combination with a coke chamber fixed beneath the 
vertical retort and containing a reciprocating ram, of 
a hinged discharge door and a sliding grid, or bridging 
means, mounted at the side of the fixed chamber. A 
coke chamber a is arranged beneath the lower end 6 
of the vertical retort. A ram c having an inclined upper 
face is vertically reciprocated in the coke chamber. 
One side of the coke chamber has a door d. At the 


top of the coke chamber a, and to one side thereof, is 
a chamber or casing g in which can move an inclined 
grid h having rack teeth on its lower side which are 
engaged by a angry 7 by which the grid can be moved 
outwards, so that it bridges across the top of the coke 
chamber and forms a support for the coke in the retort 
above, when the contents of the coke chamber are being 
rg through the hinged door d thereon. When 
the grid is withdrawn, it comes within the chamber 
or casing g and clear of the coke passing down into 
the coke chamber, The vertically reciprocated ram c, 
during its downward movement, determines the rate at 
which coke is delivered from the retort, such rate being 
adjustable to suit the rate of carbonisation in the 
retort. When it reaches the bottom of its stroke, the 
movable grid A is put into position across the top of the 
coke chamber, and the door d of the latter opened. 
The coke is then discharged, the door d again closed, 
the ram c¢ raised to its uppermost position and the 
movable grid A withdrawn. The cycle of rate is 
then repeated. The angle of inclination of the movable 
grid h corresponds to that of the face of the ram, so that 
the latter lies under the former before the grid is with- 
drawn. (Sealed.) : 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 


252,758. E.C. Hatcher, Finchley. Power-Trans- 
mitting Gearing. (6 Figs.) January 29, 1925.—The 
invention relates to power transmission gearing in which 
rotary motion is transmitted from one shaft to another 
through sets of worm and worm-wheel gearing, in succes- 
sion. 1 is a driving shaft having worms 2, 3 in gear 
with worm wheels 4, 5 on transmission spindles 6, 7, 
respectively, carrying worms 8, 9 in gear with a worm 
wheel 10 on the ultimate driven spindle 11, the worms 
8, 9 being arranged on opposite sides of the ultimate 
driven spindle. The driving shaft 1 is mounted in its 
bearings so that it is axially movable through a short 
distance and the threads on the worms are of opposite 
direction. By reason of this construction, when the 























(252758) 


shaft 1 is transmitting power to the worm wheel trains, 
it adjusts itself to a position such that the power trans- 
mitted through each of the transmission spindles is 
equal. To allow such axial movement, the driving shaft 





can be driven through a convenient form of driving 
clutch 12. Since the efforts respectively transmitted 
| through the worms 8, 9 and the corresponding trains of 
| gearing are equal, the torque or turning moment applied 
| to one side of the worm wheel 10 is balanced by that 
| applied on the opposite side. By reason of the opposite 
arrangement of the threads of the worms on the driving 
shaft and its freedom to move axially, no end thrust is 
transmitted along this shaft, and it is not necessary to 
| provide any thrust bearing to oppose such end thrust. 
(Sealed.) 


MOTOR ROAD VEHICLES. 


252,574. Joseph Sankey and Sons, Limited, 
| Bilston and Wellington, and H. B. Sankey, 
| Bilston and Wellington. Sheet-Metal Wheels. 
| (4 Figs.) July 31, 1925.—The invention relates to disc 
| or spoked wheels in which the nave is strengthened by 
| what is known as a spider. The invention consists, as 
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to its main feature, in forming the wings of the spider 
each as two radial sheets of metal, of which each of the 
two sheets of some of the wings have bent therein a 
half-circle to form a sage gee casing or ferrule 
through which one of the securing bolts passes, the other 
half of the ferrule being formed by an oppositely bent 
portion of the other sheet of the pair. B is the spider 








which extends across from one wall to the other and 
comprises a set of sections ¢, each substantially of 
U-shape, comprising a curved base portion d and two 
radially extending sides e, f, but the side e has formed 
therein a semi-cylindrical portion g, while the side f is 
plain. These U-shaped portions are laid around the 
inner periphery A with their like sides adjacent, so that 
a series of hollow cylindrical portions of ferrules h is 
formed. Within these ferrules are placed inner ferrules, 
and the sides of the nave, where they come opposite the 
ferrules, have formed therein holes less in diameter than 
the internal diameter of the inner ferrules, and the metal 
immediately surrounding such holes is pressed into the 
ends of the ferrules, as clearly shown in Fig. 2, thus to 
locate the spider within the nave and prevent any 
ibility of its moving in relation thereto. The usual 
olts, by which the wheel is secured to the wheel hub, 
pass through the holes in the sides and through the 
ferrules. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


248,093. The Hon. Sir C. A. Parsons, Newcastle- 
on-Tyne, and 8S. 8. Cook, Newcastle-on-Tyne. 
Turbine Plants. (3 Figs.) December 2, 1924. The 
invention relates to turbine installations suitable for 
marine work. According to the invention, the turbine 
unit driving the starboard propeller shaft is separate 
and distinct from that driving the port shaft, while 
variations in the pene of each such unit may be inde- 
varripigs A effected. Thus, referring to the starboard 
unit, a high-pressure turbine A, a first intermediate- 
pressure turbine B, a second intermediate-pressure 
turbine C, and a low-pressure turbine D drive separate 
shafts, each of which is provided with a pinion a, 6, ¢, d, 
respectively, the four pinions gearing with a main gear 
wheel E on the propeller shaft F. According to one 
specific arrangement, the pinions may be arranged roughly 
at the corners of a square, as seen in Fig. 2, the turbine 
A and the turbine B being arranged forward of and below 
the axis of the main gear wheel E, while the turbines 
C and D may be arranged aft of and above the main gear 


i Fig.2 





wheel, the four.corresponding pinions being arranged 
preferably in regular cyclic order round the main gear 
wheel. The dimensions of the turbines A, B are pro- 
portioned for the case in which the live steam passes 
through the four turbines in series, steam being, in such 
case, admitted by way of the pipe G and passing from 
one turbine to the next in regular order by way of the 
pipes H, J, K, L, as shown in Fig. 1. In addition, how- 
ever, an independent supply of live steam is provided 
by way of the pipe M to the turbine B, together with a 
pipe N leading from the exhaust pipe H of the turbine A 
to a point in the connection "gy tome the turbines 
B and C, respectively, suitable valves O, P being pro- 
vided as shown. Steam can be passed either through 
all four turbines in series by using the admission G only 
and closing the valve P, or, by utilising the supplementary 
admission pipe M, opening valve > and closing the 
valve O, for working at higher powers, through the 
turbines A, B in parallel before its passage in series 
through the turbines C and D. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPOR- 
ATORS, &c. 


253,971. A. W. Bennis, Little Hulton, Bolton. 
Furnace Grates. (15 Figs.) February 28, 1925.—The 
invention relates to chain-grate furnaces of the type in 
which grate bars are slipped or threaded on carrier bars 
extending transversely across the grate and are connected 
together, or are connected to separate chains to form an 
endless grate. According to the invention, the carrier bars 
2 are connected with plates 1 having portions 7, 8 longi- 





tudinally lapping over and under portions on similar 
plates on the next carrier bars situated ahead or behind 
same, in such manner that their overlapping portions 
wholly shroud one another for the interception and 
support of any material which may fall down between 
the grate bars. These intercepting surfaces are 80 
arranged that the material carried upon them may be 
discharged, in whole or part, as the chain grate passes 
round the rear drum. (Sealed.) 
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THE EFFECT OF GASES, VAPOURS 
AND LIQUIDS ON THE LIMITING 
FRICTION BETWEEN SOLID SUR- 
FACES. 

By James M. Macavtay, B.Sc., A.M.LE.E. 


Ir a piece of plate glass is laid on another similar 
piece, and the interface between the plates examined 
under monochromatic (sodium) light, or under white 
light, a number of parallel interference bands may 
be observed indicating that a wedge of air, of con- 
siderable thickness, has been trapped between the 
platés. The question arises: What is the nature of 
the support of the upper plate ? 

The colours (if any) observed with white light and 
the number of the interference bands observed with 
sodium light enable an estimate to be made of the 
thickness of the wedge between the plates. For 
example, suppose only a faint rose colour (the last 
“pale rose’? of Newton’s colours of thin plates*) 
is visible at one edge when white light is used, while 
about 30 bands are seen with sodium light, then the 
thickness of the trapped wedge varies from about 
0-0002 cm. to 0-002 cm. By pressing the plates 
together, the angle of the wedge can be readily 
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in which the surfaces were placed ; different surface 
layers might be formed and the coefficient of friction 
between the surfaces thereby altered. For this 
purpose an apparatus was designed to enable plates 
to be laid together in different gases. 

The apparatus employed is illustrated by Fig. 1. 
An inverted glass vessel A rests in a groove formed in 
a supporting plate B, which rests on a levelling 
table C. Mercury poured into the groove gives a 
gas-tight joint. D is a tube containing a rack and 
pinion designed to be gas-tight, but allowing the 
carrier E to be raised and lowered. G is the fixed 
plate and F the sliding one. Two clips H enable 
the sliding plate to be lifted by the rack and hooks K, 
so that the sliding plate can be brought back to the 
same initial position without sliding on the surfaces 
in the reversed direction. 

Any desired gas can be introduced through M, 
the outlet being by means of the tube L. 

The pull was applied by means of a calibrated 
spring, but (so that the chamber might be kept 
gas-tight) the spring was fixed to a cork in the end 
of the tube Q, and the latter was moved over 
V-supports in order to stretch the spring and apply 
the pull from the friction winch R. Q was con- 
nected to the chamber A by 
means of a flexible rubber 
connecting piece O. The plate 
F, after being raised, was 
adjusted to its fixed starting 
position on the carrier E by 
means of a thread passing into 
the flexible rubber balloon P. 

As in all work on friction, 
the initial trouble is the defi- 
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altered, and, if the glass surfaces are of good optical 
polish, a uniform colour (under white light) can be 
got all over the surface, and this colour can, by 
pressure, be changed finally through red, orange, 
straw, whitish, grey (when the film thickness is 
about 0-00001 cm.) to black,* when the glass sur- 
faces may be said to be “in contact.” Now, 
molecular forces are usually assumed to have a range 
of about 10-* cm., so when two surfaces are placed 
together they are usually separated by a layer so 
thick that there can be no direct action of the 
particles in the one surface on those of the other. 
But, in considering the nature of the support of 
the upper of two plates separated by an air layer, 
it must be remembered that ordinary atmospheric 
air contains multitudes of large solid particles— 
the motes which dance in a sunbeamt—and also 
that it contains water vapour. The late Lord 
Rayleigh, in a paper “On the Theory of Surface 
Forces,” t comments on the fact “ that a solid body 
brought into contact with vapour at a density which 
may be much below the so-called point of saturation 
will cover itself with a layer of fluid. The 
fluid composing the layer, though denser than the 
surrounding atmosphere of vapour, cannot properly 
be described as either liquid or gaseous.” Again : 
“In our atmosphere fresh surfaces, e.g., of split 
mica or of mercury, attract to themselves at once a 
coating of moisture. In a few hours this is replaced 
or supplemented by a layer of grease, which gives 
rise to a large variety of curious phenomena. In 
the case of mica the fresh surface conducts electricity, 
while an old surface, on which presumably the 
Fa has been replaced by grease, insulates 
well,” 
_ it was thought that it might be of interest to 
Investigate how far the friction between solid 
surfaces was altered by the nature of the atmosphere 





‘ i 8.P. Thompson’s “ Light Visible and Invisible,” 


t The naked eye can see 0-001 cm. 
+ Collected papers, Vol. III, p. 523. 


“ENGINEERING 


Friction Coefficients. 


oO 
(9779.8) 


nition of the surface conditions 
with respect to “cleanness.” It 
is well known that if two glass 
surfaces are very clean, “seizing ”’ will take place, 
and erratic values for the coefficient of limiting 
friction () up to as much as unity will be obtained, 
accompanied by scratching of the surfaces.* For 
example, using two glass plates of good optical 
polish (kindly supplied by Messrs. Barr and Stroud, 
Limited), coefficients of limiting friction as high as 
0-8, 0-9, over 1-0 were obtained when the 
surfaces had been very thoroughly cleaned by 
prolonged washing with sodium oleate in running 
hot water, thén in hot distilled water, drying being 
done rapidly before an electric radiator and the 
surfaces placed together while hot. Slipping, 
when it did occur, was with a jerk and a scratching 
of the glass. If the surfaces, after washing, were 
tubbed with “clean” dry linen, coefficients of 
limiting and of kinetic friction as low as 0-2, 0-1, 
0-08 were observed, and slipping was then steady 
and slow (say 1 cm. per minute), suggesting the 
viscous flow of a fluid. 

In the experiments about to be described extreme 
cleanness of surface was not aimed at, and the 
difficulty introduced by “‘ seizure ” did not therefore 
arise. The initial condition of surface may be 
specified as follows:—The plates were thoroughly 
washed in soap and water, then rinsed in either 
distilled or clean Loch Katrine water, and allowed 
to dry in air. The marks which always remained 
on the dry surfaces were then removed by rubbing 
with a “clean” linen cloth. 

The question of the flatness of the glass surfaces 
was also considered, and two pieces of thick plate- 
glass were selected which showed regular inter- 
ference bands with sodium light. In view of the 
fact that Hardy found the coefficient of friction to 
be sensibly the same for ordinary plate glass as 
for optically plane glass, the surfaces chosen were 








| * W. B. Hardy and Lieut. J. K. Hardy, Phil. Mag., 
| pp. 35-37, vol. xxxviii, 1919. 
















taken to be satisfactory for the purposes of the 
experiments.* 

The next point to consider was the constancy of 
conditions when air was used as an atmosphere. 
It was decided, from Hardy’s work, that no appre- 
ciable errors would arise from changes in room 
temperature, but there remained the question of 
varying atmospheric humidity. It was decided 
to work with the atmosphere as dry as possible, 
so a dish containing concentrated sulphuric acid 
and another containing phesphorous pentoxide 
were inserted in the chamber A. The line marked 
“dry” in Fig. 2 (observations a, points ¢) shows 
the results of 20 experiments, performed in succes- 
sion, giving a mean value of 0:05 for p, the coefficient 
of limiting friction between the glass surfaces. This 
value was much lower than was expected, and the 
observations were again made after removal of the 
drying agents and with the chamber A containing 
air of the humidity of the particular day. An 
average value for » of about 0-13 was now obtained, 
as shown by the upper line marked “ moist” in 
Fig. 2 (observations b. points ©). The drying 
agents were then re-inserted and the apparatus left 
in the sealed condition for about 24 hours. Obser- 
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vations c, marked +, were next obtained, giving 
again 0-05 as the mean value for ». These results 
show that the coefficient of limiting friction had 
been reduced from 0-13 to 0:05 by the removal of 
moisture from the atmosphere. The normal reaction 
between the surfaces (due simply to the weight of 
the top plate) was 101-3 grams, or about 2-01 grams 
per square centimetre. It was noted that the 
readings for the dry condition were much more 
consistent than for the moist condition. 

It was now decided to investigate this effect of 
water vapour with different gases and with different 
surfaces (glass, steel, brass). In order to save time, 
the gases were drawn through an ordinary chemical- 
drying apparatus, containing calcium chloride and 
concentrated sulphuric acid, before entering the 
chamber A. The drying agents in the chamber 
were thus left with little drying todo. In the experi- 
ments with moist gases, the gases were saturated 
with moisture by bubbling them through water in a 
vessel which replaced the drying apparatus, the 
drying agents in the chamber having been removed 
and replaced by a dish containing water. 

The glass plates having been re-cleaned and the 
chamber A filled with saturated air, a series of 
experiments was performed and the observations 
indicated by line 1, Fig. 2, obtained. The saturated 
air was then replaced by dry air, and it was found 
that a period of two hours was sufficient to enable 
the coefficient of limiting friction to be reduced from 
p = 0-22, the value for the saturated condition, to 
0-09 for dried air. This value increased again to 
about 0-22 on leaving the air in contact with the 
water dish overnight. The large difference (0-05 
and 0-09) in the coefficients obtained with dry air, 





* Hardy, Phil. Mag., pp. 33 and 49, vol. xxxviii, 1919. 
¢ In subsequent work with other vapours the number 
of observations was often increased to 50 for each value 
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shown by lines a, c and 2 (the plates having been} Next consider the surfaces again in a dry atmo- 
“cleaned ” between the two sets of observations). | sphere and add moisture to the atmosphere. A 
may be accounted for by a difference in the surface | thin Jayer of moisture will form on the surfaces of 
“ grease” referred to in the quotation given above | the existing surface layers. When the plates are 
from the paper by the late Lord Rayleigh on surface | now brought into contact, the thin water films will 
forces. touch first, and a flattened water drop will form 

Table I summarises the results obtained with glass | round some of the points of contact, as illustrated 
plates in atmospheres of air, hydrogen and carbon| by the dotted curves (of radius r’) in the sketch 
dioxide. saturated and dry; and also with plates | (Fig. 3). Such drops forming round the points of 
of brass and of steel with surfaces optically polished | contact which first come into action may absorb 
by Messrs. Barr and Stroud, Limited. all the water available in the thin water films, so 

In every case the addition of water vapour to a| that many points of contact may be without water 
dry atmosphere is shown to have produced a notable | surrounding them. Other things being the sam 
increase in the coefficient of limiting friction; and | as before, we have . 
this increase, when the atmosphere was hydrogen Tw wTe 
and when it was carbon dioxide, was substantally ae ee 
greater than when the atmosphere was air. Line : te 
three of the table shows that the effect produced by — ~ the a Season ‘ots Pager si 
flooding the glass surfaces with water was to produce surface. This will be of similar magnitude to /T. 
an even greater increase in friction than that pro- 0.3 
duced by the water vapour. Pie 7 

No appreciable difference is shown in the 
coefficients obtained with glass in dry atmospheres 
of air, hydrogen and carbon dioxide. 

The following method of accounting for the effects 
due to water and to water vapour may be of interest, 
suggesting, as it does, further experiments, to be “TX 
described later, using other liquids and vapours. Pie 

SN 


Consider two surfaces, in a dry atmosphere, being maint etna: SN Re 
slowly brought into contact. The surfaces will be N 
coated with layers (of “‘ grease,” &c.) having more N 


substantial properties on the sides next the solid 779. C; 











Ee 
Solid 


“ENGINEERING 



































TABLE I. 
Normal Reaction. Average Value of yz. Per cent. 
Surfaces. Atmosphere. Increase in 
| F p Wet 
Grams. | Gms./em2. Dry. Moist. Over Dry. 
| 
| | 
Glass on glass .. - Be 101-3 2-01 Air ol 0-05 0-13 160 
| Saturated. 
Glass on glass (1) os oe 101-3 | 2-01 Air... 0-09 0-22 145 
” % a as i 91 (4) | 1-80 Flooded with _— 0-23 155 
| water 
101-3 | 2-01 Hydrogen... 0-10 over 0-33 over 230 (2) 
” ” +s 101-3 | 2-01 Carbon dioxide 0-11 over 0-33 over 200 (2) 
Brass on brass (3) ee : 128-8 | 20-6 Air 7 ee 0-12 0-14 17 
Steel on steel (3) a As 124-2 | 19-9 A i. s 0-13 0-20 64 





(2) Spring stretched to fullest extent. 


(1) Surfaces re-cleaned. 
(4) Ten grams buoyancy correction. 


(3) Cleaned with benzol and linen. 
surfaces than on the sides next the atmosphere. | N” is thus even greater than N’, but in the case of 
The surfaces, even although of good optical polish, | flooding, all points of contact have to be considered, 
will be far from molecularly plane, so that small | whereas with moisture acquired from the atmosphere 
projections from the ‘surfaces will provide points of | there may .be only a few points surrounded by 
* contact ’’—whatever “contact ’? may mean. water. Thus, the greater etiect shown by line 3 

The accompanying diagrammatic sketch (Fig. 3)| of Table I to have been produced by flooding can 
is meant to represent a single point of contact | be readily accounted for. ; 
between the two plates. As the plates were being; By way of illustration, a numerical calculation 
brought together the surface layers would be thinned | will be helpful. Consider simply a tiny drop of 
down until levels were reached which were substan- | water flattened between two surfaces in such a 
tial enough to give a normal reaction N, sufficiently | way that the flattened drop has a thickness of 
great to support W, the proportion of the total | about two wave-lengths of sodium light, 0-0001 cm. 
load to be borne by this point of contact. The | (r = 0-00005 cm.), and has a radius of jy mm. 
surface layers will assume some such form as that | (area = 0-0003 sq. cm.); then, the surface tension 
illustrated, so that surface tension effects have also | of water being 73 dynes per centimetre, the plates 
to be considered. The surface separating the layer | (due to surface tension) will be pulled together with 
from the surrounding atmosphere may be somewhat a force equal to 73 x 0-0003/0-00005 dynes, or 
indefinite, so may be regarded as of weak surface | about half a gram weight; and the surface-tension 
tension ;I,. If P represents the pressure of the | effect of six such tiny drops per square centimetre 
atmosphere and p the pressure behind the curved | would suffice to account for the 145 per cent. increase 
surface (radius r) of the layer, then the plates will|in the coefficient of limiting friction shown in the 
be pushed together by a force (P — p) multiplied by | second line of Table I—the normal reaction of 
some small area A, and W + (P —p). A=N.|2 grams per square centimetre being increased to 
Also (P — p) = iT, /r, so that | 5 grams per square centimetre without altering the 
iT |load on the top plate. Of course, a greater number 
< bes er drops would have a similar effect. It 
¥ : | shoul pointed out that these experiments have 
be in order to get re pene mi ets Sead | been carried out under conditions of low normal 
with water, suppose simply that the air between the | reaction, so that it is to be expected that the effect 
plates is replaced by water. Then in this neW | of the water vapour when heavier loads are employed 
conrtition | will be relatively smaller; if the number of water 
OS , A drops per square centimetre remains the same and 
|the plates remain at sensibly the same distance 
where /T,. is the surface tension for a water/layer | apart, the surface-tension forces will remain constant 
surface. This surface tension will be much greater|and so contribute a smaller proportion of the 
than that of an air/layer surface; hence N’ is| combined normal reaction. 
greater than N, so that friction, which has the same | In order to test the theory further, the following 
origin as the normal reactions N, is increased, | experiments were performed. If the theory be 
without increasing W, by flooding the surfaces with | true, the effect on friction produced by flooding the 
water. | surfaces and by vapour in the atmosphere should 





W=-N— 





hold for any liquid or vapour—provided, of course, 
there be no chemical or solyent action on the surface 
layers ; and liquids of great surface tension should 
have a greater effect than liquids of small surface 
tension. This was proved to be the case by experi- 
ments on ethyl ether, acetic anhydride, and bromine. 

The addition, of each vapour tried, to a dry atmo- 
sphere produced the substantial increase in the 
coefficient of limiting friction shown in Table II 
on page 621, and the flooded surfaces showed a 
greater increase still. 

It was next thought that it might be of interest to 
try the effect produced by flooding the surfacesgvith 
(1) air-free water ; (ii) ordinary water saturated with 
air. Air might come out of solution and alter the 
iayer on the surfaces of the plates, so as to increase 
the value of the surface tension for a water-layer 
surface, and so increase the coefficient of limiting 
friction. The apparatus used for these experiments 
was quite different from that already described. 
Clean glass plates were placed in a rectangular 
glass trough fitted with a water-tight lid provided 
with inlet and outlet tubes. Thoroughly boiled water 
which had never been in contact with air after 
boiling, was passed through the trough, which was 
then placed on a tilting table. The plates were 
lowered into contact, and the coefficient of limiting 
friction found by observing the angle of friction. 
Rather erratic values were found for the angle, 
partly due to the plates tending to grip towards one 
corner, with resulting rotation. However a mean 
value » = 0-31 was obtained from 50 successive 
observations, no single observation differing by 
more than 21 per cent. from the mean. The air- 
free water was then replaced by ordinary tap water 
from which all the visible air bubbles had been 
removed, after the water had been standing for 
4hours. The angle of friction was now found to be 
distinctly less than had been obtained with air-free 
water: a decrease of as much as 60 per cent. was 
found in the mean value for ». But visible air 
bubbles had still formed and were easily seen trapped 
between the plates. The pressure inside such 
bubbles would be greater than the surrounding pres- 
sure, so in accordance with the surface tension 
theory, friction ought to be diminished. The 
experiment was therefore repeated, using now tap 
water which had been raised to 40 deg. C., and 
allowed to cool to room temperature. No bubbles 
were now visible on the plates, and the coefficient 
of friction was found to have increased in accordance 
withexpectations. A value » =0-38 was obtained as 
the mean of 50 observations, the greatest departure 
of a single observation from the mean being about 
20 per cent. This increase in friction was confirmed 
by a repetition of the experiments with air-free 
water and with the water which had been heated to 
40 deg. C. 

As a further test it was thought that it might be 
of interest to try how nearly the increases in friction, 
produced by the various vapours, were proportional 
to the surface tensions of their respective liquids. 
Table II, column 4, gives the valués obtained from 
the observations. 

If the remarkable assumption be made* that the 
thickness (¢) of the film of liquid (deposited by the 
vapour), from which the droplets are obtained, is 
the same for each liquid, and the probable assump- 
tion that the average distance apart of the plates 
remains the same (2r), the theory which is being 
propounded gives the surprising result that the 
values of the coefficients (column 5, Table II), 
calculated from the magnitudes of the liquid 
surface-tensions, are in exact agreement with those 
obtained as experimental values, within the accuracy 
of the experiments. 

If py is the coefficient of friction with vapour 
(defined by F = p, W, where W is the total applied 
normal load) and p is the coefficient with dry sur- 
faces then 


T 
MoW = uw (W +; an) 


where T is the surface tension of the liquid, a the 





* Since this paper was written, it has been found that 
experiments by E. Pettijohn, described in the Journal.of 
the American Chemical Society (‘‘Measurement of the 
Thickness of Film Formed on Glass and Sand,” 1919, 
vol, xli, page 477), justify this assumption. 
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cross-sectional area of a droplet and n the total 
number of such droplets between the surfaces. 

The first assumption made above implies that an 
is constant, and, the second, that an/r is also con- 
stant, say = k. Hence 


k 
My = w(1 + 7 T) (A). 


The values for py, in column 5, Table II, were 
calculated, from equation (A), using the value for 
k, viz. an/r=m x 0-012 x 6/0-00005 (= 38) 
already found in the water-vapour experiments, 
and the respective book values for T given in 
column 2. 








Taste II. 
; Calecu- 
Value of Cue Sees | vanes oF 
Vapour. Surface efficient Value pe (from 
Tension T.} yw (Dry). of Ms equation 
Water .. 73 0-09 0-22 0-22 
Ethyl ether 18 0-20 0-28 0-27 
Acetic anhydride 30 0-18 0-28 0-28 
Bromine r 44 0-33 0-51 0-61 

















The experimental value for bromine is, of course, 
low on account of the short duration of the experi- 
ment, only 6 observation could be taken before the 
action of the bromine on the apparatus compelled 
the abandonment of the experiment. 

It might be thought that the above calculation 
should apply equally well to the case of flooded 
surfaces. But it would be unreasonable to ignore 
the solvent action of the liquids on the layers of 
“ grease’? (as they are usually called) on the glass 
surfaces. In fact the theory receives further 
support from the extra large increases in friction, 
which were obtained by flooding the surfaces. 
The liquids would thin down the surface layers, 
and this ought to mean further increase in the 
friction coefficients. 


(To be continued.) 





THE HETCH-HETCHY WATER SUPPLY 
OF THE CITY OF SAN FRANCISCO. 
(Continued from page 500.) 

WE have several times, in the course of these 
articles, referred to the fact that irrigation water is 
reserved to two districts traversed by the Hetch- 
Hetchy scheme. The requirements of these districts 
are sent down the Tuolumne River, past the 
O'Shaughnessy Dam, and are impounded in the 
Don Pedro Reservoir, the location of which will be 
Seen in Fig. 2, page 64 ante, to the south-west of the 
Moccasin Power House site. This reservoir has 
been built by the irrigation districts of Turlock and 


LINE 





(9756.4) 


Modesto, which are directly interested. Both these 
centres will be noticed on one of the railway lines 
running from Merced to Stockton. The construction 
of the Don Pedro dam flooded a considerable area 
of country and necessitated the re-alignment of the 
Hetch-Hetchy railroad, to which we referred in 
our first article (page 65 ante). This involved the 
replacement of an ‘old trestle bridge which was 
4 ft. below the normal water level of the reservoir, 
by a steel structure 15 ft. higher. The new bridge 
had a length of 585 ft. and consisted of nine spans 
of plate girder type. The cost of this was borne by 
the irrigation districts. 

The formation of this reservoir also resulted in 
submerging a length of aqueduct required for the 
complete scheme of carrying the city’s water from 
the tailrace at the Moccasin Power House to 
San Francisco. This aqueduct we have already 
described as consisting ultimately of a tunnel 
through the Sierra Nevada foothills, a long pipe line 
across the San Joaquin Valley, followed by another 
tunnel through the Coast Range, and pipe line 
across the Bay of San Francisco, ending with 
tunnels on the Peninsula. At the moment, the 
tunnel in the Foothills Division not being com- 
| pleted, the water discharged from the power 
/house is allowed to flow into the channel of the 
| Tuolumne River, down which it takes its course 
with the irrigation supplies to the Don Pedro 
| reservoir. 

In anticipation, however, of the completion of the 
latter work, it was thought advisable to construct 
in advance the part of the aqueduct which the 
reservoir would submerge. This portion consists 
of a break in the 17-mile Foothill Division tunnel, 
at Red Mountain Bar, where the tunnel gives place 
to an inverted syphon across the Tuolumne River. 
This syphon is now submerged by the reservoir to a 
depth of 73 ft. This part of the work is illustrated 
| by means of Figs. 107, 108 and 109 herewith. The 
two former show the syphon in plan, laid across the 
| Tuolumne River, and a profile showing the gradients 














resorted to. Both these illustrations, however, show 
the conditions at the site, while the river was still 
of its natural size, and do not illustrate the conditions 
since the completion of the reservoir, the normal 
level of which may be gauged, however, from 
Fig. 108. 

The syphon consists of a length of 776 ft. of steel 
pipe, 9 ft. 6 in. in diameter inside, but lined inside 
with 2} in. of cement mortar, thus reducing the 
net internal diameter to 9 ft. 14 in., as shown 
in Fig. 109. The outside of the pipe is pro- 
tected with a minimum thickness of concrete of 
18 in. at the top and bottom, increasing to 24 in. at 
the sides, for the central and lowest part of the 
syphon, with thicknesses of 12 in. and 18 in. for the 
two end portions. The actual head under which the 
syphon will work will be 367 ft. and the pipe thick- 
nesses range from # in. to } in., increasing by 
sixteenths. The pipe was laid in a trench excavated 
in the dry across the river bed, a cofferdam being 
constructed first across one-half of the channel, and 
then across the other. The syphon commences 
at the east end with a length on a slope of 
18} deg. This changes further on to a slope of 
30 deg. which, however, flattens out to a slope of 
5 deg. and then to 24 deg., which carries it to a 
short level run of 16 ft. at the lowest part of 
the old river channel. Thereafter the pipe rises 
first on a slope of 15 deg., which in turn gives way 
to a steep final length on the west side of the reser- 
voir, laid at 35 deg. There are thus six points of 
change of slope which are taken care of by curved 
lengths formed of 2 to 6 courses as required to meet 
the various conditions. The normal courses on the 
straight were 8 ft. long, and the pipe was supplied in 
lengths of three courses. The pipe was handled 
on the site in sections of this length brought to the 
point of the work on light railway cars running on 
a temporary track laid alongside the pipe trench. 
Sections were lined up and supported on temporary 
wooden blocking, subsequently replaced by lengths 
of concrete. The intermediate spaces were after- 
wards concreted in, completing the outside cover. 

The sections were jointed by means of double- 
riveted butt joints with one cover plate, while the 
longitudinal seams were triple-riveted butt joints 
with two cover plates. As sections were riveted in 
place they were subjected to a test pressure of 
200 lb., and made tight. This pressure was main- 
tained in the pipe while the concrete jacket was 
being poured, and until it had set. The inside lining 
was poured last of all. For this, the forms, which 
were built up of the staves used for wooden pipe 
lines, arranged on collapsible frames, were set 
slightly eccentric inside the pipe, so as to give a 
lining thickness of 2} in. at the top of the pipe and 
2 in. at the bottom. These forms were kept in 
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CAST-IRON CONCRETE BRIDGE AT GMUNDEN, AUSTRIA. 


CONSTRUCTED TO THE DESIGNS OF DR. FRITZ EMPERGER, VIENNA. 
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position by small precast blocks. The mortar, 
consisting of 1 : 1}, cement and sand, was poured 
through 2}-in. saddles arranged at 16-ft. intervals. 
At the lowest point of the pipe a connection is 
provided for a 12-in. blow-off pipe, the alignment of 
which is also shown in Figs. 107 and 108, on the 
west side of the river channel, and in the section 
Fig. 109. Two 12-in. gate valves are provided in 
this pipe, one at the end above normal reservoir 
level, and one at a much lower level. The blow-off 
pipe is laid for part of its length in the main pipe | 
covering. | 
(To be continued.) 
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CAST-IRON-CONCRETE BRIDGE OVER | 
THE TRAUN, AT GMUNDEN, AUSTRIA. | 

Wks illustrate on this and the following pages, and | 
on page 634, a somewhat remarkable bridge over | adopted for a number of large warehouses and 
the Traun (a tributary of the Danube), near | office buildings. The concrete is hooped with steel, 
Gmiinden, in Austria. This was designed by Dr. | and there is some further steel reinforcement in the 
Fritz Emperger, and is built of concrete reinforced | shape of longitudinal bars, but the main reinforce- 
on a plan suggested by him in 1913, and since ment is of cast iron, which under the conditions 
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described can, Dr. Emperger claims, be credited 
with its full crushing strength of, say, 85,000 to 
100,000 Ib. per square inch. It is, in fact, 5° 
thoroughly supported by the combination of concrete 
and steel in which it is embedded that flexure 1s 
impossible, and its resistance is therefore the same 
as when tested in the form of small cubes. In 
applying the system to buildings, the plan followed 
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CAST-IRON CONCRETE BRIDGE AT GMUNDEN, AUSTRIA. 


CONSTRUCTED 








Fig. 14. View sHOWING FALSEWORK AND SHUTTERING. 


has been to choose a convenient and sightly size of 
column, and to reinforce this with steel hoops and 
verticals. Such a column will take safely the whole 
of the load down to a certain floor level, and below 
this it is progressively reinforced from floor to floor 
by the addition of cast-iron verticals, generally in 
the form of angles. Successive lengths are of stouter 
and stouter section, until finally the basement and 
foundations are reached. The columns have the 
same external dimensions from top to bottom, which 
is convenient both architecturally and structurally. 
This type of column lends itself, moreover, to very 
rapid erection, since the cast-iron is quite capable 
of carrying without assistance the loads imposed 
during the early stages of erection, and forms can, 
therefore, be removed as soon as the concrete is set. 

The same general policy has been pursued in the 
design and construction of the bridge over the Traun. 
This, as shown in Fig. 1, page 622, has a span of 71 m. 
(232-9 ft.), with a versed sine of 18-15 m. (59-5 ft.), 
and it carries a high-level roadway 5 m. (16-4 ft.) 
wide between parapets (see Fig. 2). The span, it 
will be seen, is considerable for a concrete structure, 
but by the system of reinforcement described above, 
which has been adopted not only for the arch ribs 
but also for the columns supporting the roadway, 
the total weight has been kept down to about 1,300 
tons. Since the maximum live load provided for is 
218 tons, the proportion of live to dead load, though 
smaller than would be necessary had the arch been 
built without reinforcement, is much higher than 
would be the case had a wholly metallic structure 
been adopted. As a consequence, the bridge as built 
1s exceptionally rigid, and should have great 
endurance, 

The scantlings of the ribs and of the spandrel 
columns were fixed practically solely by #xsthetic 








considerations, and this done, the total weight of 
the structure could be readily estimated with con- 
siderable precision. From these weights the stresses 
could be calculated, and the amount of them which 
could be safely carried by the concrete, with its steel 
hoops and longitudinals, was next determined. 
Deducting this from the total stress at any section, 
the surplus left over was provided for by the cast- 
iron reinforcement. 

As is, perhaps, best seen in the view of the com- 
pleted bridge reproduced in Fig. 21, page 634, the 
load is carried by two arched ribs, which are spaced 
at 13°8 ft. centres. The spandrel columns spring 
directly from the extrados of this rib as shown in 
Fig. 2. All measure 60 cm. by 80 cm. in transverse 
section, as shown in Fig. 3. These columns are 
monolithic with the main ribs, into which their 
reinforcement is tied, as indicated in Fig. 4. The 
ribs are uniformly 80 cm. wide, but vary in depth 
from 143 cm. at the abutments to 110 cm. at 
the crown. In Fig. 5 the numbers printed along 
the extrados and intrados of the ribs show the 
amount of the cast-iron reinforcement provided at 
successive lengths. The minimum is 30 sq. cm. 
at the abutment where, in deference to the require- 
ments of the Austrian public authorities, useless 
hinges have been provided, although the original 
design was to make the arch rigid with its abutments. 
A view of this hinge is shown to a slightly enlarged 
scale in Fig. 13. Typical cross section of the main 
ribs are reproduced in Figs. 11 and 12, which show 
respectively the reinforcement at the points IV and 
III in Fig. 5. The steel of the hoops is 4 mm. in 
diameter, whilst 20-mm. rods are used for the steel 
longitudinals. The cast iron is of angle section as 
shown. Various stages in the assembly of the rein- 
forcement are represented in Figs. 6 to 10, opposite, 
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Fie. 15. REINFORCEMENT FOR ONE OF THE ARCH Ribs. 


whilst Fig. 24, page 634, is reproduced from the 
photograph of the reinforcement for a complete rib 
temporarily erected in the contractor’s yard. 

The false work required was of a comparatively 
light character, as the total weight to be carried 
was, it is claimed, not much more than one-fourth 
as much as if ordinary reinforced concrete had been 
used. Moreover, with the Emperger system of 
reinforcement, the cast iron can be counted on to 
take almost its full load as soon as the concrete is 
set, so that the shuttering can be removed within 
a few hours of the completion of the pouring. In 
the present case the concreting took three days, 
with a total time of 28 working hours. In case of 
need, a night shift could have been employed and 
the concreting of a rib completed in a single day, 
and the shuttering removed 24 hours later. 

The general character of the false work used is 
clearly shown in Figs. 16 and 17, page 624, The 
scaffolding is supported on concrete walls, which 
were tied down to their foundations by iron rails 
driven into the gravel of the river bed, and having 
their upper ends embedded in the concrete. A light 
foot bridge was built a little above the level of the 
top of the walls, and established easy communica- 
tion between bank and bank. Timber trestles 
erected on top of the walls carried girders of the type 
shown, and struts radiating from these supported 
the centering proper. Sand boxes were provided 
under the girders to facilitate the dismounting of 
the centering after the concrete had set. A view 
of the scaffolding with the centering complete and 
ready to receive the shuttering is reproduced in 
Fig. 22, whilst Fig. 23 shows a later stage of the 
work. Another view is reproduced in Fig. 14, 
above, whilst Fig. 15 shows part of the one of 
the ribs with the cast-iron reinforcement in place, 
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Fig. 18. 
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and the steel hooping in process of completion. 
During the operation of concreting, the scaffolding 
settled almost uniformly through a distance of 
2 in. 

In order to satisfy the Austrian authorities as 
to the adequacy of the system of re-inforcement 
described, provision was made for testing, under 
eccentric loading, a model to one-half scale of that 
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length of the rib in which the line of thrust departed 
most widely from the mid point of the section. 
Drawings of this test-piece are reproduced in 
Figs. 18, 19, and 20, above. As indicated in Fig. 18, 
the line of loading was arranged to be 20 cm. distant 
from the axis of theitest-piece. The results proved 
extremely satisfactory, and the cast-iron reinforce- 
ment appeared to develop its full crushing strength, 
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Fig. 20. 
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whilst reducing the tension on the concrete to 
about one-seventh of what it would have otherwise 
amounted to. The cast iron used was of a hard 
quality and not that commonly used for machinery, 
which has a much smaller crushing strength. 





TRIALS oF THE O1m-TANK STEAMER “ BRITISH 
GoverRNor.’’—Messrs. Swan, Hunter and Wigham 
Richardson, Limited, have completed successful trials 
of the single screw oil-tanker British Governor, during 
which a speed of 11} knots was attained. The vessel, 
recently launched from the company’s Neptune Works, 
Walker, Newcastle-on-Tyne, has been built to the 
order of the British Tanker Company, Limited, for the 
services of the Anglo-Persian Oil Company. The main 
dimensions of the ship are :—Length, 454 ft.; beam, 
57 ft. She is intended to carry about 10,150 tons total 
deadweight on a draught of 26 ft. 8 in. Her oil cargo 
is carried in 20 hold tanks and 10 summer tanks; she 
has also a hold forward for the carriage of ordinary 
cargo. The installation for loading and discharging the 
oil cargo includes two cargo oil pumps, each discharging 
300 tons per hour, placed in the main pump room. There 
is also a smaller pump room forward, containing the 
ballast pump and the oil fuel pump. The boilers are 
oil-fired, and the oil fuel is stored in a cross bunker, in 
the double-bottom both forward and aft, in a deep tank 
forward, and in settling tanks. The deck machinery 
inéludes a steam windlass, three steam winches, and 
steam steering gear. The propelling machinery con- 
sists of a set of triple-expansion engines, steam being 
supplied by three large boilers using oil fuel on the 
Wallsend-Howden system with forced draught. The 
boilers and machinery have been constructed at the 
Neptune Works of the builders. 
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Metal Spraying. By T. Henry Turner, M.Sc., and 
N. F. Bupaen, M.Se., Ph.D., London; Charles Griffin 
and Co., Ltd. [Price 15s. net.] 

For many a year to come, Sir Robert Hadfield’s 

famous estimate of 500,000,0001. for the annual loss 

through corrosion of iron and steel, will serve as a 

useful stimulant to those who are engaged on anti- 

corrosion measures, whether by the production of 
alloys or of preservative coatings. It cannot be said 
that this waste arises from want of choice among 
the many coatings that have been proposed and 
used. On the contrary, it may be due rather to the 
readiness with which a preservative method is put 
into operation, before the phenomena either of 
corrosion or of protective action are fully known. 

Yet, if considered in this light, these summary 

applications may to some extent have been a neces- 

sary evil, for even an imperfect protection would be 
preferable to waiting for the indefinitely long period 
required for supplying the missing information. 

Practice, however, must always gain by acquiring 

as full a knowledge as possible not only of the 

methods, but of the rationale and uses of any likely 
process; and this work, which is apparently the 
first English book devoted to its subject, will be 

welcomed accordingly. é 
It purports to describe the origin, development 

and applications of the metal-spray p s of 

metallisation. A good deal of information, on 
this subject is honourably interred in periodical 
literature, but no convenient summary has been 
available till now. As the authors state very candidly 
at the close of their chapter‘on the nature of sprayed 


metal, much remains to be dis¢overed oni the subject, : 


and the best foundation for such further knowledge 
is such an account as they give of what is known 
already. The processes in question consist, in effect, 
in applying finely-divided metal by a mechanical 
spray to the surface to be protected or decorated. 
The metal may have been prepared as a powder or 
dust, and heated to a plastic condition in the course 
of the spraying operation. More generally, how- 
ever, it is used in the form of a thin wire, which is 
fed, melted and sprayed by a sort of pistol, a method 
using a portable sprayer, and evolved from a pre- 
vious series of apparatus in which molten metal was 
sprayed from a stationary apparatus. An introduc- 
tory chapter on early attempts at metal spraying 
describes typical designs of thesestationary machines, 
and is followed by an account of the early wire-fed 
apparatus. The fundamental difficulty was so to 
control the feed, the melting of the end, and the 
spray, that they kept exact time with each other. 
Several inventors successively took part in the 
development of the early apparatus. The funda- 
mental lines seen to have been laid down by 
Herkenrath, who had already found that heated 
powders would give adherent coatings where cold 
powders would not, and proceeded to design'a wire- 
spraying “ pistol,” which by its portability first 
brought the process into use on a_ practical 
scale. The method is, however, associated above 
all with the developments introduced by Schoop. 
While adhering to the same general form, this 
inventor succeeded in simplifying and improving 
the details, though, as the authors point out, there 
is room for more simplification still before the 
sprayer can be regarded as suitable for use by an 
unskilled man. In substance, two standard types 
consist of an oxy-hydrogen blowpipe and a com- 
pressed-air supply tube, the compressed air serving 
not only to spray the metal, but to drive a turbine, 
which, through gearing, controls both the wire feed 
and the two gas supplies. The normal turbine 
speed in each pattern exceeds 30,000 r.p.m. Full 
particulars are given of the construction and 
operation of these and other forms of spray pistols, 
together with auxiliary apparatus for sandblasting 
the surface to be coated, if this is necessary, and for 
pre-heating it. Figures of cost are given, obtained 
by operation in various countries. A chapter on 
the nature of sprayed metal contains among other 
data a number of experimental observations by 
Messrs. Turner and Ballard and others, including 
an interesting application of the process to building 
up solid bodies,a process. said to have been used 





successfully in small repairs and in making good 
defects in castings. The work is completed by 
chapters respectively outlining the alternative 
methods of metallisation, and giving examples’ of 
applications of the metal-spray process in actual 
practice. These are of great variety, including 
the protective coating of large structural work as 
well as of small pieces, and decorating surfaces of 
paper and fabrics, as well as of hard material. 
Perhaps the most suggestive is the application of 
an aluminium spray to fire-bars, furnishing in 
operation a continuous coating of refractory alumina, 
which not ont effects a great increase in the life 
of the bars, but also appears to make them keep 
their shape and not clinker so readily. 

The process consists in effect, as the authors 
remark, of a felting together of the metallic particles 
to form a sort of metallic millboard among them- 
selves, and to attach themselves similarly to the 
surface under treatment. That a use of metals so 
unusual must give rise to many questions of interest 
is natural, and the authors have done a useful work 
in setting out what results’ have been obtained. 
The text is sufficiently illustrated. In the account of 
non-metallic bronzes, references might perhaps have 
been made to the series of alkali tungstates, from 
which some of the most beautiful and resistant are 
made, though on no great industrial scale. 

ps 
Photometry. By Joux W. T. Watsn, M.A. (Oxon.), 

M.Se, (Lond.). London: Constable & Company, Ltd. 

[Price 40s, net.] : 
Mr. Watsa had available for consultation a vast 
amount of literature, but not many books to 





compete with, when he decided to compile his’ 


Photometry. Liebenthal’s . ‘‘ Praktische Photo- 


metrie was undoubtedly a most comprehensive | 


book; but.it came out in 1906. The “Lehrbuch 
der Photometrie,” by’ Uppenborn and Monasch, of 
1912, and Fabry’s “ Lecons de Photométrie” were 
practically the only recent rivals in the field. 
The numerous other books and papers of recent 
years treat photometry not as an independent 
subject, but rather as an adjunct to illuminating 
engineering, which has itself become so wide a 
subject that Mr. Walsh had to limit himself to one 
particular object. That object was the exposition 
of the principles, methods and instruments of 
applied photometry. In its technique, modern 
photometry is barely two decades old, but it 
requires a’ man of the long experience of Mr. 
Walsh as chief of the Photometry Division of 
the National Physical Laboratory to deal with it. 
As general secretary of the International Com- 
mission on Illumination, Mr. Walsh is, moreover, 
in direct touch with the efforts to internationalise 
photometry, which has proved a more difficult 
task than arriving at international agreement on 
electrical matters, though most of the photometric 
determinations in use rely on electrical measure- 
ments. Bouguer outlined his “‘ Essai d’Optique 
sur la gradation de la Lumiére” in 1729. The 
subject, however, was allowed to lie dormant for 
a long time afterwards, and the definitions 
and symbols, adopted at recent national and inter- 
national conferences, and quoted by Mr. Walsh in 
his Appendices II to X, will be very welcome to 
engineers who understand candle-power, but may 
feel less certain about luminous flux, brightness 
and colour temperature. 

The long bibliographical lists and references, 
added to each of the sixteen chapters of the 
volume, mark both the wide scope and ramifica- 
tions of photometric research and the uncertainty 
attached to radiation problems. While the simpli- 
fication of the theory of radiation remains one of 
the most pressing, but unfortunately least hopeful, 
aims of scientific research we must attempt to 
get nearer to fundamental facts by systematic 
measurements. Mr. Walsh discusses these measure- 
ments under the chief headings of candle-power, 
heterochromatic photometry, spectrophotometry, 
measurements of colour, physical photometry 
(bolometers, selenium cells, photo-electric cells, 
photographic plates, &c.), illumination photometry, 
and measurement of brightness, reflection and 
transmission, and adds. special chapters on the 
photometry of projection apparatus, stellar photo- 


theoretical chapters on radiation, and on the eye 
and vision, are short and leave a good deal to the 
reference columns, as do also the sections on the 
uses to. which illumination measurements may be 
put. With the aid of excellent diagrams, for 
which Mr. Walsh acknowledges his indebtedness to 
Mr, Frederick G. H. Lewis, and other illustrations, 
the volume will be found an admirable guide for 
those engaged in photometric work. 





Guide to the Unemployment Insurance Acts. By H. C. 
Emmerson and E, C, P. Lascettss, O.B.E., Barrister- 
at-Law. London: Longmans, Green & Co., Ltd. 
[Price 4s. net. ] 

“THE object of this book,” according to the 
authors in their preface, “ is to give a straightforward 
and concise account of the Unemployment Insurance 
Scheme and its administration, without offering any 
opinion as to the meritaof the scheme or the methods 
of its administration.” “That there is room for such 
a volume no one can doubt. There are few depart- 
ments:of the public service about which there is so 
great an air of mystery as that branch of the 
Ministry of Labour which administers out-of-work 
benefit. For some reason which has always been 
and still is obscuge, the tribunals, which decide 
whether benefit shall be paid or not, sit in private. 
No. one ‘outside a very small circle knows that 
| Courts’ of Ret are sitting daily all over the 
country, or that they deal with thousands of appli- 
cations-in the course of a month. Nor have the 
“ Courts.of Referees” any discretion in the matter. 
By Regulation 6 (1921), which appears on page 144 
of the volume before us, “The Court may allow 
any; Person appéating to the Court to be likely to 
ected by the decision of the Courts to be present 
airing the cofisideration of a claim, but save as 
aforesaid there shall,not be admitted to the sitting 
of the court any member of the public or the repre- 
sentative of any newspaper.” And so it all goes on 
in secret, The name of the applicant ; the reason 
'why he japplies ; the reason why he is “ put on the 
dole ”—all these matters are coricealed from the 
public gaze, except in the very rare cases when a 
claim is brought before the umpire. Whatever may 
be the advantages of secrecy of administration, it 
has one very obvious disadvantage : it makes for 
an ignorant public. The man who reads the daily 
papers or who strolls now and then into a court of 
justice learns something of legal procedure; but 
unless he is out of work, he knows nothing of the 
way in which the Acts for the relief of the unem- 
ployed are administered. In’ this volume the 
authors have stated the law in a simple and attrac- 
tive fashion, and have provided a very useful vade 
mecum for those who have to work in labour 
exchanges. 









Tungsten: a Treatise on its Metallurgy and Applications. 
By Cory J. Smituetts, D.S8c.. London: Chapman 
and Hall, Ltd. [Price 2ls. net]. 

Tue Sorby Lecture, delivered. by Dr. Carpenter last 
month, has shown the peculiar interest which 
attaches to the preparation and the mechanism of 
deformation of metal crystals, and Dr. Smithells, at 
the Liége meeting of the Institute of Metals pre- 
sented a paper on the subject, in connection with 
tungsten crystals, which was well received. In this 
country tungsten is a very minor metal, being pro- 
duced in small quantities as a by-product of the 
manufacture of tin. It is, however, produced in 
considerable quantities elsewhere, and its applica- 
tions are pf very real importance, so that.it deserves 
a book to itself. Moreover, as Dr. Smithells has 
specialised on the metallurgy of tungsten, and has 
carried out valuable research work on its properties 
and treatment, it is fitting that he should have filled 
the gap in the metallurgist’s library, and have 
written a book on the metal. 

The work forms one of Messrs. Chapman and 
Hall’s metallurgical series, and is a welcome addi- 
tion to that very serviceable set of books. It deals 
with the metallurgy and metallography of tungsten, 
both from the theoretical and the practical points 
of view, and if, in future editions, a section on the 
chemistry of tungsten were added, it would be a 
very complete and exhaustive treatise. The com- 
pounds of tungsten have important applications 





metry and the photometric laboratory. The 


in the dye industries, whilst the alloys of tungsten, 
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particularly with iron, are of considerable interest | 


in the machine tool trade. Only 14 pages are 
devoted to these alloys, including those used for the 
construction of permanent magnets, and the tungsten 
nickel and tungsten-cobalt alloys. There is a 
good deal of scattered information available on these 
materials, and Dr. Smithells might perhaps see his 
way to amplify these sections. It is impossible to 
carry in the memory all] details of modern metallurgy, 
and the amount of time wasted in hunting through 
files of technical publications and in abstracts, 
which seldom include the precise information 
sought, is deplorable. It is a boon, in a work of 
this kind, to be able to find all that is wanted. 
What has been provided -is excellent, and the 
chapters devoted to the curious metallurgical opera- 
tions and manipulations necessary in working up 
tungsten into its ultimate industrial forms are 
commendably detailed and informative. The con- 
trol of recrystallisation is, as Dr. Smithells points 
out, one of the most important branches of metal- 
lurgy, and the nature of the process in connection 
with tungsten sheds a good deal of useful light in 
the corresponding mechanism in regard to other 
metals, although, to a certain extent all pure metals 
have a sui generis behaviour, and possibly only 
meet on common ground in some proportion to the 
impurities present in commercial qualities. 
this as it may, there is a iot to be learned from 
tungsten, and metallurgists will be grateful to Dr. 
Smithells for having written a careful, accurate, and 
painstaking monograph on the metal. He has 


Be | 


succeeded, too, in making it readable as well, a | 


further claim to grateful recognition when so many 
metallurgical books are clouded by obscurity. The 
present treatise is one, thoroughly to be recom- 
mended to students and to experts alike. It is, 
moreover, excellently produced, commendably free 
from misprints, and very well illustrated. 


Fia. 1. 


600-B.H.P. FOUR-STROKE CYCLE 
DIESEL ENGINE. 


and on pages 627 and 628. It is of the four-stroke 
cycle type with air injection, and has six cylinders witha 
total output of 600 brake horse-power at 350 r.p.m. 


Tue firm of Belliss and Morcom, Limited, of 


Birmingham, have had a very wide experience in the | 


design of high-speed steam engines, and their name will 
always be associated in the minds of engineers with the 
Belliss central-valve engine, which was, we believe, the 
first in which a complete system of forced lubrication 
was utilised. They took up the manufacture of Diesel 
engines in 1912, their first design being of the slow- 


The bore and stroke are 15} in. and 17 in., respectively, 
and the mean effective pressure on full load is 93 1b. per 
square inch. The compression pressure is 460 lb. per 
square inch, and the firing pressure 550 Ib. The 
piston speed is 990 ft. per minute. The general appear- 
ance is shown in the photograph reproduced in Fig. 1, 
| from which it will at once be noted that the desiga is 
| very neatly worked out, the engine being free from the 
|network of external piping which disfigures many 





speed type with open A-frame construction. At the 
outbreak of war, they had an order in hand for five | designs. The compressor is incorporated in the engine, 
sets for Southend-on-Sea, but these were commandeered | and is mounted in line with the cylinders at the end 
for other uses, and during the war period the firm were | remote from the generator, as shown in Figs. 2 to 4. 
called upon to manufacture Vickers submarine engines | As no steel columns or staybolts are employed, the 
for the Admiralty. Immediately after the war, they | bedplate and crank-case are called upon to take the 
undertook the conversion of a number of ex-enemy | whole of the vertical stresses, and great care has been 
submarine engines to power-station use. These con- | taken to give these two parts adequate strength and 
versions were entirely successful, and, as a result of the | rigidity. The bedplate is a single-piece casting with 
experience gained in this work, and in the manufacture internal cross ribs at each bearing centre. One of these 
of the Admiralty engines, the firm decided to concentrate | ribs is shown in Figs. 5 and 6. The crank chamber is also 
on the manufacture of Diesels of the high-speed type, | a single casting, heavily cross-ribbed on the same centres 
utilising cast iron for all the structural parts, when they | as the bedplate, as showa in the same figures. The two 
were again in a position to develop their own designs. | sets of ribs in effect constitute a box construction which, 
The first engine of the new type has just been com- | while giving effective resistance to the cylinder stresses, 
pleted, and we were privileged to see it running on test | form a rigid support for each main bearing. The 
at the maker’s works on a recent occasion. It was | deposition of metal at the bearing centres has been 
built for installation in their own works, but is being | worked out to take the whole of the loading, no reliance 
transferred to the Shrewsbury power station at the | being placed on the walls of the crank-case for this pur- 
request of the Corporation of that city, who have already | pose. These parts, however, while thus being primarily 
two Belliss and Morcom 165-kw. sets of older type, | intended merely to seal the crank chamber, undoubtedly 
which have given every satisfaction. During the test | give considerable additional rigidity. As already 
the quiet running and absence of vibration was very | stated the absence of appreciable vibration, even 
noticeable, and this is the more remarkable in that | at full loading, was very noticeable when the engine 
the engine is of relatively light weight. The total | was on test. The cylinders are separate castings, with 
weight is approximately 40 tons, inclusive of the | detachable heads and a separate liner, as shown in 
usual accessories, giving a weight-power ratio of 150 | Figs. 5 and 6. The method of mounting the liner will 
lbs./b.h.p. The engine was fitted with a recording | be clear from these figures, from which it will be seen 
tacheograph which showed a total speed variation on | that it is free to expand, and is provided with @ packing 
load of less than one-third of one per cent., and the | gland at the bottom in the usual way. The design of 
performance as a whole was certainly one on which | the heads results in easy curves for the gas passages 
the makers are to be congratulated | combined with very effective cooling, and is generally 
The engine is shown in Figs. 1 to l5above, on Plate XLI, | similar to that adopted in earlier engines made by the 
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same firm. The depth of the head has, however, been 
increased, and this, in combination with the fact that 
no case of failure due to temperature stresses has 
occurred in any of the earlier engines, ensures that 
| trouble from this cause is extremely unlikely to occur. 
| Each of the heads carries‘only one inlet, one exhaust, 
and one fuel valve, the disposition of which is shown in 
| Fig. 11. There are starting valves in the three heads 
| remote from the generator, as shown in Fig. 10, but 
| these are merely non-return valves of the automatic 
type, the mechanically-operated starting valves being 
| located in a valve box at the end of the camshaft. The 
| starting arrangements will be referred to in detail later. 
The overhead camshaft is mounted in front of the 
| cylinders and is driven by a vertical shaft at the flywheel 
end of the engine, as shown in Fig. 5. The drive is 
| transmitted by skew gearing at both top and bottom, the 
| two-to-one reduction being at the top. The rocker 
,arms hardly call for special comment. One of them 
is shown in Fig. 6, from which it will be clear that they 
| follow standard practice. The inlet and exhaust valves 
| are each mounted in a separate box, which is shown in 
| elevation in Figs. 5 and 6, and in section in Fig. 11. 
| The boxes are of cast iron, and the valves of oil-tough- 
jened steel. The exhaust valve is water-cooled, the 
|inlet and return passages to the head being visible 
|in Fig. 11. The flexible connecting pipes for the water 
| circulation are shown in Fig. 10, from which it will be 
| seen that the inlet connection is coupled to a pipeline 
| running along the top of the engine in the usual way, 
the outlet being connected to a waste pipe. Details 
| of the fuel valve are given in Fig. 11. It will be seen 
| that the body is made in one piece to ensure accurate 
| alignment. The packing gland is in the centre, and the 
| needle can be withdrawn without disturbing the gland 
by taking off the top cap. To remove the atomiser, 
| the valve is withdrawn as a whole from the cylinder 
| head, when the bottom can be unscrewed, again without 
| disturbing the gland. It will be noticed that the jet 
holes in the flame-plate are drilled conically, so that 
; the fuel is distributed uniformly over the surface of 
| the piston. In passing, it may be mentioned that the 
| tappet adjustment for all the valves is external, and 
| within easy reach of the operator standing on the engine 
| grating. 
| The pistons are of cast-iron, and are made in two 
| parts, as shown in Figs. 5 and 6. There are four 
gas rings of the usual type in the upper part, and a single 
| scraper ring in the skirt. The pistons are oil-cooled, 
| oil being fed through the two rocking pipes with knuckle 
| joints shown on the left in Fig. 5. From the upper 
| knuckle joint, the oil is conveyed by an external pipe 
| to the opening in the top of the head, visible on the left 
jin the same figure. It then passes across the head 
| through a labyrinth, and leaves by a central passage, 
|from which another external pipe conveys it to the 
| rocking arms shown on the right in the same figure. 
| The sealing plate under the labyrinth is of aluminium. 
| The oil piping on the exit side is carried to a series of 
| funnels, fitted with inspection covers, bolted to the 
| back of the crank-case, where the temperature of the 
| leaving oil may be noted by the operator at any time. 
From the funnels it is returned to the sump. The 
| arrangement on the supply side will be explained later. 
| The connecting rods are shown in Figs. 5 and 6. 
|The big and smail ends are of steel lined with white 
| metal. It will be observed in Fig. 5 that the 
small end is secured in the rod by a locking plate. 
|The lower shoe is first inserted in the elongated 
hole in the rod, and is located by the flanges at the two 
‘ends. The upper shoe, which has a flange at one end 
only, is then inserted with the plate and keyed in 
position. The gudgeon pin is held by a set pin, as 
| shown on the right in Fig. 5. The crankshaft is a 
| one-piece forging, with the exception of the throw for 
| driving the compressor, and is carried on eight bearings, 
| the first bearing immediately behind the flywheel being 
in duplicate, as shown in Fig. 5. The spiral gear- 
| wheel seating between these two bearings acts as a 
| thrust collar. The main bearing shoes are of cast- 
| iron, lined with white metal. 
| A-section of the compressor is given in Fig. 9, and it 
| is shown in end elevation and plan in Figs. 7 and 8 
| respectively. As will be clear from the section, it is of 
| the three-stage type, the first stage being in the middle, 
| the second at the bottom, and the third at the top. By 
| placing the second stage below the first, the possibility of 
oil-laden air being drawn in from the crank-case is 
| entirely eliminated. The first and second stage inter- 
| coolers are shown, respectively, to the left and right in 
the section, and there is, in addition, an after cooler, 
which is shown on the left in Fig. 7. The inlet and 
delivery valves for the three stages are readily accessible 
from the outside of the compressor, The blast bottle 
is mounted directly on the engine, as shown in Fig. 1, 
while the two starting-air bottles are mounted in any 
convenient position in the engine-room. They do not 
appear in any of the illustrations. The delivery 
pressure from the blast bottle, on full load, is 900 Ib. 
per square inch, As already explained, the starting 
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valves are grouped in a box at the end of the camshaft. 
The box can be seen in Fig. 4, and contains three 
horizontal valves, each valve being connected by ex- 
ternal piping to non-return valves in the heads of the 
three cylinders at the end of the engine remote from the 
generator. Starting is thus effected on three cylinders 
only of the engine, an arrangement which involves an 
initial setting of the crankshaft with the barring gear, 
but results in a simplification of the engine and a 
particularly easy start, as the remaining three cylinders 
are not affected by the chilling effect of the starting 
air. The starting valves are normally held off 
their seats by helical springs, but when the 
master air valve is opened to admit air from 
the bottles, the pressure closes the valves against the 
springs, thus bringing the stems in contact with the cam 
on the end of the camshaft. The master air valve is 
controlled by the left hand of the two levers which can 
be seen projecting above the camshaft casing at the 
centre of the engine in Figs. 1 and2. When this lever is 
moved, it not only opens the master air valve, but also 
cuts the fuel valves for the three left-hand cylinders 
out of action. 

Turning now to the fuel-injection arrangements, 
there is a separate fuel pump to each cylinder, all 
six plungers being arranged in a single steel body 
mounted on the front of the engine, at the right-hand 
end, as shown.in Fig. 2. Details of the fuel pump are 
given in Figs. 12 to 15, on this page. The method of 
operating the plungers is shown in Figs. 5 and 6. They 
are coupled by crossheads into two groups of three, 
corresponding to the three right-hand and three left- 
hand main engine cylinders. Each group is reciprocated 
by an eccentric on the camshaft, as shown in Fig. 6. 
It will be noticed in this figure that the crosshead, in 
each case, is coupled to a lever below it by a link. 
There are thus two levers, and each one is formed on a 
sleeve which carries three arms, as shown in Fig. 15. 
Adjustable pins on the ends of these arms bear on the 
tops of tappet rods, which are held up against the arms 
by coil springs, the arrangement being shown in detail 
in Fig. 12. The suction valves are mounted in an 
inverted position below the tappet rods, as shown in 
the same figure, and are therefore lifted from their 
seats on the down stroke of the tappet, corresponding 
to the up-stroke of the eccentric rod. The delivery 
valve can be seen on the left. The fuel supply is regu- 
lated by controlling the period of opening of the suction 
valves. The shaft, on which the sleeves carrying the 
tappet arms are carried, is eccentrically mounted in ball 
bearings, so that if it is rotated it will alter the 
period of opening of the valves. The rotation is effected 
by the governor, which is connected to an arm on the 
end of the shaft. The governor is shown in Fig. 5, 
from which it will be seen that it is mounted on the 
vertical shaft conveying the drive to the camshaft. The 
main engine control is effected by the two levers in the 
centre of the control platform. It has already been ex- 
plained that the movement of the left-hand lever into 
the starting position opens the master air valve and 
cuts off the fuel supply to the three left-hand cylinders. 
The arrangement is shown in Fig. 6. It will be seen 
that the hand lever is connected to a small bell-crank 
lever;mounted on the fuel pump. The movement of the 
bell-crank lever against its spring, depresses three forked 
levers surrounding the heads of the appropriate tappet 
rods, The forks, which are shown in Figs. 12 and 15, 
come into contact with collars on the tappets, and hold 
the suction valves off their seats. The arrangement of 
the second hand-lever connections is similar, with the 
exception that there is no connection with the start- 
ing valves, as this lever controls the fuel supply to 
the three right-hand cylinders only. The pump is 
provided with the usual hand primers, one of which 
can be seen in Fig. 12, and an emergency hand lever 
is also provided, by means of which all six suction 
valves can be lifted off their seats simultaneously. 
There is a test cock for each cylinder in the fuel valve 
casing, the outlet being led to an open tray, as shown 
in Fig. 10. 

The main lubricating pump is of the gear-wheel type, 
and is driven through a flexible coupling from the 
end of the crankshaft remote from the generator. The 
oil is drawn from a well below floor level, and is 
delivered from the pump to a cooler. From the latter, 
the oil is taken to two internal rails running along 
the inside of the crank-case, the one in front carrying 
the supply to the various bearings, and the one at the 
back to the piston-cooling system. The oil, before 
passing through the bearings, is led through an Auto- 
Klean filter. The circuit for the piston-cooling oil has 
already been dealt with. Branches from the frontl ine 
are taken to each of the main bearings, where the oil 
enters a passage in the crankshaft through which it is 
carried to the big ends. From this point, it is taken 
by a pipe in the centre of the hollow connecting rod 
to the small ends, as shown in Fig. 5. On leaving 
the small end bearing, it is returned to the inside of 
the piston and falls back into a wrought-iron trough, 
which can be seen in Figs. 5 and 6, below the bed plate. 
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The trough has a fall to one end, from which the oil 
is returned to the well. It is fitted with a bafile plate 
below the compressor, with a view to keeping the 
space below this unit as free from oil vapour as possible. 
A branch is led off from the system before the oil 
enters the front rail, and is led up to the valve gear, 
where branches are carried to the camshaft and to 
the rocker bearings. Another pipe carries the oil 
from the rocker bearings to the rollers. The cams 
themselves dip into shallow troughs. A pipe, from 
which additional oil can be supplied to the pistons, 
if required, is carried along the front of the engine. 
The pipe is shown in Fig. 5 to the left of the 
cylinder liner, and it will be observed that the branches 
deliver the oil to two opposite points near the bottom 
of the liner, where it is picked up by the piston. Each 
branch from the line is fitted with a separate cock, 
so that the auxiliary supply may be fed independently 
to any cylinder. i 

The cooling water is circulated by a separate motor- 
driven pump. The main supply enters the cylinder 
barrel through the opening shown on the right in Fig. 6. 
This opening is tangential to the bore, and the water 
is thus caused to swirl round the barrel until it strikes 
the baffle plate, shown about a third of the way up the 
jacket in the figure. This baffle is also fitted with a 
tangential opening, causing renewed swirling of the 
water in the upper part of the jacket. The water 
leaves at three openings, one of which is shown in 
Fig. 6. From these openings, it is led, by internal 
piping, to three points near the centre of the cover. 
It finally passes into the exhaust-pipe jacket, through 
the pipe shown in plan in Fig. 10. There are four 
small subsidiary passages between the cylinder jackets 
and the cover, two of which are shown in Fig. 5. 
The object of these passages is to eliminate any possi- 
bility of an air-lock at the top of the jackets. The 
water supply to the various auxiliaries, such as the 
,ntercoolers, is in parallel with the main circuit. Inspec- 
.ion doors are provided at all necessary points to give | 
ecess to the interior of the jackets for cleaning. 
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In concluding our description of the engine, reference 
may be made to one or two points which it has not 
been convenient to mention previously. The main 
air supply is taken directly from the engine room, a 
separate inlet silencer being fitted to each cylinder. 
These are not shown in any of the illustrations, but 
their position is indicated in Fig. 10. The barring 
gear consists simply of a notched plate, bolted to the 
bed plate, which serves as a fulcrum for the barring 
rod. There is a plunger corresponding to each cylinder 
for the attachment of indicator gear. These plungers 
are connected to the rocker pipes supplying the cooling 
oil to the pistons, and project through glands at the 
top of the crank-case behind the cylinders. The 
eagine, when under test, was equipped with a thermo- 
couple in each exhaust-pipe branch, and we under- 
stand that the makers recommend this equipment 
in every case, as it affords a ready means of checking 
the effective working of each cylinder. The con- 
sumption of fuel oil is 0-61 1b. per kilowatt-hour. 








THE PHYSICAL SOCIETY OF 
LONDON. 

Ar a meeting of this Society, held on Friday, 
October 22, 1926, at the Imperial College of Science, 
with Professor O. W. Richardson, F.R.S., President, in 
the Chair, a demonstration of selenium cells was 
given by Professor Thirring, of Vienna. 

It was stated that the sensitivity of a selenium cell 
depended a great deal upon the thinness of the selenium 
coating, since only the surface layer was influenced by 
the light. Experience had shown that, with the con- 
denser type of cells, the thickness of the selenium coat- 
ing could be reduced to any desired value by the 
capillary action of suitably chosen electrodes. The 
condenser type was also convenient for making selenium 
cells of very small light-sensitive area, without unduly 
increasing the resistance. The table given on the 
opposite page indicates the approximate resistances of 
examples of the standard types of cells shown, which 
were made according to the author’s patents by 
Messrs. J.Malovich and Co., in Vienna. 

The advantage of a small light-sensitive surface lay 
in the fact that a focussing lens, which concentrates the 
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light on the cells, could be used. Since the ratio between 
dark resistance and light resistance depended on the 
intensity of illumination (energy per unit area), a 
small cell could be used more efficiently than a large 
one with equal electrical properties. 

















Current in Micro- 

amperes at 12 Volts. 

Cell No. Light-Sensitive Area. Illuminated 
Dark. 100 m. 

Candles. 
195 | Circular, 1 mm. diameter . . --| O2 2°5 
753 Rectangular, 0°14 mm. x 10mm.} 0-1 3°8 
925 | Rectangular, 1 mm. x 10mm. . 01 60 
1301 | Circular, 5 mm. diameter .. ool’ SO 240 
1312 | Rectangular, 7 mm. x 35mm. ..| 72°0 432°0 
| 








It did not seem to be possible to remove all the 
deficiencies which were naturally inherent in selenium 
cells. Among these deficiencies the following might be 
mentioned : (a) the resistance was not a linear function 
of the intensity of illumination ; (6) it had a tempera- 
ture coefficient; (c) the reaction to light was not 
instantaneous. Selenium cells should, therefore, be 
used in an arrangement which compensated, as far as 
possible, for these deficiencies for the given purpose. 
A very efficient device was the use of the cells with an 
intermittent illumination of acoustical frequency, 
the cell being coupled with an amplifier. It was impor- 
tant, in that case, that there should be no spontaneous 
rapid fluctuations of the resistance, for these gave rise 
to grating noises. In this respect also, the cells shown 
were superior to those of the grid type, because of the 
better electrical contact at the electrode. 

One of the. experiments shown illustrated an 
arrangement of this kind. The filament of a small 
6-volt lamp was focussed upon a selenium cell with a 
sensitive area of 1sq.mm., by means of two lenses 4 cm. 
in diameter, over the length of the lecture table. The 
light was interrupted by means of a phonic wheel rotat- 
ing close to the lamp. The fluctuating current in the 
selenium cell was amplified and made audible through- 
out the lecture room by means of a loud-speaker. 
Another experiment illustrated the advantages of 
balancing two selenium cells in a Wheatstone bridge ar- 
rangement. By exposing the cells alternately to illu- 
mination, the balance was upset in opposite directions. 

A paper on “ The Corrosion Products and Mechanical 
Properties of Certain Light Aluminium Alloys, as affected 
by Atmospheric Exposure,” was read by Professor 
Ernest Wilson. The paper gave an account of experi- 
ments which had been made upon the electrical con- 
ductivities, the corrosion products and tensile properties 
of high purity aluminium, and certain light aluminium 
alloys, which had been exposed to London atmosphere 
for a period of 24 years. The elements concerned were 
copper, nickel, manganese and zinc, in varying amounts 
up to a few per cent. The variation of electrical con- 
ductivity, the growth of the corrosion product and its 
composition, had been studied, and the tensile properties 
before and after exposure had been compared. Finally, 
there was a note on the corrosion products of high- 
conductivity copper. 

In the discussion, Mr. J. C. Hudson said he would 
like to express the thanks of Dr. W. H. J. Vernon 
and himself for the invitation to contribute to the dis- 
cussion. Dr. Vernon had been engaged in an investiga- 
tion on atmospheric corrosion for the British Non- 
Ferrous Metals Research Association for several years. 
The study of the more fundamental aspects of the 
problem had left him very little time for field tests, and 
he (Mr. Hudson) was therefore appointed some eighteen 
months ago to extend the investigation to outdoor con- 
ditions of exposure. Unfortunately, the sensitive phy- 
sical methods (increase in weight and loss in reflectivity) 
used by Dr. Vernon in his experiments on tarnishing 
in indoor atmospheres, were not applicable out of doors, 
beyond tHe early stages of attack, and ultimately it was 
decided to use the change in resistance of a wire speci- 
men as @ quantitative index of corrosion. The work in 
this field was thus very similar to that of Professor 
Wilson. They had, however, developed their research 
along slightly different lines. Professor Wilson’s work 
was perhaps more intimately concerned with the 
mechanical and electrical properties of the materials 
than with corrosion proper; in consequence, he had 
been led to use wires of dimensions that would have 
been far too unwieldy for their purpose, as they wished 
to arrange for exposure in several localities and to 
obtain results in a much shorter time. 


r * hat! dk. t P 
The relative increase Rn the resistance of a circular 


wire of radius 7, due to the removal of a thin film of 
metal of thickness dt was given by 

aR. ait 

R r 
It followed that if dt, the depth of the metal corroded, 
were independent of the dimensions of the wire, the 
observed change in resistance was inversely proportional 
to the radius, and the time necessary to bring about a 








given change could be considerably reduced by the use 
of thin wire. They therefore used much smaller 
specimens than Professor Wilson, and the gain in 
portability, ease of manipulation and time of exposure 
would probably compensate for the loss of the 
mechanical tests. 

The equation given above was based on the assump- 
tion that the specific resistivity of the material remained 
constant, and they therefore viewed with some concern 
the fact that Professor Wilson reported variations in 
this property. It was probable, however, that these 
irregularities might have been prevented by suitable 
treatment of the materials before exposure, since it 
was known, for instance, that changes in internal 
structure might be very greatly reduced by annealing. 
Thus, Matthiessen, and later Fitzpatrick, found that 
the resistance of annealed wires did not vary over many 
years. The unsatisfactory behaviour of nickel silver 
had been overcome by modern metallurgical methods, 
and Professor Wilson’s own observation that some alloys 
reached a constant specific resistance after 5,000 cycles 
of heating to 80 deg.C. and cooling, was further evidence 
of the efficacy of annealing. Finally, he had found that 
six hours annealing in hydrogen at 200 deg. C. was 
sufficient to bring specimens of copper and brass to a 
constant resistance ; no further resistance change was 
observed if the annealing were repeated. 

Dr. Vernon had asked him to mention that his own 
work on very pure materials confirmed Professor 
Wilson’s view that the iron in the corrosion product 
was derived from outside sources. There was also no 
doubt of the high sulphate content of the corrosion 
product; in some cases, the sulphate crystals became 
visible after a few months’ exposure. The fact that the 


monthly SO, deposit varied from as in London to 


: 2 ton at Malvern, illustrated the force of Professor 
Wilson’s remark that corrosion might vary from one 
district to another. 

In reply, the author said he appreciated the valuable 
additions Dr. Vernon had made to our knowledge of 
the difficult subject of corrosion, and he looked forward 
with interest to the results of Mr. Hudson’s work. His 
wires were smaller in diameter than the speaker’s, and 
it became a question of how far the depth of metal 
corroded was dependent upon diameter. Moisture 





condensed less readily on a fine wire, and this conceiv-. 


ably might play an important part. As regards the 
variation of specific resistance, it was only stated that 
the number of cyclical changes in temperature produced 
a fairly constant resistance, not that the latter was 
equivalent to the value obtained before exposure. 
Wires which had been carefully annealed and used, 
for example, in resistance boxes, retained a wonderfully 
constant resistance; but in exposed conditions the 
results might be different. For example, an alloy was 
carefully annealed before exposure at a temperature of 
436 deg. C. for half an hour and cooled in air, and it 
exhibited great fluctuations in specific resistance. The 


ratio of the specific resistances . had the value 1-144 
0 


after 24 years’ exposure. As copper melted at 
about 1,084 deg. C., an annealing temperature of 
200 deg. C. appeared low, and there was the possible 
influence of occluded hydrogen. It would be interesting 
to raise the temperature of Mr. Hudson’s copper 
conductors to, say, 800 deg. C., in an evacuated quartz 
furnace, as a check upon the value and constancy of 
specific resistance. He was very pleased to learn that 
Dr. Vernon, working with very pure specimens, had 
found sulphate and iron in considerable quantities. 





THE AMERICAN IRON AND STEEL 
INSTITUTE. 


THE annual autumn meeting of the American Iron 
and Steel Institute took place in New York on 
October 22 last, when six papers were read and 
discussed. We give brief abstracts of each of these 
papers below. 


Hicu-MANnGANESE MATERIALS IN OPEN-HEARTH 
PRACTICE. 

A paper entitled “‘The Use of High-Manganese 
Basic Pig-Iron and Manganiferous Ores in Open- 
Hearth Steel Practice’? was presented by Mr. A. W. 
Smith, who stated that, in spite of certain drawbacks, 
manganiferous pig-iron possessed several distinct 
advantages when used as a raw material in a steel 
furnace. The general opinion among metallurgists was 
that the slag formed, when high-manganese iron was 
employed, appeared to have a greater corrosive action 
on the basic lining of the furnace and on the ladle 
refractories than that produced by a low-manganese 
pig-iron. This corrosive action could, however, be 
minimised by proper manipulation of the slag. On the 
other hand, the use of manganiferous pig-iron rendered 
possible the production of ingots containing a lower 
proportion of sulphur. A number of experimental 





heats carried out recently had shown that the sulphur 
contained in ingots produced from low-manganese pig 
was 0-038 per cent., and that contained in metal 
produced from pig containing 1-8 per cent. of man- 
ganese was 0-033 per cent. Again, the consumption 
of fluorspar was 12 per cent. less in the case of heats 
made with pig containing from 1-5 per cent. to 2 per 
cent. of manganese than in the case of those made with 
iron containing 1 per cent. or less. Furthermore, an 
increase of from 3-5 per cent. to 5 per cent. in tonnage 
was obtained when using the higher manganese iron. 
Several test heats were carried out in which th core 
included in the original charge contained 4 per cent. 
of manganese. The results indicated that the man- 
ganiferous ore behaved satisfactorily. There was no 
appreciable increase in residual manganese in the 
finished steel; a study of slag analysis and conditions 
seemed to show that a large portion of the manganese 
entered the slag. Tests were also carried out using, for 
working purposes, lump ores containing, in the first 
case, 8 per cent., and in the second case, 18 per cent., 
of manganese. The increases in manganese in the 
finished steel were only very slight, and the fluorspar 
consumption was very much less than was the case in 
similar heats worked with ore containing only 0-39 per 
cent. of manganese. On the other hand, no appreciable 
decreasein sulphur wasobtained. Therolling properties 
were, however, well up to standard. 


SutpHuR In Basic OpEN-HEARTH PRACTICE. 

A second paper dealing with open-hearth furnaces 
was read by Mr. A. N. Diehl; it bore the title ** Action 
of Sulphur in Basic Open-Hearth Steel Practice.” 
Mr. Diehl opened by saying that the present paper 
supplemented that read by him at the spring meeting 
of the Institute.* He went on to say that the most 
assured method of producing basic open-hearth steel 
low in sulphur, was to use materials containing a 
minimum quantity of that element. The gas used as 
fuel should be as free from sulphur as possible but, in 
any case, it was absolutely necessary to ascertain that 
the hydrogen sulphide it contained was completely 
oxidised before the flame came into contact with the 
metal or scrap. Slag conditions were of primary 
importance, especially where materials fairly high in 
sulphur were utilised. In a heat consisting entirely of 
hot metal, 25 per cent. of the total sulphur could be 
removed in the primary run-off slag, while in a heat 
comprising 50 per cent. of scrap, as much as 10 per cent. 
of the total sulphur could be similarly removed. The 
main function of the run-off slag was to remove from 
the furnace the acid constituents of the slag, 7.e. silica and 
phosphorus. The slag should be oxidising and basic ; 
if it were acid or non-oxidising, calcium sulphate might 
be reduced and sulphur revert to the metal bath. The 
slag should also be sufficiently fluid to enable the 
reactions between the non-metallic and metallic baths 
to take place freely. Care should be taken to prevent 
any resulphurisation of the metal arising from a change 
in slag composition due to contamination with loam, 
sand, or any other foreign material in the runners or 
ladles. In making up a new charge, the weights of all 
the raw materials employed, and their chemical 
analyses, should be ascertained with a high degree of 
accuracy, and the quantities of ore and flux required 
should be carefully calculated. 


Wetp1Ina or Iron anv STEEL. 


In presenting his paper on the welding of iron and 
steel, Mr. C. A. Adams stated that none of the methods 
of fusion welding now employed, and referred to in 
the paper, was more than two generations old. More- 
over, practically all of the significant applications of 
the art had been made within the last generation, 
most of them within the past decade. Joints made 
by electric-arc welding were, in the case of mild steel, 
just as dependable as those obtained by riveting or 
forge welding. In other respects than that of tensile 
strength, the joint was, in general, inferior to the parent 
metal, being less ductile and having a lower fatigue 
limit. Even this inferiority, however, had been largely 
eliminated by atomic hydrogen welding, arc welding 
in a reducing flame, and, to a lesser extent, by some of 
the coated electrodes. Even in the case of high- 
carbon, high-tensile steels, welds having a tensile 
strength as high as 86,000 lb. per square inch’ had been 
obtained. Oxy-acetylene welding also produced joints 
in which the ductility of the weld metal was generally 
somewhat lower, and the yield point somewhat higher, 
than the corresponding values of the base metal. In 
other words, the weld was generally somewhat stiffer 
than the adjoining metal. In some cases, annealing 
might beemployed to improve the mechanical properties, 
but, as this was usually impracticable, developments 
had been in the direction of making welds which did not 
require after treatment, and the results had been good 
enough to warrant the use of oxy-acetylene welding 
for almost any purpose. 





* See ENGINEERING, July 2, 1926, page 13. 
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Thermit welding was less dependent on the skill of 
the operator than were the other processes. In general, 
« thermit weld was made by forming a small gap 
between the fractured ends, surrounding these ends by 
means of a refractory mould, and pouring, between 
and around the ends, a highly superheated molten steel 
having a temperature of over 5,000 deg. F. This 
molten steel gave up its superheat to the parts to be 
welded, melted them, and solidified with them into one 
solid mass. Many of the early failures which contri- 
buted so much to the distrust of welding by conserva- 
tive minded persons, could have been avoided if 
the process had been controlled by an engineer, familiar 
not only with the practical and technical part of the 
undertaking, but also with the underlying scientific 
principles. An illustration of what could be 
by welding was furnished by a petrol-cracking still 
manufactured by the A. O. Smith Corporation. This 
still was made of 2}-inch plates, was 41 ft. in length, 
and had an inside diameter of 5 ft. The working 
pressure was 500 1b. per square inch, the inside tempera- 
ture 950 deg. F., and the temperature of the furnace 
1,500 deg. F. On test, one of these stills withstood 
a hydrostatic pressure of 4,700 Ib. per square inch 
without the welds being affected. 


Pirate MILis, 

A paper presented by Mr. F. M. Gillies dealt 
recent developments in plate ‘ills ; he stated that the 
most outstanding of recent improvements was the 
electric drive and the use of electrical equipment in 
general mill work. Improvements in the design and 
layout of buildings used in the manufacture of plate 
had also been brought about. The prime requisite of 
the furnace or heating building was to have ready 
and rapid access from the furnaces, or soaking pits, to 
the mills. For this purpose the transverse type of 
building, at right angles to the mill building, was the 
best suited. Rolling-mill shops erected recently were 
high and well ventilated. This allowed the heat to 
rise and steam to escape from the mill quickly. The in- 
creased light was also a distinct advantage. Progress 
made in heating plant lay in the direction of the fuels 
burned and the methods of burning them, rather than 
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in improvements in furnace design. Producer gas, | ment. The grinding machine performed extremely 
pitch, oil, blast-furnace gas, coke-oven gas, tar, pul- | accurate work, and did it quickly ; it entirely eliminated 
verised coal and natural gas had all been utilised, | the necessity for depending on roll turners, who varied 
either separately or in combination. Equipment for | greatly in ability. Another notable development was 
the burning of liquid fuels had not arrived at a point|the Ennis plate-shearing machine,* invented by 
of stability. Each fuel engineer or mill superintendent | Mr. L. Ennis, of Messrs. Dorman, Long and Co., Ltd. 
had worked out his own ideas. The mills proper had |The tendency towards specialisation was guiding the 
experienced little change recently. The advance in| plate industry, and the manufacturer who could 
roll turning, however, brought about by the introduction | 
of the plate-roll grinder, had been a notable develop- | 





* See ENGINEERING, 1925, vol. exix, page 780. 
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produce large tonnages of any one type of plate was 
destined to be the most successful. 


Low-Puospxorvs Pic [Ron. 


A paper entitled “The Production of Low-Phos- 
phorus Pig Iron in the Birmingham District,” was 
presented by Mr. E. K. Miller. The author stated 
that, in the Birmingham district of Alabama, there 
were no ores available in commercial quantities for the 
manufacture of low-phosphorus pig iron, and steel 
plants had found it necessary to purchase this 
quality of pig iron from the north for the manufacture 
of ingot moulds and special castings. Within recent 
years, however, low-phosphorus pig, which compared 
favourably with regular Bessemer iron, had been made 
ina blast furnace from a charge of all-steel scrap, coke, 
a high siliceous local gravel, dolomite, and a small 
amount of manganese ore. In one particular case, 
the average production of a furnace, working on any 
all-steel scrap burden, amounted to 242 tons a day, 





DEVICE. 


OHIO, U.S.A. | 


| 





























-2.9%4 Full Lengur of Screw Couplingz::{-—-}+ |p | 


the To Rail (Car Light.) 
6 To Rai(CarLo. 


I 
\ 
p 


24e Travel 
oan agg ali Sel Sa 
| W==- Sind | 


Aen aiectasalies an 





ENGINEERING” | 


with an average coke consumption of 1,177 lb. per ton 
of iron. The average percentage composition of the | 
pig iron produced was as follows :—Silicon, 1-67, | 
sulphur, 0-037, phosphorus, 0-066, and manganese, 
0-73. 
CoRROSION OF STRUCTURAL STEEL. 
A contribution entitled ‘‘ Corrosion of Structural | 
Steel,” was read by Mr. F .N. Speller, who stated that | 
steel had been widely used for the construction of the | 
framework of modern buildings for upwards of 35 years. 
When a large building in New York was demolished in 
1925, the structural iron and steel had been found to | 





| be almost free from corrosion after 35 years’ service. 
| The only exceptions were members situated in a tower, 
| where copper sheathing, which was supposed to protect 

the steelwork, had been perforated by corrosion. No 
| particular care had been taken to maintain the structural 
| framework of this building, most of which received 
| little or no attention during the life of the structure. 
| As, however, steel buildings were being designed for 


| which were accessible for renewal of the coating. 
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| 

;more permanent service, the question of protection 
| from corrosion had increased in importance. At present, 
| the opinions of engineers differed considerably as to 
the best protective measures. Good painting was 
sufficient for the permanent protection of members 
which were otherwise protected from the weather, or 
A 


| thick coating of molten asphalt, or well-refined coal-tar 


pitch, might be applied to the cold metal over a suitable 
priming coat, where waterproofing was required. 
Concrete undoubtedly gave the best protection when 
properly applied to the clean metal, but even this had 
its limitations. 

Valuable data might be obtained by a systematic 
examination of the steelwork during the demolition 
of old premises. The analysis, micro-structure, 
physical properties and endurance limit under alterna- 
ting stresses of this old steel should be determined, as 
well as the amount of corrosion it had sustained. The 
suggestion was made that a representative commission 
of engineers should be appointed to examine and 
report on the condition of the steelwork in old buildings, 
especially when they were being demolished to make 
way for new structures. The recommendations of 
such a commission should afford valuable suggestions 
for improvements in the design and maintenance of 
steel structures, and should tend to set at rest any 
apprehension as to their safety. 








THE MAJEX (M.C.B.) COUPLER 
TRANSITION DEVICE. 


In our issue of September 28, 1923 (ENGINEERING, 
vol. exvi, page 391), we described the Majex coupler 
for railway rolling-stock. This coupler is manufactured 
by the Buckeye Steel Castings Company, of Columbus, 
Ohio, U.S.A., and is of the standard M.C.B. pattern, 
having what is known as the No. 10 contour. At the 
present time, the No. 10 contour is the standard in use 
in America for all ‘‘ D” type couplers. This type of 
coupler was developed to meet the more trying con- 
ditions resulting from the adoption of very heavy units 
and train loads, and the No. 10 contour made possible 
the disposition of the metal in the knuckle and head 
to better advantage than had been effected with 
previous patterns. 

The report of 1918, upon which it was finally decided 
to adopt the No. 10 contour, stated that, while as 
regards angling and coupling either the No. 5 (an older 
profile) or No. 10 was satisfactory, with regard to slack, 
wear was more rapid with the No. 5, while the flatter 
face of the No. 10 gave it advantages for pushing service 
and also resulted in the reduction of coupling and 
buffing strains, and of wedging between two coupled 
heads. 

The “ D”’ pattern coupler, referred to above, is a very 
heavy fitting, unnecessarily robust for use in most other 
countries, and to meet the demand outside North 
America, the Majex coupler was designed. Of mucli 
lighter weight, this head retains the No. 10 contour and 
possesses advantages which we pointed out in our 
previous notice, one of the most important being 
that the hinge of the knuckle and head, where formerly 
many of the failures occurred, is of greatly increased 
section. 

In extending the use of any form of central buffer 
coupling, provision has nearly always to be made for 
the transition stage. Except in the case of new 
railways, of which there are likely to be in the future 
relatively few of importance, or again in the case of 
very small systems, on which conversion could possibly 
be carried out very quickly to a carefully organised 
programme, the transition to the central-buffer coupler 
must be necessarily spread over a considerable period. 
This is due to various reasons, the most obvious of 
which are that usually the allocation of funds for the 
purpose has to be spread over a period of years. The 
labour involved is also considerable, and the task has to 


| be worked in with routine repairs and upkeep, while 


obviously the railway system has to be kept in regular 
operation and only a few vehicles can be withdrawn 
from traftic at a time. Actual conversion is, of course, 
in most cases advisable, for if the change were merely 


| brought about by replacement of stock, the transition 


riod would be extended to inconvenient length. 

In all designs intended to take the place of some 
other type in use, the transition period has, therefore, 
to be allowed for. In some instances, this has led 
to the hingeing of the coupler head on the shank, 
but as the head is a very heavy casting this is hardly a 
solution which will meet any but restricted conditions. 


|'In Figs. 1 to 7, on this and the opposite pages, we illus- 


trate the manner in which this difficulty has been solved 
in the case of the Majex coupler, in connection with 
the introduction of this device on railways in India. 
The Majex coupler, in its ordinary form, is already 
in use on the Great Indian Peninsula Railway electric 
stock, and the coupler now described, fitted with the 
transition arrangement, has been supplied for the end 
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coaches of these rakes. Other sets of the transition 
type have been supplied to the East Indian Railway, 
and are in use on wagon stock on the Madras and 
Southern Mahratta, the Bengal Nagpur, and the 
Bombay Baroda and Central India Railways. On the 
latter system, electrical stock is also being supplied 
with the standard Majex coupler. 

Figs. 1, 2 and 3 are reproduced from photographs 
of a coupler mounted in the works on a dummy 
wagon for trial purposes, but show the coupler head 
clearly, this being the feature of chief interest. It 
will be noticed that the so-called guard arm of the 
coupler casting is recessed on the underside. This 
recess is very well seen in Fig. 2, and in it is hung one 
shackle of the standard Indian railway screw coupling. 
Fig. 3 shows the screw coupling engaged with the 
ordinary draw-bar hook of unconverted _ stock. 
Figs. 4 to 7, page 631, illustrate the method of fitting 
this Majex transition coupler to Indian steel round- 
ended wagon stock, and the manner in which coupling 
is effected with hook draw-bar stock. During the 
transition period, side buffers have, of course, to be 
retained, as shown in Fig. 7. The only modification 
required to these, however, in the case of standard 
Indian wagon stock, is the removal of one set of 
Spencer rubber springs, partly made up for by a wood 
block, reducing the unloaded extended length of 
the side buffers from the normal 2 ft. 1 in. to 1 ft. 8} in., 
and the buffer head travel from 5 in. to 2} in. 

In fitting the Majex coupler, some modification of 
the headstock arrangements is naturally necessary. 
A cast-steel striking plate is fitted outside the head- 
stock, as shown in Fig. 4. Inside this is a carrier 
with two splayed legs. This carrier is hung from the 
striking plate casting by two T-headed swing links, 
extending from brackets inside the casting to the 
foot of the legs. The conversion to the central-buffer 
coupling involves little alteration, save for this 
addition. 

The modification of the Majex head to take the 
screw coupling does not materially affect the strength 
of the casting. Tup tests on the guard arm, which is 
recessed to house the shackle end, have shown the 
casting to stand up well to the M.C.B. or A.R.A. 
requirements. With a 1,640-lb. tup, the guard arm, 
in a test, withstood three blows from a height of 3 ft., 
followed by 28 at 5 ft., before failure occurred and 
the spread became serious. As a matter of fact, 
in operation, when two couplers close together, the 
knuckle action prevents serious impact on this part 
of the casting. 

The representatives in this country for the makers 
of the Majex coupler are Messrs. Davis and Lloyd, 
of 26, Victoria Street, London, S.W.1. 





THE BRITISH ENGINEERING 
STANDARDS ASSOCIATION. 


ForMED in 1901, as the Engineering Standards 
Committee, by the Institutions of Civil, Mechanical 
and Electrical Engineers, the Institution of Naval 
Architects, and the Iron and Steel Institute, the British 
Engineering Standards Association, the offices of which 
are at 28, Victoria-street, London, S.W.1, was incor- 
porated in the year 1918. At the eighth annual general 
meeting of the Association, which was held recently, 
Sir Archibald Denny, the chairman, reported to the 
members that, while the general work of the Associa- 
tion was in a very healthy condition, the finances were 
not in a correspondingly prosperous state. It could 
not, however, be expected that the work they were 
undertaking would be unaffected by the coal stoppage, 
and the Association had done its utmost to introduce 
stringent economies, in addition to taking precautions 
for the immediate future. It was a regrettable fact 
that, on March 31, last the Association had had to face 
a total deficit of just over 2,500/. This implied that, for 
the time being, at all events, they could not give effect 
to the expansion which should, and would, naturally 
take place if the necessary funds had been at their 
disposal. With the help of the Ways and Means Com- 
mittee, however, the needs of the Association were 
being more prominently and more systematically 
brought to the notice of the many firms, public supply 
authorities, and others who did not as yet subscribe to 
this national work. The new scheme of membership, 
which had been mentioned at the last annual meeting, 
had been put into operation, and was proving moder- 
ately successful ; there were now some 600 members on 
the roll. 

The work of the various sections was being main- 
tained, attention being specially concentrated on the 
more important inquiries, One of the divisions of 
more than ordinary interest at the present time, was 
the colliery section, the work of which was financed by 
the coal owners. It would be remembered that, in the 
report of the Royal Commission, it was stated that the 
work which the Mining Association had recently set 
out to do, under the gis of the British Engineering 





Standards Association, was, perhaps, the most impor- 
tant general inquiry in which the industry had been 
engaged in recent times. It was further stated that 
this inquiry should result in valuable gains in efficiency 
and economy. Among other matters, the question of 
the reduction of the number of varying types of rails 
in the coal mines had been the subject of a most 
elaborate inquiry, resulting ultimately in a recom- 
mendation for the reduction of the present 38 sizes, 
and 12 or more sections, down to a total of 14. Large 
economies would undoubtedly result from the gradual 
adoption of the British standards throughout the coal 
fields. The question of international collaboration in 
standardisation work had recently come under the 
consideration of the Association, and the situation was 
being most carefully explored. With the revival of 
trade and greater Government support, which the 
national work they were engaged upon undoubtedly 
merited, the Association should once again be in a 
position to carry forward, with renewed energy, the 
growing needs of the country for the expansion of 
industrial standardisation. 
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Tue Late Mr. W. R. Wave.—Mr. William Reginald 
Wade, whose death, we regret to have to record, took 
place in London on Monday last, was the youngest 
son of the late Rev. John Wade, M.A., and was born in 
April, 1870. He received his early education at Bradford 
Grammar School and, at the age of 18, entered the firm of 
Messrs. Edward Gotto and Fredk. Beesley, civil engineers, 
Westminster, as a pupil. In 1891, he was appointed 
resident engineer on the drainage-works extensions at 
Rio de Janeiro, Brazil, but had to return to England on 
account of ill-health. During 1893 and 1894, he was 
engaged as clerk of the works at the Blandford Water- 
works, and immediately afterwards was appointed 
resident engineer on the Southwold sewerage scheme. 
He was responsible for the construction of the sewers, 
tanks, and engine house, and for the erection of the 
engines, compressors and pneumatic pumps. In 1897, 
he became resident engineer of the Hampton main 
drainage works, where he constructed the sewers, 
buildings and other works, and erected eight pneumatic 
pumping stations, together with the engines and com- 
pressors. Subsequently, Mr. Wade carried out the 
main-drainage scheme of Frinton-on-Sea. He _ was 
afterwards employed as resident engineer on the Pem- 
broke Dock water and drainage schemes and was 
responsible for the erection and subsequent working for 
two'years of 90 B.H.P. engines, pumps and other 
plant. @ Afterwardsthe went to Chertsey, where he 
was engaged on the building and equipping of pumping 
stations. Mr, Wade was elected an associate member of 


the Institution of Civil Engineers on March 3, 1896, and 
became a full member of the Institution of Mechanical 
Engineers in October, 1906. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Scarcity of iron and 
anticipation of fall in quotations when blast furnaces 
are re-kindled, keep transactions in Cleveland pig-iron on a 
very limited scale. Some weeks must, however, elapse 
before output can be enlarged, and, meanwhile, customers 
needing early supplies have to pay round about figures 
that have been quoted for the past week or two. There 
seems to be no doubt that the next movement in prices 
will be downward, and consequently customers are 
holding off the markets. No. 1 Cleveland pig is 125s. ; 
No. 3 g.m.b., 120s. ; No. 4 foundry, 119s.; and No. 4 
forge, 118s. 6d. Buyers express the opinion that forward 
quotations will have to fall to a basis of well below 90s. 
for No. 3. 


Hematite.—In the East Coast hematite branch, 
ordinary marketable qualities are still unpurchasable, 
and transactions are confined to sales of odd parcels of 
off grades at varying figures, in the neighbourhood of 
92s. 6d. As hematite quotations are comparatively low, 
little fall in market rates is looked for. 


Foreign Ore.-—No movement in the direction 
resumption of business in foreign ore is noticeable. 


Coke.—Coke quotations keep on a high level, but in 
view of expected substantial reductions, consumers are 
buying as little as possible. 


Manufactured Iron and Steel.—There is rumour that 
fixed minima prices may be raised. For some time, 
however, parcels coming on the market have readily 
realised substantially above fixed minimum figures. 
Preparations are proceeding for re-starting idle works as 
soon as adequate fuel supplies are forthcoming. Common 
iron bars are 112, 15s.; iron ship rivets, 131. 15s. ; steel 
ship plates, 8/, 2s, 6d. ; and galvanised corrugated sheets, 
171. 10s, 

Sheet Works Sold.—Messrs. Bolckow, Vaughan and 
Co., Ltd., have sold their Eston sheet works at South 
Bank, Middlesbrough, to Mr. C. F. H. Bayley, of 
Darlington, who originally started the ‘undertaking in 
1912, in close proximity to some of the huge industrial 
undertakings of Messrs. Bolckow, Vaughan. The works 
employ some 500 men. Mr. Bayley is a son of Mr. C. J. 
Bayley, of Stockton-on-Tees, who, for many years, was 
waoene director of the South Durham Steel Company, 

imited. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—A further rise in the number of 
unemployed is again attributed to the increasing scarcity 
of raw and semi-manufactured steel. Users generally, 
both in the engineering and light product sections, have 
ample orders on their books to warrant most of their 
departments operating at substantially increased pressure, 
if the necessary basic material were forthcoming in 
adequate quantity and at reasonable prices. Production, 
however, is badly curtailed. Continental steel, while 
assisting in the cheaper lines, is largely rejected for 
processes that rely upon uniformly high quality, and 
until furnace masters are certain of regular deliveries 
of fuel they are unlikely to restart idle plant, and then 
only when they are assured of a steady run. To this 
extent the position in heavy steel has improved—that 
inquiries for forward deliveries are more numerous. 
Judging from the level at which business of this class 
has been arranged, consumers expect to pay higher 
prices than obtained before the coal stoppage, thus 
increasing manufacturing costs in the finished branches. 
If such increase is kept within a reasonable margin, steel 
users confidently look forward to better times than have 
been experienced for many months past. There is 
certainly room for great improvement in several of the 
heavy engineering sections, particularly those devoted to 
meeting armaments and shipbuilding requirements. 
Plant occupying a big acreage, on which thousands of 
pounds in city rates are chargeable, is largely unemployed, 
although it is kept in readiness for use as and when the 
demand improves. Apart from railway and automobile 
requirements, which are considerable, there is a notable 
improvement in certain classes of cutlery gear. Makers 
of haulage ropes are actively engaged in connection with 
renewals to standing equipment, and anticipate g further 
expansion when conditions become favourable to the 
resumption of development schemes in neighbouring 
counties. 

South Yorkshire Coal T'rade.—Exports from South 
Yorkshire, Derbyshire and Nottinghamshire have, this 
year, dropped by over one million tons, as compared with 
the corresponding period last year. Improved quantities 
are now, however, being sent to Hull, last month’s total 
having risen to 19,000 tons, against only 1,400 tons in 
September. The bulk of the imports are coming from 
America, Westphalia and Silesia. The recommendation 
made to its members by the South Yorkshire Coal 
Owners’ Association to restrict pit selling prices to a 
maximum of 50s. per ton has eased the position, both 
with regard to manufacturing and domestic supplies, 
though some time must elapse before quotations can be 
suitably adjusted. 


of 








Conrract.—Messrs. Ferranti, Limited, electrical 
engineers, Bush House, London, W.C.2, have received an 
order for 19-11,000 kv-a. (B.E.S.A. rating 12,500 kv-a-) 
single-phase transformers, to form 33,000 kv-a, three- 
phase banks for the new Bunnerong power station of the 


Sydney Municipal Council. 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—A more hopeful feeling is pre- 
valent this week in Scottish trade circles, owing to the 
possibility of an early termination of the coal dispute. 
In the steel trade especially, the end of the struggle will 
be welcomed, as there is now the prospect of a steady 
run at the works for some months, owing to recent 
bookings, which have been very satisfactory. At present, 
however, there is little doing, and only the black steel 
sheet makers are manufacturing. The demand for both 
black and galvanised varieties is exceedingly good, and 
constant running is assured well into the spring months. 
All prices are very firm, and are likely to remain so for 
some time, as fuel is expected to be dearer after the 
resumption at the coal mines than it was before the 
stoppage, and only when the supply exceeds the demand 
can we hope for low prices of fuel. The following are 
the official market quotations for steel, but higher 
prices are asked for available supplies :—Boiler plates, 
11l. per ton; ship plates, 81. 2s. 6d. per ton; sections, 
71. 17s. 6d. per ton; and sheets, under to $ in., 120. 
10s. to 131. per ton, all delivered at Glasgow stations. 
The f.o.b.-Glasgow price for galvanised corrugated sheets, 
No. 24 gauge, is 17. 10s. to 181. 10s. per ton. 

Malleable-Iron Trade.—There has been no change in 
the state of the malleable-iron trade of the West of 
Scotland during the week. Work is confined to the rolling 
of steel bars from foreign billets, but the outlook is more 
hopeful, and the manufacture of bar iron will recom- 
mence the moment a supply of reasonably-priced fuel 
is available. The quotation for Crown bars is un, 
changed at 127. per ton, delivered at Glasgow stations. 

Scottish Pig-Iron Trade.—There is nothing fresh to 
report in connection with the Scottish pig-iron trade. 
With the furnaces out of blast for so many months, the 
stocks of iron have run very low, and high prices are 
being paid for the parcels which are changing hands ; 
in very few cases are these of any notable tonnage. 
Kor delivery after the furnaces are again in blast, foundry 
iron No. 1 is quoted at 5/. per ton, and No. 3 at 4. 10s. 
per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, November 13, was 287 tons. Of that total, 
207 tons went overseas and 80 tons coastwise. For the 
corresponding week of last year the figures were 901 tons 
to foreign destinations and 44 tons coastwise, making 
a total shipment of 945 tons. 

Clyde Shipbuilding.—The United Molasses Company, 
Limited, London, have placed an order with Messrs. 
William Hamilton and Co., Limited, Port Glasgow, for 
«a motor tanker for the transport of molasses in bulk. 
The engines will be supplied by Messrs. J. G. Kincaid 
and Co., Limited, Greenock. 

Glasgow Locomotive Trade.—Some improvement having 
taken place in the outlook, and supplies of fuel having 
been secured, a full working week was resumed on 
Monday at the locomotive works of the London, Midland 
and Scottish Railway Company at St. Rollox, and at the 
wagon department of the London and North-Eastern 
Railway Company at Cowlairs. At each of these works, 
a four-day week has been in operation for some months, 








ASSOCIATION OF BRITISH ENGINEERS IN THE ARGEN- 
TINE.—A recent issue of the Journal and Report of 
Proceedings of the Association of British Engineers 
in the Argentine Republic shows that the membership, 
on June 30, 1925, was 201. The President for 1925 
was Mr. John Wilson, O.B.E., M.I.E.E., and the President 
for the current year is Mr. W. A. McCallum, M.I.Mech.E. 
The honorary secretary is Mr. A. C. Kelly, M.Inst.C.E., 
M.I.E.E., Florida 783, Buenos Aires. The Association 
has a library and reading room at Calle Lavalle 349, 
Buenos Aires. The Council of the Association, in their 
report for 1925, state that they have been seriously 
considering how the object of the Association, and the 
interests of engineers generally in the Argentine, could 
be improved. It would seem that an affiliation or 
unification of the several disjointed local centres of 
British engineering institutions would be a move in the 
right direction. The whole subject is at present under 
investigation. Pending the conclusion of arrangements, 
the members of the Institution of Mechanical Engineers 
have been invited to take part in all the meetings of the 
Association ; the members of the Institution of Electrical 
Engineers have been doing this for some years past. 





Tue INstrITUTION oF PropucTIoN ENGINEERS.—The 
third annual dinner of the Institution was held at the 
Engineers’ Club on Friday, October 29. The chair 
was occupied by the President, Mr. R. H. Hutchinson, 
and the principal guest was Sir Alfred Herbert. In 
proposing the toast of ‘‘The Institution,” Sir Alfred 
said that it was rather difficult to define a production 
engineer, as their duties varied to a great extent in differ- 
ent works. Their position, however, was gradually 
becoming more clearly defined, one of their most 
important functions being to take up the work of the 
inventor when it had reached a practical stage, and by 
development, improvement and expansion, to bring it to 
commercial success. In replying to the toast, Mr. 
Hutchinson said that production engineers have excep- 
tional responsibilities as forming a link between the 
®xecutive and the men, and that, at the present time, in 
virtue of this special position, they could do valuable 
work in instilling feelings of greater content and stability 
in the minds of the workers. He was of opinion that if 
industrial peace could be assured, British goods could 


Me against the whole world in both quality and 
20, 














NOTICES OF MEETINGS. 





Tue InstrruTION oF MECHANICAL ENGINEERS.— 
To-night, at 6 p.m., at Storey’s-gate, S.W.1. “ Electric 
Locomotives : A Method of Classifying, Analysing, and 
Comparing their Characteristics,’’ by Mr. T. A. F. Stone. 
Monday, November 22, at 7 p.m., Graduates’ Section. 
Lecture on ‘“‘ Archeological Engineering,”’ by Lieut.-Col. 
E. Kitson Clark. 


THE Junior INstTITUTION oF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette, 
** Short Wave Wireless Communication,” by Mr. B. J. 
Axten. Friday, November 26, at 7.30 p.m., Ordinary 
Meeting. ‘* Petrol and Its Substitutes for Use in Internal- 
Combustion Engines,” by Colonel the Master of Sempill. 


THe Norte oF ENGLAND InsTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, November 20, at 
3 p.m., at Neville Hall, Newcastie-upon-Tyne. Graduates 
and Students’ Section. ‘Screening and Washing Plant 
at Deaf Hill Colliery,” by Mr. L. F. H. Booth. 


Tue InstituTE or British FoUNDRYMEN: LANCA- 
SHIRE Brancou, JUNIOR SECTION.—Saturday, November 
20, at 7 p.m., at the College of Technology, Sackville- 
street, Manchester, ‘‘'The Foundry Cupola,” by Mr. A. H. 
Goodger. 

THe Hutt Association OF ENGINEERS.—Saturday, 
November 20, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. ‘‘ Starters for Alternating 
Current Motors,” by Mr. O. C. Dinermann. 


THE Royat Society or Arts.—Monday, November 22, 
at 8 p.m., at John-street, Adelphi, W.C.2. Howard 
Lecture. ‘‘ Recent Experiments on the Properties of 
Steam at High Pressures ”’ (Lecture II.), by Professor H. 
L. Callendar, F.R.S. Wednesday, November 24, at 
8 p.m. Ordinary Meeting. ‘Industrial Welfare in 
Practice,” by Mr. Warre 8S. Bradley. 


Tue Royat Instrrution.—Tuesday, November 23, 
at 5.15 p.m., at 21, Albemarle-street, W.1. ‘‘'The 
Imperfect Crystallisation of Common Things,” by 
Sir William Bragg. Saturday, November 27, at 3 p.m. 
** Atmospheric Electricity,” by Mr. George C. Simpson. 


THE SHEFFIELD METALLURGICAL Soctety.—Tuesday, 
November 23, at 7.30 p.m., at 198, West-street, Sheffield. 
‘“Notes on the Proposed Introduction of the Izod 
Impact Test in the Air Board 2.8.1., Pt. 1 Specification,” 
by Mr. G. Glenn. 


Tue INSTITUTION OF THE RUBBER INDUSTRY.—Tues- 
day, November 23, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W.1. ‘‘ Selenium in Rubber Compounds,” 
by Mr. C. R. Boggs. 

THE INSTITUTION OF AUTOMOBILE ENGINEERS: MAN- 
CHESTER CENTRE.—Wednesday, November 24, at 7 p.m., 
at the Engineers’ Club, Albert-square, Manchester. 
“Recent Research on Friction and Lubrication,” by 
Mr. J. E. Southcombe. 


Tue Betrast ASSOCIATION OF ENGINEERS.—Wednes- 
day, November 24, at 7.30 p.m., at the Municipal College 
of Technology, Belfast. ‘‘ Aerology: The Movement of 
Air and Allied Problems,” by Mr. W. B. Kelly. 


Tue InstiruTION oF SANITARY ENGINEERS.—Thurs- 
day, November 25, at 7 p.m., at Caxton Hall, West- 
minster, S.W.1. ‘‘ Municipal Hygiene. Roads and Road- 
Making. Collection and Disposal of Refuse,” by Mr. H. 
Morley Lawson. 


Tue InstrruTion oF LocoMoTIvE ENGINEERS (LON- 
DON).—Thursday, November 25, at 7 p.m., at the 
Engineers’ Club, Coventry-street, W.1. ‘‘ Modern 
British Railway Express Passenger Engines,’’ by Mr. 
H. Kelway-Bamber. 


THE InstrruTion oF Crvin ENGINEERS: YORKSHIRE 
ASsocrIATION.—Thursday, November 25, at 7.30 p.m., 
at the Hotel Metropole, Leeds. ‘‘ Modern Surveying 
Instruments,” by Mr. W. H. Connell. 


Tue Institute oF British FoUNDRYMEN: BIRMING- 
HAM, COVENTRY AND West MipLanps Brancu.—Thurs- 
day, November 25, at 7.30 p.m., at the Engineers’ Club, 
13, Waterloo-street, Birmingham. ‘“ Principles of Testing 
Applied to Cast Iron,” by Mr. H. R. Pitt. Saturday, 
November 27. Visit to the works of the Austin Motor 
Company, Limited, Longbridge. 


Tue Society or CHEMIcAL INDustTRY : FuEL SECTION. 
—Friday, November 26, at 10 a.m., at the College of 
Technology, Sackville-street, Manchester. Joint Meeting 
with the Institution of Gas Engineers and the Coke Oven 
Managers’ Association. Conference on Tar. ‘A Study 
of Tars and Oils Obtained from Coal,” by Mr. F. 8. 
Sinnatt and Dr. J. G. King. ‘‘ A Plea for Standardisa- 
tion of Analytical Methods in Coal Tar Products Speci- 
fications,” by Mr. W. Gordon Adam. ‘“ The Viscosity 
of Tar,” by Mr. H. M. Spiers. ‘“‘ The Consistency of 
Bitumen Mixtures,” by Mr. H. M. Spiers. ‘* Notes on 
Vertical Retort Tar,” by Mr. J. McLeod, Mr. C. Chapman 
and Mr. T. A. Wilson. ‘“‘ The Production of Road Tar 
from Vertical Retorts,” by Mr. Michael Barash. ‘‘'The 
Influence of Carbonising Conditions upon the Free Carbon 
Centent of Tar,” by Mr. H. Hollings. ‘* Tarfrom Steamed 
Vertical Retorts,” by Dr. A. Parker. “Tar from the 
Point of View of the Highway Authority,” 
Gordon Adam and Mr. H. W. Robinson. 
Disinfectants,” by Mr. A. C. Tait. ‘‘ The Evaluation of 
Pitch,” by Mr. H. F. Taylor. 


Tue Norru-East Coast Institution OF ENGINEERS 
AND SHIPBUILDERS.—Friday, November 26, at 6 p.m., 
at Bolbec Hall, Newcastle-upon-Tyne, ‘* The Practical 
Analysis of Merchant Ship Trials and Service Perform- 
ance,” by Mr. E, V. Telfer. 





THE DirseL Encine Users’ Assocration.—Friday, 
November 26, at Caxton Hall, Westminster, S.W.1. 
‘* Modern Air-Compressor Practice in Oil-Engine Installa- 
tions,” by Mr. R. L. Quertier. 

Tue INstITUTION oF ELECTRICAL ENGINEERS : LONDON 
StupEnts’ Section.—Friday, November 26, at 6.15 p.m.., 
at Savoy-place, Victoria-embankment, W.C.2. “The 
Measurement of Light,” by Mr. H. J. D. Palfrey. 

Tue Institute oF TRANSPORT: NorTH-WESTERN 
Locat Section.—Friday, November 26, at 6.30 p.m., at 
Lime-street Station Hotel, Liverpool. ‘‘ Docks in 
Relation to Railways,” by Mr. C. S. Page. 

Tse Institution or LocoMotivE ENGINEERS: 
MANCHESTER CENTRE.—Friday, November 26, at 7 p.m., 
at the College of Technology, Sackville-street, Manchester. 
“‘The Sentinel Engine,” by Mr. J. W. Beaumont. 

THe KeieHiEy AssocraTION oF ENGINEERS.—Friday, 
November 26, at 7.30 p.m., at the Temperance Institute, 
Keighley. ‘Foundry Practice,” by Mr. R. 
Shackleton. 

Tue InstiruTiIon oF PRODUCTION ENGINEERS.— 
Friday, November 26, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders, 83, Pall Mall, S.W.1. 
“The Application of Manufacturing Methods to Non- 
Repetition Work,’”’ by Mr. H. C. Armitage. 

Tse Institute or British FoUNDRYMEN: NEw- 
CASTLE AND District Brancu.—Saturday, November 27, 
at the Technical College, Sunderland. ‘Common 
Troubles of the Ironfounder,” by Mr. F. Allen. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

Welsh Coal Trade.—The South Wales miners have 
voted against accepting the proposed terms for a settle- 
ment of the coal strike. At the same time, the men are 
returning to work in much greater numbers than was 
previously the case. Operators, while somewhat sur- 
prised at the decision of the men, are not perturbed. 
as it will not be the first time that they have flouted 
the advice of their leaders, and it is believed that the 
back to work movement will gain in impetus. 
Business, however, is still very difficult to negotiate, 
in view of the general uncertainty. Exports are not 
allowed, and this matter is giving cause for considerable 
anxiety, as about 70 per cent. of the output is shipped 
ab: under normal conditions. It is contended 
that unless the embargo is lifted, a state of chaos will 
be created, because of the impossibility of keeping pits 
supplied with wagons. A deputation from the coal 
owners and exporters is meeting the Minister of Mines 
to discuss the matter, and it is hoped that even if the 
embargo is not entirely raised, licences will be freely 
granted for shipment abroad. Inquiries are already 
circulating for supplies, and the French State Railways 
are stated to be inviting tenders for 200,000 tons over 
six months, and the Paris and Orleans Railway prices 
for 150,000 tons. The Egyptian State Railways are also 
asking tenders for 160,000 metric tons, delivered at 
Alexandria and Suez. Many consumers of Welsh coal 
have large quantities to pick up as the balance of pre- 
strike contracts, and this is making the negotiation of 
fresh business more difficult than ever, as these supplies 
were bought at less than half the ruling prices of 55s. 
per ton at the pit for large, 50s. for through, and 40s. 
for smalls. For delivery on the raising of the embargo, 
colliery salesmen indicate 35s. for best large and 20s. 
for smalls. Buyers, however, are not inclined to concede 
these figures, as they hope to secure their requirements at 
much lower prices when normal conditions are restored. 

Night Work at the Docks.—Following the recommenda- 
tion of the chairman of the Court of Inquiry for a 
reduction of 6% in the coal-trimming tariff, efforts are 
again to be made by South Wales traders to facilitate 
the despatch of vessels using the Welsh ports by restor- 
ing night working at the docks. A meeting of traders 
is to be held at Cardiff on Monday next, to consider the 
question, as it is felt that night work must be worked 
by the coal trimmers and tippers, a3 well as the pitwood 
dischargers and other classes of dock labour, in order 
to hasten the despatch of vessels using the docks, and 
so attract trade to the district. 





Tue INstTITUTION OF AUTOMOBILE ENGINEERS.—The 
seventh annual dinner of the Inatitution was held at the 
Connaught Rooms on Wednesday, November 17. 
The chair was occupied by the President, Mr. H. Kerr 
Thomas, and the distinguished guests present included 
representatives of the Admiralty, War Office, and Air 
Ministry. In proposing the toast of ‘The Institution,” 
Air Vise-Marehal Sir Sefton Brancker referred to the 
value of the close association which existed between 
that body and the Royal Aeronautical Society, and 
expressed the opinion that the mutual benefit arising 
from this association would be of even greater value in 
the future than it had been in the past. Mr. Kerr 
Thomas, in replying to the toast, instanced the manu- 
facture of aero engines by automobile firms during the 
war as an example of the common interests of the two 
bodies. A connection which could not be so readily 
visualised existed between the shipbuilding and auto- 
mobile industries, in that the Diesel engine might 
possibly assume great importance in the realm of com- 
mercial road transport. He appealed to those present 
to do all in their power to place Britain in the forefront 
of this development, which had already become an 
actuality in Germany. The toast of ‘‘The Guests” 
was proposed by Mr. Geo. W. Watson and was replied to 
by Mr. pote Pendred in a delightful after-dinner 
8 in keeping with the enjoyable atmosphere of 
the proceedings, which were diversified by vocal and 
instrumental music, 
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PLATE XLI. 





FOUISTROKE CYCLE DIESEL ENGINE. 


SS aypfiorcOM, LIMITED, ENGINEERS, BIRMINGHAM. 
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Offices for Publication and Advertisements, | 
35 and 36, Bedford Street, Strand, London, W.C.2. | 
We desire to call the attention of our readers to | 
the fact that the above is our SOLE ADDRSSS, | 
and tnat no connection exists between this 
Journal and any other publications bearing) 
somewhat similar titles. | 
TetxGrapnic | “ ENGINEERING,” WESTRAND, | 
AppRESS f LONDON. 
TELEPHONE NumMBERS—3663 and 8598 GERRARD. | 


"SUBSCRIPTIONS, HOME AND FOREIGN. | 











“ ENGINEERING” may be ordered from any | 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post | 
free, at the following rates, for twelve months, payable 
in advance :— 





For the United Kingdom .............00.00000.. £3 5 0 
For Canada— 
Thin paper copies ................:000 £218 6 | 
Thick paper copies....................... #3 3 0 | 
For all other places abroad— 
Thin paper copies £3 3 0 
Thick paper copies sinc Jigen 2) & 


Foreign and Colonial subsoribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 








When foreign subscriptions are sent by Post Office | 


Orders, advice should be sent to the Publisher. 


aT ext 


ADVERTISEMENT RATES. | 








The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- | 
ment measures an inch or more the charge is 12s. per | 





| 





inch. Payment must accompany all orders for single | ~ 


advertisements, otherwise their insertion cannot be | 
guaranteed. Terms for displayed advertisements on | 
the wrapper and on the inside pages may be obtained | 
on application. The pages are 12 in. deep and 9 in. | 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 





| 
TIME FOR RECEIPT OF ADVERTISEMENTS. | 





Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, | 
Strand, W.C.2. 











AGENTS FOR “ ENGINEERING 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; | 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, | 
N.S.W. T. Willmett and Co., Townsville, North Queens- | 
land. W. C. Rigby, Adelaide, South Australia. Melville | 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, Ont.: Wm. Dawson and Sons, Limited, 
87, Queen Street East. 

EDINBURGH: John Menzies and Co., Limited, Rose-street. 

FRANCE, Paris: Boyveau and Chevillet, 22, Rue de la Banques. 
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SYSTEM AND SUPERVISION. 
THE greatest change which has come over engineer- 
ing works generally in the course of recent years 
has been due to the fact that as others became able 
to compete with us, it was necessary to go more 
carefully into the question of costs than had been 
the case when this country had the advantage of 
being virtually the world’s workshop. At the same 
time, the introduction of improved machinery 
specially adapted to certain processes, but figuring 
much more heavily in the matter of capital charges, 
made it at least desirable to be able to show that 
such costs were justified, in the end, by cheaper 
production. The rapid development in repetition 


| processes and the adoption, or adaptation, of manu- 


facturing methods, 7.e., dealing with jobs in reason- 


| ably large lots, so as to take advantage of special 


contrivances or setting-up of machines, accentuated 
the change, since it then became necessary to know 
exactly what could be done on any job, with any 
method, in order that a fair basis might be fixed 
on which to erect a superstructure of piece or bonus 
rates, which would prove at once economical and an 
incentive to the workman. 

These changes from the old haphazard method of 
the management trying to keep touch with all the 
work, urging it on here and there spasmodically, where 
it was unduly delayed, have gradually been converted 
into systems which are, in many modified forms, 
widely adopted at the present time. They enable 
costs to be watched and progress to be followed, 


| but they involve necessarily more in the way of 
| organisation 
| methods. 
| time when systemisation overshadowed everything, 


and supervision than did former 
In fact, there was, not so long ago, a 


and threatened to burden the various processes with 


| such heavy charges as to defeat its own end. Since 


these days, we have learnt greater wisdom, and it 
is now recognised that the thing can be overdone, 
It is, however, equally clear that within proper 
bounds the advantages to be gained in respect of 
the cost of work by uninterrupted flow are such 
that few shops of any size ean nowadays get on 
without planning, progressing and scheduling. All 
these involve something in the way of additional 





staff. It is idle to claim that they work themselves 
They all, without exception, require extra work, 
which may, in the simplest cases, take the form of 
expert labour for determining job times, or clerical 
work of some kind, while the more elaborate involve 
considerable additions to the supervisory stati, or 
the formation of distinct departments. 

These systems are undoubtedly essential to-day 
in manufacturing shops. They are no less advisable 
in less competitive establishments, since these are 


| really only justifiable if their methods of carrying 


out work have a reasonable relation to its actual 
cost, modified to some degree by a factor of con- 
venience. ‘The workshops of a railway are a case in 
point. Here new work and repairs have both to be 
considered. Primarily, the shops are intended for 
repairs, which it would be inconvenient, but not 
impossible, to have done by outside contractors. 
The contract system has, in fact, been tried in recent 
years. In much earlier railway history, it was 
common practice. It has, however, nothing to 
recommend it if the railway shop system is good, 
since with the latter it is possible to suit the demands 
of traffic to a far greater degree than is possible 
under an inelastic contract. The question of new 
work is on another footing altogether. In this 
country it has for long been the custom of the 
leading railways to build much, if not all, of their 
new locomotive stock. The policy has been adopted 
partly with a view to maintaining uniformity in 
work and detail, and partly because it is feasible in 
large repair establishments to pass through the 
shops a certain amount of new work with only small 
additions to costs. The practice improves the 
load factor, introducing also a kind of flywheel 
action, maintaining momentum though the demands 
due to repairs may fluctuate somewhat. This, of 
course, applies to components as well as to complete 
units of rolling stock, except that certain accessories 
and proprietary articles are best obtained from 
outside sources. 

Whatever policy is actually decided upon in these 
respects, the time has long since passed when cost 
and speed were matters of comparatively little 
concern, and the works in this country are generally 
accounted to be well organised. Their shop methods 
are as good as any of those of contract works. In 
very many instances they have played the part of 
pioneers. The systems of following the work up and 
of getting it through the shops have been carefully 
planned to give the desired results with the least 
encumbrance. At the same time the necessary staff 
has been found and the general organisation 
rearranged to suit. Our railways have had the 
advantage in this of the proximity of large manu- 
facturing concerns, with which they could compare 
their methods. Indeed, circumstances here, with 
the public critic on the works’ threshold, has tended 
to a spirit of emulation in these matters. All said 
and done, however, it must be admitted that the 
fully-developed systems as we have them here are 
of relatively recent date, and it is by no means 
astonishing, therefore, that they are not so firmly 
established in countries in which progress demands 
much greater stimulus. 

It will be remembered that a short while ago 
a report was issued, for instance, on the State 
railway workshops in India. This report was 
drawn up by Sir Vincent Raven, K.B.E., and 
Mr. J. D. M. Wrench, both undoubtedly excellently 
suited to the task which was imposed upon them. 
Sir Vincent, it is needless to say, is recognised 
as being thoroughly conversant with the best of 
modern practice in this country, while in Mr. 
Wrench, chief mechanical engineer of the Great 
Indian Peninsula Railway, he had the assistance 
of a keen and energetic mechanical man intimately 
acquainted with India and with all the conditions, 
below the surface, which confront one when effort 
is made to depart from accepted precedent. As 
is well known, in themselves, many of the work- 
shops in India are good, and the proportion of 
modern machines is reasonably high. The report 
to which we have referred records this. At the 
same time the reverse can be said of many shops ; 
but no less could this have been laid at the door 
of the lesser works brought into the big combinations 
here in 1923. In view of the fact that, for all the 
years of the war, India could get practically no 
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new tools, and was deplorably short of staff, and 
that subsequently for many years little or no 
money was available, while the mechanical depart- 
ment was forced to concentrate on arrears of 
work, it is, on the whole, not to be wondered at 
that there is a good deal of leeway to make up. 








The point to which we wish to draw particular 
attention is the criticism, running through the 
report, that in practically all the shops, the planning 
and progressing of work on modern lines was 
conspicuous by its absence. The only works 
which are commended for their planning and 
progressing department are, it is to be noted, 
the Great Indian Peninsula shops at Parel, where, 
we may suppose, the committee would have every 
detail fully explained to it. Again it may be 
noted that at Jhansi, another G.I.P. locomotive 
centre, with what were not so very long ago, 
undoubtedly excellent works, the report records 
with satisfaction that scheduling is in force, and 
that every effort is taken to see that machines 
are used at their maximum output. These bright 
spots, together with some reference to mass 
production methods at the Lillooah carriage and 
wagon shops, constitute, however, practically all 
that the report finds worthy of commendable 
mention. 

But, if the document appears to be characterised 
by the expectation of what, under the circumstances 
of the times, many may think a somewhat high 
standard, at the same time, when pointing out the 
necessity of modernised systems, it also insists on 
the need for the organisation and supervision which 
these involve. This, as a matter of fact, is, we 
believe, where the department has been handi- 
capped. 

Generally speaking, such systems as are envisaged 
by the report involve additional organisation at 
Home. In India conditions conspire against them. 
The labour of the two countries cannot be compared, 
and even here strict management is essential to 
ensure units being worked to capacity. In India 
similar results involve still greater attention. The 
average Indian machine operator is distinctly 
conservative and hard to reform unless considerable 
personal attention is possible, while the modern 
machine, with it. high speeds and great capacity, 
is apt to fill a large proportion of them with an 
unwholesome awe, or an equally undesirable 
recklessness. As regards subordinate supervision 
the country is at many disadvantages. If fresh 
blood from Home is introduced, the men are handi- 
capped by lack of knowledge of the country. If, 
on the other hand, reliance is placed on staff having 
the advantage of such knowledge, from being 
born and brought up in the country, other require- 
ments are most likely lacking. 

With all these difficulties and a clerical system 
which does its best to insist on every jot and tittle 
of rules, regulations and precedents being rigidly 
adhered to, the wonder is that such headway as has 
been made, has been possible with the meagre allow- 
ance of higher supervision hitherto allotted on many 
of these systems. The report in nearly every case 
suggests that additional assistance is essential, if 








modern systems are to be introduced. In many in- 
stances there is little doubt the upper officials have 
been too short-handed to devote the time and atten- 
tion to these things, even if they could arrange for 
the subordinate supervision and assistance, without 
which they cannot be worked any more in India 
than here. Added to the ordinary handicaps, 
the recent absorption of the two larger companies 
into the State system, and the conversion from the 
departmental to the divisional system of organi- 
sation, have thrown an immense amount of extra 
work on the superior staff, so that unless this is | 
strengthened in various directions it can hardly be 
possible to expect much to be done on the lines 
suggested. The progressive spirit which prompted 
the investigation in tackling other vital subjects, | 
such as a more comprehensive system of standardi- | 
sation, will, in the end, only add to the trials of 
many harassed officials if it does not provide them | 
also with the means of satisfying its demands. In| 
this we hope the report will have done good. While 
it undoubtedly points to much that is inefficient, | 
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The remedy is, we believe, fairly obvious in most of 
the cases referred to by Sir Vincent Raven and his 
colleague, as regard this particular matter, and we 
trust that any necessary increase of the mechanical 
officers cadres will speedily materialise. 





THE ELECTRICITY BILL. 


No useful purpose would be served by analysing 
the modifications that have been introduced into 
the Electricity Bill in Committee and on Report. 
The broad question of whether the proposed Elec- 
tricity Board is a necessary addition to the mechan- 
ism of supply seems for practical purposes to have 
passed beyond the stage of discussion. Many 
competent judges still see in it a costly complica- 
tion, which for all useful purposes could be avoided 
by extending the powers of the Electricity Commis- 
sioners ; but even these critics seem to be acquiescing 
in it as at least a necessary evil, seeing that the 
Government will not consent to do without it. 
What its actual effect will be is at present no more 
than a matter of surmise. The powers proposed 
to be vested in the Board are very largely per- 
missive, and their effect on the supply of electric 
current will depend less on their extent than on 
the way in which they are used. No serious doubt 
can be felt but that, used injudiciously, they might 
enable the Board to inflict permanent injury on the 
electricity service, and instead of accelerating the 
steady improvement that it has shown in the last 
few years might enhance both its cost and its diffi- 
culties. If the expression may be forgiven, the 
constitution and powers of the Board are very far 
from forming a fool-proof mechanism; and while 
doubtless members would be very far from being 
fools, they would have unusual powers to do harm 
instead of good. Much more, indeed, would depend 
on their judgment than is pleasant to realise, when 
the importance of the service is remembered, and 
the considerable ability and resources that it em- 
bodies already. Proverbially the better is the 
enemy of the good, but meliorist departments have 
seldom been entrusted with such opportunities as 
the Bill gives for illustrating this truth. 

The prospects of the electricity service under 
the Bill, if it becomes law. are the more difficult 
to estimate because even now the data on which 
it is based have not been published. As we have 
pointed out before, the economy of any scheme of 
inter-connection depends essentially on the facts 
and figures within which it will have to work, and 
not on any blessed Mesopotamian virtue of main 
transmission lines or grids. Every one knows that 
under suitable circumstances an inter-connected 
system may have incomparable advantages over 
a set of isolated stations. To take an example of 
specially favourable circumstances, a station with 
a substantial body of water power and high-level 
storage, with a large electrolytic industry and 
numerous collieries in its area, might be able to deal 
with its peak load from its water storage, utilise the 
surplus of the cheaply generated colliery supplies 
on its electrolytic work, and accommodate in its 
network so large a collection of stations and sup- 
plies as to realise the diffusion of electric energy 
throughout a very large district with a high load 
factor and a low cost. In this country, however, 
such circumstances are very exceptional. The 
efficiency they permit depends essentially on the 
water power and the electrolytic load; and the 
fact that such a system can afford large transmission 
expenses proves nothing about another system that 
is set up without similar advantages. The pros- 
pects of such a system depend essentially on the 
figures of consumption, load factor and distribution 
over the contemplated area; and up to now no 
figures have been published to show that such a 
system would be economical over the entire area 
and in the circumstances of Great Britain. 

Yet no less is necessary for successful development 
along the lines of the Bill. The system is to be set 
up piecemeal, as it should be; but from the outset 
it is to be organised on the assumption that what 
can be done in a system based on the water power 
and electrolytic industry of North Wales can be 
done to equal advantage over the entire country, 


it clearly indicates also that the remedy lies in /| or at least to such advantage as will cover the cost of 
organisation not at present existent or “ sanctioned.” | doing it. On this assumption, vast sums of money 





are to be spent under the guarantee of the State ; 
and the only substantial difference between this 
guarantee and the direct charge to the taxpayer is 
that these costs will be charged on to the cost of 
the current, and be paid sooner or later by the 
consumer. More is required to justify such measures 
than the statement in general terms that under 
some conditions inter-connection is an economical 
measure. As a matter of the most elementary 
prudence, which would certainly not be neglected in 
the course of ordinary business, it is necessary also 
to show that it will be economical in the conditions 
under which the service is to be instituted. What 
grounds there may be for such a belief are at present 
unknown, for even the evidence given to the Weir 
Commission has not been published. 

For the time being, therefore, the merits of the 
proposed system remain dangerously uncertain, 
until the precise schemes proposed are known, with 
any quantitative information relating to them. It 
remains equally uncertain whether the functions 
proposed to be assigned to the Board could not be 
discharged equally well, and with less cost and 
complication, by power companies or other under- 
takers, under such supervision and control by the 
Electricity Commissioners as might be necessary. 
The discussions in the House certainly did not show 
a general sense of the fact that, while in given 
circumstances interconnection can effect great 
economy, in other circumstances it will, with no less 
certainty, increase the cost. On the evidence 
published up to now, the scheme of the Bill is a 
gamble on whether the cost 6f the mechanism it 
proposes will be paid for by the result, or whether 
it will be an additional burden to be borne by the 
service. It is difficult to see what considerations 
can justify this adventure, when an investigation 
of the technical facts could put the matter on a 
more certain basis. It would be a relief to the minds 
of those who are anxious about the future of elec- 
trical supply, if the Electricity Commissioners could 
be allowed to table their first schemes with the 
evidence and calculations on which they are based, 
and let them be thrashed out by a technically 
competent committee. 

Among the ancillary provisions of the Bill is a 
power to local authority undertakers to sell and hire 
apparatus. It is hedged in with reservations for 
protecting contractors, which seem likely to interfere 
with its utility. No difference of opinion will be 
felt about the advantage of encouraging an adequate 
and competent body of contractors, but for the 
extension of electricity in private dwellings, 
especially those of the cheaper kind, a fundamental 
necessity is to mitigate the burden of first cost. It 
might well be worth the while of a supply company 
to supply appliances at less than cost, and neither 
it nor the public should be deprived of the advantage 
of its doing so. On the other hand, it is eminently 
desirable that fitting should be done by contractors 
and not by the supply authority. In such circum- 
stances it should not be difficult to devise arrange- 
ments by which the interests of all three parties 
could be promoted, and the provision of the Bill 
would certainly be improved if it enabled the supply 
authority to enter into such arrangements and supply 
at as low a price as it chose, dealing themselves with 
the charges and remuneration of the contractor. 





HIGH-STEAM PRESSURES. 


A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held at 
the Engineers’ Club, Albert-square, Manchester, 
on Thursday, November 4, 1926, when Mr. H. L. 
Guy (Member) read a paper on ‘“‘ The Economic 
Value of Increased Steam Pressures.” The chair 
was taken by Mr. C. Bentham. We reprint the 
paper, in abbreviated form, on page 643 of this issue. 

In moving a vote of thanks to the author, the 
Chairman said that he would like to apologise in 
the first place for the absence of printed copies 
which would have made the paper more easy to 
follow, and helped the discussion. The Institution, 
however, had not seen its way to provide these. The 
main point in the paper seemed to him to be its 
extreme practical value, the arguments and data 
had been put in such a form that they could be easily 
understood. 
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In seconding the vote of thanks, Mr. Daniel 
Adamson said that he understood that the reason 
why Headquarters had not printed the paper was 
that there was another on a very similar subject, 
which had been prepared at the request of the 
Council, and, having asked for that paper, it had 
been felt that Mr. Guy’s paper might overlap or 
clash. He was not without hope, however, that 
they would be able to get Mr. Guy’s paper printed 
in abstract and published in the proceedings. 

The discussion was opened by Mr. A. M. Ranft; 
who said that it was very evident that Mr. Guy 
had given a great deal of time to the study of the 
problem as to what was the dividing line between 
the practical utility of high-pressure steam and the 
economic side of the subject. There was one point 
which Mr. Guy had not discussed, viz., the possible 
gain from high vacua. 

Mr. A. Saxon, who followed, said that there were 
some people who would have them believe that the 
steam age was passing. But in England, where 
natural water power was not available, we were 
bound to look to steam as being the prime 
source of power. Mr. Guy had spoken about feeding 
in the condensate at boiling point. The general 
practice in cotton mills was to pass the feed into the 
boilers at 275 deg. at least, or even at 300 deg. 

Mr. W.S. Burge, of the English Electric Company, 
Limited, spoke next. In a number of recent 
investigations based on adiabatic expansions, he 
had rather come to the conclusion that pressures 
in the neighbourhood of 600 to 700 lb. were obviously 
justified. Above this limit, however, as Mr. Guy 
had shown, the gain dropped very rapidly. He 
had been much interested in the stress laid on the 
value of regenerative feed heating, and he fully 
concurred with the author’s conclusions. The whole 
problem was how best to employ regenerative 
feed heating without excessive complication. There 
was just one suggestion which he thought possibly 
Mr. Guy had overlooked. He referred to the fact 
that where regenerative feed heating was considered 
in conjunction with economisers, the heating with 
the ‘“‘ bled” steam was all done before the feed 
reached the economiser. He suggested, as an 
alternative, that the low temperature heating 
should be done in the economiser, thus securing a 
good temperature difference between the feed and 
the flue gases. Following this, if the saturation 
temperature was high, the feed could be further 
heated between the economiser and the boiler by 
means of bled steam. He had looked into this 
question with one or two boilermakers, and the 
general opinion seemed to be that it could be done. 
Mr. Guy had also brought up the question of air 
pre-heating. That was bound to be very intimately 
connected with the same question. In most cases 
on which he had been engaged recently, he had 
rather come to the conclusion that the combination 
of economiser and air pre-heater was generally the 
best. Mr. Guy had, moreover, dealt very con- 
siderably with the question of re-heating the steam, 
and Mr. Burge had been very interested to note his 
opinion on the value of this procedure, and to find 
that Mr. Guy had very grave doubts as to this. 
He was inclined to agree with him on that point. 
There was, however, one feature which had not 
been touched upon. He referred to the results 
which had been observed in most of the American 
stations, where re-heating was adopted, viz., that 
with variable loads it resulted in a reduction of heat 
consumption. At one station they had told him 
that on economic load, if one took the heat consump- 
tion as 100, then on three-quarter load the increase 
in heat consumption per kilowatt generated was 
only 0-5 per cent., and at half-load the increased 
heat consumption per kilowatt was only 0-35 per 
cent. These figures were rather interesting, and he 
was inclined to think that they were substantially 
correct. If that were so, with a power station having 
« bad unit load factor, there would appear to be 
a rather better case for re-heating. At the same 
time there were a large number of very serious 
mechanical problems involved in re-heating which 
made one pause. The last point upon which 
Mr. Guy had touched was probably the most import- 
ant. That was, the real commercial value of extra 
high pressures. Mr. Guy had rather come to the 
conclusion that 350 lb. would probably represent, 
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generally speaking, the maximum pressure at which 
one obtained a reasonable net return on the capital 
invested. Mr. Burge did not think he could agree 
with this. He would like, he said, to mention a 
case which had been overlooked, and that was the 
system of introducing high-pressure steam into a 
power station which was already at work with 
steam at 200 or 250 lb. pressure. There was a 
case for installing there an independent high- 
pressure unit, consisting of one, or possibly two, 
high-pressure boilers, supplying steam to a small 
back pressure turbine. The commercial problem 
in that case was, he thought, really the point of the 
whole question, because if average base load factors 
in England were taken, it would be found that in 
quite large power stations the true base load was 
really very much smaller than was generally thought, 
and, furthermore, the actual total units generated 
per annum at this load represented a surprisingly 
large proportion of the total units generated in the 
whole power plant. He could quote cases of power 
stations having 50,000 kw. installed where the 
true base load was somewhere between 6,000 and 
10,000 kw.—nearer the 6,000 than the 10,000. 
The total number of units generated in the year 
under these conditions was very often as high as 
40 per cent. So that if we superposed a high- 
pressure plant in such a power station to deal with 
only that base load, we should get the very best 
return on that plant for a minimum of expenditure. 
In one or two cases he had found that on present- 
day commercial prices, after allowing capital 
charges very similar to those which Mr. Guy had 
suggested, there was a true net return of 12 per 
cent., and sometimes 15 per cent. on the expendi- 
ture. 

Going to the other extreme of a power station 
designed ab initio for high pressure, he was inclined 
to agree with Mr. Guy that 350, or perhaps 400, or 
even 450 lb., would be probably the most economic 
pressure showing the maximum return for the 
capital expenditure on what they considered in 
England to-day to be the average class of power 
station, laid out, say, for 50,000 or 80,000 kw. 
It was rather surprising, if one looked into the 
extreme case of a very big power station, to find 
how cheap the high-pressure plant was. In a 
case he had recently investigated for a power station 
laid out for an ultimate capacity of 200,000 kw., 
consisting of four 50,000-kw. units, designed for a 
pressure of 650 1b., he had found that, by comparison, 
that power station would cost just about the same 
as a similar power station for 200,000 kw., but at 
300 lb. pressure, and designed with units of 
20,000 kw. If one compared those two extremes, 
one would find that power stations for about 650 lb. 
pressure did not cost more than what might be 
called the normally-accepted layout. He thought 
that, all things considered, they were not likely 
to see pressures go up much above 650 to 700 lb. 
There were, of course, in the world to-day a large 
number of power stations running at higher 
pressures. One point he would like to mention was 
that these high-pressure stations actually ran. 
At Weymouth they had had a certain amount of 
trouble, but nothing serious, and the plant was 
now running satisfactorily. Another high-pressure 
station was also running satisfactorily, though not, 
he believed, with the heat consumption hoped for. 
At still a third power station running on 550 lb., 
the overall heat consumption per kw. generated 
was 13,600 B.Th.U. At the Columbia power 
station, which had more efficient turbine plant 
and highly efficient boiler plant, the heat con- 
sumption had rather exceeded their expectations. 
It had been 12,800 B.Th.U. per kilowatt-hour. 

Mr. George Arrowsmith agreed that the wet- 
ness curve which the author had used throughout 
the investigation gave, in many instances, remark- 
ably accurate results, but he doubted whether it held 
good far down in the wetness area. Firstly, although 
the curve was based on the theoretical wetness, 
actually, there must be some form of super-satura- 
tion occurring, and this involved a time factor. 
In certain of the early turbines the time of passage 
was of the order of one-thousandth of a second, 
whereas in a large machine with many stages it 
might take one-twentieth of a second. He could 
not quite believe that the law of expansion was the 
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same in both machines. There was also the tempera- 
ture gradient to be considered. If the steam passed 
through a turbine in about one two-thousandth of 
a second, the rate of change of temperature might 
be one million degrees per second as against one- 
hundredth part of that in a low-speed turbine. Years 
ago, he had had the opportunity of analysing results 
of numerous low-speed turbines, particularly the 
direct coupled marine turbine. The relative speed 
of the blades to the steam was very poor. Allowing 
for pretty heavy losses, due to short blades and 
large diameters, some of the efficiencies obtained 
had been considerably better than could have been 
hoped for, and the wetness curve given held good. 
He would suggest that with high-pressure machines, 
one got into the same range of wetness that was 
met with in these older machines. If that were so, 
he suggested that a modification of the wetness 
correction curve, might be required, but he would 
like Mr. Guy’s views on the subject. 

Dr. T. B. Morley said that it might be worth 
while mentioning that with regenerative feed 
heating they got some approach to the Carnot cycle. 
Most of the work published on the question had 
appeared in America, and it was well that we 
should now have had here a paper containing results 
of very elaborate and very carefully made calcula- 
tions. 

Mr. J. M. Newton said that Mr. Guy had taken 
account in the fairest way of the enormous number 
of variables involved. He had been forced by the 
complexity of the subject to make numerous assump- 
tions, and the value of his conclusions would depend 
upon the accuracy with which those assumptions 
corresponded with the facts. In Mr. Newton’s opinion, 
they did correspond very closely with common 
practice. There were few men in this country or, 
indeed, in the world, as well qualified as Mr. Guy, 
both by his training and his intimate professional 
touch during the past decade to deal with the 
subject, and the result had been a paper of extreme 
practical value. It was interesting to note, as a 
matter of history, that the first notable advance 
in the use of high pressures, as in so many other 
things, took place in this country. A few years 
afterwards, America, with characteristic dash, had 
passed them—he hoped only temporarily—in the 
race, and they had now a fairly large number of 
stations at work with high pressures. In a few years’ 
time, they in England would have the actual working 
results of those American stations to compare with 
their own leading stations, such as Barton and 
Barking, and this would provide a test of Mr. Guy’s 
conclusions, which were striking in themselves and 
which the speaker was convinced were based on 
most reasonable data. 

Mr. A. T. J. Kersey said that it should be 
suggested to the members of Council that, in con- 
sidering whether or no to print a paper, they should 
be guided solely by the importance and value to the 
engineering profession of the paper, and not by the 
question whether it clashed with some other contri- 
bution. 

Mr. H. L. Guy. in reply, said that several points 
which had been mentioned in the discussion indicated 
that he had not made his meaning quite as clear as 
he should have done. Mr. Burge’s remarks were of 
great interest to him, particularly as he knew that 
Mr. Burge had just returned from a tour in America. 
Putting on one side all questions of cost, there was a 
justification for pressures like 650 Ib. and 750 lb. per 
square inch, but, unfortunately for engineers, cost 
was a controlling consideration. With regard to the 
use of re-heating, he had been concerned that evening 
with the effect of a single variable—the effect of 
pressure—and he was only interested, therefore, in 
the question of re-heating from the point of view of 
whether re-heating would affect the advantage 
which pressure itself had to offer. He thought he 
had shown that the effect of re-heating in this con- 
nection was negligible. Mr. Burge’s suggestion that 
feed heating with steam from the turbine could be 
used to carry the temperature of water above that 
used in the economisers was very interesting. 
Mr. Burge had, of course, noticed that if the attempt 
were made in that way to carry water to the boiling 
temperature, then steam might have to be tapped 
off before it reached the turbine at all. Between 





that and the place where economiser heating was now 
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left off, there was a field which deserved investiga- | 
tion. .The figures which Mr. Burge had given in | 
reference to the performance of American stations | 
were of interest. The best average result in America, 
however, was, according to Mr. Guy’s information, 
actually obtained not in the 600 Ib. station, but in | 
a station where the pressure was only 350 Ib. 
Mr. Arrowsmith’s suggestion that the rate of wetness | 
curve might vary in different parts of the field was, | 
of course, a question upon which it would be very | 
interesting to see fresh evidence. He did not think 
that the time steam took to pass through the turbine 
was so important as suggested, because Callender 
and Nicholson, in their investigations on the question 
of under-cooling, had found it occurring behind the | 
piston of reciprocating steam engines, and the speed 
of expansion was here very low. Mr. Arrowsmith 
might be interested to know that not very long ago 
a research had been made by the General Electric 
Company of America with the object of ascertaining 
the value of the wetness correction. In_ that 
research, tests had been taken on a very large 
number of turbines, and they had finally deduced 
from those tests a correction of 1-03 per cent. for 
1 per cent. wetness, instead of 1 per cent. for 1 per 
cent., as assumed by the author. Mr. Newton had 
mentioned a point that he would like to touch upon. 
He had mentioned that the first installation, which 
was what had given the impetus to the whole move- 
ment, had originated with a Manchester firm. The 
conception of re-heating, moreover, had originated 
with a Manchester engineer, as also the conception 
of regenerative feed heating. It was quite possible 
that the best pressure would differ in different 
countries. It depended on the ratio of increased | 
cost to the coal cost, and that depended on whether 
coal was a local or an imported product. If the 
conditions in Sweden or South America indicated 
that the maximum economic pressures were higher 
than he had mentioned, then a very large number | 
of other questions would have to be investigated. | 
Mr. Burge had mentioned a case where he had found | 
that the capital cost of an installation at 650 Ib., had | 
worked out the same as for one at 3001b. Factors, | 
however, varied in different countries. He might | 
say that he had had the opportunity of checking these | 
factors so far as they applied to America, and he had | 
found that an important point was the ratio of the | 
increase of plant cost with pressure in relation to the 
cost. of coal. If this were the same in America as | 
in England, then the economic pressures would be | 
the same in the two countries. Actually, the ratio | 
was higher in America. | 


| 





THE ACOUSTICS OF PUBLIC 
BUILDINGS. 

In his second lecture on the above subject, | 
delivered at the Royal Institution on November 9, 
Dr. Kaye dealt with the acoustics of rooms and | 
halls. He said that rooms of rectangular section | 
yave, in general, the most uniform distribution of | 
sound. Focussing was associated with large smooth, | 
markedly-curved surfaces, which should be suitably | 
broken up by the coffering of walls and ceilings ; 
such cofferings (as shown in Figs. 10 and 14) should | 
be 6 in. to 3 ft. deep, and from 4 ft. to 15 ft. wide. 
Echoes were but little noticeable, unless the time | 
interval between the direct and the reflected sound | 
exceeded ,'; second; that meant a path differ- | 
ence of 75 ft.. so that echoes would only arise 
in large halls. 

The complicated problems of the determination | 
in three dimensions of the acoustic properties of a | 
room could be approached by a geometrical method, | 
and by the sound pulse and the ripple tank methods; | 
the two latter represented convenient experimental | 
ways of carrying out the first. The principle of the 
geometrical method, based upon the laws of optical | 
reflection, was explained by the diagram, Fig. 9, | 
in which the source of sound and its images, I,, were | 
marked, on the various walls within a room of square 
section ; in the absence of boundaries, the dotted 
circle would mark the wave. The principle was 
applied by Dr. Michel (Horsamkeit vrosser Riiume, 

1921) to the Leipzig Gewandhaus concert hall of | 
Vig. 10 showed a transverse vertical | 





acoustic fame. 
section and Fig. 11 a longitudinal section through | 
this hall, the latter combined with another section 





presently to be explained. The unreflected wave 
fronts shown were at 25 m. from the source. The 
next set of four diagrams, Fig. 12, illustrating the 
influence of the ceiling, indicated again that the 
simple rectangular pattern was satisfactory and not 
notably inferior to the splayed ceilings of the House 
of Commons and the Queen’s Hall (London), which 
helped to augment the sound in the side galleries. 
If the number of splays were increased indefinitely, 
the ceiling would become a_ barrel vault, which, if 
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Fig. 11. 

of pronounced curvature, would give rise to objec- 
tionable focussing effects. When a curved ceiling 
was preferred, the curvature should not be less than 
twice the height of the hall ; a similar relation held 
for curved walls. 


The second, sound pulse, method, was a develop-.| 
photography of air waves | 


ment of the spark 
by Toepler (1867), Dvorak (who originated the 
shadow photograph method) 1880, Mach and others, 
as first applied by the late Professor Wallace C. 
Sabine, of Harvard, in 1912. The diagram, Fig. 13, 
explained the apparatus which Dr. A. H. Davis and 
Mr. N. Fleming installed in the National Physical 


Laboratory. ‘The idea was that a sound pulse was 


|made to spread within a model of the hall to be 


studied ; the pulse was created by an electric spark, 


' and was illuminated by asecond spark, striking im- 


mediately after the first. The light passing through 
the air waves recorded the differences in the air den- 


sity on a photographic plate. In Fig. 13, the Leiden | 


jars C, were discharged, by the aid of trigger gaps, 
through the spark gap marked sound spark (with 
platinum electrodes) and the light spark. The sparks 
of the trigger gaps passed when the glass plates 
shown were moved into and out of the gaps. The 
light spark, which had magnesium electrodes, was 
enclosed within a small capillary tube to give a point 
source ; the shadow of the pulse fell upon the photo- 
graphic plate at the otherend of the box, which was 
73 ft. long and | ft. square. The model section was 
cut, to a scale usually of 1 in. to 32 ft., out of a block 
of ebonite or hard wood and was so mounted that 
the position of the sound spark corresponded to the 


| speaker’s position in the building ; a series of photo- 


graphs was taken at intervals of about ! second, 
Which would correspond to a path distance of 
150 ft. in a building. The condenser C, and the 
resistance R served for control; the box was 
black inside and fitted with a series of diaphragms. 


The lower of the two diagrams, Fig. 11, was 
obtained at Teddington with a model section of 
the Gewandhaus, and showed a very fair agreement 
with Michel’s geometrical drawing, from which, for 
clearness sake, reflections from the floor and the 
stage had been omitted; for the sound-pulse 
photograph the floor of the model had been removed, 
It would be seen that the sound pulse actually 
spread beyond the limits of geometrical optics. The 
effect of coffering on a curved ceiling and the forma- 
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|tion of a flat wave from the various wavelets 


| came out very strikingly in Fig. 14, which was due 
‘to Mr. Fleming. The series of four photographs of 
Fig. 15, taken at Teddington, illustrated the progress 
|of the waves in a typical auditorium of moderate 
|height with totally absorbent floor and ceiling. 
|The first photograph showed the outgoing wave ; 
| in the second, reflection had taken place from ceiling 
| and walls; the right-hand gallery, which was under 
'the main ceiling, received reinforced sound, whilst 
‘the left-hand gallery (in an alcove) did not have 
| that advantage. 

The third method, the ripple-tank method, was 
| illustrated on page 65 of our issue of July 17, 1925, 
as developed at the National Physical Laboratory. 
A model, on the scale of } in. to the foot, was placed 
flat on the bottom of a shallow glass tank con- 
taining about 2 cm. of water; sound ripples were 
produced by dipping an oscillating plunger into 
the water at the position of the speaker, and the 
ripples produced within the model frame were 
illuminated by an are lamp below the glass bottom 
of the tank. In the demonstration the plunger 
was dipped into the water at intervals of about 
three seconds, and the development of the waves 
could be watched by the whole audience. Another 
advantage of the ripple tank was that the effect 
of modifying the model, rounding off corners by 
the aid of wax, &e.. could immediately be seen ; 
such changes were not so easily made in the box 
That the two methods led to concordant results 
|was proved by Fig. 16, the two views of which 
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were taken with similar, though not identical | 
models. It would also be seen that the single pulse | 
gave sharper pictures than the train of ripples. | 
F. R. Watson had used a ray method, directing the | 
ticking of a watch or the hissing of an electric arc | 
with the aid of a parabolic reflector to all parts of a 
building ; but the spreading of acoustic waves by 
diffraction was very pronounced in these experi- 
ments. 

Dr. Kaye then turned to reverberation, the | 
continuous action or undue persistence of sound 
after the source had ceased. Though a little 
reverberation seemed to be helpful and pleasing, | 
strong reverberation had, almost a century ago, 
been recognised as the most common acoustic 


defect of buildings, and its partial cure by the | 
aid of carpets, draperies and sound-absorbing 


materials had been understood. Rayleigh treated 
the absorption of sound at the face of a rigid, 
porous surface in his theory of sound. When the 
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surface was not rigid, there was further absorption 
hy the vibrations set up. 
to determine the absorbing of 
materials had only recently been made ; 


building 
these 


powers 


|as ordinarily seated, had the value 1; 4 sq. ft. 
of hair felt, 1 in. thick, the value 0-5; 1 sq. ft. | 


But systematic attempts | 


problems had quite recently been reviewed by | 


Dr. Davis. 
undergo two hundred or three hundred reflections 
before dying away; interference probably contri- 
buted little to the inconvenience, but the rever- 
heration theories of Sabine (1900) G. Jaeger 
(Theorie des Nachhall, 1911), and others, neglected 


interference. The equations deduced suggested 


In an ordinary room, sound might | 


that the general intensity of reverberant sound | 


within a room was weakened by increasing either 
the total surface S or its average absorption 
coefficient a, so that the introduction of objects 
or people into an empty room reduced the maximum 
intensity of the sound attained. The duration of 
audibility in a room decreased when the S or a 
increased, but it increased with increased room 
volume V. As V could not be changed without 
altering S, the ratio S/V became important. The 
volume was itself much more important than the 
relative linear room dimensions, apart from extreme 
cases, 

Sabine started his experimental investigations 
in order to improve the very bad acoustics of 
his lecture room at Harvard College. He observed 
that the position of the speaker and of the absorbent 
hardly affected the duration of the general reverbera- 
tions, and that it was unnecessary to distinguish 
between dissipation of sound energy into heat and 
its transmission into outside space. He, therefore, 


chose an open window as his standard unit of | 
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absorption, and, as this was inconvenient, since the 
windows admitted external sound, he standardised 
cushions in open-window units of definite areas. 


Using I, 2, 3 and 4 organ pipes sufficiently wide | 
he deduced | 


apart as sources of four intensities, 
that the time of reverberation was T = 0-164 V/aS 
in accord with theory. By the aid of this rever- 
beration period, the absorbing power of unit area 
of a material could be measured in two ways 

either by finding the equivalent open-window 
area, or by determining the increase in absorbing 
power caused by the introduction of the specimen. 
Thus 1 sq. ft. of floor-space covered by an audience 


of a curtain the value 0-2; glass or hard plaster | 
the values 0-01 to 0-03; every isolated person in | 
a room was equivalent to 4} sq. ft. of open window. | 
The optimum reverberation period for good | 
acoustics was estimated by musical experts who 
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shifted cushions in a room. E. A. Eckhardt later 
(1923) determined the effects of the room condition 
on the distinctness of syllabic speech. When the 
reverberation period became short (} second) | 
owing to excessive absorption, syllables uttered | 
at intervals of ,, second assumed an unpleasant 
staccato character. For piano music in a moderate- | 
sized room, W. C. Sabine recommended a reverbera- | 
tion period of 1 second. ‘The Gewandhaus period for | 
maximum audience was 2-3 seconds. P. E. Sabine | 
suggested 1 to 2 seconds in general, and half that | 
period for speech and light music. Lifschitz, | 
studying halls in Moscow (1925), thought 1 second | 
a good average for speech and music, but considered | 
larger reverberations preferable for very large | 
halls. Dr. Kaye gave a table of F. R. Watson’s | 
results according to which the reverberation | 
period for speed at the Royal Institution theatre | 


was 1-2 second empty and 0-7 full, the corre- 
sponding figures for the Gewandhaus being 3-6 
and 1-7 seconds (for music). . 
Proceeding to details of absorption measurements, 
Dr. Kaye pointed out that the coefficient of absorp- 
tion a per unit area of exposed surface was not inde- 
pendent of the wave-length. A small aperture did not 
' transmit the whole amount of sound, and a narrow 
slit in particular allowed only a little to pass. Pro- 
|fessor P. E. Sabine, working in the W. C. Sabine 
Laboratory of Acoustics, Geneva, Illinois, found, on 
| the other hand, that the absorbing power of felt, at 
| the optimum acoustic frequency per unit, decreased 
| markedly as the absorbing area became very large 
(10 sq. m.). This laboratory consisted of two rectan- 


| gular chambers, 27 ft. by 19 ft., 20 ft. high, with 


double sound-proof walls, faced internally with 
cement, and heavy steel doors. In the Weisbach 
stationary-wave method (1910) for determining 
the absorption power of flat sheets, the specimen 
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| Closed one end of a tube, open at the other to the 


source of sound. When the specimen was a perfect 
reflector, the entrant and reflected waves were equal 
in amplitude, and their interference gave rise to 
pronounced nodes and antinodes ; with an imper- 
fect reflector, only positions of sound maxima and 
minima were observed. Applying this method, 
H. O. Taylor (Fig. 17) used a wooden pipe, 9 em. 
square, 115 em, long, an organ pipe provided with 
Quincke filters as his source of sound, and a Rayleigh 
disc for determining the wave amplitude. A glass 
tube passed from the disc through the filters into 
the pipe, which was shifted over a graduated scale 
for exploration at different points, as the dise could 
not be moved. The same method was used in 
another way by Dr. E. T. Pavis at the Signals 
Experimental Establishment for measuring the 
absorptive power of ‘ acoustical plasters.” Here 
the experimental pipe (Fig. 18), 12 in. diameter 
and 5 ft. long, consisted of two sections (cemented 
together) of a drain pipe which was mounted, 
inside a wooden, felt-lined box, on four legs set in 
concrete. The test plaster was mounted within a 
wooden ring, | in. thick, fixed by means of plaster 
and water-glass, and screwed to a five-ply wooden 
backing. A washer of basil cloth of }-in. rubber 
was placed between the end of the tube and the 
ring of the mounting to ensure an airtight fit. The 
source of sound was a loud speaker. Intensity 
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measurements were made with the aid of a hot- | 
wire microphone carried on a wooden slider. The 
microphone and the tube formed together a Boys 
double resonator, and the slider movement varied 
the coupling between the two components. Some- 
what different forms of stationary-wave apparatus 
were in use at the National Physical Laboratory 
and at the United States Bureau of Standards. The | 
Watson method of measuring the sound transmitted | 
and reflected by a partition clamped over an aperture | 
in the wall between two adjacent rooms was also 
being examined at Teddington. 

As these and other methods (e.g., Kennelley’s 
telephone method) did not measure under the same 
conditions and did not all determine the same 
quantity, perfect agreement could hardly be ex- 
pected. Yet the accord of the long tables, 
exhibited by Dr. Kaye, and due to the various 
authorities we have mentioned, was on _ the 
whole satisfactory. They covered a large range 
of materials and of frequency. The increase of 
absorption with rising frequency was very striking 
in the case of persons, where it increased from 
1-7 (Sabine’s window unit) at 64 sound vibrations 
to 5 at 2,048 vibrations. With brick walls and most 
materials the increase was fairly steady, but the 
value 1 was rarely reached. The sound absorption 
by felt seemed to be due to the porosity and flexi- 
bility of the mass as a whole more than to the 
nature of the material: the provision of air 
chambers behind felt raised the absorptive power, 
but their construction was expensive. The 
Building Research Station, like other investi- 
gators, found aselective absorption with a maximum 
frequency near 1,024 in felts, quilts, tiles, acoustic 
plasters (made of slag, magnesite, and ply-wood), 
panellings, and floor coverings. 








NOTES. 
FUELS FROM CARBONISATION PROCESSES. 


In the course of a paper on “Oil and Other 
Fuels from Carbonisation Processes,” read before 
the Institution of Petroleum Technologists last 
Tuesday, Dr. F. Mollowo Perkin, F.1.C., admitted 
that he had himself belonged to those who, seeing 
the enormous dump heaps near collieries, had 
suggested the use, for low-temperature carbonisa- 
tion, of raw materials which further study had 
shown not to be practicable. Only good-class coal was 
suitable for the production of oil and smokeless 
fuel. The aims of carbonisation at low temperatures 
and at high temperatures (now up to 1,400 deg. C.), 
were different. In the latter case the gas was the 
main product wanted, in the former the by-products. | 
The Scottish shale-oil industry, in which the vertical | 
retort was first used, was only able to compete with | 
mineral oil thanks to the ammonium sulphate which | 
was also produced in the process, and the retorts were | 
specially designed for this purpose. Inthe upper part 
of the retort, where the oil was driven off, the tempera- | 
ture did not exceed 450 deg C., and that part could be 
made of cast iron, as the whole retort was in the early 
days. The ammonia was produced at the bottom 
where the temperature was higher. In Tozer- 
Marshall retorts of this type, Dr. Perkin had obtained | 
splendid fuel from coa:, lignite and peat ; but the 
process had not been a commercial success. In a 
new retort of Messrs. Marshall and Easton, heated 
externally and internally, twin propellers with seg- 
mentally overlapping blades forced sticky coal 
downward. The Crozier vertical retort, heated 
externally, but fitted with flue pipes for waste- 
furnace gas, which did not, however, come in 
contact with the charge, was not constructed to 
deal with caking coals. The retorts of Messrs. Low- 
Temperature Carbonisation, Limited, which were also 
vertical, were fitted with collapsible plates which closed 
when discharging the coke. Screw conveyors gave 
trouble with caking coals. In the Fusion retort 
and the L.M.N. retort of Mr. Harald Neilson, all 
heating was done by producer gas, which was taken 
directly, at about 500 deg. C., through the retort. 
The desire for rapid throughput had induced 
designers to try to do in one retort what could 
more economically be obtained in a battery of 
retort units. Heat interchange between retorts in 
juxtaposition saved a good deal of fuel. The retort 








of the future, Dr. Perkin thought, would be vertical 


| ments. 
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and designed [for external and internal heating, 


the latter by passing a portion of the thoroughly 
scrubbed gas through the carbonised material at 


the bottom. This gas would help to cool the 


‘descending coke while preventing condensation of 


the oil on the cold material at the top of the retort. 
Dr. Perkins’ paper said very little about oil, but 
gave yield estimates, which were promising for low- 
temperature carbonisation. These were based upon 
large-scale tests of Hutton, Grassmore, and Kent 
coals. 


THE INSTITUTION OF PROFESSIONAL CIVIL SERVANTS. 


It was, we believe, the recognition by the Govern- 
ment of the principle of collective bargaining with 
respect to the conditions of employment of its 
servants, as evidenced by the formation of the 
National Whitley Council, that led to the origin of 
the Institution of Professional Civil Servants, the 
membership of which amounts to about 4,000, and 
comprises government servants of every profession 
and occupation, involving technical and specialist 
knowledge. Since its foundation, the activities of 
the Institution have been mainly concerned with 
questions of remuneration and working conditions, 
but that these are by no means the only matters 
within its province was pointed out by the President, 
Sir Richard Redmayne, K.C.B., in a speech delivered 
at the annual dinner of the Institution, held on 
Friday last at the Hotel Cecil. Sir Richard expressed 
the hope that the Institution would be able, in due 
course, to turn to the consideration of those prob- 
lems affecting State administration involving the 
application of scientific and technical: knowledge, 
in order to obtain solutions to existing difficulties 
and to put forward suggestions for future develop- 
Progress, he pointed out, was largely 
dependent upon the proper application of scientific 
discoveries, so that, to secure efficient and economical 
State administration, the fullest encouragement of 
research was essential. The extent to which this 
was required would largely determine the remunera- 
tion of the numerous Government research workers 
included among the membership of the Institution. 
Without dealing at length with the question of the 
relationship between the administrative and the 
professional and scientific branches of the Civil 
Service, Sir Richard remarked that, while fully 
appreciating the special personal characteristics 
required by the ideal administrator, the Institution 
would welcome a wider recognition of technical 
officers by giving them readier access to posts 
involving administrative control. We are in 
complete agreement with this view, as it is obvious 
that, in many cases, the decisions of administrative 
officers must be based entirely upon the advice of 
technical and scientific officers who are really 
responsible, and may therefore justly claim the 
reward which responsibility usually brings. The 
Honorary Secretary of the Institution is Mr. F. A. A. 
Menzler, and the offices are at 27, Buckingham 
yate, S.W.1. 


THE MINERAL RESOURCES OF WESTERN 
AUSTRALIA. 


AttTHouGH the production of gold in Western 
Australia has decreased steadily since 1903, when 
some 2,060,000 fine oz. were extracted, this metal 
is still the chief source of the mineral wealth of that 
State. Furthermore, the 441,252 fine oz., valued 
at 1,874,320/., which constituted the 1925 out- 
put, represented 65-28 per cent. of the total produc- 
tion of gold from the whole of Australasia, including 
the territory of Papua. The next most important 
mineral in Western Australia, as regards value and 
quantity produced, is coal, of which 437,461 tons, 
worth 363,203/., were raised during 1925, an increase 
of 15,600 tons over the previous year’s production. 
The whole of this output was obtained from five 
collieries all operating in the Collie coalfield, which 
is situated in the Wellington district of the South 
Western Division, and is 150 miles south of Perth. 
The Government railways are the chief consumers 
and, during 1925, about 60 per cent. of the total coal 
mined was purchased by them. As already men- 
tioned in our columns, good coal seams have been 
located at Wilga, situated some 20 miles south of 
Collie ; no further work appears to have been done 
in this direction, however, and no collieries have 


been established in the new area.” Other mineral 
assets of the State of Western Australia include 
copper, lead, silver, and tin, and, among the exports 
for 1925, were 81,226 fine oz. of silver, valued at 
11,661/. 4,664 tons of leadj and} silver-lead worth 
103,300/., 1,201 tons of copper ore and 108 tons of 
tin. According to the Report of the Department of 
Mines of Western Australia, the continued falling 
off in the gold output is causing the Government 
grave concern; this decline is stated to be due, 
partly to the cost of production, and partly to the 
fact that the ore now extracted is poorer than was 
formerly the case. Every effort is, however, being 
made to devise some means of remedying the present 
position. The Royal Commissioner, appointed to 
investigate the question of gold production, pre- 
sented his report in June last, and the Government 
intends to give every possible assistance to mine 
owners, when the latter indicate how far they are 
prepared to carry out the suggestions contained in 
the report. 








BEVEL ROLLER-FEED GEAR FOR 
BAND SAW. 


THE operation of sawing timber at an angle by a 
band saw having a tilting table is often troublesome, 
owing to the difficulty of obtaining a satisfactory feed. 
It is consequently not made use of as much as it might 
be, and considerable waste thereby results. This 
waste is particularly marked in preparing timber for 
feeding into a moulding machine and for other purposes 
requiring a bevelled surface. The introduction of an 
effective feed gear for this work, such as we illustrate 
in Figs. 1 and 2, on page 641, is therefore of interest. 

This appliance is made by Messrs. A. Ransome and 
Co., Limited, Newark-on-Trent, and is shown attached 
to one of their 36-in. plain band saws. A feature of the 
gear is that it is self-contained. It is not too heavy 
to be handled by one man, and is attached to the table 
by three or four hook bolts only. It can remain in 
place when not required, provided that the entire surface 
of the table is not needed, as its radial construction 
permits of its being swung right back out of the way. 
The maximum working distance from the feed roller 
to the saw is 8 in., and from the saw to the fence 9 in. 
Timber up to 9 in. deep can be re-sawn. 

Referring to Fig. 1, which shows the back of the 
machine, it will be seen that the radial arm is an 
L-shaped casting pivoted on a square base containing 
the gearing for the drive from the stepped pulley. 
There are two fluted feed rollers, one above the other, 
and the arm is so proportioned that when it is swung 
towards the saw for feeding thin boards, the rollers 
bear on the timber close to the cutting edge of the saw. 
The rollers are driven by a chain from the vertical spindle 
at the pivot, and passing round guide pulleys at the 
angle of the arm. This motion is all covered in by a 
neat casing. The necessary pressure is put on the 
rollers by a coiled spring in the pivot casting. 

The drive for the feed is easily followed in Fig. 1. 
A three-speed pulley on the driving shaft of the saw 
drives a converse stepped pulley on the fixed base of 
the radial arm by a belt fitted with tightening gear. 
In Fig. 2, which shows the front of the machine, the 
handwheel at the edge of the table is that for starting 
and stopping the feed rollers, which operation is 
effected by means of a friction clutch. This figure 
also shows very well the means by which the fence is 
clamped to the table, and Fig. 1 illustrates the manner 
in which it can be adjusted. It is provided with 
suitable rollers. With this arrangement of feed the saw 
can be operated as efficiently when the table is inclined 
at 45 deg. as it can when the table is level. 








Farapay Hovuse.—Faraday House forms such a 
valuable unit in the technical educational facilities of 
the country that it is always a pleasure to hear of its 
continued success, Some information bearing on this 
matter was given by Dr. Alexander Russell, the Principal, 
at the annual dinner of the Faraday House Old Students’ 
Association, held at the Hotel Cecil on the 29th ult. 
Dr. Russell stated that the number of students at Faraday 
House was now 280, and that there had been a record 
entry this term. Dr. Russell was replying to the toast of 
‘* Faraday House,” which had been proposed by Professor 
W. H. Eccles, and, incidentally, referred to the good work 
done by Dr. Eccles at Faraday House before the war in 
the lectures which he gave to successive generations of 
students. The chair at the dinner was taken by Mr. Law- 
rence J. Kettle, the President of the Association, who, in 
replying to the toast of ‘“‘The Chairman,” proposed by 
Mr. W. Hewat, President of the Electric Supply Associa- 
tion of Ireland, suggested that the prospects of electricity 
supply in the Irish Free State were very bright, and that 
English manufacturers should be able to do excellent 
business there, providing that their prices were not higher 
than those of their competitors. Mr. Gilbert Scott Ram, 





Sir Philip Dawson, and Mr. R. A. Chattock also spoke. 
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LETTERS TO THE EDITOR. 


TIDAL POWER. 


To tHE Eprror oF ENGINEERING. 

Srr,—I am pleased to note the letter appearing in 
your issue of the 12th inst. from Mr. Arthur Oates, 
giving his views on the Severn barrage scheme, and 
supporting the impressions I conveyed in my previous 
letter. As I see it is stated that the Government 
has admitted that a prima facie case has been made 
out in regard to this scheme, it is to be hoped that 
no public money will be risked, and probably wasted, 
before experiments are made on a much smaller scale, 
in respect of which there are so many opportunities, 
some of which have been instanced by both Mr. Oates 
and myself. 

It would be of further interest if Mr. Oates would 
give your readers the benefit of his knowledge and 
experience in such projects, and one point which I 
would like to raise is, how he would utilise the 
tidal power both ways, and under what circumstances 
or conditions it might be more feasible and practicable 
to do this, or in preference to use the back-flow only. 

In the case of the Conway estuary, it would perhaps 
be most appreciated by the district if the waters were 
kept up permanently, so as to provide a large stretch of 
water for boating and yachting purposes at all states 
of the tide. The appearance of the estuary would also 
be greatly improved, and crossing could be done at any 
time. 

Yours &e., 


November 17, 1926. S. O’D. 





To THE Eprror oF ENGINEERING. 

Sir,—I have read with interest the letters from your 
correspondents 8. O’D. and Mr. Arthur Oates, and think 
that perhaps when they have had the same experience 
as I have had, they will realise the futility of attempting 
to introduce any system of supplying cheap electrical 
power which is in the least likely to interfere with the 
peace of mind of the proprietors of existing supplies. 
For many years I have advocated, in the Press and in 
every other way available, the importance to this 





country of using tidal power. I have submitted actual 
schemes for various localities, including, among others, 
that most suitable experimental site, the back bay at 
Montrose, only to find that the Electricity Commis- 
sioners “ could not give their sanction.” I also found 
that the scheme was disturbing the minds of certain 
influential groups of industrialists. 

Some time ago, I wrote to the Electricity Commission 
on this subject, and suggested that possibly the reason 
for their dislike of all experiments with tidal power was 
fear of the effect the success of these experiments might 
have on existing industries, such as large steam- 
generating stations, boiler-making firms, and the like. 
I received a reply practically admitting in so many 
words that my surmise was correct. I also suggested 
that the Severn scheme was knowingly designed on a 
scale which could never be carried out with any reason- 
able safety till after many smaller experiments had 
been made, and was only put forward for the purpose of 
holding up all other tidal proposals. The letter I had 
in reply did not dispute this. The whole position of 
the Electricity Commission calls for a thorough exam- 
ination. 

The Commissioners may be men with strong con- 
servative instincts, but this country cannot afford to 
pander to the personal likes and dislikes of any one, 
even if he be an Electricity Commissioner. 

Yours faithfully, 
J. D. Morrison. 
Imrie House, 33-36, King William-street, 
London, E.C.4. 
November 15, 1926. 





Votta Exursition.—In connection with the Volta 
centenary celebrations, an exhibition will be held at 
Como, Italy, from May to October, 1927. The exhibi- 
tion will comprise the following sections :—International 
exhibition of electric telegraphs and telephones ;_inter- 
national exhibition of radio communication; Italian 
hydro-electric industries; Italian silk industry; art 
exhibition; and temporary exhibits. Further par- 
ticulars and forms of application for space, which 
should be returned before Nevember 30, '1926, may be 
obtained from the Volta Exhibition offices, Villa Olmo, 


Como, Italy. 
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ENGINEERING TRAINING AND 
EDUCATION. 


Science and Whitworth Scholarships Examinations, 
1927.—In our issues of July 23 and August 27 last, on 
pages 106 and 264, we gave particulars regarding the 
Royal Scholarships, Free Studentships, and Whitworth 
Scholarships offered for competition annually by the 
Board of Education, Whitehall, London, S.W.1. The 
time-table of the examination for these scholarships 
and studentships has now been issued. The sessions 
will start on Wednesday evening, April 27, 1927, and 
will continue on each evening, with the exception of 
Sunday, May I, until Saturday, May 7. Inthe majority 
of cases, the examinations will commence at 7 p.m. 
and will end at 10 p.m. On the two Saturdays, how- 
ever, the hour of commencement will be 6 p.m. In- 
tending candidates are reminded that applications for 
admission to the examinations, which must be made 
on the prescribed form, should reach the Board of 
Education not later than February 1, 1927. 








TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case.—His Majesty’s Trade Commissioner at 
Cape Town reports a call for tenders by the Goodwood 
village management board, for cast-iron pipes, specials, 
valves, water meters, &c., tenders to reach Goodwood 
by December 15. (Ref. No. AX 3855.)—Three separate 
tenders are reported from the Borough Water Engineers 





Department, Durban, Natal, South Africa. In all cases, 
local representation is, in practice, essential, and the 
tenders must be presented by December 10 next. 1I.— 
Sluice valves, Tender No. W 96. In this case the tender 
is to include delivery at the Corporation stores, Alice- 
street, Durban. (Ref. No. AX 3847). II.—The supply 
and delivery of 3,550 cast-iron spigot and socket pipes, 
class C, assorted, together with a quantity of specials. 
Contract No. W 95. (Ref. No. 3848). III.—The supply 
and delivery of water-works fittings. Contract No, W 97 
(Ref. No. AX 3850.) 





LABOUR NOTES. 


WITH one or two of the larger districts definitely 
opposed to acceptance of the Government’s proposals, 
it is practically certain at the time of writing that the 
decision of to-day’s miners’ National Delegate Con- 
ference will be by no means unanimous. Hope is 
general, however, in Labour circles that there will be a 
sufficient majority for the terms, as rejection would, 
obviously, mean the break-up of the national organisa- 
tion in, at any rate, its present form. The steady 
drift back to work, even in districts which are nomi- 
nally opposed to the Government’s proposals, clearly 
indicates that. The * explanations’ which have been 
published of the Government’s memorandum of the 
settlement terms, make it difficult to give an exact 
summary of them, but their leading features are not 
at all difficult to grasp. The Miners’ Federation 
undertake to do all in their power to promote an 
immediate resumption of work by means of district 


! 


settlements, the hours to be worked not being excluded | 


from the district negotiations. The owners are to 


pay, on the resumption of work, except in certain | 


districts, which are indicated, a general district percen- 
tage on basis rates not less than that which prevailed 
on April 30, 1926, and, where there was a subsistence 
wage under clause 7 of the 1924 agreement, the same 
subsistence wage. 

Any district agreement that embodies certain general 
principles is to be regarded as a * standard” agree- 
ment, these general principles including the following :— 
(a) A district board with an independent chairman. 
(b) Periodical determination of the trading results of the 
industry, ascertained jointly by accountants appointed 
hy each side, with provision for test audits and reference 
of any questions arising therefrom to the independent 
chairman of the district board. (c) Periodical regula- 
tion of the district percentage in accordance with 
paragraph (b) above, the ratio of division of net proceeds 
being not less favourable to the owners than 87 : 13 
and not less favourable to the miners than 85: 15; 
and the net proceeds being ascertained in accordance 
with the Third Schedule of the National Agreement of 
1924, but without prejudice to any variation which 
may be made by the district board, or in default of 
agreement of the district board by the independent 
chairman of that board. (d) A minimum percentage 
on basis not less than the equivalent of 20 per cent. on 
standard; the standard for the purposes of this 
paragraph being the basis rate in foree for the time 
being (in Scotland the 1888 basis), plus the percentage 
paid on basis in July, 1914 (or the equivalent thereof 
where part of the 1914 district percentage has been 
merged in basis rates), plus any percentage that may 


be agreed to be paid to piece-workers in respect of an | 


underground working day shorter than eight hours. 
(e) The payment of subsistence wages to low-paid day 
wagemen at the rate paid in April last until the 
pay-day next following January 31, 1927, and there- 
after at a rate to be determined by the district board, 
or, in default of agreement of the district board, by the 
independent chairman of that board. (f) A duration 
of at least three years, without prejudice to the varia- 
tion of the district agreements, by agreement between 


the parties thereof, or to any provision that it may | 
contain for the alteration of any of its terms within | 


that period by the district board, or, in default of 
agreement of the district board, by the independent 
chairman of that board. 


As soon as they are satistied that the Miners’ Federa- | 


tion have done all in their power to promote an 
immediate resumption of work, the Government will, 
the memorandum goes on to say, introduce legislation 
by which any district agreement, other than 

* standard” agreement, may, if it is on the basis of a 
longer underground working day than that prevailing 
in the district in April last, be made the subject of 
appeal by either party to the agreement to a national 
arbitral authority, on any of the matters set out in the 
memorandum in respect of which it is less favourable 
to the party appealing than a * standard” agreement 
would be. No appeal will lie as respects any 


‘* standard ” district agreement or any agreement made | 
on the basis of an underground working day not longer | 


than that prevailing in the district in April last. The 
national arbitral authority will consist of such members 
of the Industrial Court (not having any connection with 


appointed by each of the parties to the appeal. When 


an agreement is made the subject of appeal to the 
national arbitral authority, the authority may, in| 
respect of the matter under appeal, make such modi- | 
fications therein as they think fit within the standard | on the deputation from the International Metal Workers 
conditions, or may, if they think fit, confirm it without | Federation which recently visited America, died of 
modification. The agreement thereafter will have effect | heart failure at sea on his way home. 
The | J. T. Brownlie says, ‘a man of inordinate energy.” 


as approved by the national arbitral authority. 
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‘authority is to have effect for six months only. The 
| Government undertake forthwith to put into force the 


provisions of the Mining Industry Act of 1926 relating 


| to recruitment. 
| ference recommended the districts to accept the terms. 
The following official communication was issued from 
Downing Street during last week-end :—* It is quite 
| correct that the memorandum embodying the proposed 
| terms of settlement, which was handed to the miners’ 
}executive last night, was not agreed between the 
| colliery owners and the Government. Indeed, in view of 
|the fact that the Mining Association contend that 
| they have no authority to negotiate for the districts, 
|a collective agreement is not possible. On the other 
| hand, the proposals in question, as a matter of courtesy, 
| were communicated last night to the president of the 
| Mining Association. Moreover, the Government had 
| obtained full assurances from the president of the 
Mining Association that, to the best of his belief, no 
| objection would be taken in the districts to the proposals 
contained in paragraphs 2, 3 and 4 of the memoran- 
j|dum.” The contents of paragraphs 2 and 3 are 
summarised in the first of these notes. Paragraph 4, 
which related. to the reinstatement of men, was 
| withdrawn, 


| Aceording to Industrial and Labour Information, the 
|organ of the International Labour Office, both the 
employers and the workers in the German shipbuilding 
industry recently denounced the general agreement in 
force in the yards, and put forward proposals for 
negotiations. The employers desired the maintenance 
of the nine-hour day until 1928, a reduction of wages 
and overtime rates, and the abolition of annual holidays 
with pay. The workers’ representatives asked for the 
re-introduction of the eight-hour day, an increase 
of wages and overtime rates, and the recognition of the 
principle of holidays with pay. As it was found to be 
impossible to reach agreement, negotiations were broken 
off. Eventually, the difference was submitted to the 
Hamburg Arbitration Committee which issued the 
following award :—**The operation of the present 
collective agreement and hours of work agreement shall 
be extended for a period of one year from October 1, 
1926. The present wage rates shall remain in force 
until April 1, 1927. A revision may be made not 
earlier than February 1 next, if, in the meantime, there 
has been any important change in the economic 
situation.” 


The findings of the Court of Inquiry into wages and 
conditions in the coal-trimming industry were discussed 
at a meeting in London on Friday last of the workers’ 
| side of the National Joint Trimming Committee. It 
was agreed to submit the award to the men with a 
recommendation to accept the findings., The Court 
recommends a general reduction of 6% per cent. on the 





since the formulation of the tariff four years ago. 
also recommends a reduction of the rates paid for coke. 
Coke is now to be classified as ** gas coke ”’ and ** other 
coke,” and the rates for single-deck vessels are to be 


| 1s. 2d. per ton for gas coke and Is. 3d. per ton for | 


| other coke instead of as at present a flat rate of Is. 5d. 
per ton, 


In the course of a letter to the United Patternmakers’ 
| Association, Mr. Frank Smith, the Secretary of the 
Federation of Engineering and Shipbuilding Trades, 
invites the executive to consider the advisability of 
becoming re-affiliated to the Federation. ‘* Having in 


|mind your connection with the Federation since its | 


| inception in 1890, and the fact that you have always 
fess directly associated with any work that it has 
|accomplished, your society would be,” he 

| * cordially welcomed.” 


to the letter, the executive of the Patternmakers’ 
Association passed the following resolution :—‘‘ That 
it be published in the Report, and members be asked 
for their comments as to the wisdom, if not the 
necessity, of re-affiliation.” 


In October, the home branch membership of the 
Amalgamated Engineering Union decreased from 


increased from 26,283 to 26,533. The number of | 
| members on sick benefit increased from 5,507 to 5,637, 


|and the number on superannuation benefit from 9,608 
the coal-mining industry) as the Minister of Labour | to 9,693. The number on donation benefit decreased 
may direct, and will be assisted by two assessors, one | from 15,087 to 14,399, and the total number of un- 
The 


lemployed members from 31,579 to 31,399. 
rene ; , 
| percentage, reckoned in the customary way, is 14-52. 


Last week’s National Delegate Con- | 


1920 tariff, making a total reduction of 40 per cent. | 
It | 


Says, | 
After giving due consideration | 


206,601 to 205,010, and the colonial branch membership | 


Herr Robert Dissman, the German representative | 


He was, Mr. 
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Metal Workers’ Union, and also a member of the 
Reichstag. By his death, the metal workers of _Ger- 
many have lost “ a great leader.”’ 

The * Editor’s Notes ”’ in the November issue of the 
Amalgamated Engineering Union’s Monthly Journal 
largely deal with the changes which have taken place 
in the organisation’s rules. ‘* From now onwards,” the 
writer says, “it is possible for any male engineering 
worker to join our ranks, irrespective of his position, 
and, in our opinion, this is an inevitable step which 
should prove advantageous. Difficult problems will, 
no doubt, arise, but these must be faced with courage 
and determination. The advantages to be derived 
from a form of organisation which can claim to speak 
and act for the workers in an establishment will be 
apparent to all. It can truthfully be argued that 
trade union organisation has not kept pace with the 
changes which have taken place in industrial develop- 
ment ; we have been too prone to consider that separate 
unions as instituted by our forbears catering for each 
section of the trade were the best possible method. 
If we only take the trouble to carefully survey the 
difference in the conditions to-day as compared with 
those which faced the founders of our movement, we 
will be forced to admit that the old sectional method 
has outlived its usefulness.” 


“In the early days of Trade Unionism,” the writer 
goes on to say, *‘ workshops were owned and controlled 
by individual employers, and union representatives 
dealt direct with them. Then followed the formation 
of local associations of employers, and eventually the 
present day system of national federations of employers, 
representing not only private firms but also powerful 
companies and huge combines. These organisations 
are directed by some of the greatest business minds in 
this country ; they are able to obtain the fullest possible 
information not only in regard to their own firms, but 
also on any matter affecting trade in other countries 
where industry exists. If we apply our minds to this 
aspect of the question, what are the facts which present 
themselves to us? We see improved methods of 
production which would have appeared impossible in 
earlier years. Standardisation and mass production 
wherever it can be introduced is the order of the day, 
and these new methods of manufacture are making 
interchangeability of work more possible—teaching 
us that the interest of all workers is identical, and can 
best be served by a common policy directed on their 
behalf from an organisation representing every section 
|of the industry. In every locality men in the shops 
|have proved that they can work together in joint 
|committees on questions affecting their interests. 
| This can be done more cheaply and more effectively by 
| a committee representing every department of workshop 

life responsible to one instead of to a dozen or more 
| executive bodies.” 





| ‘The Ministry of Labour states that on November 8, 
| 1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,563,000, of whom 1,209,100 were men, 41,300 
boys, 272,600 women, and 40,000 girls. Of the total 
number 77,000 men, 200 boys and 700 women were 
“persons normally in casual employment.” On 
| November 1, 1926, the number of unemployed persons 
was 1,559,236 of whom 1,199,373 were men, 42,047 boys, 
277,358 women and 40,458 girls ; and on November 9, 
1925, it was 1,198,126, of whom 963,319 were men, 
34,617 boys, 171,737 women, and 28,453 girls. The 
total of 1,563,000 on November 8 does not include 
| ‘* persons who ceased work in the coal-mining industry 
| on account of the dispute.” 





At the New York State Annual Industrial Safety 
Congress, which is to take place at the end of this 
month in Rochester, the foreman’s role in accident 
| prevention is to be discussed by people who will tell 
| of the experience which has proved the importance of 
| the foreman’s function and what the foreman has to do. 
| Methods of foreman training will be described, and 
| examples given of what foremen under right conditions 
| have accomplished. At an evening session, the relation 
| of the employee himself to accident prevention will be 
discussed —not simply from the familiar point of view of 
the employee as the beneficiary, but from that of his 
role as a necessary co-operative agent in preventing 
accidental injuries. The importance of his part, his 
| education for it when already employed, and the 


|school education of prospective employees for their 


| part are all to be discussed. 





| PERSONAL.—Messrs. Walter Dixon and Co., 38, Bath- 
| street, Glasgow. are carrying on the business of consulting 
engineers under the same name as hitherto, with Mr. 
Arthur Dixon, B.Se., &c., in partnership with Mr. Frank 
Onslow, M.I.E.E., &c., in the place of his father, the 


Act giving these powers to the national arbitral} For several years he was president of the German | ljate Mr. Walter Dixon. 
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THE ECONOMIC VALUE OF INCREASED 
STEAM PRESSURE.* 

By H. L. Guy. | 

In the pursuit of increased efficiency of steam power | 
plant in the last decade, both the range of steam | 
conditions with which it operates has been increased, | 
and the character of the cycle employed has been | 
modified. The success attending these developments, | 


coupled with the increase in size of plant involved, and | tive feed heating, and boilers equipped with economisers 
the greater skill with which it is operated, is illustrated | and air preheaters. 


by the fact that in the last ten years the thermal 


efficiency of the best power stations has been improved | of a single variable—initial steam pressure—upon the 


by some 50 per cent. Under the first class of changes 
steam pressures have been materially increased, steam 
temperatures have shown some advance, and, in general, 
the vacua obtained with given water temperatures have 
been increased. Of these, the change in steam pressure 
is perhaps’the most striking and profound, and, further, 


| operation; some of its effects on the character and 
| cost of the individual units comprising the whole plant ; 


It is the purpose of this paper to consider how far 
nerease of steam pressure affects the efficiency of 


1 


and what guidance can be obtained in the selection of 
the pressure appropriate to any particular case. Fig. 1 
illustrates diagrammatically the type of complete 
installation considered, consisting of a steam turbine 
arranged for resuperheating, several stages of regenera- 


While we are concerned throughout with the influence 


economics of a power station, we shall find it necessary 
to investigate the way in which each feature just 
|enumerated separately affects the efficiency of the 
| whole. Let us therefore first consider the gains to be 
| expected from the adoption of increased pressures in a 
simple condensing turbine installation. For  this| 





















































tion to be applied for variation in reheat factor is given 
in E shows the variation in efficiency due to the 
condensation which takes place as expansion proceeds, 
made at the rate of 1 per cent. loss in efficiency for each 
1 per cent. mean wetness in the stage considered. The 
net result of combining these two corrections, D and E, 
with C,isshown in curve F, Curve G has been obtained 
from curve F by making a correction for the remaining 
turbine losses affected by pressure, at the rate of 1 per 
cent. increased loss for each time the pressure is 
doubled. This relatively small rate is obtained only 
in plant of reasonable size for the speed at which it 
operates; it can, for instance, probably be realised in 
turbines having a maximum continuous rating of 
40,000 kw. at 1,500 r.p.m. ; 20,000 kw. at 3,000 r.p.m. ; 
or 10,000 kw. at 6,000 r.p.m. 


Fig.2. 700°F. TOTAL TEMPERATURE AT 












































Fig.1. C 
ry» —_— > 
he tthe 
Le (| B 
a! Turbine 
fo | ri XK 4 
Wie ae 
ae (“TS 
Es! 
Boiler : 
Feed 
EE Pump Condenser 
~ mn 
- | 
(96/5) A. L.P. Feed Heater 
REF ” ; 
D me ‘ ” Pump “ENGINEERING” 
. ‘ (9815.8.) Pressure Lb. per Sq. In. Gauge. “ENGINEERING” 
TABLE I.—RECENT PROGRESS IN STEAM CONDITIONS FOR SUPERPOWER STATIONS. 
— | 
1 2 3 4 5 6 | 7 | 8 | ny) 10 11 
Steam Conditions 
Output. before Stop Valve 
of Turbine. 
Item. Reference. oe Customer. Power Station. Remarks. 
5 Gauge 
Initial Ultimate Size of Pressure Temp. 
Kw. Kw. Units Lb. per Deg. F. 
Kw. Sq. In. 
ENGINEERING, 13.6.24 ; 11.7.24 1920 Newcastle E.S. Co. ..| North Tees ee 60,000 100,000 20,000 450-500 650 Reheating to 500 deg. F. 
2 Inst. Civ. Engrs., Vol. 218, No. 1922 Manchester Corporation ..| Barton, Manchester £2,500 160,000 27,500 350 700 
: 2; ENGINEERING, 1.1.26, 
15.1.26, 12.2.26, 26.2.26, 
19.3.26. 
3 Inst. Mech. Engrs., No. 3, 1924 Detroit Edison Co. Trenton Channel (Detroit) | 150,000 300,000 50,000 375 700 
1925, 689-694. 
4 Power, gore 720; Electrical 1924 Ohio Power Co. Philo 80,000 240,000 40,000 550 725 Reheating to 725 deg. F. 
World, 25.2.25. 
Electrical World, 18.7.25 ; Elec- 1925 , >altl Edis : a.  § ec $ me . 
5 phe ak : yitx P Nacsna 925 | Commonwealth Edison | Crawford Ave.,(Chicago)..| 160,000 | 750,000 { pam } 550 725 | Reheating to 725 deg. F. 
16.6.25. 
Page: 96 On: or la — ne ® _* - 20,000 } e » f —_ 
299 FO 5 99 | 5 § , ¢ 2 P A q ar ‘ s 
6 Engineer, 22.5.25 ; 568 1925 | County - London E.S. Co. | Barking (London). . 120,000 500,000 f 40,000 J 350 700 | Reheating to 700 deg. F. 
7 Power, 30.12.24; Electrical 1925 Columbia Power Station ..| Columbia (Miami Fort) ..| 90,000 360,000 45,000 550 725 Reheating to 725 deg. F. 
World, 15.12.25, 22.12.25. ‘ : 
8 Power, 14.4.25; 15.9.25 1925 Edison Electric Illumin- “a 4 3 3150 1,200 700 
: ating Co. of Boston Weymouth 82,000 | 400,000 | {33 ooo 350 700 
9 Electrical World, 23.5.25 ; 1074 1926 Philadelphia Electric Co. Richmond .. ‘2 .-| 100,000 600,000 50,000 375 675 
10 Power, 19.5.25 .. ite 3 1926 New York Edison Co. East River (N.Y.) ..| 120,000 700,000 60.000 375 700 
7 : , QrO4- ” c ¢ By 7 
11 eet World, 3.5.24 ; { +ae6 j| Brooklyn Edison Co. Hudson Avenue .. F bryos 400,000 1 — on bs 
12 | Z.V.d.1., 10.10.25; 1288 1927 | Berliner Elektrizitatswerke| Rummelsburg (Berlin) 240,000 | 600,000 | / {0/000 } | 462 752 
13 Engineer, 4.6.26. . 1925 | Centrales Electriques des | Langerbrugge 26,400 J 1,600) 710 | 822 
| Flanders. 6.600 J | 











whereas the maximum steam temperature has in recent | 
time shown a tendency to become stationary, and vacua 

with given wdter temperatures, if anything, appear to | 
be slightly falling, the position as regards steam | 
pressure is still in a state of flux. The steam cycle | 
itself has changed as the result of the general adoption 
of regenerative feed heating by the extraction of steam 
from the turbine at successive points in its expansion, 
and also in some cases by taking the steam out of the 
turbine after partial expansion and resuperheating 
before returning it for expansion to be completed. The 
advantage to be derived from both these operations is a 
function of the initial steam pressure. In Table [| 
certain particulars are given of notable high-pressure | 
stations ; this list is illustrative rather than exhaustive, 
and is inserted to emphasise the considerable extent to 
which this movement has grown in all parts of the world, | 
and mark some of the milestones on the way. 





. * Paper read before the North Western Branch of the 
institution of Mechanical Engineers, at Manchester, 
November 4, 1926, Abridged. 





purpose steam will be assumed to be supplied to the 
turbine stop valve at a normal total temperature of 
700 deg. F. In commercial operation a total tempera- 
ture of 50 deg. F. above the normal is a probability, so 
the plant must be suitable for a maximum total tem- 
perature of 750 deg. F. A vacuum of 29 in. Hg. with 
30 in. barometer, has also been adopted. The effect of 
variations from these conditions will be considered 
later. Calculations throughout are based on Callendar’s 
Enlarged Steam Tables; extrapolation, where neces- 
sary, was made by the use of the formulx employed in 
building up the tables themselves. Steam at 200 1b. per 
sq. in. gauge pressure is taken as the basis of comparison. 
In addition, an individual stage efficiency of 80 per cent. 
was chosen, for dry steam in the turbine designed for 200 
Ib. per sq. in. at the stop valve. With the assumptions 
stated, the variation with pressure in total heat supplied 
to the steam, expressed as a ratio of that for 200 Ib. per 
sq. in. is plotted in curve A, Fig. 2. Curve B gives the 
variation of available adiabatic heat drop; while 
curve C, the ratio of B and A, gives the first approxima- 
tion to the variation in thermal efficiency. The correc- 





The kind of relation just indicated suggests the ex- 
pedient of gear-driving the high-pressure end of the 
turbine ; in order to keep such losses down to the 
limits stated, at lower outputs than would otherwise 
be possible, In such cases, the presence of the gear 
introduces an additional loss of from 1} to 2 per cent. 
of the power it transmits. Further, if the geared unit 
drives an additional generator, the combined efficiency 
of the two will be slightly lower than that of the single 
generator it replaces. The combined effect of these two 
considerations results in an additional loss which 
averages about 3 per cent. of the total output of the 
generators when this is as high as 20,000 kw. 

As steam pressures are increased, the power absorbed 
by various condenser and boiler auxiliaries is affected, 
thus in turn affecting the heat consumption of the plant 
economic output. The steam consumption per kilo- 
watt generated varies as curve H, Fig. 3. 

The change in the power taken by the feed pump 
consequently varies as curve L, expressed in terms 
of that of the main set, Electrically-driven feed 
pumps were assumed, having a normal output corres- 
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ponding to the steam quantity at maximum continuous 
rating. The pressure at the pump discharge was taken 
as 50 1b. per square inch greater than the steam pressure 
at the turbine stop valve. The pump efficiency varied 
from 75 per cent. at 250 lb. per square inch gauge to 
65 per cent, at 2,050 lb. per square inch, and the motor 
efficiency was taken as 90 per cent. at the normal pump 
duty throughout, As the pressure increases, the amount 
of dry steam to be condensed decreases rapidly, as 
shown in curve J. The power taken by condenser 
auxiliaries has been taken as varying directly with 
this. 
decreases with the coal to be burnt, and has, therefore, 
been taken as varying inversely as curve G. This 
curve in Fig. 3 is the same as curve G, Fig. 2. With 


increased steam pressure, the net power taken by the | 


condenser auxiliaries, stokers and fans, decreases as 
curve K. Curve G corrected for the variation in 
the power of the auxiliaries affected by steam pressure 
results in curve M, showing the net gain with increasing 
steam pressure. 

The derivation of the curve marked R in Fig. 3, 
will be indicated later. 


compiled :— 
Gain. 

















The power taken by the boiler stokers and fans | 


It gives the variation in thermal] | 
efficiency to be expected in an installation employing | 
four turbine feed heaters in a regenerative cycle, and | 
having boilers fitted with economisers and air heaters. | 

From this curve the following table has been | 


28 in. instead of 29 in. is shown in curve Q, indi- 
cating a sensibly increased gain at the highest pressures 
amounting to 2-85 per cent. at 2,000 lb. per square inch. 
As the consequences of such a change in vacuum will 
not be further examined in this paper, it should be 
pointed out that this increased gain at 28 in. vacuum 
as compared with 29 in. would be reduced from 2-85 
per cent, to 2-05 per cent. if regenerative feed heating is 
adopted in both cases, and the effect of auxiliary power 
is taken into account. 

At this point it is necessary to consider what limi- 
| tations the state of existing knowledge of the physical 
| properties of steam imposes upon an examination of 
| this nature. The principal properties of steam involved 
| are its total heat and the heat drop available in adiabatic 





Fig.3. 700°F. TOTAL TEMPERATURE AT 
TURBINE STOP VALVE. 
29° VACUUM AT TURBINE EXHAUST. 
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his tables may be due to the lag which takes place 
in his experimental apparatus as the steam is rapidly 
heated in the superheater. The question arises, if 
this explanation is correct, whether steam can also 
be regarded as being heated rapidly in the superheater 
of a normal boiler, and whether the time interval 
elapsing between the steam leaving the superheater 
and arriving at the first stage of the turbine is sufficient 
to allow conditions to become stabilised before expan- 
sion commences. In a modern plant, steam passes 
through the superheater in from one to three seconds, 
and reaches the first stage of the turbine in about a 
further one to three seconds, In Professor Callendar’s 
experiments the steam remains in the superheater for 
from two to five seconds. It is, therefore, questionable 
whether the actual conditions met with in the operation 
of power plant are not identical with those occurring 
in Professor Callendar’s experiments. Such questions 
cannot be completely answered at the present time, 
but sufficient work has been done to indicate that in 
all probability such modification in estimates of possible 


Fig.4. EFFECT OF SUPERHEAT & VACUUM 
ON THE THERMAL GAIN DUE TO 
INCREASED PRESSURE. 
(EFFECT OF AUXILIARIES NOT INCLUDED) 
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Increments of Pressure for Three per cent. Thermal | i E 700°R. 
415 
Accumulated | Corresponding Change Approximately | ' 
Thermal Increment in n Corresponding & 5 ae 
Gauge. Pressure. Pressure. Pressure. Sr - ° 
Wb sca A les cect Ne. 2 i. 700°F. 29°Vac 
per cent. Ib. persq.in. | Ib. perso. in. Ib. per sq. in. | S 
gain gain gain | x 
3 65 200-265 250 * i 8 
6 95 265-360 350 | ‘ 
9 140 360-500 500 | & 
12 255 500-755 750 
16 570 755-1325 1300 40 600 800 Wwo0 : 
| (9815.C,) Pressure Lb. per Sq¢ Fn. Gauge. excineenisc- (9818.0,) Pressure Lb. per S¢dn.G. —_ -exciweeninc 
TABLE II.—VARIATION IN EFFICIENCY WITH STEAM PRESSURE. 
700 Drea. F., 29-In. Vacuum. 
1 | Initial pressure lb. persq.in.g. . 200 285°3 385-3 485-3 | 585-3 785-3 985-3 1185-3 1385-3 1585-3 1785-3 1985-3 
2 | Initial pressure Ib. per sq. in. ab. 214-7 300 400 500 600 800 1000 1200 1400 1600 1800 2000 
3 | Superheat.. ws deg. F. 312-1 282-2 254-5 231-4 | 211-7 179-1 152-7 130-3 110-7 93-3 77°6 63-2 
4 | Total heat from 78-9 deg. F. 1330-7 1326-2 1321-1 1315-9 1310-7 1300-4 1290-0 1279-9 1269-4 1259-0 1248-7 1238-4 
B.Th. U./Lb. 
5 | Available heat to 29 in. vacuum 453-2 470-2 484-1 494-1 501-6 512-3 519-1 523-6 526-3 527-7 528-4 528-2 
B.Th.U./Lb. 
6 | Theoretical thermal efficiency : 0-3406 0-3545 0-3664 0-3755 | 0-3827 0-3939 0-4024 0-4091 0-4146 0-4191 0-4232 0-4265 
7 | Reheat factor (ns =0-8) 1-0601 1-0597 1-0594 1-0592 1-0594 1-0604 1-0620 1-0624 1-0666 1-0686 1-0701 1-0711 
8 | Final dryness : . 30 0-9050 0-8875 0-8720 0+8595 0-8490 0-8300 0-8130 0-7980 0+7855 0-7755 0-7675 0-7615 
9 | Fractional wetness loss 0-0185 0-0253 0 -0325 0-0385 | 0-0445 0-0555 0 -0655 0-0750 0-0840 0-0920 0-0992 0-1050 
10 | Turbine losses factor vs 1-0000 0-9952 0-9910 0-9878 | 0 -9852 0-9810 0-9778 0-9752 0-9729 0-9711 0-9694 0-9679 
11 | Corrected turbine efficiency 0-8000 0-7904 0-7810 0-7733 | 0-7669 0-7553 0-7460 0-7379 09-7307 0-7244 0-7186 0-7139 
12 | Corrected thermal efficiency of 0-2735 0-2812 0-2873 0-2915 | 0-2945 0-2986 0-3013 0-3030 0-3041 0-3047 0-3052 0-3056 
turbine. | 
13 | Plant efficiency without F.H. . 0 +2206 0-2268 0-2317 0-2351 0-2375 0-2408 0-2430 0-2443 0-2452 0-2457 0-2461 0 +2464 
14 | Fractional gain with 4 feed 0-0772 0-0842 0-0899 0-0936 0-0986 0-1060 0-1121 0-1183 0-1243 0-1302 0-1360 0-1420 
heaters.* 
15 | Corrected turbine thermal effici- 0-2964 0-3070 0-3157 0-3216 0.3267 0-3340 0-3393 0-3436 0-3473 0-3503 0 +3532 0 +3562 
ency with 4 feed heaters*. - 
16 | Plant efficiency with 4 feed heaters.* 0-2390 0-2476 0-2546 +2593 0-2635 0-2693 0-2736 0-2771 0-2800 0-2825 0-2848 0-2872 
17 | Fractional power to feed pump .. 0-0035 0-0045 0-0058 0-0071 0-0085 0-0114 0-0142 0-0174 . 0-0207 0-0241 0-0277 0-0315 
18 | Fractional power to boiler aux. 0-0150 0-0146 0-0143 0-0141 0-0139 0-0137 0-0136 0-0135 0-0135 0-0135 0-0134 0-0134 
19 | Fractional power to cond. aux. .. 0-0200 0-0191 0-0185 0-0180 0-0177 0-0172 0-0168 0-0165 0-0164 0-0163 0-0162 0-0162 
20 | Total power to auxiliaries. . ‘> 0-0385 0-0382 0-0386 0-0392 0-0401 0-0423 0-0446 0-0474 0-0506 0-0539 0-0573 0-0611 
21 | Thermal efficiency of turbine cor- 0-2629 0-2704 0-2761 0-2799 0-2828 0-2860 0-2879 0-2886 0-2887 0-2883 0-2877 09-2869 
rected for auxiliaries. 
22 | Total power to aux. with 4 feed 0-0342 0-0340 0-0342 0-0345 0-0351 0-0379 0-0411 0-0452 0-0498 0-0542 0-0596 0-0644 
heaters.* 
23 | Thermal efficiency corrected with 0-2863 0-2966 0-3049 0-3105 0-3152 0-3213 0-3253 0-3281 0-3300 0-3313 0-3321 0-3332 
4 feed heaters.* 
* Including economiser and air heater. 
The last column gives the series of pressures at the | expansion. The variations in these properties with | thermal efficiency as may be necessary, when the 


turbine stop valve which correspond to approximately 
equal increments in thermal efficiency. Undoubted 
advantages to the industry would result if standard 
pressures were adopted chosen on some such basis as 
this. Undoubted advantages would also be derived from 
laying down and agreeing upon standard flanges to be 
adopted for such pressures, It is regrettable that at 
present B.E.S.A. Tables do not extend beyond 
325 lb. per sq. in. 

Table II has been added to give the absolute values 
corresponding to the principal curves in Figs. 2 and 
3, together with certain additional information deduced 
in this investigation. 


cent, When arriving at the vlant efficiency (items 13 
and 16) those auxiliary services only were considered 
which are separately mentioned in the table. 

In order to find the effect of steam conditions other 


In preparing this table the | 
additional assumptions were made, that the generator | 
efficiency was 96 per cent. and the boiler efficiency 84 per | 


pressure which would be deduced from the work of 
some of the chief authorities are plotted in Fig. 5. 
From the resulting thermal efficiency ratios which are 
also shown, it will be gathered that the three other 
authorities would suggest gains resulting from the use 
of the highest pressures sensibly less than those arrived 
at on the basis of Callendar’s Tables. It must be 
remembered that, in the compilation of such steam 
tables, the data employed have been obtained from 
experiments covering a very limited range only, 
which did not nearly embrace that covered by current 
engineering practice. 

Appreciating the importance of filling this gap in 
knowledge, a Committee of the British Electrical and 
Allied Industries Research Association (B.E.A.I.R.A.) 
| was set up in 1921. They were fortunate in securing 
|in Professor H. L. Callendar, F.R.S., the services of an 
| experimentalist of unrivalled skill and authority. The 
| work has been actively pursued in the intervening 





than those previously assumed, further calculations | time with the intention of ascertaining the properties 


have been made, with results plotted in Fig. 4 corres- 
ponding to calculations carried to the stage represented 
by curve G, Fig. 2. Curve P results from the use 


of steam at a total temperature of 900 deg. F. at 
the turbine stop valve, necessitating the plant being 
designed for 950 deg, F., a temperature far exceeding 
any with which experience has been accumulated to 
date. It is apparent that, within a considerable pressure 
range, steam temperature has no great influence on the | 
The effect of working with a vacuum of | 


final result. 


of steam right up to the critical pressure. In his last 
report Professor Callendar carried the work up to a 
pressure of 1,000 1b. persq.in. Since that time observa- 
tions have been made up to nearly 2,000 lb. per sq. in. 
Fig. 6, taken from the latest report of this research, 
shows the difference between the observed total heat 
of steam and that given in Callendar’s Enlarged Steam 
Tables, the latter value being the greater. Professor 
Callendar has suggested that the discrepancy shown 
between the observed total heats and those’ given in 





experimental work has been completed, will probably 
be of such a nature as to slightly decrease the gains to 
be expected from increased pressure. 

In order to arrive at the effect on thermal efficiency 
of the use of regenerative feed heating, several pressures 
from 200 Ib. per sq. in. to 2,000 lb. per sq. in. were 
chosen, and detailed estimates made of the probable 
gain. The results shown in Fig. 7 were obtained, in which 
the maximum decrease in heat consumption is plotted 
against steam pressures for from one to seven feed 
heaters, in an installation provided with an economiser, 
but without air heaters. It will be noted that the 
decrease in heat consumption is continuous with 
increasing pressure, being almost twice as great at 
2,000 Ib. per sq. in. as at 200 lb. per sq. in. On the 
other hand, the rate of increase is most rapid for the 
first increase in pressure. The number of feed heaters 
chosen for further consideration, i.e., four, is, perhaps, 
more than is usually adopted at present. 

A constant number of feed heaters has been chosen, 
in spite of the rather smaller gain in efficiency at lower 
pressures resulting from the addition of the fourth 
heater, because its inclusion is equally justified when 
the increasing cost, with increasing pressure, of incor- 
porating such a feed heater into the system, is taken 
into account. 

In Fig. 8 the quantity of heat supplied per pound of 
steam from each main source is plotted for a system 
employing four feed heaters but no air heater. 

The variation in the proportion of the total heat 
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types of economiser which will permit this con- 
dition. 

The way in which the heat supplied per pound 
of steam is dissipated is plotted against pressure in 
Fig. 11, for an installation incorporating fourJffeed 
heaters, economisers and air heaters. 


increases the improvement in heat consumption, 
resulting from regenerative feed heating, between 
45 and 58 per cent., or approximately 50 per cent. 
If the limitation in maximum temperature of water 
leaving the economiser is still imposed, its range of 
usefulness has practically disappeared. On the other 


supplied by feed heaters, both turbine and economiser, 
is notable. 

If economisers are subject to the limitation that 
the temperature of the water leaving them must 
not exceed about 80 per cent. of the saturated steam 
temperature, the maximum quantity of heat they 
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Fig.6. DIFFERENCE aH FROM ENLARGED STEAM TABLES 
DURING RAPID HEATING FROM SATURATION. 
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can supply is given by the intercept between the 
dotted line and that giving the heat supplied by the 
turbine feed heaters, The line corresponding to the 
“ideal economiser” shows the limiting economiser 
input if water can be raised to boiling temperature. 
Figs. 9 and 10 show the corresponding curves for 
a system in which the boilers are equipped with both 
economisers and air heaters. Examination of these 
results shows that the addition of the air heater 
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hand, if water can be heated up to saturation tem- 
perature, an important sphere of usefulness is still 
available to it, as otherwise the amount of heat to be 
absorbed in the air heater may prove to result in 
too high an air temperature for comfortable working. 
The limitation referred to arises, amongst other 
things, from a desire to eliminate the possibility of 
boiling taking place in the economiser, so that an 
increased field of development is open to those 
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Again, the increasing importance of the function 
of the turbine feed heaters is apparent, as is also the 
continuously diminishing sphere of the condenser. 
It is perhaps necessary to emphasise that these figures 
relate to a pound of steam and not to the steam 
required per kilowatt generated. Consequently the 
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diminishing proportion shown of heat converted into 
work is not indicative of decreasing efficiency, because 
the heat supplied to the steam per kilowatt by the 
fuel is itself continuously decreasing, as has been 
shown in Fig. 4. 

When considering the influence of resuperheating 
on thermal efficiency, a change from 700 deg. F. to 
750 deg. F. was made in the total temperature assumed 
before the stop valve, the latter involving the use 
of plant designed for a maximum temperature of 
800 deg. F. This was done in order to review 
resuperheating under most advantageous conditions, 
and because this particular refinement would not 
logically be adopted unless other conditions were 
pressed to the maximum. In addition to the assump- 
tions common to the former investigations, a pressure 
loss in the resuperheater and its connections of 5 per 
cent, was postulated; no allowance was, however, 
made for loss due to radiation in passing to and from 
the resuperheater. 

As the gain resulting from resuperheating is dependent 
upon the point in expansion at which steam is taken 
from the turbine, the way in which this affected thermal 
efficiency was examined for different pressures. 

The proportion of the complete expansion which 
should precede admission to the resuperheater under 
the most advantageous circumstances, varies with 
pressure in the manner shown in Fig. 12. 

In the lower portion of the figure the maximum 
gain in thermal efficiency resulting from resuperheating 
has been plotted against initial steam pressure. The 
outstanding feature of the latter curves is that, whereas 
the gain in thermal efficiency resulting from resuper- 
heating, if the full wetness correction is made, is more 
than one-third greater at 2,000 lbs. per sq. in. than at 
200 Ib. per sq. in., the gain at the higher pressure is only 
one-quarter that at the lower, if this correction is 
omitted. Now, while many tests have shown that 
the usual rate of correction for wetness gives results 
in conformity with experience with normal high- 
pressure condensing turbines, such experience as 
has been accumulated on resuperheating installations 
to date, indicates results not in conformity with pre- 
dictions on this basis, Whether this follows from the 
fact that with resuperheating the effect of wetness 
is less important than this rate of correction would 
suggest, or whether it follows from the omission to 
allow sufficiently for other factors entering into the 
question, is a matter on which the author is not pre- 
pared to commit himself in the present state of know- 
ledge. The fact, however, remains that, judged by 
results at present available, the gain due to super- 
heating does not exceed the mean estimated on the 
two bases under discussion. The dotted line on the 
graph shows the locus on this mean, and is notable 
in that it is sensibly constant with increasing pressure, 

Should the development of our art and knowledge 
ultimately show that the gain due to resuperheating 
can be made as great as the full wetness correction 
would suggest, the additional gain, as pressure is 
increased, is still smal], amountingto {th of one per cent. 
only for each 100 Ib. per sq. in. increase in pressure, 
The author feels that these considerations justify the 
omission of the effect of resuperheating in the dis- 
cussion which follows. This eliminates the necessity 
for examining whether the additional cost of incor- 
porating resuperheating arrangements as at present 
conceived, is in any case counterbalanced by the 
savings in fuel consumption which may be expected to 
follow. There is still a possibility that the resort to 
resuperheating may be imperative if high pressures 
are adopted, unless it becomes possible to work safely 
with substantially higher initial temperatures than 
experience to date would sanction. With the condi- 
tions assumed, but without resuperheating, the quan- 
tity of water present in the steam in the lower stages of 
expansion, increases very rapidly with initial pressure. 
Thus, with 200 1b, per sq. in. initial pressure, the fraction 
of the original steam which is water on leaving the last 
row of blades is 9-5 per cent. ; with 600 lb. per sq. in. 
this rises to 15-25 per cent., and with 1,200 Ib. per sq. in. 
reaches 20-3 per cent. 

Thus, in such a turbine operating at a load of 
40,000 kw. with 1,200 lb. per sq. in. initial pressure— 
assuming conditions are stabilised from stage to stage 
—over 33 tons of water per hour are passed through 
the last blades, In other words, in the terms engineers 
usually employ to measure such quantities, a stream 
of 125 gallons of water per minute is hurled into the 
exhaust. It has still to’ be proved by experience 
whether at pressures as high as 500 Ib. per sq. in. and 
above, the erosion which may result from such condi- 
tions will set a term to the useful life of the blading, 
which will be sensibly shorter than that usual with 
more moderate conditions. Should the effect of such 
erosion prove excessive, but the use of the higher 
pressures desirable from other points of view, then 
resuperheating may ultimately prove a necessary 
condition for the use of such pressures. Such con- 


siderations are believed to have played a part in 


GEAR BOX WITH CONSTANT MESH PINIONS. 


CONSTRUCTED BY MESSRS. LEA AND FRANCIS, LIMITED, COVENTRY. 























determining the decision in several cases where re- 
superheating has been adopted. 

In order to arrive at some indication of the attrac- 
tiveness of increased steam pressure, consideration 
must be given to the financial advantages likely to 
result from its adoption. A very careful and detailed 
study of this problem led to the result that the total 
increased capital cost per kw. installed at economic 
rating was not Jess than that given in the following 
table : 

Increase in Capital Cost per Kilowatt with Increasing 

Initial Pressure at the Turbine Stop-Valve. 














Pressure, lb. per sq. in. g. | 200 | 300 400 500 600 
Increased cost per kw. £ 0 | 0-158 | 0-358] 0-600) 0-884 
Pressure, lb. per sq. in. g. 700 800 900 | 1,000 
Increased cost per kw. £ 1-211 | 1-579 | 1-990 | 2-443 








Tn this table the costs above 800 lb. per sq. in. gauge 
were obtained by extrapolation. 

As the result of an equally careful study of annual 
costs, the conclusion was reached that with different 
load factors the pressures showing the largest maxi- 
mum gain would be as follows :— 

Pressure for Maximum Gain.* 
(Lb. per Sq. In, Gauge.) 

















Rate of Load Factor. 
Capital 
er Charges 
per cent.| per cent.| per cent.| per cent. 
percent; 100 60 50 30 
{ 
With air heater .. 12 606 495 459 | 367 
Without air heater 12 575 466 433 350 
With air heater .. 18 516 417 385 306 
Without air heater} 18 477 396 366 203 




















In actual practice, it would probably be advan- 


tageous to stop short of these figures, and the following | 


table shows the pressures which would give a gain, 
within 4 per cent. of the maximum. :— 


Pressure for Gain 4 per Cent, Less than Maximum* 
Lb. per Sq. In. Gauge.) 





Load Factor. 


| Rate of 
| Capital 
| Charges 





lpercent 1 
| 





| 


With air heater . | 12 460 | 379 355 235 
Without air heater) 12 439 363 345 275 
With air heater . +} 18 394 325 300 {| 238 
Without air rl 18 378 312 289 | ‘227 





It is but natural to suppose that, in the ordinary | 


process of engineering development, the ratio of 

* Expansion from 700 deg. F. to 29 in. vacuum with 
four feed-heaters and economiser, and with and without 
air heater, at varying load factors and rates of capital 
charges. 





increased cost of the plant for generating and utilising 
increased pressure will tend to decrease. On the other 
hand, average machine load factors, and perhaps the 
price of fuel, will tend to increase. Such changes will, 
of course, affect the values of the economic pressure 
which can, at any time, be readily ascertained from 
the diagrams included in this paper. 





GEAR BOX WITH CONSTANT-MESH 
PINIONS. 


Mucus ingenuity has been expended in endeavours to 
produce a satisfactory alternative to the ordinary gear 
box with sliding pinions. In the case of motor-vehicle 
gear boxes, criticism of the conventional arrangement 
is usually made on the grounds that it is only practicable 
to provide a limited number of ratios, and that a certain 
degree of skill is required to effect a satisfactory change. 
Up till the present, the alternatives offered have not 
been widely adopted because they are either unduly 
complicated, or because they contain some feature 
which is equally as objectionable as those involved 





per ‘ie cent./per cent.|per cent. | 
00 60 | 50 | 30 


in the standard arrangement. One of the most satis- 
|factory alternatives put forward was incorporated in 
|early De Dion cars, and will probably be recalled by 
|some of our readers. In this box the gears were in 
| constant mesh, the appropriate pair being engaged by 
| expanding a fibre-faced clutch, by means of a right and 
| left-handed screw, in one of the wheels. The main 
| objections to the arrangement were that wear on the 
| fibre led to slipping after a relatively short period, and 
|that the mechanism for expanding the clutches was 
| exceedingly complicated in the case of a box giving 
| three forward speeds and reverse. Matters were not 
| helped in this direction by the fact that the final drive 
| was incorporated in the box. A motor-car gear box 
| on somewhat the same principle, in which these objec- 
tionable features are avoided, has recently been manu- 
|factured by Messrs. Lea and Francis, Limited, Lower 
| Ford-street, Coventry. This box is undergoing exten- 
sive tests on one of the firm’s cars with a view to 
‘acquiring full information as to its reliability. Its 
performance to date, which has included one hundred 
consecutive climbs of Kirkstone Pass, is such as to sug- 
gest that it may lead to important developments. In 
| this box, illustrated above, all the gears are in constant 
'mesh. One wheel in each pair is permanently keyed in 
| position, the other normally running free on the shaft. 
| to engage any particular gear, the appropriate wheel 
is coupled to its shaft by a Humfrey-Sandberg clutch, 
there being one of these foreach gear. The clutch con- 
| sists essentially of a roller race in which the rollers are 
set at an angle instead of being parallel with the main 
axis of the race, a slight curve being given to the working 
| surfaces to maintain line contact. The outer portion 
the race is formed in the bore of the gear wheels, and 


| of 
the inner portion on a cylindrical centre piece sliding 


| along splines on the shaft. The gears normally run 
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freely on the rollers, but a slight axial movement of 
the centre piece causes the rollers to bind inside the 
gear wheel and lock the two halves of the clutch together. 
If the car over-runs the engine, the clutches disengage 
automatically, so that free-wheeling can be indulged 
in to any desired extent. As a light pressure only is 
required to engage one of the clutches, and the required 
movement is very small, the gears can be changed by 
Bowden control brought up to the centre of the steering 
wheel, or other suitable light mechanism. A further 
important feature is that the gear lever may be moved 
before the actual time of engagement of the gear, the 
inner member of the clutch being held back by a catch 
which is released by depressing the main clutch. The 
gear change can thus be made preselective, the actual 
engagement being effected by depressing the clutch 
at the required moment. As it is occasionally desirable 
to utilise the engine as a brake when descending a hill, 
means are provided on one of the gears for rendering 
the free-wheeling action ineffective. The size of the 
box may be judged from the photograph reproduced 
opposite, by comparison with the clutch housing 
shown on the left. The view shows the box without 
the gear controls, and the various wheel clutches, 
together with the saw-tooth clutch for rendering the 
first gear free-wheel device inoperative, can be clearly 
seen. 





ALIGNMENT IN MACHINE TOOL | 
PRACTICE, 

By Frep Horner. 

ALIGNMENT is the most important requirement in | 
a machine tool, Any inaccuracy in this regard affects 
the product in some way or other, and in any osee | 
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adds to the difficulty of setting up, and of operation. | 
Excellence of manufacture and fitting of individual 
bearings, spindles, slides, chucks, and other elements 
is thrown away unless the general alignments of the 
machine are correct; so also is the perfection in all 
these requirements if the framing is not strong enough. 
However accurately the alignments may have been 
made or adjusted, they will fail under the stress of 
cutting, or the weight of the load imposed upon a table 
or slide, if the frame deflects and throws the settings 
out of truth. This fault is much more to be feared 
now than it was years ago, before so much jig and 
fixture work was done. Now, especially in the drilling 
and boring machines, and the millers, the jigs or 
fixtures are very bulky and massive objects, imposing 
severe loading upon tables, knees, columns, and 
framings, hence the machines have had to be designed 
to cope with these extra loads, as well as the severe 
pressures produced by high-speed cutting. The 
practice of fitting braces aud supports of various 
kinds to tie parts together, at the various settings, 
is some help, but will not compensate for a weak 
framing, apart from the trouble of vibration. 

Taking this question, therefore, of the main frame 








or bed as the primary matter concerning alignment, 
it has to be considered how the length of the casting 
affects the possibilities of deflection, and how a one- 
sided pull (as from the knee of a milling machine) 


can be best resisted. A long casting, such as a lathe 
bed, a boring machine bed, or a planer bed, may be 
self-sustaining, or partly depend on the quality of its 
supports for accuracy. In a great many designs the 
casting is sufficiently deep to retain its form, whatever 
foundation it stands upon, while in other instances 
a careful levelling and wedging operation must be 
performed, followed perhaps by running up with 
cement. Sometimes special screw-adjusted wedges 
are employed, enabling a bed to be accurately lined, 
and afterwards corrected when necessary, if settlements 
have occurred. In some of the higher grades of 
machine tools, notably the cylindrical grinding machines, 
certain lathes and milling machines, a very deep bed 
is cast, with numerous ribs and cross-girts, and three- 
point support is always insisted on. The three spots 
under the foot are alone used for support during the 
whole life of the casting, from the time it is set up 
for planing, through the various processes of milling, 
boring, facing, drilling, reaming, scraping, fitting, 
assembling, adjusting, and testing. The most favour- 
able conditions are thus sustained for the maintenance 
of the alignments, and the user sets the machine also 
on the three feet. Although such a bed is immensely 
strong, and able to bear the weight of the heads or 
slides or other fittings, together with the work, and 
any fixtures or chucks, &c., it may be quite possible 
to warp it by driving a wedge under at some inter- 
mediate part of the base. Obviously the three-point 
method of support is useless unless the frame is pro- 
perly ribbed, or boxed and ribbed. The disposition of 
ribs on the foot of a cylindrical grinding machine is 
illustrated by Fig. 1, two spots lying under the table 
slide and the third under the wheel head slide. 
Columns on which there is a bending stress from the 

























allow even the smallest opening of this kind for a door- 
way, and supply a separate cupboard to hold the tools 
and attachments. When an opening is unavoidable, 
as for the passage of a shaft, or to afford access to the 
gearing and mechanism, compensation should be made 
by the addition of ribs or webs cast close to the gap in 
the wall, so as to tie it against flexure. 

The remarks in the foregoing paragraph apply also 
to other parts of the milling machine, such as the knee, 
cross-slide and table, for all of which either a box 
section, or a deep girder section is necessary, and in 
general to other machine tool parts such as lathe 
slides and saddles, planer beds and tables, and so on. 
A point which it is necessary to emphasise is the effect 
of weakness and spring, in any walls or sides or webs, 
on the accuracy of the alignments. Such deflection 
must be considered not merely in its immediate results 
upon the truth of the pieces being machined, but from 
the gradual destruction of the truth of slideways, 
due to the pressures coming near ends, or across corners, 
and causing local wear, so that in time such slides are 
“ winding,” and will never guide their fitting elements 
properly. The slight buckling of a column wall, or of 
a bed, or a table top will therefore have indeterminate 
effects leading to a considerable amount of trouble 
to the machinist, the tester, fitter and assembler. 
Much scraping and other corrective work may be en- 
tailed all because the frame or parts are not sufficiently 
rigid. 

A matter that concerns alignment is the partial use 
of beds or slides, inducing a tendency to local wear. 
Some of the difficulty caused thereby is due to poor 
designs, that is, the beds or slides are not long enough, 
and the short contacts soon wear low or hollow spots, 
which prevent accurate alignment of travel along the 
whole length of movement. The 
exact amount of error depends on 
the width of bearing of the slide- 
ways; the raised vees of an 
American-type lathe bed, for in- 
stance, are not so good in this 
respect as the broad flat slides of 


Fig.5. 























f 
4 
Le 















Ze 

































oo, 


> 4 
Vd, Uy 


ZA 









“ENGINEERING” 





“ENGINEERING 







<0 





a 








i“ SS 


Lulu SSSssssss 


WA __ SSF 





presence of an overhanging knee with its attendant 
slides (e.g., in the plain and universal milling machines) 
have to sustain greater loads than the pillar of a drill 
in which the table is relatively simple, and the direction 
of the cutting stresses not so varied and complicated. 
The chief locations of weakness in the miller column 
are the base and the front wall, and measures are 
taken to strengthen these by ribbing in the first case, 
or even casting the foot of double or box section and 
by making the wall thick, and well bracing it to the 
sides and back of the casting, so that it cannot buckle 
under the weight of the knee and all that it carries. 
The arrangement of the ribbing or webs depends mostly 
upon the exigencies of the contents of the column, 
which include the main spindle and auxiliary shafts 
with the gears, &c., thereon, a receptacle for the cutting 
compound, and sometimes also for lubricating oil and 
pump, and in certain cases a tool cupboard. Fig. 2 
shows a good example of a column with deep base, 
thick walls (increased around the spindle) and efficient 
internal bracing, from a Brown and Sharpe machine. 
It should be noted that the great value of a box frame 
is immediately decreased when an opening is allowed 
in any part of the walls, hence holes should be kept as 
small as practicable, and as few in number as possible. 
The practice of casting a large opening for the tool 
cupboard door was an error persisted in for years, but 
is now largely abolished, in fact some makers will not 
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an English-type bed. Some of the American makers 
get over this fact by chilling the ways of their beds, 
so that the frequent use of the carriage for. short 
movements does not cause local wear on the bed, the 
carriage suffering instead, being of softer metal; this 
does not injure the general alignment. 

Part of the success in maintaining alignments of 
slides depends on the gibbing; if the gib strips are 
thick and strong, and well supported, the guidance 
will be accurate. But if the strips are weak, rly 
fitted, or not kept up with the screws properly, the fits 
cannot be properly sustained, with results akin to 
those caused by buckled frames, just mentioned. 
From this point of view it is not surprising to find 
how much the end-thrust or “ sword” type of gib is 
favoured, giving a solid metal-to-metal contact along 
both its faces. There are a few examples of fits where 
it is not convenient to include a gib adjustment, and 
then a steel strip (maybe hardened) is employed 
instead of relying upon the cast iron of the main unit. 
Such a strip can be renewed when worn, The dividing 
heads for milling machines provide a specimen of this 
kind, guidance being taken from a table slot. 

Several variations are noticeable in the methods of 
constructing slideways with a view to maintenance of 
alignment. The narrow guide principle occurs in 4 
very great number of examples, such guides preserving 
alignment much better than the ordinary class of 
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scraping the base of the headstock to lower it accord- 
ingly, or fitting the spindle bearings in such a way that 
ithe centre may be dropped as desired. When the 
regard to alignment. One of the commonest principles | head happens to be cast solid with the bed the latter 
is to fit heads on different ways from slides, thus pre- | is the only mode of adjustment available; sometimes 
venting the wearing effects of the slides on a bed from | ordinary “ brasses” are fitted, with shims beneath, as 
destroying the alignment of the heads. Such a prin- | in common millwright practice, and reduction of the 
ciple is frequent on lathes ; there may be separate flat | thickness of the shims alters the centre height. A 
slideways for the saddle and for the loose headstock, | neater idea, Fig. 5, employs a wedge gib by means of 
or in the vee type of bed, a separate vee will be reserved | which the brasses are adjusted before finally setting 
for the guidance of the loose head, the same vee locating | down the cap screws. 

the fast head. Another device makes use of a vertical, The alternative to effecting corrections in the head is 
edge, easily kept true, and not subject to wear from | to raise the turret by gibs, a method often adopted, 
the saddle, for clamping the loose head against by an | with, in some cases, flanking gibs as well, to align side- 
inclined bolt fastening, or a vee clamp. Such an/ ways. Such additions are not made in the. cheaper 
edge also merits attention because it does not retain | machines, but when provided enable a high state of 
cuttings or other foreign matter ; hence it meets with | accuracy to be maintained. The Brown and Sharpe 
much favour for grinding machine slideways. A more | design is outlined in Figs. 6 and 7, which show the height- 
recent type, adopted on several machines, utilises the | adjusting gib cast of such a shape that it gives two 
force of gravity to align the heads, and also the work wedge pieces under the capstan slide base (which would 
steadies. This is done by the combination of a rear | otherwise rest directly upon the bed), the frame having 
vertical guiding edge, with a slope, down which the | end bars into which the two adjusting screws fit. By 
units fall, making perfect contact with the rear edge | slackening one screw and tightening the other the gib 
automatically, and bedding well into the sloped faces, | moves endwise. The flanking clamps which bind the 
so that the tightening of the binder bolt cannot possibly | base to the bed (visible in the end view) must, of 
cause any mis-alignment. Such a fitting may be | course, be first slackened. This end elevation also 
seen in Fig. 3, the sloping face being carried far shows the lateral aligning strips—wedges set in reverse 
enough down to bring the lower portion of the head | fashion, and each with two end screws. By pushing 
directly under the work axis, an important feature for |one wedge in and drawing the other out the slide 
ensuring stability, and also for supporting the under | receives a cross adjustment. 


l 
slide, susceptible to cross-working influences. But the | 
most interesting arrangements are those in which slides | 
are specially fitted to resist destructive influences in 








steady-shoe effectively. | There still remains one vital factor in the turret 





element to be indexed. Another, and valuable feature 
is to duplicate the fitting surfaces, as in Fig. 9; the 
external taper of the bolt nominally effects the loca- 
tion, but a check is provided by the internal taper 
in case the other should start to wear unevenly. 
Alignment is thereby doubly safeguarded. 

In many designs of turrets and of spindle carriers 
the index bolt alone is not allowed to perform the 
act of retention in place against the thrusting and 
twisting actions which go on, otherwise accuracy 
would soon suffer. Therefore a powerful clamp or 
arrangement binds the rotating element as soon as the 
bolt has seated, or some kind of tongued slide or abut- 
ment moves into place and resists the twisting move- 
ment. 

With all the care possible in these directions very 
slight deviations from alignment are usually present 
in the relations of the work spindles and the turret tool 
holes, even before the effects of wear are noticeable, 
while there are trifling inaccuracies caused by the 
action of clamping, and tlie presence of slight slackness, 
burrs, &c. Such deviations cannot be permitted when 
certain kinds of tools are being used, or the product 
will not be turned, drilled, counterbored, reamed or 
threaded concentrically and straight. A small amount 
of adjustment, or of loose fitting, according to circum- 
stances, is therefore given to some of the tool-holders, 
so that exact alignment may be obtained by setting, 
or the tool can float freely and follow a previously 
cut surface, external or internal without any tendency 
to “run off.” The adjusting type of holder generally 
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has a flange joint for two screws, Fig. 10, uniting the 
shank to the tool receiving portion, the figure showing 
the hollow mill set off a trifle as required. Free float- 
ing action occurs for the tools which follow a previous 
. cut, and thus receive guidance therefrom; the amount 
J ee SS RR , oe eee \ 2 of metal to be removed is usually not great. This 
practice is adopted for certain drilling, counterboring 
daca and reaming, while taps and dies are also allowed to 
float in some cases, especially when cutting fine threads 
on large diameters. The simplest idea is just a slightly 
free fit of the tool shank in its socket, with a cross-pin, 
(9539.6) : 4 the freedom being sufficient to allow the tool to move 
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which may ruin alignment, although the corrections 
above specified have been duly made, namely, the 
indexing device. This, not only in the simple machines, 
but in the complex automatics of single- or multiple- 
spindle design, needs to be well designed and made, and 
kept true, otherwise the alignment of the tools will be 
wrong, and needless stress and shock and damage will 


It is now necessary to consider the problem of small 
corrections to obtain the greatest practicable accuracy 
of alignment, under those circumstances where the 
construction of the machine has been attended to as 
well as possible, but minute adjustments are wanted, 
or because wear has slightly deranged the alignment. | 
The principal types of machine tools in which this 





be incurred, apart from the errors in the machining. | 


attention is essential are lathes, and grinding machines. 
The turret must be of generous diameter, well fitted and | 


the necessity for producing parallel or flat surfaces 


to any radial position within a restricted range. 
much float is objectionable because of the sag, which 
prevents the tool from starting correctly; springs 
below are sometimes fitted to overcome this difficulty. 
More recent practice favours a spring action which 
forces the shank back against a point centre or a ball 
seating and keeps the alignment central ready for 
starting. The heavier tools are carried in floating holders 
after the style of Figs. 11 and 12, which has a padbolt 
for securing the tool shank, and bolts against the flat 
of the turret. Lately some designs of floating reaming 








rendering close settings imperative. In respect of 
lathes, the fast headstock, when not cast integral with 
the bed, has a setting device, usually in the form of a 
screw, or two screws, put into lugs between the shears, 
enabling the head to be delicately cross-set or slewed 
before tightening the clamping bolts; Fig. 4 is an 
example of this arrangement. In one design—-the 
Dean, Smith and Grace—an improvement is made in 
this regard by fitting permanent filling-pieces between 
the shears and the head lugs at each end of the head. 
The advantage of the idea is that the head can be 
remoyéd from the bed and replaced at any time to the 
original setting. The pieces are fitted after the inspector 
has made a boring test, and corrected the head by the 
screws. Then the filling-pieces are carefully fitted to 
the spaces and screwed securely in position. 

Capstan and turret lathes require great care in getting 
the alignments of head and turret trae ; the holes in the 
latter are finish-bored out towards the last, when the 
lathe has been assembled. A refinement adopted in 
the case of the Alfred Herbert machines with hexagon 
turrets is not only to bore and face them with tools 
operated from the spindle, but to finally hand scrape 
the faces to special surface plates carried on piloted 
bars, again from the spindle itself. The main difficulty 


with capstans and turrets is caused by the downward 
tendency of the tool holes as the bed and slides wear, 
producing an error of alignment that affects the action 
of many of the tools. More than one method of action 
may be followed to combat this trouble, such as 





kept in adjustment, the indexing bolt should be of) tools have been devised with rigid shanks, but the 
adequate size, fitting without shake, or provided with a | double-ended flat cutters themselves floating in a slot; 
take-up strip, and the action ought to occur with the | this is a cheaper arrangement than thc regular multiple- 
minimum of shock. Incidentally, the diameter of the | edged reamer. 
indexing circle should be as large as feasible, so reducing | 

the amount of error in the alignment of each tool hole. | 

There are two ways of minimising shock, by using a! yyperaruRE FLUCTUATIONS IN Pree LINES FOR 
lock bolt tapered on one side, and, in the heavy drum | Narurat Gas.—When pipe lines carrying natural gas are 
types of multi-spindle automatics, starting the drum up | exposed to the sun rays, considerable leakage occurs 
slowly, accelerating its speed, and then decreasing the ' from expansion and contraction, especially with screwed 
momentum just before the indexing position is reached. | and rubber-coupled joints, and the gas-metering becomes 
Although no time is wasted, the bolt does not bang in | unreliable. Observations on these temperature fluctua- 
or out of the slot, or otherwise suffer damage. The — 1924, pg only me neg ad per ig acre pased 
reason for the one-sided taper on the lock bolt 18 to cars the one by aaoraal ws ( iar. i. the 
get the bolt gently into the notch, as indicated in| ground, the other a 6-in. pipe buried 18 in. in the ground 
Fig. 8. The view A shows the bolt just being pushed | (Investigation Report, Serial No. 2771, of the United 
by its rear spring into the notch, where it first makes | States Bureau of Mines, by E. L. Rawlins). The bulbs 
contact by the tip of the taper portion. This sliding | of maximum and minimum mercury thermometers were 
up the slope gently draws the turret round until the | inserted into the pipe through stuffing boxes. On 
entry is complete, and contact is effective on the flat | AUSUSt 8, 1924, the maximum and minimum recorded in 
side of the bolt, B. The latter side, consequently, is 


the uncovered pipe were at 139 and 65 deg. F., a range of 
ee ate - 74 deg. F. ; on December 31 the maximum and minimum 
preserved free from friction and bruising, and provided | read only 26 and 25 deg. F., but on December 27 the 
the setting-up strip alongside the bolt is properly | minimum had been 1 deg. below zero. This gives a 
attended to, gives a highly accurate locating influence. | yearly range of 140 deg. F. In the buried line the daily 
The older doubly-tapered form of bolt which it has | fluctuations never exceeded 2 deg. F., and the yearly 
largely supplanted appears at C; either side of this | "ge was only 45 deg. F. Leakage estimates taken on 
+ . other lines showed losses of 2,000,000 cub. ft. of gas 
may suffer bruising and abrasion, so that the accurate s year per mile. of 3.in. pipe. (at. 100 Ib, per square 
effect of the flat side in the previous type is absent. | P°" pe pipe B igialigg. 
When cylindrical bolts are used, durability is arranged 
for by letting them into hardened bushings in the 


(To be continued.) 





inch gauge penis from an uncovered line on rough 
ground, whilst the buried pipes lost between 100,000 and 
200,000 cub. ft. of gas only. 
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RECENT EXPERIMENTS ON THE 
PROPERTIES OF STEAM AT HIGH 
PRESSURES. 


Ar the Royal Society of Arts, on Monday, the 
15th inst., Professor H. L. Callendar, F.R.S., 
delivered the first of a course of lectures on high- 
pressure steam. He said that the efficiency of the 
steam engine or steam turbine might be improved 
by the use either of higher temperatures or of higher 
pressures. The limit of temperature was, however, 
fixed by the properties of our structural materials, 
and, as matters stood to-day, there seemed little 
margin for further advance. At first sight, it might 
seem that the use of higher pressures, say, such as 
2,000 Ib. per square inch, might offer better pros- 
pects, and there had, in fact, been of late a tendency 
to move in. this direction, which, he thought, was 
due in part toa spirit of competition between station 


ENGINEERING. 
to a movement of 500 mm. on the pressure scale. 
Regnault accordingly suggested that, if the research 
were to be extended to higher pressures, it would be 
better to use a compressed-air manometer, which 
would be more compact and easier to use than the 
mercury column, whilst the pressure readings would 
be quite as accurate as the readings of the air 
thermometer. This sugestion was adopted forty 
years later by Cailletet, who made measurements 
up to the critical point. He estimated the critical 
pressure as 2,940 lb. per square inch and the critical 
temperature as 365 deg. C. Under the conditions 
in which Cailletet worked this temperature could 
only be estimated somewhat roughly, but his 
pressure measurements were reasonable approxima- 
tions to the truth. 

Much simpler methods of measuring pressures 
were, however, now available in the form of dead- 
weight gauges. That used in his own work was 





engineers. Whilst, however, the margin between 


Fig.2. 
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200 Ib. per square inch and 2,000 lb. per square inch 
was in one sense large, the possible economic gain 
was not very great. 

One difficulty met with in this advance was that 
the properties of high-pressure steam had not been 
measured, and were merely estimated by extra- 
polations from the results observed at lower pres- 
sures, Before the war the field had been explored 
up to a pressure of 200 Ib. per square inch only, and 
this was subsequently extended up to a pressure of 
400 lb. per square inch. The British Electrical 
and Allied Industries Research Association had 
accordingly commissioned him to extend the re- 
search up to pressures of 2,000 lb. per square inch. 
They had financed the investigation, and the 
eminent engineers connected with the Association 
had, moreover, helped in every possible way. He 
had, further, to acknowledge the assistance given 
by the Imperial College of Science, which provided 
him with laboratory room and lent him instruments. 
Moreover, most of the special apparatus used was 
made in the workshop of the Physics Department. 

In this opening lecture, Professor Callendar said 
he proposed to deal with what it was possible to 
measure, and with the way in which these measure- 
ments had been made. 

Regnault was the first to determine with accuracy 
the relationship between the pressure and tem- 
perature of saturated steam. He measured his 
pressures with a mercury column 70 ft. high, and his 
temperatures with an air thermometer. He was not 
able to go above a pressure of 28 atmospheres, and 
even at this pressure the temperature measurements 
were beginning to be uncertain, since a reading of 
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a= 


represented diagrammatically in Fig. 1. It con- 
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sisted of a differential ram passing through a thick 
steel cylinder, as shown. Oil was introduced into 
the small annulus between the two sections of the 
ram. This annulus had an area of exactly } sq. in., 
so that when the ram was loaded with 500 Ib. the 
pressure was 4,000 lb. per square inch. A fine-bore 
tube connected the annulus with the apparatus in 
which the pressure was to be measured. A very 
high quality of workmanship was necessary. The 
fit must be such that there was no appreciable 
leakage of oil, and the bores must be so true that the 
ram could, even when under pressure, be spun round 
by the milled head shown. 

Ten or twelve years after Cailletet’s experiments 
it was found that silica tubes withstood the action 
of water at high pressures and temperatures, and, 
using such a tube, Traube found that the critical 
temperature of water was 374 deg. C. The older 
figure was, however, still reproduced in text-books, 
although Traube’s result had been confirmed by 
other workers. The apparatus used to this end 
by himself was represented in Fig. 2. Here the 
heating was done electrically. The quartz tube was 
surrounded by a silver cylinder, which fitted into 
another cylinder of copper. A window was provided 





4 mm. on the thermometer scale then corresponded 


through both cylinders as shown, through which the 





|2,000 deg. F. 


condition of affairs with the quartz tube could 
be seen. The temperature of the space inside 
the silver cylinder was measured by a thermo- 
couple, which was calibrated by replacing the 
quartz tube by a platinum thermometer. 

This apparatus could also be used for measuring 
critical volumes. To this end a series of tubes were 
provided, each holding a graduated quantity of 
water. The temperature was then observed at 
which the water reached the top of the tube. In 
this way the specific volume of the liquid had been 
accurately determined right up to the critical 
point ; and fairly accurate results had been also 
obtained for steam above that point. 

The pressure of saturated steam had been measured 
in 1910 by Holborn and Baumann, using deadweight 
gauges and platinum thermometers, which gave 
much more consistent results than air thermometers, 
and were not liable to changes of the zero. The 
type used in his own work was represented in 
Fig. 3. The essential part was a coil of very fine 


| platinum wire enclosed in a glass tube. The resist- 


ance of the wire was measured by a special resistance 
box and bridge. Errors due to the temperature 
of the connecting leads were eliminated by including 
in the other arm of the bridge a set of compensating 
leads. The bridge was provided with a vernier, by 
means of which temperatures could be read to 
x00 deg. C., but this was seldom necessary, and 
in most work the fractions were read from the 
galvanometer scale, on which 100 mm. corresponded 
with 1 deg. C. With this apparatus it was quite 
easy to cover a range between zero F. and 
One advantage of platinum 
thermometers was that two could be used 
simultaneously, so as to get differential readings. 
In most cases, in fact, it was a difference of 
temperatures, which had to be determined, and 
by the plan just described, only a single reading 
was necessary for this. 

The platinum wire being very fine, its sensi- 
tiveness when used with the wire “naked” was 
almost incredible. He had used wire as fine as 
ssi00 in. in diameter, but this was too delicate 
for most purposes, and in his own work on steam 
the wire diameter had usually been ;'55 in. The 
platinum thermometer used in the experiments of 
Callendar and Nicolson on the adiabatic index of 
steam was represented in Fig. 4. It consisted of 
a loop L of fine wire which extended well into the 
cylinder of a steam engine and took the temperature 
of the surrounding vapour. The connecting leads 
being relatively massive, tended to cool by conduc- 
tion the ends of the fine wire, and this effect was 
compensated for by having also a short loop of 
fine wire connected to the compensating leads. 
End effects were thus eliminated, and very accurate 
results obtained. Such a thermometer followed 
very accurately the most rapid changes of tempera- 
ture in the surrounding gas or vapour. Two of the 
curves obtained in the research on steam were 
reproduced in Fig. 5, where the temperature curve 
was marked ¢ and the pressure curve p. The zero 
point corresponded to the upper dead centre and 
the expansion stroke lay to the right of the corres- 
ponding ordinate. The lower dead centre was at 
the point marked 30. The thermometer easily 
followed temperature changes even the rate was 
2,000 deg. per second. The pressures were 
measured with the most accurate indicator that 
could be obtained, but this indicator had to be 
most carefully “nursed” in order to secure 
measurements approximately as reliable as the 
temperature measurements. 

This investigation had been subject to much 
criticism. It had been asserted for example, that 
it was merely a reproduction of the old measure- 
ments of pressure and volume commonly made as 
a student’s exercise. As a matter of fact, however, 
there was no comparison between the two, and the 
pressure and temperature measurements were 
really very good. Inthe case of the PV analyses, 
errors arose through leakage or from condensation ; 
but these had no effect upon the temperature 
readings, which were plotted against the pressures’ 
actually observed. The thermometer being in the 
middle of the cylinder, was not appreciably affected 
by the. walls. 





The curves shown in Fig. 5 were obtained when 
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the maximum pressure in the cylinders was 60 lb. 
per square inch, that in the jackets being 100 Ib. 
The jackets were thus so hot that there was no 
appreciable condensation on the walls. 

Another objection which had been raised was that 
it was impossible to measure rapidly varying tem- 
peratures with the necessary precision. As a matter 
of fact, however, no attempt was made to measure 
rapidly changing temperatures, since the observa- 
tions used in deducing the adiabatic index were 
taken at the two dead points at which the tempera- 
ture and pressure both changed but slowly. In 
actual fact, the results were extremely reliable, 
and no better had been obtained during the 30 years 
which had since elapsed. A check of the method 
using air as the working fluid, gave very satisfactory 
results. 

The result of the experiments on superheated | 
steam was that the equation to its adiabatic expan- | 
sion was of the same form as that for a perfect gas, | 


At first sight this seemed 





viz., re = constant. 
pis 

impossible, but mathematical analysis showed that 

this would hold good, provided that the total heat 


of steam could be expressed in the form— 


H—B= SaPV, 


where B and a were constants. This relationship 
provided a very simple way of determining the 
specific volume, having given the total heat of 
steam and its pressure, and also led to an equally 
simple expression for the adiabatic heat drop of 
superheated steam, viz.— 


Hp — H = (Ho — B) (0 = (5 


®) 


0 


Further, a simple expression was also provided 
fer the discharge from a nozzle, and experiment, 
over a large range of temperatures and pressure, had 
shown a close agreement between observation and 
calculation. More complicated expressions could be 
found with which the unavoidable errors of observa- 
tion would be reproduced, but these complicated | 
expressions gave no better results in practice than | 
the simpler ones derived as explained above. 

Further experiments on the adiabatic index, at | 
about atmospheric pressure, had been made with the | 
apparatus shown in Fig. 6. This represented a | 
a jacketed vessel, filled with steam, at a little | 
above atmospheric pressure. In making an experi- 
ment the tap was suddenly turned, thus reducing 
the pressure to that of the atmosphere, and the 
fall of temperature due to the adiabatic expansion 
was measured. In this way an index equal to 1-307 
had been found, as compared with the value of 
1-30 deduced from the original experiments. 

Some critics took the view that it would be a 
better plan to measure directly the specific heat of 
the steam. It was, therefore curious to note that 
recent work had showa that the best method of 
determining the specific heat of gases, over the range 
included between 1,000 deg. C. and the temperature 
of liquid air, was to measure the adiabatic index. 

The apparatus used by Mr. Brinksworth for 
this purpose was represented in Fig. 7. It con- | 
sisted of a silica vessel containing the gas, the | 
temperature of which was measured by a platinum 
thermometer, arrangec similarly to that used in} 
the original steam engine experiments. The silica | 
bulb was charged to a pressure slightly above that | 
of the atmosphere, and it was then suddenly | 
opened to atmosphere and the fall of temperature | 
noted. In this way Mr. Brinksworth had measured 
the specific heat of hydrogen right down to the 
temperature of liquid air, his results being plotted 
in Fig. 8. As was now well known, at ordinary 
temperatures hydrogen hal 4& specific heat corre- 
sponding to a diatomic gas, but at very low tempera- 
ture its specific heat was that of a monatomic gas. 

Mr. Brinksworth had now arranged to experiment 
in the same way with high-temperature steam. 
Regnault had measured, with considerable accuracy, 
the total heat of water up to a temperature of 
190 deg. C., and of steam up to pressure of 
about 12 atmospheres, but found his methods 
unsuitable for use beyond these limits. One great 





| 
| 





| 


difficulty met with in measuring the total heat of 
saturated steam was to secure dryness. Regnault’s 
results, nevertheless, were unchallenged for 60 or 


70 years. His formula for the total heats of water 
and of steam were necessarily empirical, since at the 
date of his experiments the laws of thermodynamics 
were as yet unformulated. 

For water he gave the expression— 


h=t+0-2 (i50). + 063 (im) 


The corresponding thermodynamic formula which 
appeared to hold good right up to the critical point 
was 
t voL 
*— 300 tT Ve 
This formula was based on the fact that water 
dissolved its own volume of steam, the latent 


Fig.6. 
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A very elaborate research on specific heats had 
been made by Knoblauch. In the first series of 
experiments the highest pressure attained was 8 
atmospheres, but some 2 or 3 years since he reached 
a pressure of 30 atmospheres. The results, within 
the range covered, were very complete and approxi- 
mately correct up to a pressure of say, 400 Ib. per 
square inch. Beyond this Knoblauch had extended 
his results by extrapolation, using for the purpose a 
complicated formula which failed to satisfy the 
necessary conditions at the critical point. The 
curves, moreover, as generally happened when 
complicated formulas were used, became “ wobbly ” 
at the higher pressures and temperatures. It was. 
however, very difficult to construct formule to 
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= agree with critical conditions. When. on the other 
hand steam was highly superheated, its properties 
= : 
* became much simpler. 
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o 36 500 50 7 300 2507300 | + HE cranes described in our issue of November 12, 
(9819.0) AL ‘excineernnc | are arranged to swing over the railway line on the 


| pier head for filling wagons if desired, but when 


heat of which increased the apparent specific heat of | the coal is being sent to the storage bunker the 
the water. grab is discharged into a travelling hopper and 
Regnault’s formula for the total heat of steam was | feeder, one of these being provided for each crane. 

H = 606-5 + 0-305 ts + 0-48 (t — ts). | A photograph of one of these hoppers is reproduced 


This formula remained unquestioned for a long time, 
although Rankine pointed out that at low pressures 
the rate of variation of the total heat with tempera- | 
ture should be equal to the specific heat of the | 
steam. Osborne Reynolds suggested that at low | 
pressures the specific heat was 0-305, and that it 
increased rapidly as the temperature rose, and at 
the beginning of the present century most engineers 
held that the specific heat did in fact rise rapidly 
with the temperature. 

Professor Callendar had accordingly redetermined 
the specific heat of steam at atmospheric pressure, 
using an electrical method, in which was measured | 
the rise of temperature, due to supplying heat | 
electrically to a steady current of the vapour ; an | 
improved form of this apparatus had been used by 
Mr. Brinkworth. In this case the glass used in| 
the original apparatus, represented in Fig. 9, was 
replaced by silica, which was not only much stronger, | 
but had so low a co-efficient of expansion with heat | 
that simple straight tubes could be employed. | 
The essential parts were enclosed in a vacuum | 
jacket with the result that the external loss had | 


been reduced to iw part of the heat supplied | 


by the heating coil. Results obtained in this way | 
showed that Regnault’s value for the specific heat | 
of steam at atmospheric pressure was nearly right. | 
Brinkworth’s results were slightly lower than those | 
he had himself found with the original apparatus. | 
This was probably due to a little residual wetness in | 
the older experiments. 








| 


in Fig. 19, and details are given in Figs. 15 to 18. 
The capacity of the hopper is 10 tons. It is of the 


| ordinary inverted pyramidal type, 16 ft. 6 in. square 


at the top. The coal outflow is controlled primarily 
by a sliding side gate, operated through racks and 
pinions by a hand chain. It descends on to an 
apron feeder, consisting of a pair of steel chains 
fitted with tension gear, and carrying pressed-steel 
plates. This deposits the coal, by means of a chute, 
on the belt conveyor, the relation of which to the 
hopper will be clear from Fig. 16. The speed of the 
feeder can be altered by variable speed gear of 
the expanding pulley type. The arrangement of this 
gear, the sprocket wheels, for the chains, and the 
reduction gear may be traced in Fig. 17, which also 
shows the motor and travelling gear. The motor is 
one of 12 }-h.p. with a speed of 720 r.p.m., and drives 
the feeder through the variable speed gear, by a chain. 


|The motor shaft also carries a pair of loose bevel 


pinions gearing with a bevel wheel, which in turn 
drives a countershaft. One or other of the pinions 
engages with a clutch on the driving shaft operated 
by a horizontal lever, according to the direction 
of movement desired, no motion taking place 
when this clutch is in the neutral position. 
Motion is transmitted from the countershaft to 
two of the travelling wheels by the chain drive seen 
in Figs. 15 and 18, and recognised by the guard over 
it in Fig. 19. Rail clamps are, of course, provided 
to lock the hopper in position, once its best relation 
to the crane for any particular unloading, is deter- 
mined. 
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As already stated, the two conveyor belts run- 
ning along the pier arms are 48 in. wide, while the 
remaining three have a width of 54 in. All are, 
however, carried upon five-pulley troughing idlers, 
though there are some minor differences in detail 
for the two widths. The troughing idlers are 
pitched at 3 ft. 6 in., and the return idlers are 10 ft. 
apart. The troughing idler pulleys are in one 
vertical plane, and are shown in detail in Figs. 20 
and 21. The shafts are of steel tubing pinned 
into the supporting castings, and lubrication of the 
bearings is effected through them, grease cups and 
long internal. pipes being employed for the centre 
pulleys. The grease cups are all on the outside of 
the conveyors, and are therefore readily accessible. 
The arrangement is shown in Fig. 21. The Timken 
roller bearer is adopted. The return idlers consist 
of one long pulley mounted on similar roller bearings. 

The setting of the troughing idlers follows as 
nearly as possible the natural curve of the unloaded 
beit, and readiness of adjustment is ensured by the 
employnient of more plies at the edges of the belts 
than at the centre. In conveyors Nos. 1, 2, 4, 
and 5 there are eight plies at the edges and six at 


Fie. 19. 10-Ton Travettine HoprperR AND FEEDER. the centre ; in conveyor No. 3 there are seven at 
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the centre. In all cases the rubber cover at the | 
centre is # in. thick. The weight of the duck} 
varies from 28 oz. to 36 oz. in the several belts. | 
Stretch is provided for in all the belts by a screw | 
take-up in the tails. These are carefully protected 
from dirt, so that the belts may be kept properly | 
adjusted. Tht amount of take-up varies, of course, | 
with the length of the belt. 

Only three of the conveyors have been selected | 
for individual illustration, viz., Nos. 1 and 2, shown in | 
Fig. 27, and No. 5, in Fig. 37, both on Plate XLII. | 
The lengths, capacities, and positions of all the 
five conveyors have been given on page 589 ante. 
The drive is in each case by electric motor through | 
reduction gearing, and, in conveyors Nos. 1, 2, and 
5, is situated at the head. In conveyors Nos. 3 | 
and 4, which are inclined, it is placed at the tail. | 
The precise positions can be seen by a reference to | 
Figs. 3, 4 and 7, Plate XX XVIII ante. In conveyor 
No. 5, a single drive only is employed; in the | 
remainder a tandem arrangement is adopted. A) 
typical example of the latter is that for conveyor | 
No. 2, detailed in Figs. 38 and 39, Plate XLII. The | 
motor is of 100 h.p., running at 722r.p.m. It drives | 
two pulleys, which are geared together by wheels | 
of equal diameter, through a countershaft. The | 
pulleys consequently, rotate at the same velocity | 
and in opposite directions, and the belt is passed over 
them in S-fashion. The pulleys are bare in conveyors | 
Nos. 1 and 2, and are machined with a slightly | 
convex or double conical surface. As will be seen | 
in Fig. 38, the combined angle of wrap is very large, | 
and the resulting tension in the leaving belt is only | 
one-fifth of that of the entering belt. The drive for | 
conveyor No. 3, which has the longest belt, has a/| 
motor of 230 h.p., and that for No. 4 has one of 
180 h.p., both running at 722 r.p.m. In these two | 
conveyors the pulleys are lagged. 

Figs. 33 and 34, Plate XLII, show the single drive | 
adopted in the case of conveyor No. 5. Here the 
motor is of 100 h.p. capacity, and runs at 722 r.p.m. 
It is geared to the driving pulley through a counter- 
shaft. The smaller pulley, known as a snub pulley, 
runs free. Its function is to keep the belt up to the | 
driving pulley and thereby increase the arc of con- | 
tact. The driving pulley is bare and slightly convex. | 
The S bend on the upper side of conveyor No. 5, | 
shown in Fig. 37, is, it will be recognised, not part | 
of the drive, but is necessitated by the employment | 
of the tripper. Starting gear, consisting of oil- 
immersed starting panels with protective devices, 
is fitted near the individual motors, but emergency 


push-button stops are placed along all the conveyors | 


at intervals of approximately 100 ft. All the elec- 
trical apparatus is constructed for three-phase 
current at 440 volts, 50 periods. 

The tripper on conveyor No. 5 is, of course, in- 
tended to distribute the coal where required in the 
bunkers. It is shown in Figs. 35 and 36, Plate XLII, 
and consists of a six-wheeled carriage, with a pair 
of pulleys in the centre, the upper one forming a 
head to the belt. The coal is discharged over this 
head into a pair of chutes which lead it clear of the 
gangway into the bunker. The tripper carries a 
platform, reached by short ladders, for inspection 
purposes, and runson rails on a pair of steel girders 
laid on reinforced concrete beams which extend the 
full length of the bunker. A gangway and handrail 
are carried along each side of the rails for access 
to the conveyor belt. The general appearance of 
the tripper gallery is well shown in Fig. 25, page 664. 
The tripper is moved along the gallery by a steel 


haulage rope on each side. attached to it as shown in | 


Figs. 35 and 36, Plate XLII. This rope is endless. 
One loop of it is led down through the floor of 
the gallery to a platform about the level of the 
bottom of the bunker, and passed round the drum of 
awinch. This arrangement is clearly shown in Fig. 
26. The framing in the background supports 
guide pulleys which change the direction of the ropes, 
and provides adjustment for stretch. The motor 


DETAILS OF BELT-CONVEYORS: BECKTON GAS WORKS. 

















Fia. 























20. 





























(97044) 


Considére Constructions Limited, 72, Victoria-street, 
S.W.1., and the approach to the tripper gallery 
above it, and the bridge containing conveyor No. 4. 
The height to the level of conveyor No. 5, on which 
the tripper runs, is 66 ft. from the ground, while 
the bottom of the bunkers is 31 ft. from the 
ground, and that of the approach platform 12 ft. 
6in. The latter is the level of the extensive elevated 
railway which runs to the various retort houses, etc. 
There are six tracks of rails below the bunkers. 
Five ton trucks are used for removing coal, and a 
train of 16 of these is used, making a total load of 
80 tons. A balanced discharge arrangement is 
automatically opened by a device operated by 
the buffers, no action being possible until the train is 
up against the latter. This arrangement, together 
| with the operating doors, was designed and con- 
|structed by the Gas Company’s engineers at 
| Beckton. The signals visible in Fig. 24, are 
daylight signals such as are used on the London 
| Underground System. The space, below the 
| viaduct level, under the bunker is used as an 
| engineer’s stores, The conveyor bridge is 11 ft. wide 
by 10 ft. high, to the top of the side member. The 
roof and sides are formed by corrugated asbestos 
sheeting. The flooring is of 2 in. deal planking. 
| The middle trestle is mainly built of 8 in. by 3} in. 
| steel channels. 











drivicg the winch is of 5 h.p., and runs at 722 r.p.m. | Before describing the automatic weighing appli- 
The contro] is seen in the foreground in this view. | ances it may be as well to make clear the several 


It comprises a contactor panel, providing for auto-| purposes for which the whole plant is intended. 
maticreversalof the tripper at each end of the bunker, | As already stated, a railway line runs along each 
with six stop and re-start stations. There are the | arm of the pier parallel to conveyors Nos. 1 and 2, 


usual protective devices. 
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;required. No weighing is carried out when this is 
done. With the normal working of the pier, when 
completed, it will be possible to discharge two 
ships simultaneously, one at each arm. The 
continuous automatic machine on each conveyor 
records the total weight unloaded, whether the whole 
of the coal is sent direct to the storage bunker, or 
a portion of it is diverted to barges for transport to 
other works. Two weighing hoppers are provided 
for measuring the latter portion. The position of 
the four weighing appliances and the alternative 
chutes to conveyor No. 3 or the barges are well 
seen in Figs. 28 and 29, Plate XLII. 

In Figs. 30, 31 and 32, on the same plate, details 
are shown of one of the continuous weighers on the 
conveyor belt. This is a Blake-Denison auto- 
matic and continuous weigher and recorder, made 
by Messrs, Samuel Denison and Son, Limited, Leeds. 
It was not possible to obtain a photograph of the 
machine as actually installed at Beckton, owing to 
the confined space, but in Fig. 22, opposite, a repro- 
duction is given of a photograph of a similar 
machine, and will serve to illustrate our description. 
A reference to Fig. 31 will show that twelve of the 
troughing idlers near the head of the belt are 
carried on a pair of channels which are suspended, 
by four links from the weighing levers. While it 
is passing over the length of belt thus supported, 
the coal is weighed, and this operation is carried 
out at regular intervals of time, depending upon 
the speed of the belt. The weighing mechanism 
is correlated to the driving mechanism of the belt, 





and in this instance, as shown in Fig. 31, the motion 


| and thence to the shore. Railway wagons may thus| shaft of the mechanism, carrying a 44-tooth 


Fig. 24 shows very well the general construction of | be filled direct from the ships by the cranes, if the | sprocket, is driven by a chain from a 20-tooth 
the bunker, which was designed in detail by Messrs. | delivery of coal for other industrial purposes be | sprocket on the shaft of one of the driving pullies. 
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COAL-WEIGHING PLANT AT BECKTON; THE GAS LIGHT AND COKE COMPANY. 





Fia. 22. 


Automatic Continuous WEIGHING MAcHINE; Messrs. SAMUEL DENISON 
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AND Son, Limrvep. 


The suspension slings are hung, by knife edges, 
on short levers, the fulcrums carrying much longer 
levers, the ends of which meet in the centre of the 
machine. This particular arrangement is only for 
the purpose of concentrating the whole load on the 
short arm of the steelyard. Other means of effect- 
ing this are adopted in the machine shown in Fig. 22, 
and need no comment, as this does not affect the 
principle of the weigher. The load to be weighed 
is thus applied to the short arm of the steelyard, 
which is set initially to allow for the weight and 
tension of the unloaded belt. Instead of the 
usual sliding weight, however, balancing is effected 
in this machine by the variation in the displace- 
ment of a hollow cylindrical plunger immersed in 
mercury, and attached by links to a fixed point 
about half way along the steel yard. This is 
clearly visible in Fig. 31. 

The end of the steelyard, under the influence of 
any variation in the load, travels up and down in a 
slot near which the recording mechanism is situated. 
One wall of this slot is movable, transversely, so 
that it can grip the end of the steel yard and hold 
it in the position in which it may be at a particular 
moment. This is effected by a spring-loaded hori- 


j arrangement shown in Fig. 29. The shape and 


| The actual weighing mechanism was supplied by 


contact with it, being free to move without affecting 
the counter. The quadrant is then swung back 
and records the weight, the arc through which it 
has moved being determined by the height of the 
steelyard. The final phase of the cycle is the release 
of the steelyard. A small amount of oscillation of 
the quadrant has to be allowed for when the belt is 
unloaded, and a second cone clutch, called the 
discounting gear, corrects the motion of the 
gear wheels for this automatically. The machine 
is stated to weigh accurately to one-half of 
1 per cent. 

Passing now to the weighing machines for the 
barges, which are shown in some detail in Figs. 28 
and 29, it will be seen that these are situated below 
| the deck level of the pier, that is, at such a height as 
| to discharge into coal barges at high tide without an 
| undue drop for the coal. As the barges are, however, 
|sometimes more than 20 ft. lower at low tide, an 
| adjustable chute is provided for each hopper. This 
| is operated by a 5 h.p. electric winch, by the 





| disposition of the weighing hoppers will be seen in 
Fig. 28. These each have a capacity of 10 tons. 





Fia. 


zontal spindle actuated in its turn by a lever moved | Messrs. W. and T. Avery, Limited, Birmingham, 
by a cam on the motion shaft above referred to. The | and is fitted with this firm’s well-known electrically- 
vertical position of the end of the steelyard indicates | operated totaliser mechanism, which automatically 
the relative amount of the load, and consequently | weighs, records, and totals all the coal passing into 
appropriate measurement of this height will give | and out of the weighing hoppers. The arrangement 
the weight on the belt. The chief feature of the | of the weighing levers can be followed in Fig. 23. 
machine is, perhaps, the apparatus for making this|'The bottom doors of the hoppers are electrically 
measurement. It consists of an oscillating quad-| operated from the weighing mechanism. The 
rant, the radius of which is not struck from the | charging of the hoppers is, however, done hydrauli- 
centre round which it swings. It is to be seen in| cally. The two rams operating the gates are seen 
Fig. 22. The Y-shaped lever carrying the quadrant | in the centre of Fig. 28. The lower portion of each 
has fitted on its spindle a spur wheel, which is| leg of the main hopper is provided with two gates, 
geared, through a clutch and a train of wheels, to a | by means of which a measured charge can be passed 
counter. This is of the dial type, with a pointer | into the weighing hopper. 

and a central totaliser recording up to 99,999 tons.|_ It may be interesting to summarise the power 
As shown in Fig. 22, the quadrant is not in contact | requirements of this modern coal-handling plant. 
with the steelyard, and in this position it may be| Allowing an average motor efficiency at three- 
said to have just recorded a weighing, as the counter | quarter load of 90 per cent., the actual power 
is only operated during the backwards stroke. The required is 550 kw. for the belt conveyors and 
quadrant is oscillated by a second cam on the motion | auxiliaries, and 450 kw. for 8 cranes working simul- 
shaft, and the clutch by a third one. The complete | taneously. The estimated maximum peak load on 
cycle occurs once during the period occupied by the | the 8 cranes when breaking down cargoes is 1,200 kw. 
passage of the given length of belt. The steelyard |The maximum peak on the supply mains would be 








‘ 


23. Automatic HopreR WEIGHING MACHINE; 
Messrs. W. anp T. Avery, LIMITED. 


for the conveyors. The estimated power factor for 
the conveyor motors is 0-86, and for the 8 cranes 
0-7, and the estimated line power factor for the 
complete installation is 0-7 to 0-75. 

The preparation of the scheme for this important 
re-construction and extension was made by Mr. 
Thomas Hardie, M.Inst.C.E., M.Inst.GasE., the 
chief engineer of the Gas Light & Coke Company, 
and Mr. W. B. Leech the resident engineer of the 
Beckton works, under whose superintendence the 
whole of the various works and contracts were 
carried out. 





THE DISCHARGE FROM CULVERTS. 


THE important road improvement works now in 
progress in the United States have shown the need 
for further information regarding the capacity of cul- 
verts; the more particularly because pre-existing data 
have been derived almost exclusively from experi- 
ments on ordinary straight-walled metal, stoneware, 
or concrete ducts. Of recent years, however, con- 
siderable use has been made of corrugated metal 
pipes, which offer a much greater resistance to the 
flow than straight-walled conduits. With a view, 
therefore, to fix the relative merits of different types 
of culvert, the Bureau of Public Roads of the 
U.S. Department of Agriculture arranged for a 
very comprehensive series of tests to be made at 
the hydraulic laboratory of the State University of 
Iowa, where an ample supply of water was 
available, as well as facilities for the accurate 
measurement of heads and discharges. The work 
was carried out under the direction of Mr. D. L. 
Yarnell and Professors F. A. Nagler and S. M. 
Woodward, and is described in detail in Bulletin 
No. 1 issued by the University, Iowa City, Iowa, 
U.S.A. The cost of the report is one dollar. In all, 
over 3,000 experiments were made, in part on pipe 
culverts, of concrete, vitrified clay, and corrugated 
metal, and in part on concrete box culverts. The 
pipe culverts ranged in size from 12 in. to 30 in. 
in diameter, and the box culverts from 2 ft. square 
to 4 ft. square, and, in addition, further tests were 
made with rectangular box culverts of other than 
square section. As the result of their observations 
the authors propose the following formule for the 
discharge from pipe culverts 30-6 ft. long, with 








is gripped, and the quadrant is swung over to make | 1,750 kw., 7.e., 1,200 kw. for the cranes and 550 kw. 





straight endwall entrances. 
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Concrete pipe with bevelled lip upstream 
Q = 4-61 D*8 Ho 
Concrete pipe with square-cornered entrance 
Q = 4:40 D209 H0-00 
Vitrified clay pipe with bell end up-stream 
Q = 5-07 D205 H0-0 
Corrugated metal pipe 
Q = 3-10 D231 0-00 
In the foregoing Q = discharge in cubic feet per 
second, D the diameter of the pipe in feet, and 
H the difference, measured in feet, of water level 
between the two ends. 
any size and length when flowing full bore are :— 
For concrete pipe with bevelled lip entrance 
y+) + 02026 L 
Concrete pipe, square-cornered entrance 
A /2gH 
026 L 
1 
Vitrified clay pipe, regular bell-end upstream 
A J/2gH 
Corrugated metal pipe 
A /29H 


More general formule applicable to culverts of 
oo A J29H 
/ Di? 
/i + 0-31 D + 
\/\ + 0-023 Di? + 
A/1 + 0-16 D6 + 











Q= 





0- 








Q= 





L 





0-022 
pio 





Q= 





0-106 L 
Di2 

In these formule A denotes the cross-sectional 
area of the pipe in square feet and L the length 
of the culvert in feet. 

For concrete box culverts the following formule 
are proposed, in which R denotes the mean hydraulic 
radius. 

Box culverts with rounded entrance 











hon A J/29 H 
1-05 + 220046 L 
Kle25 
Box culverts with square-cornered entrance 
A J/20H 
Q= Ss v =a 





0°0045 L 


1-25 


ri + 0-4 R83 + 








THE EFFECT OF GASES, VAPOURS 
AND LIQUIDS ON THE LIMITING 


FRICTION BETWEEN SOLID SUR- 

FACES. 

By James M. Macautay, B.Sc., A.M.I.E.E. 
(Concluded from page 621.) 


FurtTHER corroboration of the surface tension 
theory from which equation (A) above has been 
derived, may be obtained by applying the theory to 
the results of the beautiful experiments (with 
“clean” flooded surfaces) recorded by Sir William 
Hardy and Miss Bircumshaw in their Bakerian 
Lecture published in the May issue of the Proceedings 
of the Royal Society of last year.* “Clean” 
surfaces are not free from surface layers of condensed 
gas or other impurity, so the surface tension effect 
described above will come into play with ‘clean ” 
surfaces as well as with surfaces coated with a 
“grease” layer. To quote from an earlier paper 
by Sir William Hardy and Miss I. Doubleday} 
““* clean’ surfaces are not the same as surfaces 
freshly produced by fracture. It is said that when 
steel is fractured under mercury the new surfaces 
amalgamate, ‘clean’ steel plates in clean air will 
not amalgamate.” 

On page 20 of the Baker.an Lecture for 1925, a 
diagram is given summarizing the results of numer- 
ous experiments with normal paraffins and their 
related acids and alcohols. From that diagram 
values can be obtained for coefficients of friction 
observed when a steel sliding plate was used having 
(1) a spherical-shaped face, (2) a plane face. Now 
when a spherical-shaped slider rests on a plane 
lubricated surface, the area of contact is excessively 





* Proc. Roy. Soc. p. 1, vol. A 108, 1925. 
} Proc. Roy. Soc. p. 552, vol. A 100, 1922. 


small, so the coefficient of friction observed will 
correspond to a very high value of W in equation 
(A) above, that is practically to » of that equation ; 
while the observations made with a plane slider will 
give y,. But it is possible to calculate , from p 
by equation (A) provided the constant & for the 
plane slider experiments can be determined, and the 
surface tensions of the various liquids obtained ; 
k depends on the number and area of the “ points 
of contact,” that is on the nature of the material of 
which the surfaces are made and on the degree of 
polish. To obtain k (for the Bakerian Lecture 
experiments) it is necessary to take for one chosen 
liquid both the experimental values p and p,, given 
by the spherical and plane slider respectively. For 
all other liquids values for y, can then be calculated 
from the experimental values for » and the surface 
tensions; and the results compared with the 
experimental values of y,. Thus, choosing octyl 


4, 





| H- . a 
(9779.0) 
| 


| for the steel surfaces, 


| « (from spherical slider experiments) = 0°307, 
| My (from plane slider experiments) = 0°457, 
W (the weight of the plane slider) = 20-4 grams, 


T (the surface tension of Octyl Alcohol 
at 15°C.) 
Hence, from equation (A) 
k x 27-9 


20-4 x 980 





= 27°9dynes/cm. 
0°457 = 0-307 (1+ ) 
.. &k = 350 
For any other liquid, ¢.g., pentane which gave p 
(spherical slider experiments) = 0-485 and for 
which T at 15 deg. C. is 22-7 dynes cm. 
x 350 x 22°7 

by = 0-485 (1+ 55-25 oa) = 0-67. 
This agrees well with the value 0-68 recorded in the 
Bakerian Lecture as having been obtained by 
experiments using the plane-faced slider. 

Table IIL below contains all the lubricants, used 
by Sir W. Hardy and Miss Bircumshaw, for which 
the author of this paper could obtain the necessary 
data. Although, unfortunately, there is no great 
variation in the surface tensions of these lubricants, 
the close agreement between the calculated and 
experimental values which is shown in columns 
4 and 5 of Table III, is in satisfactory agreement 
with the results recorded in Table IT. 
































Taser III, 
Me Me Be 
Spherical | Surface. | Calculated| Hardy’s 
Lubricant. Slider, Tension. from Plane- 
Ex- Dynes /em.} Equation | slider Ex- 
periments. (A) and. | periments. 
Pentane 0-48; (a) 22-7 0-67 0-68 
Hexane 0-46; 19-0 0-62 0-65 
Octane .. 0-42 22-3 0-58 0-60 
Ethyl alcohol .. 0-45 22-2 0-63 0-64 
Propyl alcohol .. 0-43 23-8 0-61 0-62 
Butyl alcohol .. 0-40 24-2 0-57 0-58 
Octyl alcohol 0-307 27-9 _— 0 -4575 
Cetyl aleohol 0-12 (a) (b)28-4 0-18 0-24 
(liquid state) 
Hexoic acid 0-33 (a) 26-8 0-475 0-45 
Caprylic acid 0-20; (a) 27-5 0-305 0-29 
+ 3 per cent. accuracy. 
(b) At 51 deg. C., approximately the melting point. 





] 








5: 10 15 20 
Total Normal Load tn Grammes Weight. 


I-From Expertments tr Atr Saturated with Moisture. 
» Dry Aur. 


Effect of Pressure.—An inspection of equation 
(A) indicates that y, is not constant for different 
values of W, but will décrease as W increases, 
reaching a limiting value when W is large com- 
pared with & T. This does not really mean a 
departure from the law of proportionality of 
friction to normal reaction. The frictional resis- 
tance called into play when a tangential pull is 
applied, is the horizontal component of the forces 
which give rise to the force N shown in Fig. 3; 
no horizontal force results from the presence of 
liquid drops, so long as there is no motion. When 
slipping occurs, calculations based on a thickness 
of film equal to that already chosen, and bringing 
in the coefficients of viscosity of the various liquids, 
indicate that a satisfactory explanation of the 
differences real or apparent between limiting and 
kinetic frictions may possibly be obtained. But 
this point requires further investigation. So far as 





Il-By Calcula- 
ton from 
Equation A. 
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/alcohol as the lubricant from which to obtain &, | limiting friction is concerned F = uN is rigorously 
| obeyed in all cases, F = y.W is not. 


To test the effect produced by varying the load 
on the friction plate, simple devices were designed, 
so that (a) the normal load could be increased and 
decreased, (b) the atmosphere in the chamber 
could be saturated or dried as desired, without 
requiring the chamber to be opened throughout 
the course of the experiments. To avoid changing 
the spring used to apply pull (involving con- 
siderable alterations to the apparatus), a much 
smaller sliding plate (glass of area about 1 sq. cm.) 
was chosen. This increased the difficulties with 
reference to consistency of observations, but it is 
estimated that an accuracy of within +5 per cent. 
has been attained by taking averages of 20 succes- 
sive observations. 

The air in the chamber was saturated with water 
vapour, as in the previous experiments, and points 
marked + (Fig. 4) obtained. The air was then 
dried as before, and the points marked x were 
plotted. In order to see that the surfaces had not 
been altered by these numerous experiments, the 
air was again saturated with moisture and the points 
marked (©) were obtained. 

Owing to the large change in yu» which takes 
place at the lowest normal load available (2-6 grams 
per square centimetre), the point A is of special 
| importance, and this point was, therefore, specially 
|checked—point 1 (10 observations) immediately 
| after point x, and point 2 (20 observations) imme- 
diately after point y. Curve I, Fig. 4, represents the 
change in friction with increasing normal load for 
an atmosphere saturated with moisture; curve II 
the change for a dry atmosphere. The two curves 
approach a common limit at a high value of the 
normal load. 

To test the surface tension theory, curve III was 
obtained by calculation from equation (A) above, 
the value of the constant k being found from the 
saturated and dry values for p (0-49 and 0-19) for 
‘load 2-60 grams per square centimetre. Using 
‘this value for k, and the value given by curve Il 
| for u (dry) corresponding to a chosen load, Table IV 








(a) Determined by the author (Jaeger’s bubble method)—about | was calculated and curve III plotted from the 


| values for py, thus obtained. For example 
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equation A is 
k 
My =e (1 + HT) 











kx 73 
-49 = Q- ——__—__ dk = 54, 
Heme 0-49=0 19(1 +3760 x a) ” 
When W = 5 grams. (say) 
54 x 73 
= 0-21 ) = 0-39, 
7 (1 +5980 
Taste IV. 
W (Grams). | p (Dry). | , 
1 0-175 0-88 
2 0-18; 0-56 
5 0-215 0-39 
10 0-25 0-35 
15 0-27 0-345 
20 0-28 0-34 
50 0-28 0-30 
400 0-28 0-28 





It has thus been shown that, for low loads yp, 
decreases rapidly with increase in load, to a limiting 
value when the normal load is of magnitude, say, 
about 400 grams per square centimetre. It is 
interesting to find that the curves I and III (satura- 
ted condition) are of the same form as those given, 
(with flooded surfaces) in the Bakerian Lecture 
published in the May issue of the Proceedings of the 
Royal Society of last year.* Similar curves to IIT 
could, of course, be obtained for other vapours used 
in these experiments by substituting the correspond- 
ing values of their surface tensions in equation A. 

The increase in uw with increase in load (dry sur- 
faces) indicated by curve II is interesting. A 
general explanation for this has already been 
suggested. It was pointed out above how very 
clean surfaces gave greater coefficients of limiting 
friction than less clean ones, due to the thinner and 
more substantial “‘ grease”’ layers present on the 
very clean surfaces. Increase of normal load will 
tend to make existing layers thinner and more 
substantial. 

Effect of Temperature.—Further, equation (A) 
shows that, as the surface tension of liquids 
decreases with rise in temperature, u, should also 
decrease with rise in temperature. 

Hardy finds that this is the case. He gives the 
following values (Bakerian Lecture, Table VII) for 
steel surfaces, under a load of 20-4 grammes, 
flooded with caprylic acid :— 

At 155° C., uy = 0-288. 
At 100° C., uy = 0-267, 

His limiting high load, value for u, with the same 
surfaces (he finds, that w is independent of tem- 
perature), is 0-206. Hence, from equation (A), 


k x 27°5 
OrRESrar'@- 206 (1 + 30-4 x 30) 
. k= 290. 


The surface tension of caprylic acid at 100 deg. C. 
was found by the author to be 19-1 dynes per 
centimetre, 
So 
290 x 19°1 

by = 0-206 (1 +so-7% sb) = 0°263 
as compared with the experimental value above of 
0-267. 

The experiments were carried out in the Natural 
Philosophy Department at the Royal Technical 
College, Glasgow, and the author desires to express 
his deep indebtedness to Professor James Muir, 
D.Sc., M.A., for initiating the investigation and 
for suggestions and advice given throughout the 
progress of the work. 

His thanks are also due to the College Librarian, 
Mr. Wm. G. Burrell, M.A., and to the Chemistry 
Department of the College for assistance in con- 
nection with surface tension data; also to 
Mr. Malcolm Smith for assistance in the design of, 
and skill in constructing, the apparatus required. 








PENDEEN LicuTHousE.—The General Electric Com- 
pany, Limited, of Magnet House, Kingsway, W.C.2, 
have manufactured, for the Trinity House Authorities 
a special Osram gas-filled lamp, which consumes 4 kw. 
The lamp has replaced the old incandescent oil lamp of 
the Pendeen lighthouse, situated a few miles from 
Land’s End. The result of the change-over has been a 
lone increase of the distance!from which the light can 

seen, ; 





* Roy. Soe. Proc., p. 1, Vol. A 108, 1925. 
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The British Navy in Adversity. By Captain W. M: 
James, C.B., R.N. London: Longmans, Green and 
Company. [Price 25s. net.] 

CapTAIN JAMES must be given all the credit which 
is due to a writer who has dealt successfully with a 
subject that has baffled experienced historians. 
Mahan’s work on the War of American Indepen- 
dence was little but a commentary, and the military 
histories of the period deal almost entirely with the 
land campaigns. Mr. Trevelyan, although he wrote 
synthetically and endeavoured to adjust the poli- 
tical, naval and military aspects of the war to the 
perspective of a single history, was exceedingly 
biassed, and his work, though accurate as to facts, 
is most misleading as to the inferences which they 
support. Also, his account of the naval campaign 
was little but a digest of Mahan. Professor Osgood 
dealt almost exclusively with the constitutional 
aspects of the war. 

Captain James’s subject was difficult on account 
of its great complexity. The War of American 
Independence began as a colonial expedition and 
ended in a great naval struggle between France, 
England and Spain. When the war began, the 
high naval-command had no more difficult task than 
that of convoying troops across the Atlantic, and 
supporting military operations on the coasts and 
inlets of the American colonies. When it closed, the 
British fleet was fighting desperately for the com- 
mand of two oceans, and the British flag was 
simultaneously threatened at home, in the Medi- 
terranean, in the West Indies, and in the Indian 
Ocean. It was no light task to survey a subject of 
such compass. 

The greatest initial mistake of the British Govern- 
ment was their failure to realise that, when they 
decided to reduce the American colonies by arms, 
the task before them was that of reducing a nation 
to submission. They refused to listen to Burke’s 
prophetic warning, and clung with stupid tenacity 
to the belief that the colonies as a whole were loyal, 
and that a factious minority hadrisenin arms. Had 
this opinion been correct, the first measures of the 
British Government might have been sufficient ; it 
might have been enough to cut Washington off 
from his most important bases of operation, to 
bring his forces to battle, and to disperse them into 
the wild hinterland of the northern states. But, as 
the’ British Government was confronted with the 
resistance of an entire nation—ill organised and 
scattered, perhaps, but a nation none the less—these 
initial measures were hopelessly insufficient. The 
British Government could only have crushed Ameri- 
can resistance if they had simultaneously occupied 
all the important coastal towns and harbours in 
North America, from Penobscot in the north to 
Charlestown in the south. The colonists would 
then have been deprived of all their important bases 
of operations, and severed from the coast, and their 
final reduction might have been possible. The 
British Government was not ready to undertake 
such vast operations, and for two years the war 
dragged on without decisive results. 

The French Minister, de Vergennes, had con- 
sistently advised his Government to watch events, 
and not to act hastily; if the colonists showed a 
real ability to resist the British arms, it would be 
advisable to help them, but nothing could be 
more unwise than to provoke a Franco-British war 
before the extent of British commitments was 
accurately known. The campaigns of 1776 and 1777 
gave de Vergennes the guidance he sought; 
by the winter of 1777, it was evident that Great 
Britain was in serious difficulties, and, in the 
following year, the French fleet was operating 
against us in the north Atlantic, the Channel and 
the East Indies. In 1779, Spain joined the anti- 
British coalition. 

The war which followed is of extraordinary 
interest on account of the greatness and complexity 
of its operations, and because of the character and 
abilities of those who took a prominent part. Naval 
history has been much vitiated by a rather silly 
hero worship of fleet commanders. It is certainly 
out of place in a study of the war of American 
independence. Captain James, quite properly, 





makes no attempt to imitate or revive the senti- 
mental rhapsodies of popular writers, and deals 
calmly and dispassionately with the professional 
ability of the outstanding figures in the naval war 
of 1778-1783. 

As human beings, the naval commanders of the 
day are not particularly admirable or pleasing, 
although as fleet leaders they often showed extra- 
ordinary ability. Rodney stands out as the per- 
fected type of naval bully, never magnanimous 
enough to take the blame for miscarriages upon 
himself, vindictive to captains like Rowley and 
Carkett who failed only because they did not 
understand their admiral’s wishes, and openly 
bragging in despatches that he governed his officers 
by terrorisation. Hood’s character was equally 
objectionable, though for a different reason. Hood 
was no bully, but he was an accomplished intriguer, 
destitute of the most elementary feelings of loyalty. 
For so long as he was second in command to Rodney 
he wrote home letter after letter striving to under- 
mine his superior officer’s credit and reputation. 
Rodney had certainly earned hatred; but that 
does not justify Hood. These two men were none 
the less responsible for everything that was brilliant 
or successful in the conduct of the naval campaign. 
Rodney was a rebel against the formal battle tactics 
of his day, and, after great difficulties, he succeeded 
at the Saints in giving effect to his plan of isolat- 
ing a particular part of the enemy’s line, and 
concentrating against it. Hood’s defence of the 
Basse-Terre position is generally admitted to be 
one of the most masterly manceuvres in naval 
history. 

It would be a pleasing task to follow Captain 
James’s analysis of the 14 naval actions of the war 
step by step, to discuss the points he has chosen to 
emphasise, and to deal, at length, with the opinions 
he expresses. This is, unfortunately, impossible 
within the limits of a review, and we must be 
content to leave details alone and to take a glance 
at some of the strategical and tactical principles 
under which the operations were conducted. The 
French naval war plan has been analysed by 
Captain Castex, in his work ‘“‘ Les Idées Militaires 
du XVIIIe Siécle.”” This most able and persuasive 
writer has let loose a perfect cataract of sarcasm 
against the cautious strategy of the French navy, 
and the formal tactics of their naval commanders ; 
and to a certain extent Captain James has endorsed 
his opinions. We are rather tempted to join issue 
with both authors. French naval strategy in the 
late 18th century was certainly but little inspired by 
the spirit of Duquesne and Tourville. Document 
after document, campaign after campaign, prove 
that the French naval leaders of the day desired to 
avoid close decisive battles, and were quite deter- 
mined to fight cautiously and defensively. In 
strategy they were masters of evasion ; in tactics 
they were masters of mancuvre. Their conduct of 
war was strongly reminiscent of Louis XI; the 
artful monarch who used armies for show and moral 
effect, and trusted to his ‘‘ practiques ’—carefully 
elaborated: political and diplomatic combinations— 
for positive results. Now, we do not hesitate to 
maintain that the French higher strategy in the war 
of American independence was amply justified by 
results. The French Government declared war in 
order to weaken Great Britain by supporting the 
colonial rebellion. If Louis XVI and his ministers 
were to give effect to their plan, it was necessary for 
them to keep open the sea highways of the north 
Atlantic, and to maintain communications between 
France and the north American colonies, and 
between France and the West Indies. Thanks 
to their exceedingly cautious strategy, they 
succeeded in doing what they set out to do; and 
it is for this reason that we hesita€e to follow 
Captain James in his rather severe judgment 
upon the French conduct of the war. It is, of 
course, undeniable that the French. naval leaders 
adhered so tenaciously to their general plan that 
they threw away several excellent opportunities of 
tactical success. Nobody doubts, for instance, that 
d’Estaing was over cautious at the battle of 
Grenada, or that des Touches could have done 
more at the battle of Cape Henry. In all that 
Captain James has to say on these, and similar 
incidents, we entirely agree with him. We do, 
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none the less, join issue with him in his general 
criticism of French defensive strategy and tactics, 
for we feel that, because tactical opportunities are 
thrown away, it does not follow that a general war 
plan has been wrongly conceived. The doctrine 
about seeking out the enemy and destroying him is 
excellent for the man at the gun ; the naval historian 
must often treat it with the ‘‘ sigh or the smile ” of 
the philosophic Roman flamen, presiding over the 
religious ceremonies of the later Empire. 

But it must not be imagined, because we have 
emphasised a point in which we cannot agree with 
Captain James, that we have the slightest intention 
of adversely criticising his book as a whole. His 
work appears at a time when naval thought has 
reacted against the North Sea strategy of the late 
war, and is dealing scientifically with the problems 
of pelagic operations; it is exactly the kind of 
book which will stimulate sound thought, and 
accurate analysis of the naval problems of the day. 
Captain James has, it is true, dealt with his subject 
as @ historian and has never yielded to the tempta- 
tion of drawing analogies between past and present ; 
but his work cannot, on that account, be treated 
a8 @ piece of historical research without practical 
application. The naval problem, which was worked 
out in five successive campaigns between 1778 and 
1783, was that of maintaining comparatively large 
fleets in distant oceans, and of overcoming the 
numerous important difficulties arising out of 
inadequate bases, and long and vulnerable com- 
munications. The most casual glance at the 
current naval literature suffices to show that 
the British naval command is, to-day, confronted 
with an old problem, set in a new notation. Those 
who desire to sift the permanent from the transitional 
aspects of the problem, and to know how it was 
once faced and solved, will be well advised if they 
give Captain James’s history a place of honour on 
their bookshelves. 








| 
| 
The Metallurgy of Cast Iron. By J. E. Hurst. London : | 

Sir Isaac Pitman and Sons, Ltd. [Price 15s. net]. 
Tue publication of a book by Mr. J. E. Hurst on 
cast iron is an event which merits recognition, as 
the author is an acknowledged expert on the subject. 
It is gratifying to find, moreover, that the book is a 
real book, written consecutively and with a defi- 
nite plan, rather than the mere reprint of a number 
of disconnected articles from technical papers and 
Proceedings, which is so much in vogue nowadays. 
At the same time, the book bears internal evidence 
that portions of it were written some years ago; a 
reference to “recent”? work by Professor Howe 
appears to confirm this view. The doubt as to the 
existence of 8-iron, referred to on page 32, has | 
deepened considerably of late, and the contribu- 
tions of Westgren and others who have studied 
the lattice structure of iron might perhaps have been 
drawn on more fully in the section devoted to the 
non-carbon alloys. 

Mr. Hurst’s book is written clearly and in a plea- 
sant style, although the phrase “and which” is 
repeated a little too often. It is a thoroughly suit- 
able book for students, foundrymen and engineers 
who wish to appreciate intelligently the theory | 
underlying the constitution of cast iron and the | 
influence of impurities on its behaviour. Some | 
may think that the proportion of text assigned to | 
the influence of silicon is too scanty. As Mr. Hurst | 
observes, its influence rivals that of carbon in cast | 
iron. On the other hand, the section devoted to | 
the mechanical and physical properties of cast iron | 
is very well done, and while many practical men | 
will regret that the chapter on permanent-mould 
castings is so short they will agree that it is both 
interesting and suggestive. Mr. Hurst does not, 
indeed, profess to have written a book on foundry 
practice. 

The work is well produced and should find many 
readers, in which case a new edition will be. called 
for. If so, the-opportunity may be taken to correct 
the innumerable mistakes in spelling names. Pro- 
fessor Benedicks is misspelt in three different 
ways; Murakami is consistently misspelt through- 
out. On page 111, the use of the word “ hys- 
teresis”” as a colloquialism for “lag” may be a 
little disconcerting to some readers, in connection 
with the “ pearlite point.” 











STAR-DELTA MOTOR 


STARTER. 


CONSTRUCTED BY MESSRS. HIGGS MOTORS, BIRMINGHAM. 

















STAR-DELTA STARTER FOR 
INDUCTION MOTORS. 


Ir will be generally admitted that there is no more 
simple, reliable, and inexpensive form of constant-speed 
electric motor for small and moderate powers, than the 
squirrel-cage induction motor, which can be started by 
simply switching it on to the line. If this be done, 
however, the starting current is heavy, and most 
supply companies therefore insist on the employment 
of starters for all but the smallest sizes. Such starters 
frequently take the form of a switch, which connects 
the starter windings first in star and afterwards in 
delta, the voltage applied to each phase with star 


1 
connections, being only Vis ys = 0-578, the full line 
N 


voltage, which is applied to the phases with delta 
connections. The cost ofa star-delta starter for a small 
motor of, say, 1 or 2 h.p., is, however, a considerable 
proportion of the cost of the motor itself, as such 
machines can be turned out in quantity at a compara- 
tively low rate. 

Messrs. Higgs Motors, of Witton, Birmingham, who 
manufacturesall types of motors for direct-current, as 
well as for alternating-current circuits, now make, 
among their other products, a small squirrel-cage 
induction motor developing 1-2 h.p. at 1,400 r.p.m. 
This machine is sold at such a low price that the cost 
of most of the starters suitable for use with it, previously 
on the market, was more than half the selling price of 
the motor. They therefore decided themselves to 
produce a cheap, but reliable, starter for use with this 
and other motors, up to about 10 h.p., in order to keep 
the total cost of such installations down to the minimum. 


| As a result, they have been able to place upon the 


market a simple form of star-delta starter, without 
any automatic release devices, at about half the cost of 
similar starters previously obtainable. Even when 
fitted with a no-voltage and three overload release coils, 
the cost of these starters does not greatly exceed that 
of the average simple star-delta starter. It should be 
explained, however, that one of the factors contributing 
to the low manufacturing costs of Messrs. Higgs Motors’ 
starters, is that they are constructed largely of pressings, 
for which much of the material used is obtained from 
the scrap produced in the manufacture of motors 
which are the firm’s main product. To illustrate this 
point, we may mention that the copper contacts on the 
spring fingers of the starters are formed from the 
scrap ends of rotor bars, the core of the no-voltage 
release coil is made from the scrap from armature 





stampings, and the wire used for winding the overload- 
release coils is the short ends left over from winding 
armature or stator coils. By making use of scrap 
material in this way, it is obviously possible to reduce 
the manufacturing costs of the motors as well as of 
the starters. 

The accompanying illustration shows a star-delta 
starter made by Messrs. Higgs Motors and fitted{with 
no-voltage and overload release coils. In the illus- 
tration, the sheet-steel cover has been removed to show 
the interior, but it should, perhaps, be pointed out that 
these starters are intended for use in factories, 
workshops, &c., and are not suitable for employment 
in exposed positions out of doors, or for use in fiery 
mines, chemical works and other situations where they 
would be exposed to much moisture or corrosive fumes. 
The casing is formed of a steel back plate with cast-iron 
end pieces and a bent sheet-steel cover, normally held 
in position by screws. The stationary contacts are 
carried by spring arms mounted on a square bar, 
fitted with an insulating tube of Bakelite and screwed 
on to lugs projecting from the two end plates; the 
latter, it should be noted, are provided with tapped 
holes for conduit wiring. The movable contacts are 
also mounted on a square bar, insulated by a Bakelite 
tube, the bar being supported in bearings formed in 
the end plates. At the left-hand end, not visible in 
the illustration, the bar is fitted with a crank pin to 
which a strong helical spring is fitted in order to 
return the bar to the “ off” position when the overload 
or no-voltage releases come into action. The right- 
hand end of the movable contact bar is fitted with a 
star wheel, from the hub of which projects an arm 
carrying a spring pin. When the star wheel is rotated 
from the off position, in which it is shown in our 
illustration, the pin engages with the face of a cam 
ridge formed on the end plate, which depresses the pin 
so that it catches another projection on the end plate 
when the movable contacts are in the position giving 
the star connection. To move on from this position, 
the pressure on the star wheel must first be relaxed to 
allow the pin to spring outwards to clear the second 
projection, and when this has taken place, the wheel 
can be turned on to bring the contacts to the delta- 
connection, or full-running position. Here the 
pressure on the wheel must again be relaxed to allow 
the spring pin to move outwards into engagement with 
a trigger operated by the no-voltage release. When this 
comes into operation, the contacts will be returned to 
the off position by the helical spring acting on the 
crank pin, as mentioned above. 

The three terminals for the line connections can be 
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seen mounted on a plate of Bakelite, which also carries 
the three overload release coils. The lines are each con- 
nected through these coils to one of the fixed contacts 
which are arranged in groups of three at the top of the 
starter, the line connection being made to the contact on 
the right of each group, and the othertwo contacts in each 
group being connected to the ends of each phase of the 
stator windings. To give the star connection, the three 
fixed contacts on the right of the groups are connected 
together by the movable contacts, the latter being 
inter-connected by a stout copper wire not visible in 
the illustration, and the two remaining fixed contacts 
in each group are connected together. The delta 
connection, on the other hand, is obtained by connec- 
ting together the three contacts in each group, the 
movable contacts for this purpose taking the form of 
continuous strips, the edges of which are visible in the 
illustration. The connections to the no-voltage coil 
are taken from two of the fixed contacts which are con- 
nected together in the star position, so that the no-vol- 
tage and overload releases are inoperative while the 
motor is star connected. The actual connection to the 
coil is made through a copper bar which rests on 
two copper knife edges, visible in our illustration just 
above the overload coils. In the event of an overload 
occurring on any phase, the plunger of the coil in that 
phase will be pulled up so that an ebonite button on 
its upper end will lift the copper bar and break the 
circuit of the no-voltage coil. The laminated plunger 
of this coil will then fall on to a bent brass bar connected 
with the trigger holding the starting handle, allowing the 
latter to fly back to the off position and disconnect the 
motor; the same effect will, of course, be produced in 
the event of a failure of the supply. The extent of the 
overload current necessary to actuate the release 
can be adjusted between 20 per cent. and 50 per cent., 
by varying the height of the brackets under the overload 
coils, on which brackets the lower ends of the plungers 
rest. 

Starters of the type illustrated and described above 
are made either of the non-automatic type or with 
no-voltage release only; series-parallel starters and 
direct-starting switches, of generally similar design, are 
alsomade. They are suitable for voltages up to 600, and 
the maximum ratings are 5 h.p. up to 190 volts, 10 h.p. 
between 190 and 500 volts, and 7} h.p., between 500 and 
600 volts. The starters are of substantial construction, 
both electrically and mechanically, and the finish is 
quite up to the standard of ordinary workshop require- 
ments. 





AIR DISTURBANCES ROUND 
BULLETS IN FLIGHT. 


THE general object of the photographic study of 
bullets in flight, initiated by Mach about 1880, was the 
investigation of the air waves and the disturbances 
caused by projectiles at high speeds. Although speed 
determination temporarily became the chief object of 
such investigation, the general importance of the aero- 
dynamic problems was, of course, not overlooked, and 
the development of flying has brought those problems 
to the front. Bullets travel at speeds exceeding 2 km. 
per second, so that the air disturbances near them 
are of considerable magnitude, and as they are also 
crowded into a small space, their photographic study 
is not easy. There are but few methods available for 
these researches, and Messrs. T. Harris, J. T. Harris 
and J. J. Hedges, of the Woolwich Research Depart- 
ment, applied in their recent investigations* the 
shadowgraph method, introduced by C. V. Boys in 
1893, and since modified by various workers. 

Messrs. Harris and Hedges took photographs, at a 
few feet from the muzzle of a service rifle, S.M.L.E. 
pattern, of bullets generally flying at about 2,400 ft. 
per second. The report also reproduces some photo- 
graphs of bullets, taken by Cranz and Gretsch by the 
striae method of Toepler, at considerable distances 
from the muzzle. All these photographs show, in 
addition to the head and tail waves, the wake and 
the minor waves, which are often too faint for distinct 
reproduction in print. The general character of these 
waves can be seen from the diagram, Fig. 1. The 
head wave | and the tail wave 2, as well as cannelure 
waves 3, are usually well marked; wave 4 from the 
edge differs in slope from the others, and waves 5, from 
engraving marks on the bullet, are mostly faint. 
Noteworthy also are the conically-shaped region 7 
behind the base and the eddies of the wake 8. 

When waves are formed in a medium by a small source 
travelling at a uniform velocity v greater than the 
wave velocity a, the wave front is conical and the 
semi-angle of the cone is given by sin @ = a/v. In the 
case of the bullet head-wave, a is greatest near the 
nose and smaller farther away from the bullet, and 





; * Air Disturbances Round Bullets in Free Flight, 
Part II. R. D. Report No. 63. Research Department, 
Woolwich. H. M, Stationery Office, price 4s. net. 


| See ENGINEERING, October 15, page 490 ante. 





the wave front is not conical, but curved. The curva- 
ture is sharpest at N, Fig. 2, where the air compression 


is greatest, and @ = . At A, where the wave trace 


becomes a straight line, the pressure has already fallen 
to normal atmospheric value, although the distance is 
only a few inches, and the value of sin @ = a/v found 
shows that a, the velocity of the pulse, is there approx- 
imately the normal velocity of sound. There must 
therefore be very considerable changes in pressure over 
a very small space, and these changes have actually 
been determined by Captain R. Gretsch in the ballistic 
laboratory at Charlottenburg, by firing a bullet 
through the interference field of a Mach refractometer. 
Gretsch used long sparks in capilliary tubes and closed 
the secondary spark gap by the hot conducting gases ; 
not mechanically by their pressure, as has been done by 
others. The flat base of the bullet had a diameter of 
7-9 mm., and the velocity was 770 m. (2,530 ft.) per 
second. The pressure distribution deduced by H. C. 
Cranz and Gretsch is indicated in the diagram, Fig. 3. 
The pressure was 5 atmospheres at the nose and zero at 
the base, and this zero pressure range had a length of 
5mm. The curves of pressures of 4, 3, 2, &c., atmo- 
spheres are marked; midway above the bullet the 
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pressure at the head wave was 1-5 atmospheres, but 
close to the bullet only 0-1 atmosphere. Thus the 
pressure would appear to be concentrated near the nose, 
whilst the main body of the projectile moves in air at 
quite low pressure. 

The tail wave (2 in Fig. 1) does not always start 
from the base. At a lower velocity, (1,600 ft. per sec.) 
the tail wave started well clear of the base, the edge 
of which seemed to play no part in the formation of 
the waves. When the rear end of the bullet was 
pointed, the tail wave started from the side, near the 
end. At the origin, the wave 2 was generally split, as 
shown in the diagram. There were small eddies in 
the space 7, immediately behind the flat base, but 
when the rear end was conically truncated, these 
eddies were more pronounced. The vacuum is probably 
due to the inability of the air at once to fill up the 
space vacated by the bullet, but the wave 2, formerly 
regarded as a rarefaction wave, seemed rather to mark 
a compression, and to represent the envelope of all the 
little wavelets 4 originating in the conical space 7. The 
wake 8 marks the system of eddies following the bullet. 
As long as the streamline motion is slow, the vortices 
formed behind an obstacle remain stationary with 





respect to the obstacle. When the speed of the fluid 
is increased, however, the eddies are carried away with 
the stream and new eddies are periodically shed near 
the obstacle. In the wake, the eddies form near the 
end of the conical vacuous space, as can be seen in the 
photographs of Cranz. When the bullet tips up, so 
that the line of flight is at an acute angle with the 
geometrical axis of the bullet, the waves become 
assymmetrical, being more crowded on the upper side 
of the bullet, and the wake becomes curved, approxi- 
mately marking the actual path of the bullet. These 
features are shown better in the striae photographs, 
which show the slight changes in the refractivity of 
the air more distinctly than the shadow photograhs, on 
which the waves stand out more prominently. The 
vacuum at the rear of the bullet, and with it the drag 
on the bullet, seem to vanish when the end is pointed 
and the bullet is given a streamline form. How far 
this can be done in practice is being investigated. 





CALCULATING MACHINES AND 
INSTRUMENTS. 


THE Board of Education has prepared a new cata- 
logue describing the fine collection of calculating 
machines which are on view at the Science Museum, 
South Kensington. Many of the instruments here 
collected are of great historical interest ; while others 
represent the latest products of the factories. The 
earliest of all calculating machines is probably the 
Abacus, which is still largely used in certain quarters 
of the globe. Napier’s Bones probably rank next, 
and were at one time very popular, but fell out of 
favour as a knowledge of the multiplication table 
spread. Many examples are to be found in the Science 
Museum. Adding machines seem to have originated 
with Pascal, and the Museum possesses a copy of one 
of the original models. Modern arithmometers are 
directly derived from these. There is a very fine 
collection of this class of machine in the Museum, illus- 
trating in a striking manner the slow steps by which the 
standards of to-day were attained. The collection of 
slide rules is also exceedingly comprehensive, and is 
particularly worthy of study by those who aim to 
improve our present standard patterns, in order to 
learn what has already been attempted. Another 
interesting exhibit is the Scheutz difference engine, 
which was constructed in 1858 for the General Register 
Office, Somerset House, and was employed for some 
years in calculating and printing Life Tables. A 
number of machines for solving algebraic equations are 
described in the catalogue. None of them seem to 
have come into practical use, though a machine which 
could solve accurately simultaneous equations having, 
say, 20 variables, would find many applications. 

The Museum also possess a valuable collection of 
integrators and harmonic analysers. Amongst the 
latter is included the instrument devised by Michelson 
and Stratton, which can deal with expansions having 
as many as 80 terms. The catalogue is illustrated 
with photographs of the more interesting exhibits, 
and is published at ls. net by H.M. Stationery Office. 





Tae InstitTuTION oF CHEMICAL ENGINEERS.—The 
honorary secretary of the Institution of Chemical 
Engineers, Abbey House, Westminster, London, S.W.1, 
informs us that Mr. 8. G. M. Ure has been appointed 
honorary editor of the transactions of the Institution. 
He will also be responsible for the editorial matter 
appearing in the Quarterly Bulletin. 





THe Sierra Leone Rartway.—lIn addition to the 
usual financial and commercial data, the administration 
report, for the year 1925, of the Sierra Leone Railway, 
contains some interesting information regarding the 
difficulties encountered in running a railway through 
a partially-civilised tropical country. It is stated, for 
instance, that the trouble, which has always been 
experienced in regard to the thefts of permanent way 
fittings, was again in evidence during the year under 
review. 'The total number of steel keys used to replace 
those stolen or lost was 19,391, as compared with 
22,000 in 1924 and 22,780 in 1923. A serious wash-out, 
caused by a cloudburst, occurred near Clive Town in 
August, 1925. The rush of water softened and scoured 
away part of the bank, which gave way under a goods 
train, leaving a gap about 20 ft. long by 15 ft. deep, 
over which the rails and the train were, suspended. 
Fortunately, there were no_ serious consequences of 
the accident, and traffic was delayed for a space of twelve 
hours only. It is interesting to note that the wash-out 
caused by this abnormal rainfall was the first serious 
occurrence of the kind in the country, where the normal 
rainfall is. very heavy. A gratifying feature of the 
report is that the receipts from all sources during 1925 
amounted to 231,889/., an increase of 12,8431. over 
the 1924 total, and 19,3891. in excess of the estimated 
revenue. The number of passengers, the goods carried, 
and the train-miles run, all showed considerable increases 
over the figures for the previous year. The receipts 
per train-mile, namely, 9s. 1-79d., represented an increase 
of ‘6d. over the 1924 figure, and the expenditure per 
train-mile, namely, 6s. 11-56d., showed a decrease of 





10-4d. on that for the previous twelve months. 
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LABOUR NOTES. 


NOTWITHSTANDING the executive committee’s recom- 
mendation of acceptance, the district associations 
forming the Miners’ Federation rejected the Govern- 
ment’s proposed settlement terms by a substantial 
majority, 460,806 votes being cast against the pro- 
posals and 313,200 in favour of them.- The National 
Delegate Conference, which sat on Friday of last week, 
was, therefore, left with no alternative to formal 
rejection of the terms. Subsequently, on the proposi- 
tion of South Wales, it passed the following resolution 
by 520,000 votes to 286,000 :—‘* That this conference, 
having considered the whole of the circumstances, 
recommends all districts immediately to open negotia- 
tions with the coalowners in their respective districts 
with a view to arriving at agreements. The executive 
committee be asked to consider what general principles 
should guide the district organisations in their negotia- 
tions. No district shall enter into a final settlement 
until a further national conference is held to receive 
reports of all the negotiations.” 

On the following day, the executive committee 
submitted to the conference the following statement 
of general principles for the guidance of districts in 
making local agreements :—‘‘ (1) The method of ascer- 
taining the district’s percentage on basis rates to be as 
provided by the National Agreement of 1924. (2) The 
ratio of division of net proceeds to be 87 to 13. (3) A 
minimum percentage to be provided of not less than 20 
per cent. upon the standard wages prevailing on 
April 30, 1926. (4) The payment of April, 1926, 
subsistence wages to low-paid day wage men. (5) 
All agreements to be terminable by one month’s notice 
from either side. (6) Districts to endeavour to effect 
the complete re-instatement of all men and boys 
employed at April 30, 1926, on the lines provided by 
Clause 13 of the National Wages Agreement of 1921.” 
During this week most of the district associations have 
endeavoured, in conference with the coalowners in their 
area, to make local agreements, but how far the agree- 
ments effected embody the foregoing requirements, will 
not be officially known until the National Delegate 
Conference reassembles in London to-day. In South 
Wales there was failure to agree. 








In Nottinghamshire, where there has been a break 
away from the Miners’ Federation, a local agreement 
has been arrived at without reference to the general 
principles laid down by headquarters. It provides 
for the setting up of a district board, with an equal 
number of members from both sides, under an inde- 
pendent chairman. The ascertainment of profits is 
to be checked by a joint test audit of the owners’ books, 
carried out by independent auditors appointed by each 
side. Wages are not to be at a lower rate than the basis 
rates plus 38 per cent. The percentage payable to day 
workers is to be 7 per cent., in place of, as formerly, 
14-17 percent. The basis rates payable by the owners 
are to be :—90 per cent. on basis rates for December, 
80 per cent. for January and February, 70 per cent. 
for March, April and May, and 60 per cent. for June 
July and August. After that, the ascertainment is 
to be taken on the preceding three months. A seven 
and a-half hour day is to be worked. The agreement 
is to remain in force until December, 1931, and to be 
terminable thereafter on six months’ notice. It comes 
into force on Wednesday next. 





On Wednesday, in the House of Commons, the Prime 
Minister stated that, in view of the probable early end 
of the coal stoppage, the Government did not intend to 
proceed with legislation setting up a National Appeal 
Tribunal. 





According to The Ministry of Labour Gazette, 
employment remained bad, on the whole, during 
October. In many industries, including iron mining, 
iron and steel manufacture, the tinplate trade, heavy 


engineering, shipbuilding, and most of the textile | 


trades, it continued to be seriously affected by the 
shortage of fuel resulting from the coal-mining stoppage. 
There was some improvement in the cotton and 
pottery industries, but there was a seasonable decline 
in the building trades. Among the workpeople 
(numbering approximately 12,000,000) insured against 
unemployment under the Unemployment Insurance 
Acts in Great Britain and Northern Ireland, the 
percentage unemployed on October 25, 1926, was 13-6, 
as compared with 13-7 on September 20, 1926, and 
11-4 on October 26, 1925. Among the members of 
those trade unions from which returns were received, 
the centage unemployed was 13-6 at the end of 


r 
October, 1926, the same percentage as at the end of 
September, 1926, as compared with 11-3 at the end 
of October, 1925. The figures for October 25 and 
September 20, include mine workers who were not 
disqualified from benefit under the Unemployment 
Insurance Acts by reason of the dispute, 
for Septem ber 20 have been revised, 


The figures 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during October resulted in an increase of nearly 21,0001. 
in the weekly full-time wages of nearly 310,000 work- 
people, and in a reduction of 2001. in those of 850 
workpeople. These figures do not include the effect of 
any changes in the rates of wages of coal miners, which 
may have been made on or after resumption of work, 
as to which complete statistics are not yet available. 
The principal groups of workpeople whose rates of 
wages were increased included textile bleaching, dyeing, 
finishing, &c., operatives in Yorkshire, Lancashire and 
Scotland, iron puddlers and iron and steel millmen in 
the Midlands, iron miners in Cleveland and Cumberland, 
blast-furnacemen in Cleveland, blast-furnacemen and 
iron and steel workers in South Wales and Monmouth- 
shire, and sheet-steel millmen and galvanisers in various 
districts in England and Wales. There were also 
increases in the minimum rates of wages fixed under 
the Trade Boards Acts for workpeople employed in 
boot and shoe repairing. 





During the ten completed months of 1926 the changes 
reported to the Ministry of Labour, in the industries 
for which statistics have been compiled, resulted in net 
increases amounting to 17,000]. in the weekly full-time 
wages of 140,000 workpeople, and in net reductions of 
nearly 70,000]. in those of 770,000 workpeople. These 
figures are exclusive of the effects of any recent changes 
in rates of wages in the coal-mining industry. In the 
corresponding period of 1925 there were net increases 
of 77,0001. in the weekly full-time wages of 840,000 
workpeople, and net reductions of over 150,000/. in those 
of 890,000 workpeople. 





At the beginning of October about 900,000 work- 
people in the coal-mining industry continued to be 
involved in the stoppage of work which began on 
May 1. The aggregate number of working days lost 
by workpeople taking part in the dispute, was about 
18,500,000 in October, making a total of 126,500,000 
since the beginning of the stoppage. Apart from the 
coal-mining dispute, the number of trade disputes, 
involving stoppages of work, reported to the Ministry 
of Labour as beginning in October was 12 ; in addition, 
nine disputes which began before October were still in 
progress at the beginning of the month. The total 
number of workpeople involved in these 21 disputes 
(including those thrown out of work at the establish- 
ments where the disputes occurred, though not them- 
selves parties to the disputes) was about 3,000, and 
the estimated aggregate duration of such disputes in 
October was about 10,000 working days. 





Writing in the report of the General Federation of 
Trade Unions for the third quarter of the current year, 
Mr. W. A. Appleton, the secretary, says :—** The 
assumption that nationalisation will benefit the miners 
is not necessarily a sound one, but even if its sound- 
| ness could be fully demonstrated, Trade Unionists are 
| justified in asking whether the Trade Union Movement 
is under any obligation further to sacrifice itself for the 
Miners’ Federation. What the unions did in May last 
| has dissipated their funds and destroyed the trade by 

which their members lived. Since the general strike, 
the Railwaymen declare, they have had 49,000 totally 
| unemployed, and 200,000 on three days per week. The 
Transport. Workers assert that they have 80,000 unem- 
| ployed and 200,000 partly-employed. _If the workers’ 
|average weekly wage loss per individual is only 
|30s., these two unions alone have, in _ effect, 
|levied themselves 793,500]. per week. Other unions 
| have suffered in similar ratios, and this in addition 
|to their direct money grants and the indirect 
| contributions of their members. It is as ungenerous 
| as it is unjust for the miners to demand further sacri- 











| fices, or to, place upon other trade unions the respon- | 


sibility for their own failures. These failures are due, 
not to want of generous support, but to official incapa- 
| city to understand the economic facts of the situation 
as it existed in April, and to the incompetent leadership 
of the past six months.” 





In Mr. Appleton’s opinion, the fact that the Trade 
Unions Congress General Council has borne silently 
with the incompetence displayed and the losses inflicted 
“speaks more for its charity than for its wisdom.” 
“The frenzied denunciation by the Miners’ Federation 
of its associates in error may,” he goes on to say, 
*« distract some attention, but it cannot absolve them of 
liability. They have imposed grievous burdens, not 
only upon their own members, but upon the community. 
In the circumstances, they have done so much to 
create, national purchasing power has diminished and 
prices have risen: and until hard work by the miner, 
as well as by workers in all other grades of life, has 
restored financial equilibrium, it is idle to talk of 
raising the common standards of life, as it is useless to 


talk of materially and economically reducing the 
volume of unemployment. To the disadvantages of 
their poverty, trade unions must also add those of 
decreasing memberships. Upon those with super- 
annuation schemes and high average ages, these dis- 
advantages will fall with particular severity. The 
lapses are not due to any loss of belief in the principle 
of Trade Unionism, or of faith in its efficacy as a means 
of assisting to procure fair wages and conditions. The 
trouble arises from the idea—and this is growing 
amongst the steadiest members—that the unions have 
departed from their functions, and have wasted their 
substance over things which were outside their juris- 
diction and beyond their capacity.” 





One hundred and fourteen societies with a total 
of 735,881 members are now affiliated to the General 
Federation of Trade Unions. Like other organisations 
of the same kind, the Federation continues, Mr- Appleton 
says, to lose members. The latest secession is that 
of the Boilermakers’ Society, which, with an over- 
draft at the bank of 173,0001., finds itself unable to 
pay its contributions. Other unions are in a similar 
situation, but most are making heroic efforts, he 
states, to meet this particular liability. “ With un- 
employment at 25 to 50 per cent., with actual friendly 
benefits gone by the board, it is difficult,” he admits, 
“for any union to keep up contributions for prospec- 
tive trade-union benefits.” 





The award of the Court of Inquiry on the subjects 
of wages and conditions in the coal trimming industries 
was formally adopted by representatives of both 
sides at a meeting in London last week. Points of 
interpretation were discussed and adjusted, and a sub- 
committee was appointed to prepare a new edition of 
the tariff embodying the alterations occasioned by the 
recommendations of the Court. The new conditions 
will operate, it is expected, from the beginning of the 
New Year. 





In the House of Commons last week Mr. Dixey 
asked leave to introduce a Bill ‘“‘to prevent any 
strike or lock-out in any industrial dispute until a 
preliminary arbitration has taken place before a 
properly-constituted court.” Mr. Hayday opposed the 
Bill, which was, in his opinion, ill-thought-out,and would 
really amount to a licence for strikes and lock-outs. 
On a division, the House granted leave by 139 votes 
to 82, and the Bill was read a first time. 





The Ministry of Labour states that on November 15, 
1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,551,500, of whom 1,202,400 were men, 40,300 
boys, 269,300 women, and 39,500 girls. Of the total 
number, 78,400 men, 200 boys, and 700 women were 
“persons normally in casual employment.” On 
November 8, 1926, the total number of unemployed 
persons was 1,562,959, of whom 1,209,150 were men, 
41,246 boys, 272,568 women, and 39,995 girls ; and on 
November 16, 1925, it was 1,196,237, of whom 961,618 
were men, 33,086 boys, 173,425 women, and 28,108 
girls. The total of 1,551,500, on November 15, does 
not include ** persons who ceased work in the coal- 
mining industry on account of the dispute.” 











The writer of an editorial note in the official organ of 
the American International Association of Machinists 
states that it has been “a long, long time since there 

| Was so great a display of enthusiasm as now prevails in 
| the ranks of the union. Both in the United States 
and in Canada our members are,”’ he says, “ up on their 
toes boosting their organisation, conducting organising 
campaigns, holding open and get-together meetings, 
and exhibiting generally that spirit of determination 
to rebuild the Association to its former strength, 
which can only result in success. While it is true 
| that there is no tremendous influx of new or re-instated 
| members into our fold, nevertheless, steady gains in 
membership are reported by nearly all sections of the 
|country. It is much better,” he thinks, “‘ to build in 
| this manner and hold our gains than to experience a 
| mushroom growth, which, as a rule, is dissipated as 
|rapidly as it grows. Not only are we growing in 
| numbers, but there is ample evidence at hand to show 
| that the organisation is functioning in the interest of 
its members by securing better working conditions, 
| shorter hours and increased wages in many parts of the 


| country.” 
| 





| TheLouisiana legislature has passed a law establishing 

| @ maximum eight hour day and forty-eight hour week 
for children under 16 years of age, improving the 
provisions as to the issue of employment certificates to 

| children going to work, and requiring a child to obtain a 

| certificate of physical fitness from a public health officer 

| ora public school physician before receiving an employ- 
ment certificate. 
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NOTES ON NEW BOOKS. 


A text-book on ‘‘ Higher Mathematics for Students 
of Engineering and Science ” has been published by 
Messrs. Macmillan and Co., Limited, at 10s. net. The 
author is Mr. F. G. W. Brown, M.Sc., who is lecturer 
in engineering mathematics at the West Ham Muni- 
cipal College. The work starts with a discussion of 
the binomial theorem, which is followed by a short 
section on determinants and their applications. This 
is followed by a chapter on trigonometric formule, 
in which complex numbers are introduced and 
the hyperbolic functions described. Next comes a 
short chapter on spherical trigonometry. The 
differential calculus is taken up in Chapter V, and 
considerable space is given to partial differentiation, 
and to the transformation of expressions from one 
set of variables to another. The integral calculus is 
introduced in Chapter VI, and the usual standard 
methods of integration are fully described. There is 
a section on Gamma functions. The Taylor and 
Maclaurin expansions are described in a subsequent 
chapter. The solution of algebraic equations is next 
discussed, and Horner’s and Graeffe’s methods of 
approximating to the roots described. Graphical 
methods are also dealt with. These are particularly 
useful for approximately locating a root which may 
then be determined to a higher degree of accuracy by 
analytical methods. Newton’s method of doing this 
is described, but the name of its inventor seems to be 
missing. Finite differences are discussed in connection 
with the problem of finding empirical equations to 
represent experimental data. It would have been well, 
in this connection, if the author had stressed the 
importance of basing such empirical formule, wherever 
possible, on some physical picture of the mechanism 
involved in the phenomena studied, and where this is 
impossible of at least making sure that the equation 
is dimensionally sound. If these precautions are not 
taken, extrapolations beyond actual experimental 
data are apt to be seriously in error. Considerable 
space is devoted to co-ordinate geometry, and in 
the concluding section of the volume the simpler 
forms of differential equations are discussed, but 
the subject of partial differential equations, which 
is important in the theory of elasticity and also 
in thermodynamics, is not entered on. The book, 
as it stands, covers a very wide range, and will prove 
useful as a work of reference. The order in which the 
subjects are taken up is in some respects unusual, but 
is probably based on the author’s experience, since 
engineering students generally have acquired from the 
indicator diagram some knowledge of co-ordinate 
geometry, even though they may be unacquainted with 
the term. There are numerous examples by which the 
student can test his understanding of the text. 





Whether we ascribe the recent scientific advance, 
especially in the domain of radiation, in part to the 
perfection of vacua, or whether we say that vacua 
have been perfected because science called for the 
improvement, it is certain that the great progress in 
this subject claims wide attention, and that old 
text-books are little help to the inquirer. Lectures like 
those delivered by Dr. G. W. C. Kaye, before the 
Royal Society of Arts, on the production and measure- 
ment of high vacua (ENGINEERING, February 19 ef seq., 
1926) are, therefore, much appreciated. For similar 
reasons, Dr. Alexander Goetz’s “Physik und Technik des 
Hochvakuums”’ (Braunschweig: Friedr. Vieweg & Sohn; 
price 16 marks), is sure of a welcome ; it is the second, 
enlarged edition of a work which first came out in 
1922. Dr. Goetz is lecturer in physics at Gottingen. 
In this enlarged edition, physics predominate somewhat 
over the technical aspect, partly perhaps in recognition 
of the fact that Dushman’s excellent book of 1922, on 
the same problems, went closely into practical detail. 
The modern high-vacuum pump is the direct outcome 
of the kinetic theory of gases, and this is therefore 
explained. So far as Maxwell’s distribution law is 
concerned, Dr. Goetz follows G. Jaeger’s exposition. 
That he discusses getters, such as phosphorus, metals, 
etc., evaporated in the vacuum to absorb residual gases, 
as electro-chemical gas binders, may appear peculiar. 
Dr. Goetz is probably right, however, in attributing 
the getter effect, and likewise the gradual hardening of 
worked Réntgen bulbs, as much to the electric discharge 
as to chemical combination. Some names may be new 
to the English reader, but no mention is made of the 
pumps of Backhurst-Kaye, Holweck and Parsons, or of 
glass-metal welding. The author, however, by no means 
neglects the practical side. On the contrary, he gives 
everywhere valuable hints to the experimenter and 
designer, discusses the constructions critically, and 
points out sources of possible trouble. The book is well 
written and instructive throughout. 


Staybrite steel is now well known among engi- 
neers and steel users, and the general consensus of 
opinion is that it constitutes a distinct advance in the 





development of rust-resisting steels. Not only does 
it present a satisfactory resistance to a very wide range 
of corroding media, but it also possesses excellent 
mechanical properties which render it suitable for a 
variety of purposes. A book entitled “ The Develop- 
ment of ‘ Staybrite’ steel : Its Properties and Uses,” has 
been published recently by Messrs. Thos. Firth and 
Sons, Limited, Sheffield. (Price 12s. 6d. net). This, 
in reality a text-book of data collected from investi- 
gations carried out in the research laboratories and in 
the works of Messrs. Firth, will be weleomed by metal- 
lurgists in all parts of the world. Interesting details 
regarding the manufacture, manipulation and machining 
of the material are given in the first four chapters. 
Complete tables are appended giving particulars of 
speeds, feeds and cuts, which have been found to give 
satisfactory results with Staybrite steel. Two important 
sections are devoted to the mechanical and general 
physical properties of the material; the effects of 
various heat treatments and of cold working on the 
mechanical properties of the steel, are given in some 
detail. Fatigue values have been determined by means 
of the Wéhler rotary-bend testing machine. In the 
softened condition, the fatigue limit of the material 
is shown to lie between + 17 and + 17-5 tons per 
squareinch. In the high-tensile condition, on the other 
hand, the fatigue limit of the steel is in the neighbour- 
hood of + 21 tons per square inch. A fair amount of 
space is naturally devoted to the effects of acids and 
various chemicals on Staybrite steel; the effect of 
contact between the material and other metals is also 
dealt with. Itis quite evident that an immense amount 
of time and trouble has been expended in making these 
corrosion tests complete, and the compilers are to be 
congratulated on the very accurate picture they have 
presented to their readers. A chapter headed ‘“‘ The 
Applications of Firth ‘ Staybrite’ Silver Steel” is 
included, and distributed throughout the book are 
numerous illustrations depicting actual pieces of 
apparatus and miscellaneous articles which have been 
manufactured from the material: The volume closes 
with a chapter on the theory of corrosion by Dr. W. H. 
Hatfield. This is an excellent and succinct résumé of 
modern opinions on this’ most important subject. 
The book contains 96 pages and is well printed and 
nicely bound. 


There is,. we believe, no single publication which 
contains so much information on the subject of the 
development of service and civil aviation throughout 
the world as “All the World’s Aircraft,” the 1926 
edition of which has recently been issued. Founded 
sixteen years ago by Mr. Fred. 'T, Jane, and nowcompiled 
and edited by Messrs. C. G. Grey and Leonard Bridgman, 
this publication, which appears annually, gives 
particulars of practically all existing aircraft, any one 
of which can be found with the aid of an efficient 
general index. In most cases, photographs and 
outline drawings of machines are reproduced, and 
tables of data are included, together with descriptive 
notes. Aircraft engines are similarly dealt with in a separ- 
ate section, and there is also a section devoted to air- 
ships, although the airship section is naturally not very 
extensive. The first section of the book is designated 
‘*‘historical,’”’ and is, in fact, historical in the sense 
that it deals with the important events and general 
development of aviation in each country during the 
year preceding the publication of the volume. Very 
little is said with regard to the early history of the 
subject, but, by studying successive volumes, it would 
be possible to obtain the complete account of the 
various stages in the development of aviation in 
any country in their exact chronological sequence 
that is so desirable to the historian. We notice that 
the section previously devoted to helicopters now 
contains only an account of the Cierva autogiro 
machine, which, strictly speaking, is not a helicopter 
at all, although it possesses some of the desirable 
characteristics of that class of aircraft. It would, how- 
ever, have been just as illogical to include this machine 
among the aeroplanes, so that our comment on its 
classification is hardly in the nature of a criticism. 
The book would certainly have been incomplete 
without a description of the autogiro, and also of 
the Hill tailless aeroplane, which is dealt with in 
the aeroplane section, as these two machines are 
probably the most outstanding developments in 
aviation in the year under review. With regard to 
the trend of progress, Mr. Grey remarks in his preface 
that the British aircraft industry is tending more 
and more to the use of steel for aeroplane construction, 
and mentions that progress is being made in the 
development of flying boats and in enginedesign. The 
editors and the publishers, Messrs. Sampson Low, 
Marston and Co., Limited, 100, Southwark-street, Lon- 
don, S.E.1, are to be congratulated upon the production 
of the work, the arrangement being very convenient 
and the printing, of both text and illustrations, ex- 
cellent. The price, of two guineas net, appears also to 
be very moderate, when the size of the book and the 
labour involved in its preparation are takea into account. 





DRYING MACHINES FOR INDUSTRIAL 
PROCESSES. 


THE success of certain important industrial processes, 
such as cotton spinning, depends directly on the amount 
of water present in the material at the time the opera- 
tion is carried out. There are, however, a considerable 
number of other materials which are affected by 
moisture to a greater or lesser extent and research in 
methods of manufacture, and new discoveries, are 
increasing the list of such materials, each with 
its own specific problems. Of these, artificial silk 
may be adduced as probably the most recent addition. 
In the matter of the control of humidity, inventioa has 
kept pace, in the main, with demand, and modern 
methods of drying—or conversely, adding moisture, 
t.e., conditioning—have become thoroughly reliable, 
due to the more effective control it is now possible 
to exercise, and from this it follows, as a corollary, 
that they have become more economical in working. 

We propose, in this article, to describe and illustrate 
two of these modern methods in the Turblex and 
Turbo-Simplex drying machines manufactured by 
Messrs. Tomlinsons (Rochdale), Limited, Soho Works, 
Rochdale. The two machines differ essentially in con- 
struction, though they have in common the use of 
heated air currents caused to move in a rotary path 
by the employment of a special form of fan. The 
Turblex is a drying machine, in the form of a tunnel 
through which the material is slowly and continuously 
moved, while the Turblo-Simplex consists of a series of 
chambers in which the material is left until the operation 
is completed. We may deal with the Turblex machine 
first. Itis illustrated in Figs. 1 to 6, on page 660, while 
Figs. 7 and 8, on page 661, refer to the Turbo-Simplex 
machine, and Figs. 9 and 10 are common to both. 

The Turblex machine varies in size and arrangement 
according to the particular purpose for which it is 
intended. In some instances it is required for drying 
only, when it may be relatively short; in others, 
a definite percentage of moisture is required in the 
material, and the consequent more protracted operation 
of adding this after drying increases the length of the 
machine. Fig. 1 is an illustration of the latter case 
and shows an outline of a large machine for drying, 
cooling, and conditioning artificial silk hanks. The 
tunnel is divided transversely into ten chambers. 
The first seven of these are used for drying, and are 
followed by the cooling chamber and two conditioning 
chambers. It may seem paradoxical to divide a 
continuous tunnel into chambers not having actual 


partitions, especially when moisture is abstracted by - 


hot air, cooling effected by fresh air, and moisture 
restored again by water sprays, all the operations 
going on at the same time. Yet, by means of correct 
location of the air distributing fans and appropriate 
size and disposition of the air-heating surface, it is 
quite possible to establish what are practically definite 
zones. As before stated, the material is slowly passed 
through the tunnel on carriages, two of which are 
shown at the ends of the figure. 

The tunnel consists of a sheet-steel casing which, in 
the drying section, is double, the space between the walls 
being filled with insulating material, and in the cooling 
and conditioning sections is single. A longitudinal 
partition on each side divides the tunnel into a central 
passage about 8 ft. in width and two side passages 
about 18 in. wide. 

In these side passages are situated steam-heating 
pipes for the drying chambers, and water sprays for the 
conditioning chambers, suitable ports and passages for 
the circulating air being, of course, provided in the 
partitions. The air travels in the opposite direction 
from that of the material, the moist air leaving the 
machine as the wet material enters it. The air follows 
what is, broadly speaking, a spiral path through the 
machine. 

The Turblex fan, from which the names of the two 
machines are derived, is a disc fan, on the face of which 
are six curved blades of the full diameter of the disc. 
Between each pair of blades are two smaller ones, 
extending only a little way inwards from the periphery 
and bearing some resemblance in outline to the blades 
of a reaction turbine. A reference to Fig. 2 will show 
the situation of the fans in the side passages, into which 
they discharge the air drawn in from the ceatral 
passage through a suction orifice in the partition at the 
fan centre. From the sides, the air is directed into the 
central passage again, by baffles curved in such a 
manner that it follows a roughly circular course through 
the material, the suction effect of the fan assisting in 
maintaining the direction given by the baffles. With 
no other aid than this, the air would merely circulate 
through the material and, it is clear, would cease after 
a time to be effective. To avoid this, the part of the 
machine that takes the place of the fan casings is shaped 
so as to give the air currents an impetus towards the 
adjoining chamber. There the air is picked up by the 
fan in that chamber, circulated, and then passed on once 
more. This cycle is repeated through all the drying 
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chambers, at the last one of which it is discharged, by 
that time being in a saturated condition and at its 
highest temperature, and therefore well suited to meet 
the incoming material. 

The shape of the pseudo-casings is shown in Figs. 1 
and 2, while the course of the air will be clear from 
Figs. 5 and 6. The amount of air entering the tunnel 
is governed by the amount leaving it, which is controlled 
by the regulation of the fans in the end chamber 
as may be determined bythe attendant. As the 
operation is, in effect, only a speeding up of the normal 
process of water evaporation, and not merely the 
subjection of the material to a simple stream of air 
blowing in one direction, it follows that the air dis- 
charged is relatively small in quantity and the duty 
required to drive the fans is low, being less than one 
horse-power per fan, The air for cooling is obtained 
from the atmosphere ; in the case under consideration, 
it is drawn through a filtering chamber. The drying 
chambers take air from the cooling chamber in such a 
machine ; ina purely drying machine, such as is shown 
in Fig. 5, it is taken in at the end. The air for con- 
ditioning is also cool, or, at most, slightly heated. A 
reference to Fig. 1 will show that the casings are so 
arranged in the conditioning chambers that there is no 
spiral travelling action of the air currents. Humidi- 
fication is effected by water atomising sprays in the side 
passages, as shown in Fig. 4, over which the air passes. 
Uniform diffusion is obtained by means of expanded 
metal grids or other bafiles, and the number of sprays in 
action regulates the percentage of humidity. 

The heating apparatus in the drying chambers consists 
of a number of gilled pipes through which live or exhaust 
steam is passed. Not more than 1-5 lb. of steam per 
pound of water evaporated is required for drying, the 
precise amount depending naturally on the kind and 
state of the mategial; thus, makers of paper boards in 
Italy report that their consumption is not over 1-2 Ib. 
in a Turblex machine, as against double that. by their 
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old methods. The steam pressure adopted in the 
heating pipes also varies, but, again, taking an example 
in paper board drying, a Turblex machine in Germany is 
producing conditioned boards at the rate of between 
8-8 tons and 9-8 ‘tons per hour with a pressure of 
30 lb. per square inch. The total fan horse-power, in 
this case, is 17. 

The construction of{the heating pipes is ingenious 





and, we believe, unique. A large battery of them 
| operating with a wheel fan 54 in. in diameter, which 
| displaces 30,000 cub. ft. of air per minute, is shown in 
| Fig. 9. This is a somewhat special arrangement and 
|does not represent the heaters fitted in the tunnel 
side spaces, which have usually only one or two rows 
of tubes, but it illustrates very well the appearance of 
a Turblex heating unit and brings out an important 
feature in its construction. This is that there are no 
‘“* made ”’ joints inside the drying machine ; every joint 
or connection is welded, thus entirely preventing 





leakage of steam. The necessity for avoiding steam leak- 
| age into the air currents is apparent, while the incon- 
| venience caused by having to repair a flanged joint inside 
| the tunnel will also be recognised. The tubes themselves 
| are ordinary iron steam pipes about 1} in. in external 
| diameter, and the gills are formed by winding on to them 
| in a lathe a ribbon or strip of iron with its width normal 
| to the surface of the pipe. The outside diameter of the 
| gill thus formed is about 4} in., and the manner by 
| which the inner edge of the strip accommodates itself 
| to the smaller radius of the pipe, by buckling on alter: 
nate sides, will be clear from Fig. 10. The area of the 
radiating surface of this form of ring is larger than that 
of a flat washer-like ring of the same diameter, and the 
' contact produced in winding is so good that the thermal 
efficiency is high. The pitch of the gills is about } in., 
and it is only necessary to weld on to the pipe alength of 
2 in. at each end in order to keep the whole stripin place. 
The total area of the heater and its position in the 
tunnel varies with the material to be dried. Anexample 


of this is given in Fig. 5, which shows a machine for 
dryingfonly, that is, without the conditioning chambers. 
The largest amount of heating surface is provided in the 
chamber into which the wet material enters, and the 
amount ‘decreases successively, chamber by chamber, 
towards the end, which is the outlet for the material 
and the inlet for the air. Thus, the coolest air is also 
the driest, and the risk of damage from excessive 
temperatures is very greatly reduced. The variation 
in the vertical spacing of the tubes is the result of 
careful experiment, and the arrangement differs with 
the material being handled. 

The passage of the material through the machine is 
commonly effected by loading it on carriages which run 
on rails Jaid through the machine. Near the mouth of 
the tunnel is a mechanical device for moving the 
carriages. The first full carriage is pushed in by hand 
and engages with the mechanism of the propulsion gear 
underneath it. This operates the carriages successively, 
moving the first carriage one space forward when the 
second is inserted. On the entrance of the third car- 
riage the propulsion gear pushes along the first two, 
and so on. When sufficient carriages have been 
added, those containing the dried material are pushed 
out at the farend. Obviousiy, the length of the tunnel 
as well as the number of carriages, depend upon the 
rate at which it is desired to treat the material, and 
whether it is to be dried only; dried and cooled; or 
dried, cooled, and conditioned. 

Fig. 2 indicates two methods utilized for the con- 
veyance of material through the tunnel. The left- 
hand side shows a mechanically-propelled carriage fitted 
with rods from which hanks of material are suspended. 
By a slight modification, the carriage can also be fitted 
with reticulated trays which may contain fibres, food 
stuffs, hats, hides, tobacco and many other materials 
which cannot very well be suspended. Conveyor belts, 
either single or in tiers, are sometimes used for these 





materials, The right-hand side of Fig. 2 shows a method 























Nov. 26, 1926.] 





TURBO-SIMPLEX APPARATUS 


CONSTRUCTED BY MESSRS. TOMLINSONS 


Fig. 7. 
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adopted by some artificial silk manufacturers for 
drying the silk hanks under tension. They are 
threaded over bars which are then forced apart by 
toggles actuated by screws. In the figure, the top pair 
of bars is shown collapsed. Figs. 3 and 4 show material 


in hanks suspended from rods which are not supported 
in carriages, but are conveyed by endless chains running 
through the tunnel. Incidentally, Fig. 3 is a section 
through the cooling chamber and Fig. 4 is one through 
the conditioning chamber. Bobbins holding material 
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are usually threaded on rods supported on carriages. 
Paper boards are passed through the machine in both 
ways, either suspended in carriages, or clipped to rods 
which run on conveyor chains. About one horse-power 
is needed to handle 10 tons of paper boards per hour 
by the latter method. The latest type of paper board 
| drying, cooling, and conditioning machine is made in 
| the compact form of a double tunnel, with reversing 
| chambers at the ends and the fans in the centre between 
| the two tunnels. This design not only shortens the 
machine, but delivers the dried material at the same 
|end as that at which it is loaded, which is, in some 
| instances, a very convenient arrangement. For drying 
textiles in the piece, the cloth is run through the machine 
| in a number of loops hanging from closely pitched rollers 
at the top. A similar arrangement is adopted for wall 
paper. 

It will be noticed in Fig. 1, that some of the fans 
are situated at the top of the machine and others at the 
bottom. ‘This is due to the fact that with delicate 
yarns and fibres like artificial silk, the air currents must 
take a downward path through the material to avoid 
entanglement of the strands ; hence the fans are placed” 

|at the bottom of those chambers where the drying is 
|more nearly completed. The drive of the Turblex 
|machine is usually by motors with belts connecting 
|the various shafts. Water-circulating pumps are 
| supplied for conditioning, and there is a full equipment 
| of thermometers, pressure gauges, &c. ‘The machine 
can be operated by one attendant. The general 
| power requirement may be taken at I h.p. for every 
150 Ib. to 70 1b. of water evaporated per hour. As 
| regards the space occupied, about 65 sq. ft. is needed 
| for a machine suitable for evaporating 90 lb. to 130 1b. 
of water per hour. 

The Turbo-Simplex machine, like the Turblex, is 
capable of handling a great variety of materials, 

| though it has been developed largely to meet a demand 
| . , . 

|for a machine of the ‘chamber’ type for use in 
lcertain of the artificial-silk processes, particularly 
those in which the hanks are dried whilst stretching. 
| It is a drying machine only, and may consist of from 
| two to six chambers. We give an illustration of the 
| latter size in Fig. 7. It is a plain rectangular structure 
with insulated walls and doors. Each chamber has 
a pair of doors connected by a system of levers and 
| rods to the various air-control valves, with the result 
| that the operation of these valves is automatic. Two 
|continuous passages run from end to end of the 
|machine. One of these, at the back, triangular in 
leross section, is formed by a partition across tho 
| angle made by the top and back. It acts as a channel 
of communication between the last heating space 
and the first chamber, in the latter of which it is 
provided with a valve. The other passage is circular 
| in cross section. Itis provided with a square butterfly 
| valve in each chamber, and terminates in an exhausting 
| fan at the end of the machine. A steel shaft also runs 
from end to end and on this are mounted two Turblex 
fans for each chamber, one at each side. The six 
chambers are separated by hollow walls divided by a 
vertical partition into two parts, each of which forms 
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a heating space, and contains gilled heating pipes 
similar to those of the Turblex machine. The division 
walls do not extend quite to the bottom of the chambers. 
A circular butterfly valve in the roof of each chamber | 
communicates with the atmosphere. It will thus be 
clear that each chamber, except the first, contains 
two valves and has a heating space, with its Turblex 
fan, on each side, the heating spaces of adjacent 
chambers communicating with one another at the 
bottom. The first chamber has an extra valve on the 
back passage. 

The path of the air currents through the Turbo- | 
Simplex is somewhat similar to that through the Tur- 
blex machine; thus there is a circular motion within 
the chamber caused by the discharge of air from the 
four peripheries over the heaters and its re-entrance to 
the fan suction after passing over the material, whilst | 
there is also a movement along the machine as a whole, | 
the hot air being transferred from one end to the other 
along the back triangular passage to ensure this circu- | 
lation. The moist air is removed from the chambers | 
through the exhaust passage under the suction effect of 
the fan at the end of it. The operation of a six-chamber | 
machine is as follows: Supposing it to be empty at the 
start, all doors and valves closed, the fans running, and 
steam on the heaters, the moist material is charged 
into the first chamber and the doors are closed upon it. 
For about fifteen minutes, circulation is maintained | 
by the entrance of fresh air through the round valve | 
of chamber No. 2, and by its exit through the square 
valve in No. 1. Chamber No. 2 is now charged, and 
the act of closing its door closes both the above- 
mentioned valves and opens the round valve in No. 3 
and the square valve in No. 2. This cycle is then 
repeated all along the line of chambers, the air being 
admitted one chamber ahead all the time, When 
chamber No. 6 is charged, 90 mins. after chamber No. 1, 
the air is admitted through the round valve in No. 1, 
the material in this chamber having then probably been 
dried and in a state for cooling off. A disc marked 
“ Dry” is exposd automatically on those chambers 
which are ready for discharge, and it is only a matter 
of charging the chambers in the proper sequence to 
ensure absolutely correct manipulation of valves, the | 
operation being eatirely automatic. 

Access for inspection may be had at any stage, 
provided that the doors are not opened to an angle 
greater than 45 deg. The over-all length of a six-cham- 
ber machine is 47 ft. 6in. Its height is 10 ft., and its 
depth from front to back is 8 ft. 9in. Each chamber 
will hold 100 Ib. (weighed dry) of artificial silk hanks, 
containing up to 300 per cent. moisture, on stretched 
frames. Wool, loose cotton, or hanks can be dried at 
the rate of 200 Ib. (weighed dry) per hour, 60 per cent. 
of moisture being evaporated. With material con- 
taining originally 100 per cent. of moisture, 120 Ib. 
(weighed dry) can be dried, and so on. Thus, in a 
six-chamber machine, a total weight of wet material 
amounting to 1,440 lb. can be dried to a weight of 720 
lb. per hour. The Turbo-Simplex machine, like the 
Turblex, can be operated by one attendant, and its 
power requirements are equally low. 








THE OPTICAL SOCIETY. 


At a meeting of the Optical Society held at the 
Imperial College of Science and Technology, South 
Kensington, on Thursday, November 11, 1926, the 
following papers were presented and discussed :— 

“The Effect of Slightly Selective Absorption in the 
Paint used for Photometric Integrators,’ by J. W. 'T. 
Walsh, M.A., and W. Barnett. This paper stated that 
a sensibly non-selective internal coating for photometric 
integrators was very difticult to produce, and still more 
difficult to maintain. It was clear that when lamps of 
different colour temperatures were compared in an 
integrator with an internal coating which showed 
selective absorption in, say, the blue, the values of 
candle-power obtained for the lamps of lower colour 
temperature would be too high and vice versa. The 
existence of this effect had long been known, but its 
magnitude had not hitherto been determined to any 
degree of accuracy. The paper described a theoretical 
treatment of the problem and gave a simple method for 
calculating the magnitude of the effect in the case of 
sources having a spectrum approximating to that of a | 
black body. The method had been tested by actual | 
photometric measurement, and a satisfactory agreement | 
between theory and practice had been found. It was | 
shown that, in work on normal type electric lamps to an | 
accuracy of 1 per cent. to 2 per cent., a quite noticeable | 
coloration of the light might be produced by the sphere, 
either on account of paint or window selectivity or 
both, without the necessity for making any correction 
to the measured values of candle-power. — 

An Accurate Method of Ascertaining the Position of | 
the Focal Point of an Optical System,” by Conrad Beck, 
C.B.E,, dealt with a simple and accurate method of 
finding the positions of the foci of different zones of 








| where the images formed a symmetrical cross. 
| of measurements, by this method, of the zonal aberra- 
‘tions of apochromatic object glasses were given. 


| Aeronautical Research Committee. 


| United States Geological Survey. 





microscope object glasses. It consisted essentially in 
placing a diaphragm with two slit apertures behind the 


| object glass to be tested, the directions of the slits being 


at right angles to one another, and finding the position 
Results 
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THE INstrruTION OF ELEcTRICAL ENGINEERS.—At 
the ordinary meeting of the Institution of Electrical 
Engineers, to be held on December 2 next, a portrait 
of Michael Faraday, by Mr. G. Harcourt, R.A., and 
the same artist’s reproduction of the portrait of Lord 
Kelvin, painted by Herkomer for the Institution of 
Civil Engineers, will be shown in the lecture theatre 
of the Institution in the positions allotted to them. 
After introductory remarks by the President, Mr. Har- 
court’s portrait of Faraday will be presented to the 
Institution by Mr. S. Evershed. At a meeting held 
on November 5 last, the Council of the Institution 


unanimously elected Senatore G. Marconi, G.C.V.O., 
an honarary member of the Institution, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The situation in the Cleve- 
land pig-iron trade is little changed. Supply is very 
small, and customers needing iron have to pay full 
recognised market rates though they complain that 
prices are too high. It is agreed that quotations promise 
to take a downward turn, but substantial reduction 
cannot be made until the cost of output is materially 
lowered. Meanwhile, for early delivery, No. 1 is 125s. ; 
No. 3, g.m.b., 120s.; No. 4 foundry, 119s. ; and No. 4 
forge, 118s. 6d. Customers consider that they should be 
able to purchase, for supply over periods next year. on the 
basis of round about 82s. 6d. for No. 3. 


Hematite.—Mixed numbers of East Coast hematite iron 
are still unobtainable for early delivery, and consequently 
there are no quotations. Buyers are prepared to nego- 
tiate for forward supplies at something like 90s. A few 
sales of off grades of iron continue to be put through at 
varying figures. 

Foreign Ore.—There seems little likelihood of early 
movement in the direction of resumption of business in 
foreign ore as consumers are carrying considerable stocks, 
and have large quantities to accept in fulfilment of old 
contracts. ‘ 


Coke.—Coke quotations keep on a high level, but they 
are easing, and rapid fall is expected to follow the re- 
lighting of ovens. Round about 47s. 6d. is named as the 
figure for blast-furnace coke delivered here, but the con- 
sumers’ idea of its value is at least a pound below that 
price. 

Manufactured Iron and Steel.—In the manufactured 
iron and steel trades, work is gradually being resumed. 
At the Britannia Works of Messrs. Dorman, Long and 
Co., a re-start with steel rolling has been made this week. 
Prices of all descriptions of finished iron and steel are 
very high. 





Contracts.—Messrs. Cammell Laird and_ Co., 
Limited, Birkenhead, have received an order from Messrs. 
8. C. Chambers and Co., Liverpool, on behalf of the Lanca- 
shire Shipping Company, for two vessels of 9,000 tons 
deadweight fitted with Diesel engines, and intended 
for the New York and Far Eastern trade.—The London, 
Midland and Scottish Railway Company has placed an 
order with the Harland Engineering Company, Limited, 
72-74, Victoria-street, Westminster, London, S8.W.1, for 
three rotary-converter equipments required for the 
Carron Dock sub-station at Grangemouth. Each equip- 
ment comprises a 150 kw. rotary converter, trans- 
formers, and starting gear, and will be used for operating 
the dock cranes at Grangemouth. The converters will 
be manufactured at the firm’s heavy plant and machinery 
works at Alloa, Scotland. 


LauNcH OF THE SS. “ Kenton ’’.—On Saturday, 
November 20, the Tyne Iron Ship-Building Co., Limited, 
Willington Quay-on-Tyne, successfully launched the 
s.s. Kenton, which is being built to the order of Messrs. 
Arthur Stott and Co., Limited, of Newcastle-on-Tyne. 
The vessel, of Lloyd’s highest class with poop, bridge and 
forecastle, has the following dimensions :—Length, 355 ft., 
breadth 50 ft. 6 in., and depth 26 ft. 4 in., and is to carry 
a deadweight of 6,600 tons. There are four large hatch- 
ways and four holds, and a large amount of water ballast 
is provided for. The propelling machinery, which is 
placed amidships and is designed to give a speed of about 
10 knots at sea, is being installed by Messrs. the North 
Eastern Marine Engineering Co., Limited, of Wallsend- 
on-Tyne, and consists of triple-expansion engines with 
cylinders of 25 in., 41 in., and 65 in. diameter and a 
45 in. stroke. Steam is supplied by two naturald-raught 
boilers at a working pressure of 180 lb. per sq. in. 





THE IRONMONGERY, HARDWARE, AND DOMESTIC- 
APPLIANCES ExHIBITION.—This exhibition, which opened 
at the Royal Agricultural Hall on Monday, November 15, 
and closed on Saturday last, is the first of its kind to be 
held in London., The range of the exhibits was sufficiently 
wide to embrace both motor vehicles and insect traps, but 
the bulk of the stands were naturally devoted to household 
utensils and fittings. Among the few exhibits of pro- 
fessional interest to engineers may be: mentioned a 
representative collection of motor mowers. These 
include such well-known makes as Ransome, Sims and 
Jefferies, Thos. Green and Son, and Chas. H. Pugh, 
Limited, one of the most interesting machines being 
shown on the stand of Messrs. J. P. Super Lawnmowers, 
Limited, Leicester. This firm have earned a deservedly 
high reputation for their hand mowers, which were the 
first to incorporate ball bearings, and an examination of 
their new motor-driven machine showed that it was con- 
structed on equally sound engineering lines. The engine 
is a Villiers two-stroke, with a detachable head, an 
unusual feature being that the cylinder body is cooled 
by a blast of air from a fan, while the head is water- 
cooled. A hopper is cast in one piece with the head for 
this purpose. The machine is equipped with a two-speed 
gear box, a control clutch, and an automatic safety 
clutch, which slips if the blades encounter an unusual 
resistance. The ingenuity expended in designing appli- 
ances to minimise household labour was illustrated by a 
new floor polisher, shown by Messrs. Vampires, Limited, 
of 435-437, Oxford-street, W.1. In this appliance, a 
small motor is utilised to drive a flat circular brush, to 
the bristles of which the wax is applied. A second softer 
brush is substituted for the final polishing procesé- 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The local trades, heavy and light, 
have shown exceptional resistance to the effects of the 
coal stoppage, having kept in employment thirty 
thousand more operatives than were retained during 
the coal strike of 1921. Now that a settlement is defi- 
nitely in sight, measures for resuming production on a 
wider basis are being discussed. The first section to 
benefit will be that devoted to the manufacture of basic 
steel. Some of the engineering firms have kept a few 
furnaces going at great cost by the use of imported 
and outcrop fuel, but the biggest batteries on the out- 
skirts of Sheffield have been idle since May, and have 
lost an output estimated at over 600,000 tons. They 
now have several months’ work on their order books, 
though here, as in other branches of the steel trade, 
the measure of benefit looked for from the increased 
demand will be largely determined by the price of pig 
iron and industrial fuel. The bigger use made of oil 
fuel during the stoppage has resulted in an all-round 
advance in prices. There is very little business in heavy 
industrial machinery, most of the big firms already 
having a surplus of output, and being heavily indebted 
to their bankers for assistance rendered to enable them 
to carry on during the recent period of crisis. On the 
other hand, increased activity is reported from the rail- 
way furnishing and equipment departments, which have 
felt acutely the shortage of British steel. Inquiries 
are in circulation from the South Indian Railway, the 
Madras Railway, the Bengal and North Western Railway, 
the India Stores Department and the Great Southern 
Railway of Ireland. A brighter future is promised for the 
ship-steel and marine castings and forgings. More work 
has come to hand from the Colonies in agricultural 
requisites, and a better outlook is indicated for con- 
crete mixing and_ stone-crushing machinery. The 
lumber districts abroad are also calling for equipment 
for use in the felling and dressing of trees. Automobile 
steel is still a good line, the Midlands being exceptionally 
good customers of Sheffield and district makers. The 
electric furnaces are supplying stainless steel to engineers, 
machinery makers, and cutlery manufacturers. 

South Yorkshire Coal Trade.—Bigger tonnages of fuel 
are available from British pits, the increase in supplies 
being reflected in a slight easing in values. An early 
relaxing of emergency regulations is generally antici- 
pated. Industrial fuel continues in active demand. 
There would be a prompt outlet for all outputs if wagons 
were available in adequate number, but transport diffi- 
culties are impeding deliveries. In consequence of the 
shortage of steel coke, foreign supplies are realising as 
much as 80s. 6d. per ton. Home-made coke is slightly 
cheaper, but is greatly deficient in quantity. The call 
for house coal is fully maintained. Supplies are equal to 
the emergency demand, though greatly improved sales 
are expected as soon as regular working is restored at the 
collieries. 





Tue Guiamat Lamp ProtEector.—Probably the best 
method of preventing the removal of electric incan- 
descent bulbs by unauthorised persons is to have the 
name of the owner stamped indelibly upon each lamp. 
The Glamat lamp-protecting outfit, which has re- 
cently been devised by Mr. I. Brook, D.Sc., 27, Fairfax- 
road, Chiswick, London, W.4, comprises a circular 
stamp bearing an appropriate device, which may contain 
up to 35 letters, a gutta-percha bottle containing sufficient 
solution for marking overl,000 lamps, and a pad for use 
in applying the solution to the stamp. In the centre of 
the stamp is a circular hole into which the pip of the 
lamp penetrates. The application is quite simple; a 
small quantity of the solution is distributed over the pad 
by means of a brush, the stamp is pressed on to the pad 
and is then applied to the top of the lamp. A clear 
marking, which cannot be removed by water, chemicals, 
heating or scraping, is obtained. 





ENGINEERING EXHIBITION AND SoIREe aT UNIVERSITY 
CoLLeGE, Lonpon.—An engineering exhibition and soirée, 
in aid of the centenary appeal of University of London, 
University College, Gower-street, London, W.C.1, has been 
arranged by the engineering students of the college. 
The function will take place on December 3 and 4 next, 
and will commence at 3 p.m. on the first day and at 2 
p.m. on the second day. A great variety of mechanical, 
electrical and hydraulic experiments will be shown at 
the exhibition. These will include the testing of 
engineering materials, the towing of shipshape models, 
the application of polarised light to show the stresses 
in bridges, and the action of cutting tools, cyclical 
temperature variation in a gas engine, X-ray track 
apparatus, electric spot welding, rotating magnetic 
fields, and stroboscopic effects, &c. On December 3, from 
7 p.m. onwards, half-hour lectures will be delivered by 
various eminent engineers and scientists. Professor 
J. A. Fleming, F.R.S., will speak on ‘ Electrical and 
Mechanical Oscillations,” and Dr. Garner will deliver 
a lecture on “ Liquid Air.” Other speakers will include 
Captain Plugge, who will lecture on his recent motor-car 
trip from London to Constantinople, which was under- 
taken for the purpose of testing wireless apparatus for 
sending and receiving messages from a car on the journey. 
On December 3, from 7 until 11 p.m., a concert will be 
held in the Engineering Society’s rooms, and, at the same 
time, a dance will take place in the new drawing office. 
Tickets, price 5s. 9d., valid for the whole of the proceed- 
ings, or admission tickets to the exhibition only, price 
1s, 2d., may. be obtained from My. F. De la C. Chard, 
Faculty of Engineering at the College. In view of the 
needs of the College, it is to be hoped that old students 
and engineers generally will heartily support this effort. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The negotiations between the South 
Wales coalowners and the miners’ representatives broke 
down to-day on the question of hours. The deadlock 
was rather unexpected as the negotiations which com- 
menced yesterday were thought to be progressing favour- 
ably, and, in fact, a tentative agreement had been 
reached on the hours question. It, however, appears 
that although the men agreed to accept an eight-hour 
day from Monday to Friday, they wanted a five-hour 
shift on Saturday, whereas the owners were adamant 
for a seven-hour shift on Saturday. In the meantime, 
the men have been drifting back to work in increasing 
numbers, but what effect the breakdown in the confer- 
ence will have remains to be seen. Operators are of 
the opinion that the return to work will be accelerated 
by the deadlock, as it is known that many men who 
were on the —_ of resuming, held back, awaiting the 
outcome of the conference. In the meantime, outputs 
are increasing, and the distribution regulations have 
been relaxed. Exports foreign are still banned, and 
bunkers for foreign going steamers can only be secured 
in special cases, but coastwise shipments and bunkers 
for coasting steamers are readily released. The pithead 
price of coal has also been lowered by 5s. per ton to 50s. 
for large, 45s. for throughs, and 35s. for small. The 
enormous loss in trade caused by the strike will, how- 
ever, be realised when it is mentioned that coal and 
coke shipments from South Wales in the past ten months 
amounted to only 10,106,070 tons, which was 11,651,136 
tons less than in the corresponding period of last year, 
while imports of coal have reached 1,048,374 tons, against 
nothing last year. Shipments of patent fuel have receded 
from 844,603 tons to 460,802 tons. 


Working Hours at the Docks.—An important meeting 
of South Wales traders was held at Cardiff on Monday 
to consider the question of the working hours of coal 
trimmers and tippers. Representatives of pitwood dis- 
chargers and other grades of dock labour were present. 
The meeting adopted a resolution pointing out the 
necessity of night working, in order to facilitate the 
despatch of shipping, and the employers promised to 
support the shipowners in any action they may take 
to secure night work by the tippers and trimmers. 
Subsequently, a meeting of the Coal Trimming Area 
Board was held to-day, at which representatives of the 
trimmers were present when the shipowners’ proposal 
for broken shift working from 8 a.m. to 5 p.m., and from 
9 p.m. to 6 a.m., was submitted to the men. The 
meeting was adjourned until Thursday next, so that the 
proposal could be placed before the trimmers and the 
tippers also consulted. The tippers, it is understood, 
have received an offer from their employers, the Great 
Western Railway, of 25 per cent. extra for coal shipped 
between’ 10 p.m. and.4 a.m. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade have changed little over the week, but with the 
nominal collapse of the strike in the coal trade the outlook 
has become much clearer. With the number ot men in 
the mines increasing daily, there is the prospect of fuel 
at a reasonable price before long, and with that, a restart 
of the iron and steel industries. Enquiries show signs of 
improvement, and with the orders already booked active 
conditions are assured for most works for a month or 
two. The current output 1s, of course, negligible, except 
in the black sheet trade where some establishments are 
doing very well indeed. Prices allrule high and are likely 
to continue so yet awhile. The following are the pre- 
sent official minimum quotations, but in most instances, 
except sheets, rather higher prices are being obtained by 
sellers :—Boiler plates, 111. per ton; ship plates, 8/. 2s. 6d. 
per ton; sections, 7/. 17s. 6d. per ton; and sheets, under 
fx to 3 in., 12/. to 13/. per ton, all delivered at Glasgow 
stations. P 

Malleable-Ivon Trade.—In the West of Scotland 
malleable-iron trade, there has been no change this 
week. The output of re-rolled steel bars is fairly satisfac- 
tory and secures a ready sale. The price of ‘‘ Crown ”’ bars 
is steady at 127. per ton delivered at Glasgow stations, 


Scottish Pig-Iron Trade.—Although the dispute in the 
coal trade is nearing an end, there is no talk yet of the 
blast-furnaces being rekindled, as a plentiful supply of 
fuel at a low figure is necessary before work can be 
resumed. Whenever that is within sight, operations will 
be commenced without delay, as a good outlet is assured. 
In the meantime there is little business passing, and the 
prices for what are available are inclined to sag. For 
delivery after the resumption, makers quote for foundry 
iron No, 1, 51. per ton, and for No. 3, 4l. 10s. per ton, 
both on trucks at makers’ yards. 

Shipments of Scottish Pig-Iron.—The shipment of 
Scottish pig-iron from Glasgow: Harbour for the week 
ending last Saturday, November 20, only amounted to 
90 tons. Of that total, 30 tons went overseas, and 
60 tons coastwise. For the corresponding week of last 
year the figures were 1,007 tons overseas and 128 tons 
coastwise, making a total shipment of 1,135 tons. 

Clyde Shipbuilding.—Messrs. Napier and Miller (Lim- 
ited), Old Kilpatrick, have -received a contract from Sir 
William Reardon Smith, Bart., head of the St. Just 
Steamship Company and several other Cardiff shipown- 
ing concerns, for two cargo-carrying steamers. These 
two vessels will be of 9,000 tons deadweight and 5,800 
tons gross. Messrs. David Rowan and Co. (Limited), 
Glasgow, will supply the machinery, and the total cost 
of these two vessels will be about 105,000/. 








NOTICES OF MEETINGS. 





THE Drieset ENGINE Users AssoctaTion.—To-night 
at Caxton Hall, Westminster, S.W.1. ‘“‘ Modern Air 
Compressor Practice in Oil Engine Installations,” by 
Mr. R. L. Quertier. 

THE INSTITUTION OF ELECTRICAL ENGINEERS : LONDON 
StupEnts’ Section.—To-night at 6.15 p.m., at Savoy- 
place, Victoria-embankment, W.C.2. ‘The Measure- 
ment of Light,” by Mr. H. J. D. Palfrey. 

THe Institution oF PropucTiIon ENGINEERS.— 
To-night at 7.30 p:m., at the Society of Motor Manufac- 
turers and Traders, 83, Pall Mall, S.W.1. ‘‘ The Applica- 
tion of Manufacturing Methods to Non-repetition Work ”’ 
by Mr. H. C. Armitage. 

THE JuNIoR INsTITUTION OF ENGINEERS.—To-night at 
7.30 p.m., at 39, Victoria-street, S.W.1. Ordinary 
meeting. ‘‘ Petrol and its substitutes for Use in Internal 
Combustion Engines,” by Colonel the Master of Sempill. 
Friday, December 3, at 7.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. Presidential! 
Address. ‘“‘The Progress of Marine Engineering,” by 
Engineer Vice-Admiral Sir Robert B. Dixon. 

THE Royat Instrrurion.—Saturday, November 27, at 
3 p.m., at 21, Albemarle-street, W.1. ‘* Atmospheric 
Electricity *’ (Lecture I), by Mr. G. C. Simpson. Tuesday, 
November 30, at 5.15 p.m., “‘ The Imperfect Crystallisation 
of Common Things,” (Lecture IT), by Sir William Bragg. 
Saturday, December 4, at 3 p.m. ‘‘ Atmospheric Elec- 
tricity ’’ (Lecture IT), by Mr. G. C. Simpson. 

THE BraprorD ENGINEERING Socrety.—Monday, 
November 29, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Lecture. ‘“ The Keighley 
Corporation Waterworks, Sladen Valley,’’ by Mr. M. R. 
Barnett. 

Tue Royat Socrety or Arts.—Monday, November 29, 
at 8 p.m., at John-street, Adelphi, W.C.2.. Howard 
Lecture. ‘‘ Recent Experiments on the Properties of 
Steam at High Pressure’ (Lecture III)., by Professor 
H. L. Callendar, F.R.S. Wednesday, December 1, at 
8 p.m. Ordinary meeting, “‘ The Torque Converter ” by 
Mr. G. Constantinesco. 

Tue InstituTION oF WELDING ENGINEERS.—Monday, 
November 29, at 8 p.m., at Caxton Hall, Westminster, 
S8.W.1. “ Thermal Disturbance in Iron and Steel during 
Welding,” by Mr. J. H. Paterson. 

Tue InstiTvTION or Crvit ENGIngeERS.—Tuesday, 
November 30, at 6 p.m., at Great George-street, S.W.1. 

rdinary Meeting. ‘‘The Mechanical Parts of Large 
Winding-Engines,” by Mr. Percy Roper Roberts and 
Mr. Alex. Colin Anderson. 

THE SHEFFIELD METALLURGICAL ASSOCIATION. 
Tuesday, November 30, at 7.30 p.m., at 198, West-street, 
Sheffield, “‘ Some Notes on Steelworks Refractories,’’ by 
Mr. R. J. Sarjant. 

THe INstTITuTION oF ELECTRICAL ENGINEERS.— 
Wednesday, December 1, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. Wireless Section Meeting : 
“Some Notes on the Design Details of a High-Power 
Radio Transmitter Using Thermionic Valves,” by Dr. 
R. V. Hansford and Mr. H. Falkner. 


Tue InstiruTION OF HEATING AND VENTILATING 
ENGINEERS.—Wednesday, December 1, at 7 p.m., at 
Caxton Hall, Westminster, S.W.1, ‘‘ The Use of Special 
Slide Rules in Computing Hot Water Installations,” 
by Mr. Hugh C. B. Berkhout. 


Tue Nortru-East Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Wednesday, December 1, at 
7.15 p.m., at Bolbec Hall, Newcastle-upon-Tyne. 
Graduates’ Section. ‘‘ Icebreakers and their Services,” 
by Mr. G. J. Allan. 


THE INSTITUTION OF ELECTRICAL ENGINEERS.—Thurs- 
day, December 2, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. “An Outline of the Trunking 
Aspect of Automatic Telephones,” by Mr. G. F, O’dell. 


Tue Royat AgrRonavuTicaL Socrety.—Thursday, 
December 2, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2, “‘ Valve Steels,’ by Mr. 
P. B. Henshaw. 

Tue InstituTION oF FuEL Economy ENGINEERS.— 
Friday, December 3, at 5.45 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘ The Loss of 
Heat from s Surface by Radiation and Convection,” by 
Dr. T. Barratt. 


Tue InstTITuTION OF MECHANICAL ENGINEERS.— 
Friday, December 3, at 7 p.m. at Storey’s-gate, S.W.1. 
Informal Meeting. ‘‘ Industrial Ventilation.” Intro- 
duced by Mr. A. E. Harris. 


Tue Institute oF TRANSPORT: YORKSHIRE LocAL 
Section.—Friday, December 3, at 7 p.m., at the Town 
Hall, Leeds. ‘‘ State Control of Transport,” by Mr. Bell. 


THE INSTITUTION or MunicrpaL AND County Ewnct- 
NEERS: SoutH Mipitanp Districr.—Saturday, Deo- 
ember 4, at 10.45 a.m., at the Shire Hall, Hertford. 
‘Hertford Sewage Disposal Works and Housing,” 
by Mr. S. M. Senior. 





Royat AgronavticaL Socrery.—The Royal Aero- 
nautical Society has announced that the Pilcher Prize 
for the best paper submitted by a student to inaugu- 
rate discussion at a students’ meeting, has recently been 
awarded to Flying-Officer R. Linton Ragg, for his paper 
“Experimental Flying from the Pilot’s Point of View.” 
To this prize has been added a cash prize presented by 
Lieutenant R. V. de Aboim, of the Brazilian Navy, an 
associate fellow of the Society. 
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COAL-HANDLING PLANT AT BECKTON; THE GAS LIGHT AND COKE COMPANY. 


CONSTRUCTED BY MESSRS. FRASER AND CHALMERS ENGINEERING WORKS, ERITH. 


(For Description, see Page 650.) 
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SCIENCE AND THE IMPERIAL 
CONFERENCE. 

Ir is an open secret that the Imperial Conference 
of this year has disclosed a gratifying keenness and 
unanimity of purpose in its members. Its discussions, 
indeed, have been in no way perfunctory, and the 
many conflicting views that were held at the outset 
were not waived until a course had been thrashed 
out to accommodate them all. Among the subjects 
that engaged the most valuable discussion was the 
co-ordination of science within the Empire. A 
special sub-committee on the subject was set up 


under the chairmanship of Lord Balfour, and its | 
occasions of personal intercourse, such for example, 


proceedings appear to have shown that its members 
had a lively interest in the subject, and approached 
it with well-defined individual opinions. Whatever 
differences may have initially existed seem, however, 
to have disappeared in the course of discussion, so 
that the report and resolutions which the sub-com- 
mittee has now published, were adopted unanimously. 

In form, the scope of the recommendations so made 
is modest. They amount to no more than methods 
by which each Government may improve its 
research organisation, correlate its results with those 
of the rest of the Empire, and increase its supply of 
suitable research workers. The resolutions, more- 
over, are binding on none of the parties to the Confer- 
ence, and their value will be determined by the 
effect that is given to them. Nevertheless, in 
substance they look as though they may include the 
outline, and be the effective beginning of an Imperial 
research service, with the combination of power and 
elasticity which distinguishes the Imperial constitu- 
tion. Such a result would be important to every 
branch of the industrial community according to its 
needs ; but to the engineering industry it would be 
doubly valuable, for, in addition to such gain as it, 
in common with others, might reap in improved 
methods and cheaper or better materials, engineers 
would be the necessary agents in embodying, in 





structural works and mechanical plant and appli- 
ances, the developments to which research must lead. 

The grounds on which the sub-committee’s recom- 
mendations are likely to be translated into action 
may be derived from an admirable introduction 
to the report, contributed by Lord Balfour. Inter- 
national wars, domestic disorder, industrial disputes, 
and other causes tend to diminish material well-being, 
and to make good this loss we must rely increasingly 
on turning natural sources of supply to better 
account. The Empire includes territories with 
every gradation of climate and soil, and every species 
of mineral wealth ; in parts it enjoys unique natural 
advantages, and in parts it is subject to special 
diseases. To develop these resources and cope with 
these diseases, the help of applied science is indis- 
pensable, and in Great Britain, and throughout the 
Empire, distinguished investigators are working in 
every branch of research. But neither Great Britain 
nor the Empire practises full scientific co-operation. 
Any attempted form of Imperial control would 
make wholly impossible the relations between 
science, industry, and departmental administration, 
which in any case are far from easy: but the free 
discussions of the Conference may give priceless 
aid and accomplish much, if the programme is not 
too ambitious. Pure science and economic produc- 
tion, in either agriculture or the manufactures, are 


72| linked by two closely associated stages—specific 


application to practical problems, and small-scale 
trial. The principal aim of organised research is 
to shorten and cheapen these stages, which separate 
pure scientific theory from pure industrial practice. 
A large and increasing number of institutions in 
different parts of the Empire are devoted to this 
object, each producing admirable work in such quan- 
tity as their financial resources permit, but working 
individually. The sub-committee’s report shows 
how this work can be relieved of much overlapping, 
with the intellectual waste which often attends it 
directed to the gaps in knowledge that most urgently 
require to be filled, and in other ways made more 
fruitful. The Conference can neither give money 
to these institutions, nor impose a policy. It can 
merely commend the suggestions contained in the 
report to the States by whose representatives they 
are made; but the report suggests the means of 
easy intercourse, from which full co-operation will, 
we trust, follow. 

The most important part of the report appears to 
be the section dealing with organisation. Its 
suggestions seem to be inspired by two fundamental 
principles, both addressed to improving the co-ordi- 
nation of research. On the one hand, the present 
mechanism for communication between States and 
organisations, lacks the elasticity of personal inter- 
course. The officers who conduct correspondence 
have not each an “‘ opposite number ” in each depart- 
ment whom they may address. Even the highly 
desirable institution of a system of opposite numbers, 
though it would greatly increase the effectiveness 
of correspondence, should be supplemented by 


as would be provided if each State nominated a 
representative to take part in the existing quarterly 
Standing Conference of representatives of the 
Development Commission, the Medical Research 
Council, and the Department of Scientific and 
Industrial Research. Such a measure seems to be 
something more than a simplified mechanism. If 
it were so extended as to cover the whole field of 
industrial research, it would include the essential 
elements of a central general staff. Without any 
executive powers, it would fit itself for supreme 
advisory functions by assembling representatives 
of the responsible officers in periodical conference, 
and giving them access to a clearing house of 
information relevant to their work. It is significant 
that the report begins with a reference to the 
advantage that members of the sub-committee 
have themselves found in the opportunities 
for personal consultation in its meetings, and 
the impression derived from this experience of the 
value of such opportunities. Another indication 
of the same tendency to invoke personal inter- 
course in aid of correspondence, and, sometimes 
in substitution for it, is the recent decision, taken 
independently by the Governments of Australia 
and New Zealand, as part of their schemes for 
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reorganising their research services, to appoint a 
highly qualified scientific man as scientific liaison 
officer in London. 

The second basis of the suggested improvements 
in the organisation of research, is the need ‘to bring 
the results obtained by each institution to the notice 
of all others whom they may interest. This clearly 
is a difficult problem, if the receivers are not to be 
swamped ‘under an impenetrable mass of literature, 
and its solution would still leave the individual 
unofficial worker without the same provision, though 
his need both for information bearing on his work, 
and for protection against irrelevant, matter may be 
greater than that of the institutions. Difficult 
though this may be, it does not look as if it were 
insoluble. 

The report puts forward, without any exclusive 
recommendation of it, the suggestion of insti- 
tuting bureaux for distributing information, such 
as already exist in connection with a few 
sciences, perhaps basing them on arts, drawing 
their material from all science, rather than on 
individual sciences. Probably the question would 
be investigated best by the Standing Conferences, if 
a sufficient system of these bodies were instituted. 
The report, indeed, suggests that for industries 
such as forestry, agriculture, and fisheries, in 
relation to which periodical special Empire confer- 
ences have been arranged, these meetings would 
offer the most suitable occasion for the expert 
consideration of each case. It cannot be doubted 
that, whatever may be the means, the solution of 
the problem is indispensably necessary to the 
efficient use of current research. Experience 
continues to show how, in the words of the report, 
the by-products of one investigation, whether in 
pure or applied science, may be the starting point 
of a quite different and valuable investigation in an 
entirely different field. The chance of this 
contingency is greatly increased when the investi- 
gations in question are conducted under the wide 
differences of climate and other circumstances to 
be found in the Empire. The prospects of any co- 
ordinated system of research must, in fact, 
improve its opportunities of cross-fertilisation. 
Even in investigations of allied subjects the results 
obtained in one may suggest a quite unsuspected 
relation to the practice of the other. ‘Till recently, 
for example, the design of bridges and of locomo- 
tives were separate and independent branches of 
engineering practice; but the results obtained 
in the Research Department’s investigation of 
stresses in bridges has compelled the designers of 
bridges and locomotives to come into a conference, 
of which the desirability had never before been 
properly recognised. 

The second section of the report is concerned with 
man-power. Most of the considerations it sets out 
are familiar to our readers, and it is to be hoped that 
suggestions of the sub-committee will have the 
desired result. Shortly, the supply of suitable 
recruits for research is less than the demand, and 
may be expected to become even more inadequate 
with the development of the less advanced parts of 
the Empire. Men of the highest class are needed, 
who, subject to whatever test of intellectual ability 
or technical knowledge may seem appropriate, 
should be chosen by personal selection. Such men 
as a class will not enter the profession of research 
worker until it offers adequate material and other 
attractions, including a reasonable assurance of 
continuous employment. This last condition in- 
volves the adoption of a settled policy in regard to 
the application of research to development in various 
parts of the Empire, a course which has obvious 
advantages on other grounds. This, we think, must 
be added the clear recogniticn that the State cannot 
hope for an adequate supply of the best men by 
trying to sponge on their intellectual attraction to 
the work, but must offer the same sort of material 
inducements as are customary in alternative careers. 
The sub-committee believes that, given these 


conditions, the men can be obtained from existing 
educational centres by suitable propaganda, dealing 
with the openings for research workers, the train- 
ing they should obtain, and similar information. 
An obvious difficulty from the point of view of the 
State is what to do with its bad bargains. Something 
has been done towards facilitating the solution of 





this difficulty by the system of transferable pensions, 
known as the Federated Superannuation System 
of the Universities, by which a contributory pension 
starts to accrue from the beginning of a man’s service, 
and he is either credited with so much as has accrued 
on his transfer to another department or federated 
service, or the policy is handed over to him if he 
passes out of the service of the federated bodies. 
With this assistance in seeking fresh work, and with 
the absence of promotion that must follow on 
inefficiency, the problem of the unsuitable man 
may not be as serious as it looks at first sight. 








THE LOCOMOTIVE. 


On Friday last, as will appear from a report 
elsewhere in this issue, the Institution of Mechanical 
Engineers assembled at Storey’s Gate to listen to 
a paper on electric locomotives, but enjoyed 
subsequently what practically amounted to a 
discussion on the steam locomotive. Whenever 
the opportunity offers, the Institution gets back to 
this one of its old loves, and members of all grades 
seldom appear to tire of the subject. There is 
something very fascinating about the reciprocating 
steam engine—an attraction with which the 
humming turbine in no sense competes—and of all 
steam engines there is really no rival to the loco- 
motive, although across the Tweed perhaps the 
marine engine might be classed as the most popular. 
Presumably the time will come when new genera- 
tions will arise in whom this enthusiasm will give 
rise to wonder, but there is no reason why we should 
trouble ourselves by this to the detriment of our 
present pleasure. In a sense the scope for such 
discussions, however, is narrowing down, and 
under the railway amalgamations this unfortu- 
nately is almost bound to be so. In the old days 
if a locomotive paper were brought forward, the 
Institution could rely on a discussion carried on 
by representatives of a number of the railways, 
at home and abroad. Now the home party is 
much reduced. 

It can hardly be said that the paper of Friday 
last was worthy of the occasion. We have repro- 
duced it elsewhere, but in very much abridged 
form, as the condensed numerical data submitted 
in it in tabular form appears to be inconsistent in 
itself. We presume that the author has original 
material which will enable him to rectify this defect 
before it is put on record in the proceedings of the 
Institution. The author of this paper has set 
himself the task of classifying locomotives of all 
kinds, according to certain ratios, which he 
employs in a scheme to reduce both steam and 
electric machines to a comparable basis. The 
classification worked out and the criticism super- 
imposed upon it, are based on data, we are told, 
relating to ninety-two locomotives. This is 
certainly quite a fair number, and, if evenly 
distributed among the types considered, would 
give nearly twelve machines for each class, from 
which to obtain average figures. Two points, 
however, at once arise in this connection. For 
one particular system of electric working the 
author only possessed the complete information 
essential to his comparison for one machine, so 
that any of the factors involving the motive power 
equipment weight for three-phase locomotives, 
must be accepted with extreme reserve. It 
follows also that any comparison between three- 
phase machines and steam or other electric 
locomotives is built with very slender scaffolding, 
which may collapse on the accumulation of further 
facts. Thus, while he tacitly admits the necessity 
of a large quantity of data to secure fair averages, he 
is inconsistent enough to argue on an irreducible 
minimum of facts. If this point arose in connection 
with a side issue the point might be allowed to pass, 
but it affects directly half the factors which form the 
basis of the author’s system, and half the argu- 
ments of the paper which go to show that the 
three-phase system has advantages over others. 

Of a somewhat similar nature is the author's 
treatment of the direct-current system. How 
many of his 92 machines are on this system he does 
not tell us; neither does he inform us whether he 
has information covering all types of both the high- 
and low-tension systems. No differentiation is 





made in the paper among direct-current system 
locomotives on these lines. All are grouped 
together and, so far as we can trace, the very 
existence of the high-tension direct-current system 
is not mentioned ; but as weight of motive power 
equipment, as stated above, is a vital factor in the 
essential ratios, some account should clearly be 
taken of the differences within the wide group 
chosen. 

Similar remarks would apply to other classes. 
For instance, the steam locomotive is treated 
apparently as a kind of standard type of machine. 
This, of course, is illegitimate. Steam locomo- 
tives are designed to suit special conditions, and 
there is sufficient knowledge available to enable this 
to be done now-a-days with a very good degree of 
success. To take an extreme case to make the 
point clear, who would expect the same horse-power 
per square foot of grate area to be developed by 
an engine on the Great Western Railway in this 
country, and by a wide firebox anthracite burner, 
say, on the Lehigh Valley Railroad—one having 
some 28 sq. ft. of grate area, and the other perhaps 
something like 80 sq. ft. to 90 sq. ft. ;Quite clearly 
sub-division is also necessary within the steam 
groups, the author’s broad classification by traffic 
requirements being totally inadequate. 

At the meeting last Friday a good deal of the 
discussion turned upon a certain value which the 
author allotted to all steam locomotives for this 
factor of horse-power per square foot of grate 
area. This was inevitable, since it was the respon- 
sible figure in most of the comparisons made 
between the steam and electric systems. The 
author’s value of 20 for this, was subjected to a 
considerable amount of criticism, and from our 
report it will be seen that 30 was suggested as 
more accurate. Supposing for the moment, in 
spite of what we have said ‘above, that one value 
will suit, it is interesting to compare the author’s 
figure with results which have been obtained. 
Professor Dalby referred to the well-known St. Louis 
trials, made in 1904. This is now some time ago— 
longer than many of us like to think—but even in 
those days according to the report, the figure 
ran to about 26 for freight engines and to 30 for 
passenger engines. Since then a very great deal 
of valuable work has been done on the best pro- 
portions for locomotive design, and other refine- 
ments have been introduced. Later reports, re- 
ferring to work carried out at the Altoona plant 
under Mr. J. T. Wallis, show much higher figures, 
the value often being well over 40. ‘These values 
are not based on momentary draw-bar horse-power, 
but on power developed over # hr., 1 hr., 1} hrs. 
and 2 hrs., as the case may be, and are therefore 
in every sense, we believe, comparable with 
Mr. Stone’s one-hour rating for his electrical 
machines. If the figure of 20 is to be increased by 
50 per cent., or by 100 per cent., most of the 
arguments advanced by Mr. Stone not only fall to 
the ground, but are absolutely reversed. There is 
thus very little of value in any of the actual figures 
put forward. We do not deny that the method, if 
judiciously worked out, might prove of interest, 
but it requires far more thought and care than has 
at present been devoted to it, and needs to be 
based, with judgment, on the widest possible know- 
ledge. We are reluctantly driven to conclude 
that the exercise of these has not received adequate 
attention in this instance. 

On the other hand, we think that the point 
raised with regard to the steam locomotive carrying 
about its generating plant, while the electric loco- 
motive leaves it behind, is rather wide of the 
mark. What, we take it, is wanted is power at the 
drawbar, and if this can be increased by leaving 
the steam plant behind, if costs allow, it is an 
advantage to do so. To raise the point is to offer 
an apology for the steam locomotive, which may 
please our sentimental nature, but does not assist 
in the commercial business of handling traffic. 
As such, we believe the locomotive to be one of the 
finest developments of the engineer’s art, but 
like famous bridges and other masterpieces, it 
must give way if it is shown to be incapable of 
meeting modern requirements. So far, this has 
not been generally accepted as proved, and there 
is, therefore, no need to offer excuses for a feature 
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as necessary to a steam locomotive as a good diges- 
tive system is toa man. If other factors than power 
at the drawbar are to be brought into the com- 
parison, the system proposed by Mr. Stone is 
obviously inadequate. 





NOTES. 
Tue InstTITUTE OF TRANSPORT. 


Aw event of no little importance in the history 
of so young a body, occurred at the dinner of the 
Institute of Transport, which was held on the 18th 
instant at the Hotel Cecil. At this function, the Lord 
Chancellor, the Rt. Hon. Viscount Cave, was the 
principal guest, and it fell to him to propose the 
toast of “The Institute of Transport and the 
Transport Industry.” In doing so, Lord Cave 
spoke of the wonderful services which were required 
of transport at the present time, and the difficulties 
which had been so admirably met in the last twelve 
months. He remarked that those employed in this 
calling were virtually public servants. Before he 
concluded his speech, Lord Cave presented to Mr. 
R. H. Selbie, the President, as representing the 
Institute, a charter which had been granted by 
His Majesty on the advice of the Privy Council. 
The Institute is to be congratulated on thus having 
attained to the dignity of official recognition in the 
short space of the few years since it has been founded, 
and that it has reached this stage can be taken as 
an indication of its activity and of the fact that 
it discharges its duties with a full sense of responsi- 
bility. It has become the custom, in recent years, 
to lay some store on charter membership, and as 
we have chartered civil engineers and chartered 
electrical engineers, it will be interesting to know 
how a member of the Institute of Transport may 
now style himself. An enjoyable speech by Sir 
Josiah Stamp, who replied to the toast of “ Our 
Guests,” related how he first came in contact with 
the body. It was, he said, in connection with the 
examinations. Sir Josiah, according to his own 
account, was approached to set some questions on 
the economics of transport. He propounded, in 
reply, certain questions to which he desired to 
secure answers, but in the course of his intimate 
connection with transport during the last twelve 
months, he had, he said, discovered that there were 
no answers to his questions. A pleasant feature of 
the list was the toast of “ Overseas Members,” 
replied to by Sir W. W. Hoy, who made a very 
interesting speech regarding the conditions of opera- 
tion in South Africa and in this country. 


THE WORKING OF BOILERS. 


Mr. C. E. Stromeyer’s memorandum to the Man- 
chester Steam Users’ Association is accompanied this 
year by a note on the use of oil fuel for steam boilers. 
Owing to the strike, many members of the Associa- 
tion have resorted to oil, with, in some cases, un- 
fortunate results. Mr. Stromeyer, in his recom- 
mendations, insists on the importance of maintain- 
ing a full supply of air to the burners, since otherwise 
partially burnt fuel gets into the flues, where it 
may re-ignite and cause serious damage. He men- 
tions one case in which much injury was thus 
occasioned to a side flue, and in another instance an 
economiser suffered. Oil fuel, he points out, produces 
long flames, so that steel plates may be exposed to 
high temperatures, and should, therefore, be kept free 
from scale. Furnace plates generally, and seams in 
particular, require protection from the direct impact 
of the flame. Mr. Stromeyer states, further, that if 
both coal and oil are being used simultaneously, it is 
best to burn them in separate furnaces. Dampers 
should not be used for regulating rates of combus- 
tion, and the smoke discharged should be of a light 
grey colour. If black, fuel is being wasted, and 
if colourless the supply of air is excessive. In the 
body of the memorandum, Mr. Stromeyer calls 
attention to the danger of using unsuitable boiler 
compounds. If the water supply carries much 
sulphate of lime, a successful boiler compound will 
contain a large proportion of soda. If the same 
compound. be used in a district where the water 
has only temporary hardness, this excess of soda 
will lead to the presence of much caustic in the boiler 
water. Hot solutions of caustic soda are, however, 





apt to embrittle steel, especially if under stress, 
and Mr. Stromeyer attributes to this agency not 
only many failures of dished ends recently reported 
from the Continent, but also a number of rivet 
failures in which the heads have snapped off in 
service. Another point raised in the memorandum 
is the irrationality of the demand frequently made 
that the piping leading from a reducing valve 
should be fitted with a very large safety valve, 
the size recommended having, in come cases, an 
area of discharge twice that of the pipe. A number 
of experiments bearing on this point are described 
in the memorandum. 


THe NATIONAL DEVELOPMENT OF ELECTRICITY 
Suppiy. 


Bearing in mind the important connection 
between the development of electricity supply and 
the prosperity of the electrical manufacturing 
industry in this country, it is by no means surprising 
that the principal toast at the annual dinner of the 
British Electrical and Allied Manufacturers’ Associa- 
tion, held in the Connaught Rooms on Wednesday, 
November 17, should have been ‘The National 
Development of Electricity Supply.” In proposing 
the toast, Colonel R. K. Morcom, C.B.E., chairman 
of the Council of the Association, first referred to the 
advantages of electricity in the home, for railway 
electrification, and for industrial purposes. These 
considerations, he said, linked electrical development 
with public policy, and the tie was made still closer 
by the new Electricity Bill, in connection with which 
a mass of statistics had been adduced to demonstrate 
the backwardness of this country with respect to 
electrical development. This, however, was due to 
no failure on the part of the supply industry, which 
had done extremely well in spite of harassing con- 
ditions and appeared now to have a bright future. 
The manufacturing side of the British electrical 
industry was second to none with respect to the 
design and quality of its products, but in other 
countries there appeared to be a closer’ sympathy 
between governments and manufacturers than 
existed here. In the national development of 
electricity it was essential that the nation’s factories 
should make the plant. The response to this toast 
was made by the Attorney-General, the Rt. Hon. 
Sir Douglas Hogg, K.C., M.P., who said that, in the 
Electricity Bill, the Government evidenced their 
desire that the generation of electricity should take 
place in the cities which modern experience had shown 
to be most suitable and with plant of the highest 
possible efficiency. They also wished to reduce the 
waste of capital involved in stand-by plant, and by 
these means to reduce the generating costs and 
increase the use of electricity. The view of the 
Government was that such cheap electricity could 
be used in agricultural districts, and that, by 
standardising voltages and frequencies, manu- 
facturers would be encouraged to adopt mass- 
production methods. The toast of the guests was 
proposed by Lord Derby, the President of the 
Association, who occupied the chair, and responses 
were made by Sir Alfred Mond, Bart., M.P., and by 
Mr. H. W. Gepp, the Chairman of the Migration and 
Development Commission of the Australian Common- 
wealth. Sir Philip Cunliffe-Lister, K.B.E., M.C., 
M.P., the President of the Board of Trade, proposed 
the toast of the chairman, to which Lord Derby 
briefly replied. Mr. D. N. Dunlop is director of the 
Association and Mr. C. Rodgers is secretary, while 
the offices are at 36 and 38, Kingsway, London, 
W.C.2. 





STANDARD TABLE oF CAst-TRON FLANGES FOR PIPEs, 


| VALVES AND Frrrines ror Gas.—The British Engineer- 


ing Standards Association have recently issued a further 
set of tables (No. 253-1926), for cast-iron gas flanges, which 
will form part of table A of the revised British standard 
tables of pipe flanges now in preparation. The present 
issue is intended for working gas pressures up to 30 lb. 
per square inch. The new publication, which at the 
request of the Institution of Gas Engineers, whose 
requirements it covers up to pipe sizes of 48 in., has been 
issued before the complete tables of low-pressure flanges, 
will be incorporated in the revised edition of publication 
No. 10, when issued. The present publiication consists of 
two tables for cast-iron flanges for working gas pressure 

up to 30 lb. per square inch, and 2-1 kg. per square 
centimetre. Copies of this report may be obtained from 
the British Engineering Standards Association, Publica- 
tions Department, 28, Victoria-street, S.W.1., price 
ls. 2d. each, post free. 





THE ACOUSTICS OF PUBLIC 
BUILDINGS. 


In his third and final Royal Institution lecture 
on the above subject, given on November 16, Dr. 
G. W. C. Kaye first referred to resonance and 
acoustical and mechanical coupling. Pure acoustical 
coupling was weak, and the effect was not marked 
unless the resonator were close to the source and 
especially responsive to the particular frequency. 
Mechanical coupling of the source with a large 
surface increased the area of the vibratory body, and 
as the speed of sound waves was 10 to 20 times 
greater in solids than in air, a resonator structurally 
connected with a vibrating floor would emit sound 
almost as soon as the source. In the Gewandhaus 
at Leipzig, beams were arranged to transmit the 
vibrations of the sub-structure of the orchestra to 
the wooden lining of the building. Resonators, 
sufficiently large to have a low natural frequency or 
heavily damped in order to avoid selective effects, 
could thus be useful, but distant resonators, not 
connected to the source, could not enhance the 
audibility. Sound interferences could hardly be 
avoided in rooms, but fortunately they were of 
little importance, because they were unsteady, and 
because our two ears tended to nullify the effects, 
particularly for short waves. 

Proceeding to theatre construction, Dr. Kaye 
remarked that the modern theatre had developed 
more from the Roman than from the Greek types 
(Fig. 19). In the Greek theatre, wood or stone seats 
were arranged in terraces, greater than a semi- 
circle and partly enclosing the circular orchestra 
for the chorus; the narrow lojzeion behind this 
stage, raised to considerable height, was possibly 
restricted to the actors representing gods. In the 
semi-circular Roman theatre, the orchestra was 
sunk, and the actors performed on an elevated 
stage. These spacious ancient theatres were open- 
air structures, and the roofs of modern theatres 
modified everything acoustically. The lecture 
theatre of the Royal Institution was horse-shoe 
shaped, as shown in Fig. 20; this figure does not show 
the position of the lecture table between the ends of 
the horse-shoe. The dimensions, height 30 ft., depth 
45 ft., breadth 60 ft., were in the proportion 2 : 3 : 4. 
The ceiling was not sufficiently high to cause an echo, 
but sound-pulse experiments made'on models (Fig. 21) 
had shown that there was a reflection from the wall 
behind the speaker and the ceiling, which produced a 
just perceptible echo in the front row of seats. 
The circular skylight above the speaker, which was 
a later addition, did not seem to be acoustically a 
good feature. The experiments also indicated why 
hearing, generally good in the theatre, was not quite 
easy under the gallery. 

University lecture theatres were generally rect- 
angular with stepped seats, sometimes of very 
pronounced rake, and often too reverberant except 
when full ; cushioned seats, however, would mitigate 
that. In the theatre of the Royal Society of Arts, 
which was considered easy to speak in, the rake 
was very slight, and the large canvas paintings on the 
walls reduced the reverberations. Dr. Kaye 
described attempts made to improve the acoustics of 
the hall of the British Institute of Radiology (pre- 
viously the domed chapel of the Russian Embassy), 
partly with the aid of Celotex panelling on the walls. 
The ceilings of theatres had to be high and echoes 
might be bad; Sabine had cured this effect in a 
New York theatre by adding a kind of inverted 
funnel structure to the ceiling. In the House of 
Commons, where speaking was carried on at ordinary 
voice across the floor, the ceiling had first been too 
high, and a false ceiling of glass, acting as a non- 
absorbent reflector at a height of 35 ft., had been 
introduced with success. In concert rooms, as in 
theatres, high ceilings. were desirable for general 
reasons, but they should be acoustically absorbent. 
This also applied to distant back walls, if they were 
not obscured by tiers, &c. Churches might have 
very long reverberation periods (7 seconds), and 
the favourable conditions for the preacher and the 
choir were conflicting. A hundred years ago, some 
English preachers had spoken from large parabolic 
reflectors, but these were abolished because people 
at the sides could not hear, and the preacher was 
himself disturbed by the echo of his voice and other 
noises. 
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Slag wool behind wire netting was an excellent 
sound absorbent, but not pleasant to touch. Cabot’s 
quilts, made of loosely-packed seaweed material in a 
paper envelope, were easy to apply and not inflam- 
mable; this also applied to balsam-wool fabrics, much 
used in America in mats of open or close texture. The 
soft absorbents generally required surface coverings 
or screens of canvas and rep, which, however, lost 
part of their desired porosity when painted or 


GREEK THEATRE Fig.J9. ROMAN THEATRE 


CULL 


yovet 








a 


Ventilation 
duct 





(9820.0) 





ENGINEFRING” 


Fig. 25 SOUND~DEADENING PARTITIONS 


























USUAL METHOD THIN FIREPROOF 
L f 
Quilt 
ea 
Lf 
i Stad 
A i i 
Plaster 
STAGGERED DOUBLE-STUDDED 


+ Quilt 


| Plaster 
Plaster/" .{\ 





Stud} 























ENGINEBRING™ 


(9820.6,) 
stained. The Acousti-Celotex, previously mentioned, 
was a waterproofed cane-fibre board, made in sheets 
or tiles of a thickness of 1} in., and perforated by 
}-in. holes to a depth of 14 in. The acoustic plasters 
were produced by mixing magnesium oxide and 
chloride (the latter dissolved in water) to a thin paste 
with a little gum, and stirring slag wool into the mass 
until it turned frothy ; on drying, the air bubbles 
burst and left a very porous material. The Bakewell 
plaster of the British Research Station contained 
hydrated lime and aluminium, and owed its porosity 
to the hydrogen evolved. ‘These plasters should be 
applied at once for them to adhere to walls ; they 
were fire-proof, durable, and did not harbour 
vermin. Stretched wires, still used to deaden re- 


verberation, were of doubtful utility. 
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Electric amplifiers, or loud speakers, could render 
valuable service in large auditoriums, but their 
application had not yet been sufficiently studied. 
The amplified speech sounded different from the 
direct speech, and the listener might hear the direct 
speech and the sound as repeated by the horn- 
projectors ; the sound from the latter sometimes 
made the microphone sing. Dr. Kaye’s demonstra- 





tion, with the microphone on the table in front of him 














(9820.£) 








Cork \master 


ENGINEERING” 





Hair Felt 
(9820.4) 


Fig. 28. SOUND-DEADENING CEILING 
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ducts. Ordinary bends and elbows could only 
stop sounds by repeated reflection when the duct 
diameter was large compared to the wave-length ; 
more frequently the duct acted like a speaking tube. 
Felt lining and baffle-plates and the sound-absorbing 
cap for ventilation ducts, due to Watson and shown 
in Fig. 22, had proved useful. When several ducts 
branched off from a main, asin Fig. 23, sound transfer 
through the ducts was greatest from room 1 to room 2° 
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opposite, and least from IL to 6, the sound being 
more deadened as the number of intermediate ducts 
increased. The baffle-box silencer, Fig. 24, was 
used at Teddington for preventing sound transfer 
while allowing a stream of air to pass. 

Massive walls and floors, which would serve as 
sound insulators, were frequently too heavy, and 
air spaces or sound-proof partitions had to be pro- 
vided ; uninsulated bolts, wooden supports, strain- 
ing wires, &c., passing from one shell to the other, 
should then be avoided. The sound deadening 





| partitions shown in Fig. 25 were recommended 
and two horns above the ends of the table, seemed | by the makers of Cabots quilt ; the partitions were 
helpful as long as he did not move and the ampli- | double, and the quilt reduced the rigid connections 
fication was not too strong. In the new Liverpool | between the two members to a minimum. In the 
Cathedral, eight-voiced projectors were at present | upper two of the four diagrams, there was connection 
employed, in order to cover the choir and the | through the nails or the metal of the fireproof par- 
sanctuary, the transepts and the lectern. In the | tition; the staggered connections of the two lower 
House of Lords, where the improved ceiling of the diagrams were more satisfactory in this respect. 
House of Commons had not been adopted, the! The floor and ceiling construction, illustrated 
microphones were all placed on the table of the | in Fig. 26, was adopted by Professors F. R. Watson 
House, and telephone earpieces were installed at 30| and T. M. White, for the Smith Music Building 
different spots. of the University of Illinois. The framework of 
Dr. Kaye then turned to  sound-proofing. | the building was constructed of reinforced concrete 
Heavy walls kept sounds out effectually, and there | with combination concrete tube and joist floor 
was little transmission and refraction of sound | design, and each room was treated as a unit isolated 
through them. But sound entered through doors | on all sides, floor, ceiling and walls. The partitions 
and windows, and especially through ventilating | were double, and consisted of two 3-in. gypsum 
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block partitions separated by air spaces. In the 
air space was mounted a layer of sound-absorbing 
Insulite tacked to wooden strips on one of the 
members, gaps between the joints of the Insulite 
being avoided to obtain an unbroken obstacle to 
the transmission of sound in the event of cracks 
developing in either partition. No contact was 
allowed between the two gypsum partitions, and no 
mortar was allowed to bridge over ; the partition was 
insulated from the floor by cork and from the floor 
above by hair felt. On the outside walls, the 
partitions projected into a 4-in. chase insulated by 
hair felt. As far as possible, walls separating 
adjacent rooms were left continuous without breaks. 
The structural floors of reinforced concrete, 12 in. 
thick, were made with tubular hollows, wooden 
planks forming structural breaks under the parti- 
tions ; the inner floor of a room was of cinder 
concrete floated on a bed of sand, and the flooring 
was covered with linoleum over felt. 

A less elaborate method of deadening a concrete 
floor by floating a wooden floor on sleepers above 
insulation laid upon concrete or upon ordinary 
floor boards is shown in Fig. 27. For heavier 
deadening, a layer of insulation might be inserted 
between the finished flooring and the sleepers. A 
wooden floor could also be floated upon a fibre-board 
covering of a wooden sub-floor, insulated from the 
joists by fibre-board pads. The ceilings at the 
Smith Building referred to, consisted merely of two 
coats of plaster on the underside of the insulated 
floor structure. In the type of ceiling insulation, 
illustrated in Fig. 28, alternate layers of battens 
and deadening quilts were used; no nails passed 
through all the layers, each layer of battens being 
separately nailed to the one above it. Heating 
pipes should not be allowed to enter sound-proof 
rooms, or should at any rate be set in some insulating 
material within wall cavities. Radiators connected 
to pipes should not be fixed to thin floors, but be 
bracketed to rigid external walls by insulated bolts. 
Lift shafts should be rigid, insulated from the main 
structure and separated from quiet rooms by corri- 
dors or stairs. 

Coming to sound-proof measurements and their 
results, Dr. Kaye gave particulars of the Sabine 
Laboratory, an isolated building which was con- 
structed by Colonel Fabyan at Geneva, Illinois. 
The sound-chamber, with its double walls and 
12-in. air insulation, and the three test chambers 
surrounding it, all had separate foundations, and 
the foundation of the sound-chamber itself was 
again separate from those of the outer shell, and 
rested on concrete, tarred paper, concrete tiles and 
sand. From the tests made in this laboratory, it 
appeared that }-in. plate-glass panes were more 
sound-absorbent than the lighter --in. plate glass, 
and that the sound insulation afforded by double- 
glazing fell short of the expected results; mass 
seemed to be the decisive property for low-frequency 
sound proofing and stiffness (enabling the structure 
to vibrate as a whole) for low-frequency sources. 
Dr. Kaye pointed out, however, that gencralisations 
of that kind were dangerous and not in accord with 
theory. One would hardly expect that a }-in. steel 
door kept out sound better than a cold-store door 
4in. thick, though, in general, weight was desirable 
for sound insulation. An air space between double 
walls was found far more efficient as a sound insula- 
tor than the same space filled with wood, saw-dust 
or slag, although felt filling was nearly as good as air. 

In these tests, the two Sabines usually mounted 
the specimen on a frame fitted over an aperture. 


were found to be small in rooms. At the Bureau 
of Standards, to the work at which Dr. Kaye finally 
referred, Eckhardt and Chrisler were also investigat- 
ing the transmission of sound through ceilings ; 3-in. 
air-gaps were used in the dividing walls between 
rooms. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of the Institution of 
Mechanical Engineers was held at Storey’s Gate, 
Westminster, on Friday, November 19, at 6 p.m. 
The chair was taken by the President, Mr. William 
Reavell, who, after the minutes of the previous 
meeting had been read and approved, announced 
that the Council had received the resignation of 
Sir George Goodwin as a Vice-President of the 
Institution. This had been accepted with very 
great regret. The Council had endeavoured to 
mark their appreciation of the services Sir George 
had rendered to the Institution by making him an 
honorary life member. Lieut.-Colonel E. Kitson 
Clark was then called upon to read the paper before 
the meeting, the author, Mr. T. A. F. Stone, being in 
India. 

ELEectric LOCOMOTIVES. 

The paper was entitled “ Electric Locomotives : A 
Method of Classifying, Analysing, and Comparing 
Their Characteristics.” This we reprint in abridged 
form on page 674 of this issue. Colonel Kitson- 
Clark commenced by stating that some of the figures 
in the paper had been found to be incorrect, but 
as there had been no time to communicate with 
Mr. Stone on the matter, the corrections would be 
made later. 

The opening paragraphs, Colonel Kitson-Clark 
said, indicated that the schedules given were tenta- 
tive rather than final. Mr. Stone had taken the 
average horse-power of the steam locomotive as 
20 times the grate area in sq. ft. An authority on 
the subject, Professor Dalby, put it, he believed, at 
30 times. If the latter figure were accepted, the 
whole of the comparisons made between steam and 
electric locomotives would have to be altered. 
Referring to the principal table of data in the paper, 
calculations had been made from 92 steam and 
electric locomotives. It would have been of interest 
to have known the proportion of each kind. Mr. 
Stone might, with advantage, add this information. 
Commenting on the ratios given, Colonel Kitson- 
Clark said that horse-power was certainly relative to 
adhesive weight, because if these were made dis- 
proportionate the engine would slip. If, fhen, in 
the case of the electric passenger locomotive the 


ratio = was given by the author as 30-98, and in 
é 


the goods locomotive 19-18, while the corresponding 
figures for the steam locomotive were 15-4 and 
10-96, it appeared that the horse-power per ton of 
adhesive weight was much higher with an electric 
locomotive than with a steam one of the same type. 
It should be noted, however, that the steam loco- 
motive was self-contained, while the electric loco- 
motive derived its power from outside. 

He thought the system of ratios would be useful 
for examining the fitness of a design for its work. 
There was no doubt that increased speeds were 
necessary to clear crowded lines, and that long- 
distance passenger and goods engines would be run 
at more nearly the same speeds in future. He 
wished to emphasise the author’s conclusions 
regarding the three-phase system in which the ratio 








Similar methods of investigating sound transmission 
and reflection through air from panels of the | 
material, built into an aperture in a wall separating | 
two sound-proof chambers, were used by Watson, | 
and also by the National Physical Laboratory, as we | 
mentioned on page 114 of our issue of July 23 last. | 
The walls of the sound-proof chambers at this | 
Laboratory were 2 ft. thick and the partition wall | 
was double, with an air-space of 8 in. between the | 
two 9-in. brick walls. The floors, ceilings and walls 
were covered with sound-absorbing materials, and 
Special attention was paid to corners ; absorbent 
deflectors, at 45 deg. to the sound-beam, prevented 
interference between the direct and the reflected 
heam from loud speakers, By these means, the 
intensity of stray sounds and of stationary waves 


| 


HP was much the highest of all types, as bearing on 
his own views as to the adaptability of the three- 
phase system to the most modern requirements of 
lines in a crowded country. Referring to the reasons 


F P. 
given by the author for the low value = in steam 


locomotives, Colonel Kitson-Clark said that as 
regards the action of revolving balance weights in 
reducing the coefficient of adhesion, his firm con- 
sidered that with inside cylinders and large wheels 
this was 1 per cent., and with outside cylinders and 
small wheels 3 per cent. Regarding the fact that 
the turning moment was not constant in the steam 
locomotive, this helped the engine when starting. 











He would point out that Sir Henry Fowler had a 
turbine locomotive running at present with a 
constant turning moment, and he thought the word 
“reciprocating” should have been used in the 
paper when referring to the steam locomotive. 

in Fig. 2 it might be noted that the curve for the 
three-phase locomotive was practically a vertical 
straight line, and showed that the engine could 
not go any faster than the 16 m.p.h. with any load, 
while the steam engine could probably go up to 
29-30 m.p.h. This was a matter of considerable 
importance, as he could imagine a light train being 
suddenly required, say, to work up to a frontier. 
A steam engine could handle a light load with 
increased speed, but the electric locomotive could 
not increase its speed. It might be noted, on the 
other hand, that the three-phase system could exert 
all the power required to start the engine at 15 m.p.h., 
while the steam engine could only provide the 
power to start the train at 8 m.p.h. He considered 
that the lines laid down by the author might be 
useful in examining designs of electrical engines. 

Professor W. E. Dalby opened the discussion, 
remarking that he thought all locomotive engineers 
would recognise that the figure of 20 h.p. per sq. ft. 
of grate was too low. He thought he could refer 
it to more fundamental data than given in the 
paper by recalling certain locomotive trials made 
on the London and South Western Railway, wherein 
the consumption of coal on express runs was 80 lb. 
per square foot of grate. Allowing a consumption 
of 4 lb. of coal per horse-power per hour and 20 h.p. 
per square foot of grate, it was possible to deduce 
the author’s assumption. But the consumption of 
4 lb. of coal per horse-power-hour was too high. In 
this connection he would refer to a series of exhaus- 
tive trials made in connection with the St. Louis 
Exhibition. The results, including coal per hour, 
were ascertained by direct test on eight locomotives. 
He believed that there were no figures of 4 Ib., 
they were more like 3 or 3t lb. It was well known 
that 80 lb. of coal per square foot of grate was 
frequently exceeded; in the St. Louis Exhibition 
trials the consumption ran up to 130 Ib. per square 
foot of grate. Taking an example from the old 
London and North Western Railway, the coupled 
engines formerly known as “ Jumbos ” had a grate 
area of 17 sq.ft. At 20 h.p. per square foot of grate 
the horse-power of these locomotives would be only 
340. These engines would often, however, take a 
train of 120 tons up the Shap gradient of 1 in 75. 
He would leave members to work out whether 
340 h.p. would suftice to take a Scotch express to 
Shap summit at any reasonable speed. Referring 
to certain locomotives stil! running, designed by 
Mr. Churchward, on the Great Western Railway, 
Mr. Churchward had shown him both the indicator 
cards and the drawbar pull, a pull being obtained 
of 2 tons at 70 m.p.h. The area of the grate was 
25 sq. ft. There was no comparison between the 
power exerted by this locomotive and the figure of 
20 h.p. per square foot of grate. He felt that the 
whole basis of comparison was wrong, and, so far 
as the steam locomotive was concerned, the figure 
was too low for present-day practice, or even that 
of twenty to thirty years ago. 

Dealing next with the author’s conclusion that 
the horse-power per ton of adhesive weight was much 
higher for electric than for steam locomotives of the 
same type, he demonstrated on the blackboard 
the construction of the fundamental formula for 
all tractors, whether steam locomotives or not. 
The author, in his statement that he obtained more 
indicated horse-power per ton of adhesive weight 
from the electric than from the steam locomotive, 
really signified that he required more horse-power 
to drive the tractor alone. This actually amounted 
to a claim that the electric motor was less efficient 
than the steam locomotive. With regard to the 
question of balancing, the author had stated that 
the adhesion was much reduced by the revolving 
balance weights. The statement was very broad, 
and should be narrowed down and expressed as 
“the adhesion might be reduced by the part of 
the balance-weight put in to balance the recipro- 
ting parts,” which might or might not be large. 
He thought the comparison made by the author on 
this point was not of much importance. With four- 
cylinder engines there was a possibility of doing 
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away with balance-weights altogether, so that the 
objection would vanish. 

Mr. J. D. Twinberrow, said there were statements 
in the paper from which one could disagree whole- 
heartedly. He thought the author had overesti- 
mated the possibility of assessing the performance 
of the steam locomotive by external inspection. 
With respect to the classification of locomotives by a 
description of their wheel base, he thought the 
American system of classification was in many 
respects defective. It seemed illogical to count up 
the wheels when the unit which mattered was the 
axle with its pair of wheels. He thought the 
European system, under which the carrying wheels 
were denoted by numerals and the groups of driving 
axles were denoted by letters, was much to be 
preferred. The system might be used to indicate 
the difference between individually driven axles 
and the coupled axles which might occur in the case 
of electric locomotives. 

In an electric locomotive it might happen that 
there were three individually coupled axles, in 
which case the European C would be an incorrect 
designation. The nature of the driving might, how- 
ever, be shown by using the letter “ A,” indicating 
single axle drive, and repeating it three times, or 
prefixing it with the figure 3. He noted that 
the author defined the weight indicated by the 
letter E in the paper, as the weight of the motive 
power, including the boiier for the steam locomotive, 
and in the electric locomotive the weight of the 
motors and the control equipment. When there 
was substituted for the boiler a series of practically 
isolated electrical units, very different conditions 
arose, as the steam boiler was a very important struc- 
tural feature. In the case of the large locomotives 
characteristic of American practice, the removal of 
the boiler would leave the frame in a condition in 
which it would be quite incapable of taking care of 
the vertical, lateral, and torsional stresses incidental 
in practice. This was so, also, to a large extent in 
British practice, where the boiler was not treated 
directly so much as a structural unit, although it 
evidently acted as such. It gave support to the 
locomotive where it was certainly badly needed 
unfortunately with very disastrous effects in the 
way of boiler maintenance. But if a frame which was 
perfectly satisfactory for a steam locomotive was 
taken, and the boiler replaced by a discontinuous 
accumulation of motors and control apparatus the 
result would be a frame too tender to lift in the shops, 
and ill-caleculated to undergo the stresses met with in 
ordinary work. Therefore a lack of success was 
apt to attend the application of steam locomotive 
practice to electrical propulsion. In taking the 
static load upon the wheels as an indication of the 
power which might be exerted without slipping, it 
was well to remember that the static condition was 
very materially modified by the influence of the torque 
reaction on the frame containing the driving gear. 
This might with some classes of locomotives and 
individually-driven axles, show itself in a reverse 
movement on the frame and so lessen the adhesion. 
As to the cause, under certain conditions, of slipping, 
this, on electric locomotives was rather a‘ different 
thing from slipping with steam locomotives, where 
what was happening was known. In electric loco- 
motives, particularly three phase, this was not the 
case. 

Possibly one of the reasons of the three-phase 
locomotive being worked on such a very low limit 
of adhesion might be found in the fact that when 
it passed that limit of adhesion it would probably 
continue to progress, though not at the rate at which 
it ought to. On the other hand, with groups of 
individually driven axles and ordinary motor 
grouping, if the adhesion »f the leading axle was 
lost, stalling took place. For work on steep grades 
with extremely heavy loads, that system required 
some careful attention. With respect to the even 
torque, to attain which seemed to be the ambition 
of the steam locomotive designer, it was the cause 
of the extreme trouble which electrical engineers 
had in obtaining a satisfactory rod drive. The 
majority of types of rod-driven locomotives which 
had been put into service had undoubtedly given 
a large amount of trouble and had caused a high 
maintenance rate. The reason was not far to seek. 





Tt was difficult to compress it, however, into a small 











compass, and at the same time to make it lucid. 
He felt, therefore, that he must leave that aspect 
of the subject, and would communicate it in 
writing. 

Mr. James Conner, M.B.E., remarked that on 
looking over some of the ratios in the paper, he 
had found that they seemed to be more or less old 
friends. The rating of the electric locomotive had 
been taken as one-hour full-power rating of the 
motor. It appeared to him that, if a comparison 
were being made, the author ought to have taken 
some average drawbar pull with an average speed. 
With regard to the ratios of the electric locomotive, 


the author took a for a passenger engine as 75 per 


cent. That was right for some of the high-speed 
express locomotives, which had guiding trucks, 
when only a proportion of the total weight of the 
locomotive was available for adhesion, but the 
ordinary electrical locomotive which was used for 
local passenger service, and which was described in 
the paper as 0-4 +- 4-0, had a double bogie, the four 
axles on each being driven. He thought that about 
80 per cent. or 90 per cent. of the locomotives which 
had been shipped from this country abroad had been 
of that type. The adjustment made with respect to 
the goods locomotive of the same type, as compared 
with the passenger locomotive, was, while keeping the 
motors the same, merely to alter the ratio of the 
gear. This had advantages, because it reduced the 
number of duplicate parts which had to be carried. 
was one often shown by Continental 
engineers. In an early Swiss electric locomotive 
the ratio was 8-2 h.p. per ton of material, but in the 
latest Swiss type for which he had figures, it was 
17-5 h.p. per ton—which agreed approximately 
with the author’s figures. The same thing was 
sometimes shown in another way. The weight of 
the locomotive was taken as unity, and then, on a 
3-5 per cent. gradient, the number of times its own 
weight which a locomotive could haul in the form of 
a train was given. The earlier locomotives, which 
weighed under 60 tons, took 1-96 times their own 
weight, while the new locomotives, which weighed 
66 tons, took over three times their own weight at a 
speed which was higher by 10 per cent. than that of 
the steam locomotive. He did not know that the 
comparison could be a very close one because, as 
had been pointed out, the steam locomotive was a 
self-contained unit, whereas the electric locomotive 
was merely a transformer of energy. It received the 
energy from perhaps 20 boilers and transformed it 
into the immediate requirements of the train on the 
incline. 

There was some question about the ratio of the elec- 
trical portion to the weight of the locomotive. The 
author gave it as something like 46 per cent. for 
the direct-current locomotive. He (Mr. Conner) had 
looked into a number of examples, both of the 
0-4-0 type, and the higher speed locomotives, with 
larger wheels and with only a portion of the total 
weight of the locomotive available for adhesion. 
He had found that the percentage came out at 
33 in place of about 44. There was a good deal of 
confusion about that item, because parts such as 
those connected with the brake gear had been 
counted as electrical equipment. In one case of a 
locomotive of over 60 tons, such a method had made 
a difference of 16 per cent. in the weight of the 
electrical equipment. 

Referring to the question of the three-phase loco- 
motive, there were no locomotives of that type 
working in this country, and on the Continent he 
thought single-phase were more usual. In America, 
on the two principal lines there, the Norfolk and 
Western and the New York, Hartford and Newhaven, 
they had single-phase transmission, which was con- 
verted on the locomotive to drive three-phase motors. 
Having to put those attachments on, altogether 
eliminated the claim for lighter equipment, com- 
pared with the d.c. type of drive. He thought 
also that, notwithstanding the peculiar features of 
the three-phase, the ratio of 33-9-h.p. per ton 
was rather overstating the tractive capacity of the 
three-phase locomotive. He considered that with 
a three-phase locomotive running direct from two 
wires, the overhead construction became very 
complicated on account of insulation and high- 





The ratio of 








pressure, particularly compared with what was 
required for direct current work. 

Mr. A. E. L. Chorlton, C.B.E., said that in 
the particular problem which he himself had had 
to consider lately, namely the Diesel locomotive, 
practically every point had to be investigated 
anew. As nearly all railway work had been, or 
was being done, by steam, it would be a great con- 
venience if one could readily ascertain the power 
of the locomotive by some such simple multiplica- 
tion as that already discussed. The key point, he 
thought, was the acceleration required ; no account 
of that was taken in the paper at all. Another 
point he had noticed was that no real stress had 
been laid upon the current adhesion factors which 
were used. He had been told that in America 
they could go over 33 per cent.—a-third of the 
weight, that was, up to 7501b. perton. The ordinary 
steam locomotive practice, as a rule, was 540 lb. 
per ton. With regard to the question of h.p. 
per square foot of grate area, in a particular case 
where he had had to investigate the possibility of 
carrying out a certain service, the power required 
had come out at 600-h.p. This had been worked 
out entirely by a time schedule ; it was not a difficult 
thing, but it took a certain amount of time to do it. 
The grate area was 20 sq. ft., and if 30-h.p. per 
square foot could have been agreed upon, he would 
have arrived at the figure of 600-h.p., without any 
working out at all. In another case the service 
had to be investigated over a very long distance, 
which meant that the whole of the gradients had 
to be taken into account together with the load 
and the time, and there the locomotive had a 
grate area of 30 sq. ft. This, at the same rate, 
would have given 900-h.p. as being equivalent to 
the usual service of that locomotive. He found 
the work could be done with a Diesel engine of 
850, which indicated that 30 was somewhere near 
the figure which could be used. 

A suggestion having been made that the figure 
of horse-power per square foot of grate depended 
upon the quality of coal, Colonel E. Kitson Clark 
said that the 20 to 30-h.p. rate was a question for 
trial, and depended upon all sorts of different 
circumstances. He did not know where the figure of 
20 came from. Professor Dalby’s figure of 30 h.p. 
was generally considered as being about right, but 
many considerations entered into the matter—the 
different kinds of coal,and soon. Also, the amount 
of heating surface was another very important item. 
It was an experimental figure only. Perhaps 
between 20 and 30 was about right. 

Mr. F. H. Livens said it appeared as though the 
author had based his calculations from experience 
on examples near at hand, which would largely 
account for the very low horse-power rating per 
square foot of grate adopted. If these had involved 
Indian coal, it explained everything. He thought 
that in recent trials between one of the best 
Great Western engines and one of the Great 
Northern engines, the horse-power of the Great 
Western engine had come out somewhere about 
1,800. The grate was 30 sq. ft.; that gave 60 h.p. 
per square foot of grate. Therefore he suggested 
that the whole of the diagrams and figures in the 
paper should be revised. ‘The paper contained 
much food for thought, but still the adhesion factor 
between the locomotive and the rail per se must be 
very much the same, whether it was an electric or 
steam locomotive. It would depend upon the 
number of axles that were driven and the number 
not driven; but whether it was electric or steam, 
those could be made to correspond. An electric 
locomotive with six coupled wheels and a bogie in 
front and a bogie truck behind could be constructed, 
just the same as a steam locomotive, though the 
tender, with its load, which the steam locomotive 
had to draw with it, would be saved. 

Mr. L. Pendred also spoke on the matter of the 
20 h.p. per square foot of grate. It had been over- 
looked that that was the average horse-power. 
Mr. Livens had taken it on the maximum horse- 
power which was developed. He doubted whether 
the figure of 20 was really so wrong as it looked. 
It would be a mistake to jump up to 30 h.p. as a 
general practice. Perhaps 25 h.p. would be better. 
He read the sentence regarding the horse-power 
per ton of adhesive weight in quite a different 
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manner from that in which Professor Dalby had 
read it. He suggested that all it meant was that 
for a given adhesive weight more power could be 
put on the track with electric power than with 
steam power, simply because one had not to carry 
the boiler. 

Mr. E. L. Diamond thought the weakness of the 
author’s method lay in the fact that it gave no 
means of classifying powers of engines performing 
the same work. Generally speaking, the traffic man 
wanted some simple classification which would 
enable him to tell how many trucks or coaches he 
could put on a locomotive in hauling the train to a 
given schedule. The classification of the L.M.S. 
was a simple one; the actual method was not 
based on grate area, but on the tractive effort of the 
locomotive. This was not taken at the full 80 per 
cent. of the boiler pressure, the percentage of the 
boiler pressure being based on the well-known 
experimental curve got out by the Lancashire and 
Yorkshire Railway, in which mean effective pressure 
was plotted against piston speed. The piston speed 
for the freight engine was taken when the engine was 
travelling at 25 miles an hour, and for the passenger 
engine when it was travelling at 50 m.p.h. That 
was corrected for the steam-raising capacity of the 
boiler, and it had been assumed that the rate of 
consumption of coal would be 130 lbs. per square 
foot of grate area per hour. That rate had been taken 
from trials which had been made. Even that rate 
was often exceeded; indeed, locomotives often 
burnt coal at the rate of 150 lb. per square foot of 
grate area. The result of that was that, generally 
speaking, the boiler horse-power came out at some- 
where between 30 and 40 h.p. per square foot of 
grate area. He thought an average of 1 for the 
ratio of the total weight to the adhesive weight of 
steam shunting engines was more nearly correct 
than the author’s estimate. 

Mr. Sims said the figures given by the author 
would have carried very much more weight, especi- 
ally on the electrical side, if he had given the dates 
at which the locomotives had been built. During 
the last few years he had recorded all the electrical 
locomotives which had been built, and had found 
very big differences in the ratios. ‘To quote one 
ratio of HE 

A 


case: , Taking the author’s first 


he knew of a case of a passenger locomotive on the 
Swiss Federal Railways where that ratio was 33-5 ; 
and he had also the case of a freight locomotive 
running on another railway where the ratio was 
28-8. In dealing with electrical locomotives a 
period of years should be taken. Electric locomo- 
tives at the present moment, no matter of what 
type, were in a state of flux. Locomotives which 
had been built during. the last five years were 
totally different from those built in the previous 
five years, and so on all the way back. The ques- 
tion of rating was not made clear in the paper. In 
most cases with electrical work the motors were 
rated on two distinct bases—a continuous rating 
and a one-hour rating ; and so far as he could make 
out from the author’s figures, the one-hour rating 
had been taken in practically every case. Again, 
in dealing with the three-phase locomotive, he would 
like to know exactly whether the author had taken 
into account such locomotives as the Norfolk and 
Western and the New York, Newhaven and Hart- 
ford, because personally as an electrical man he 
would not take those in as being three-phase loco- 
motives ; he looked upon them purely as single- 
. phase systems, for the reason that those locomotives 
were carrying a converter plant which altered their 
character altogether. Under the three-phase head- 
ing, the pure three-phase system should be taken, 
such as the Italian State Railways system. If the 
ratios for the Simplon and other lines were taken, 
it would be found that the figures were comparable 
rather with single-phase working, and did not tend 
to show the big advance which the author 
claimed. 

Mr. Theodore Stevens remarked that in order to 
make the paper really valuable for the records of 
the Institution, he considered that they wanted 
not only to know what the 92 locomotives were, as 
Colonel Kitson Clark had suggested, but the type 
of those which were referred to as running at 16 
miles an hour. The Norfolk and Western Rail- 





way had been mentioned. He was not certain 
of its grade ; he doubted if it was 3 per cent., but 
he was certain that the speed was not 16 miles an 
hour; they ran at 28 m.p.h. The Newhaven 
line had been mentioned, but when he had gone over 
the line it was a straight single-phase, not three- 
phase. The 3 per cent. grade, as used in the 
diagram in the paper, and 16 miles an hour seemed 
to limit it to very few locomotives. The passenger 
and goods trains on the Chicago and Milwaukee 
line ran in one place at 22 miles at a ruling gradient 
of 1-7 per cent. 

Professor P. M. Baker said the point had been 
raised as to what was exactly meant by h.p. all 
through the paper. In some cases the expres- 
sions “limiting horse-power” had been taken. 
Professor Dalby’s was limiting horse-power, the 
actual limit of horse-power that the machine 
could exert—the limiting value of the adhesion. 
He did not think that that was meant by the 
author throughout the greater part of the paper, 
though it may have been meant in some parts, 
and it required a little further explanation to see 
exactly what he did mean by horse-power. With 
reference to the remarks of Mr. Livens, the North- 
Western Railway of India had good locomotives— 
a great many of them with superheaters, although 
the coal was bad, the calorific value ranging some- 
where about the region of 10,000. 

Mr. P. C. Dewhurst thought it would be very 
desirable to have particulars of both the steam and 
electric locomotives used in the comparisons. He 
found in the paper as the average values of the ratio 
H.P. to total weight some figures for the steam 
locomotives which, in his experience, were remark- 
ably low, goods locomotives being given as5-7. He 
considered that a goods locomotive which was going 
to earn money for its shareholders would have to 
have a figure of somewhere between 10 and 12. 

Colonel Kitson Clark, in concluding the discussion, 
observed that he thought the question of 20 or 30 
h.p. per square foot of grate area had been over- 
stressed, What everyone wanted to know was the 
effective speed and horsepower of the various 
electrical locomotives. The complications of the 
3-phase system would, to some people, seem disad- 
vantageous, and to practical people it seemed de- 
sirable they should be avoided. The discussion 
showed that the steam locomotive had many more 
defenders than it might be thought to deserve, and 
that the electrical locomotive was in need of many 
more expositors. 

The President remarked that it was always diffi- 
cult for an author who, owing to residence at a 
great distance, was unable to present his own paper. 
He felt that, whatever might be said about the 
paper, the thanks of the meeting were due to the 
author and to Colonel Kitson Clark for his manner 
of presentment and his excellent comments. 

The Secretary then announced that there would 
be an informal meeting on Friday, December 3, 
at 7 p.m., when the subject of Industrial Ventilation 
would be introduced by Mr. A. E. Harris. The 
annual dinner would be held on Thursday, De- 
cember 9, at the Connaught Rooms, and the 
next general meeting would take place on Friday, 
December 10, at 6 p.m., when the Fifth Report of 
the Marine Engine Trials Committee would be 
presented. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained on application to the Department at the 
above address, the reference number given below being 
quoted in each case.—The New Zealand Government 
Railways are calling for tenders, to be presented by 
January 31, 1927, for electrical equipment for Otahuhu 
car and wagon workshops. (Ref. No. BX 3038).—The 
South African Railways and Harbours invite tenders, to 
be presented by December 30, 1926, for switchgear 
cables and transformers. (Ref. No. BX 3040).—The 
State Electricity Supply Works at Montevideo are call 
ing for tenders, to be presented in Uruguay by January 19, 
1927, for the supply of 100,500 metres of 250-volt wires 
and cables. (Ref. No. BX 3042).—The Deputy Direc- 
tor, Posts and Telegraphs Department, Melbourne, is 
calling for tenders, to be presented by January 25, 1927, 
for telephone receivers and associated parts. Schedule 
No. C 153. (Ref. No. BX 3041.) 








THE MECHANICAL PARTS OF LARGE 
WINDING ENGINES.* 


By Percy Roper Rosperts and ALEXANDER COLIN 
AnpDERSON, M.Inst.C.E. 

THE science of extracting minerals from the earth 
by the most economical means has become detailed 
and elaborate, and the duty of the large winding engine 
is so important, particularly when hoisting men, that 
it has been felt desirable to present a brief review of 
the present state of the art. 

The subject of the paper is confined to winders with 
drums 10 ft. in diameter and upwards, regardless of the 
actual power. 

Drums.—In British collieries, the parallel drum has, 
until comparatively recent times, been almost universal, 
except for rare instances where Koepe wheels and 
flat-rope reels were used together with the conical 
drums occasionally met with in the deeper pits. The 
proportion of the last, however, is increasing, and 
cylindro-conical drums are becoming more common. 

For raising minerals abroad, the parallel drum is still 
in most frequent use, the winders generally comprising 
two drums, one or both of which are loose on the shaft 
and driven by clutches; such a winder is preferred 
because, in this class of mining, various levels have to be 
worked. In the gold mines on the Rand and in India, 
the limit of single-stage winding is now being reached 
in many instances, and, in consequence, the cylindro- 
conical drum is coming into use in those mines. 

Various details of construction of drums are described, 
particular reference being made to large cones of 
25 ft. to 35 ft. in diameter which are cast in segments, 
the rope groove being machined complete after the 
segments are joined together. 

Clutches.—When a drum has been unclutched and 
the ropes adjusted to the required level, it is only by 
chance that the clutch jaws are in such a position 
that they will register, and to enable them to do so 
it is necessary to slacken the rope on the other drum 
until the clutch will engage. This slack rope is a 
serious matter, for if it amounts to more than a few 
inches a dangerous jerk is put on the rope, chains, 
cage, and all connections, at the commencement of 
each hoist. Various forms of clutches are described, 
particularly the Paterson clutch, which eliminates the 
effect of the rope error altogether. 

Brakes.—The drum brakes are outstanding features 
of a winder, safe operation depending almost entirely 
on their ample power and efficiency. Details of brakes 
and brake engines are given, and special attention is 
drawn to the advantages of the pressure-oil braking 
system. 

Types of Winder.—From the mechanical point of 
view, electrical winders are of two types—namely, 
those with the drum-shaft rigidly coupled to the 
motor-shaft, and those with the drum driven from the 
motor by spur gearing. 

The former require large and costly low-speed motors, 
but were generally preferred owing to their higher 
efficiency and quiet running characteristics, compared 
with what was possible with even the best’ class of 
machine-cut gears at one time obtainable. Within 
recent years, however, great improvements have been 
made in gear-cutting, and it is now possible, with 
correctly made fine-pitch gears and properly designed 
bearings, for a geared winder to run as efficiently, 
smoothly, and quietly as one direct-coupled. Even 
in the face of this fact, many engineers still look with 
suspicion on gearing for the largest winders. 

Gearing.—The gearing usually adopted is of the 
machine-cut double- or treble-helical type. The 
wheels are of cast steel, and the pinions either of forged 
or of high-carbon steel solid with the shaft. Oil-tight 
cases completely enclose the gears, which run in an 
oil bath, while frequently an oil-spray plays into the 
meshing of the teeth. These types of gear have usually 
a fairly coarse pitch, but their efficiency is high (about 
98 per cent.) until the teeth become worn, which will 
take place sooner with coarse-pitch than with fine-pitch 
gears because of the lower equivalent number of teeth 
and the consequent smaller contact surface. With 
fine-pitch gearing, extremely smooth running is obtained, 
and the risk of commutation troubles is avoided when 
direct-current motors are used. With ratios of, and 
exceeding, 10 to 1, the whole loading on the teeth in 
coarse-pitch gears is concentrated on the equivalent 
of one tooth or a fraction more, while with correctly 
designed fine-pitch gears of corresponding ratio the 
equivalent number of teeth in contact should never be 
less than four. This is a point of special importance in 
winders, where the heaviest loading on the gear teeth 
occurs when starting up. Further, a coarse pitch 
involves a larger diameter wheel, and this, after 
correction for the difference in face width, means 
increased weight with, what is more serious, increased 
inertia. 





* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesday, November 30, 1926. 
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The types of gearing so far dealt with, have, almost 
exclusively, involute teeth, a form which suffers from 
two defects : firstly, there are two convex surfaces, giving 
line contact only; and secondly, with high-ratio gears, 
it is necessary, in order to obtain clearance for the 
wheel teeth, to undercut the pinion teeth, which 
weakens them at the root. 

A distinct form of gearing which has been developed 
recently comprises “‘ V.B.B.” enveloping teeth, in which 
the tooth profiles are formed by a combination of 
cycloida] and involute curves, resulting in the contact 
surfaces being concave in the wheel and convex in the 
pinion teeth. Since tooth contact takes place between 
a concave and convex surface instead of between two 
convex surfaces, the intensity of pressure with V.B.B. 
gearing under equal loading is much reduced, with the 
following attendant advantages :— 

(1) Lighter gears may be used, often of reduced 
diameter. 

(2) Wear is lessened, since oil is not squeezed out 
from between the teeth at the line of contact. 

(3) Reduced local intensity of stress eliminates 
fatigue of surface metal, which is a frequent 
cause of “ pitting” and accelerated wear on 
pitch-line circles. 

Moreover, the proportion of rolling to sliding motion 
is materially greater than with involute teeth; the 
teeth engage during the ‘arc of recess” only, which 
means longer wearing life. 

These gears have proved very successful in practice, 
and in certain exhaustive trials, specially arranged to 
give exactly the same conditions for both, the V.B.B. 
teeth carried, before showing signs of “* pitting,” three 
times the load on the involute teeth tested with them.* 

Bearings and Lubrication.—The ordinary bearings 
described, while suitable for use with gears of coarse or 
moderately coarse pitch, are not the best for use with 
fine-pitch gears, which require the maintenance of the 
utmost accuracy. It has been found advisable, there- 
fore, to adopt a special design of bearing for use with 
the latter. This design is the result of extensive research 
on high-duty bearings, and involves special arrange- 
ment of the oil-inlet duct, oil clearances, and bearing 
crowns. In such bearings it is of fundamental impor- 
tance that an oil film be maintained between the shaft 
and the bearing surface, and the special features in the 
design ensure the fulfilment of this condition, on 
principles similar to those employed in the Michell 
bearing, which enable the friction to be reduced: to 
one-twentieth of the figure previously obtained. As an 
instance of the capacity of the oil film to withstand 
heavy loads without being squeezed out, it may be 
noted that, a few years ago, a common rule for fixing 
the proportions of bearings was to ensure that the 
surface speed in feet per minute multiplied by the 
pressure on the projected area in pounds per square 
inch should not exceed a constant, say 150,000. With 
pressure-lubricated bearings, this constant may safely 
be made 600,000. During the research on bearings 
referred to above, it was determined that the break- 
down of the oil film actually does not occur until the 
product of pressure and speed equals about 6,000,000— 
or, in other words, there is a factor of safety of about 10. 

Interesting experiments have been made to determine 
the hydrodynamic pressure in the oil film at various 
points in a loaded bearing crown, and it was found that 
this pressure, at the maximum point, is about twice the 
static load, although with an imperfectly bedded step 
the pressure in the oil film may rise to five or six times 
the static load. 

Bed-Plates.—The relative advantages of solid box 
base frames, as compared with bed-plates built up of 
steel members, are discussed. 

Couplings.—With geared winders, it is advisable to 
couple the motor to the pinion-shaft by means of a 
flexible coupling, which, while allowing a slight ‘ float- 
ing” or lateral movement for the pinion to adjust 
itself to the wheel so as to obtain the utmost advantage 
of equal tooth pressure, will prevent the floating of the 
motor-shaft, which may be out of synchronism with the 
pinion, from being transmitted to the pinion-shaft. 
A flexible coupling also compensates for any slight 
departure from true alignment between the motor- and 
pinion-shafts, due to unequal wear in bearings or some 
other cause. A form of flex‘ble coupling having the 
driving and driven parts completely independent and 
coupled by a third part, or combination of parts, is 
preferable to the type wherein the drive is transmitted 
by the overlapping of projections from the driving and 
driven parts, respectively. Instances of the latter 
design are on record wherein, after prolonged running 
under the same conditions, slight shoulders have been 
formed in the resilient faces of the driving projections, 
of such dimensions as to prevent any floating of the 
pinion, thus neutralising one of the chief functions of the 
flexible coupling. 

Control Gear.—With modern winders, every precau- 


* See ENGINEERING, vol. cxvii (1924), p. 257. 


tion is taken to ensure safety : to avoid risk of accident 
due to starting in the wrong direction, over-speed 
during any point in the wind, overwinding, and failure 
on the part of the driver to slow down at the point 
necessary to land the cage safely. The foregoing 
contingencies are sometimes met by the provision of 
special devices in connection with the depth indicator. 
In addition, it is necessary to provide means for 
instantly cutting off the current from the motor and 
applying the brake in any emergency. Moreover, the 


of current or failure of pressure in the brake-operating 
medium. These operations are carried out by the 


described. 








LETTERS TO THE EDITOR. 


THE DESIGN OF HIGH-SPEED 
ECONOMISERS. 


To THE EpiITtoR oF ENGINEERING. 


Sir,—In the article on “‘ The Design of High-Speed 
Economisers’’ in your issue of November 12, the 
author states that he believes the method he proposes 
to be novel. Within my own knowledge the ‘‘ Man- 
chester’? and ‘‘Glasgow Schools”? have been using 
similar methods for twenty years or more. The essen- 
tial features of this method are now well known. The 
author only needs to refer to the following :— 

‘** Boiler Economics and the Use of High Gas 

Speeds,” by the late Professor J. I’. Nicholson. * 

‘“The Possibilities of Flue-Gas Economisers on 

Board Ship,” and the book on ‘‘ Heat Trans- 
mission in Boilers, Condensers and Evaporators,” 
Messrs. Constable and Co. + 


From the context it would appear that the author is 
only referring to the type of economiser where gas 
flow is outside the tubes and the water inside. It 
would be interesting to have a demonstration from 


the author as to how he determines the value of ¥ 


for such conditions, for his constants will depend upon, 
among other things, what interpretation is to be 


placed on w for gas flowing among or across tubes. 


Yours faithfully, 
R. Royps. 
Dundee Technical College, Dundee. November 17, 1926, 


(The above letter was forwarded to Mr. Brian M. 
Thornton, and we print his reply below.—Ep. E.] 


To Tur Eprror or ENGINEERING. 

Sir,—Professor R. Royds’ comments on the article 
on ** The design of High-Speed Economisers ” call for 
some further remarks from the author. The author 
believes the ‘method to be novel not in the principles 
involved, but in the application of the principles and 
formule, and it is in the application that the designer 
is primarily interested. The advantages of the method 
become much more apparent when the performances of 
a given economiser at overloads and various gas and 
water temperatures have to be estimated. The author 
is well acquainted with the papers, and Professor 
Royds’ most useful book, to which reference is made. 

As Professor Royds states, the constants for the 
draught Joss D and the heat transmission coefficient R 
will depend on the interpretation placed on the value of 
Ww 


Using the economiser as a calorimeter, it is a 


simple matter to determine the mass flow of flue gas W. 
As stated in the article, for a given make of economiser 
the size and pitching of tubes will usually be constant 
in all designs ; it is then obvious that the area for gas 
flow will depend only on the length of tube L and the 
number of rows wide B. 


A = Constant x L x B.. 


From the point of view of the designer, any value may 
be assigned to this constant, providing only that the 
same value is used in designing as in the tests made to 
evaluate the D and R constants. This is a further 
advantage of the method, because, as Professor Royds 
states in his book,-** Heat Transmission in Boilers, 
Condensers, and Evaporators,” when the flow of the 
gases occurs across the tubes the area available for the 
flow of the gases is somewhat uncertain and can only 
be stated approximately. The investigator who is 
endeavouring to correlate data for different makes of 
economisers would, however, have to employ a graphical 
| method of estimating the true mean area similar to that 
| given by Professor Royds. 








* Trans. Inst. Engs. and Shipbds. in Scotland, vol. liv, 
10-11. 
+ Trans, Inst. Engs. and Shipbds, in Scotland, vol. lv, 
1911-12, 
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brakes should be applied automatically in case of failure | 


control gear, the various forms of which are fully | 





| 





The author dealt only with the water-tube economiser 
because this is the only type commonly employed in 
practice and suited to present-day conditions. 

Yours faithfully, 
B. M. THornton. 
2, Claremont-villas, Forest Hall, 
Newcastle-on-Tyne, November 20, 1926. 








TIDAL POWER. 
To THE Epiror oF ENGINEERING. 

Str,—Your correspondent “8. 0.’D.” asks whether 
it would be best to utilise both the inflow and outflow 
of a tidal inlet, or the outflow only. This depends 
almost entirely upon the height of its bed. If so high 
as to be dry most of the time, it would cost too much 
to dredge it down to make sufficient fall for inward 
working, so that it would be best to hold up the tide 
and utilise only the fall out of the top water when the 
ebb had given sufficient ‘‘ head ’’—which would vary. 
Refill would be through one-way sluices between 
working, and near the time of high water. The old 
side mills were mostly worked in this manner, but from 
artificial ponds, and I believe it is the system intended 
for the Severn. Holding most of the tide in an estuary 
would certainly facilitate navigation, until the advan- 
tage was neutralised by silting, which would generally 
occur in time, but could, of course, be removed. In 
some cases the drainage of low-lying land might be 
adversely affected by this system. 

When, without great cost, an inlet can be improved, 
by a judicious combination of dredging and land 
reclamation, to more nearly assimilate its low and its 
high-water areas, or when it is naturally deep—that 
is, most of its bed is at or below low-water level— 
it would be decidedly better to utilise both the infall 
and outfall of the tide, as nearly double the power 
would be obtained and the natural ebb and flow 
would not: be greatly interfered with. The longer time 
of high water would often afford a little aid to naviga- 
tion, and the longer low water would improve drainage, 
and the greater scour engendered help to maintain the 
outerchannel. Most power could be obtained by filling 
about high water and emptying at the time of low 
water, but the power would vary inconveniently ; 
and, at some sacrifice, it will generally be better to fill 
with the rising, and empty with the falling tide. In 
this way longer working times and a constant “‘ head” 
could be maintained. Even the springs and neaps 
could be run through under the same head by lengthen- 
ing or shortening the working times; but, of course, 
this would also depend upon the work the energy was 
put to, which is really the crux of the problem. 

I generally advocate the system of working last 
described, and a design of dam to be constructed of 
standard rolled sections and plates, either in situ or 
on a slipway and floated to its site, previously dredged 
and sheet-piled. It would be furnished with automatic 
sluices, simple balanced turbines, and means to collect 
and transmit their power. Every detail should lend 
itself to a cheapness not purchased by inferiority, 
but by simplicity. 

Having had a very similar experience myself, I can 
well understand Mr. Morrison’s feeling with regard to 
the Electricity Commission, but that body is certainly 
not alone in its unprogressive attitude. This attitude 
in general I attribute to strong conservative instinct, 
coupled to an almost unacknowledged antagonism to 
water power in this land, which gave birth to and has 
most greatly developed steam power. It is an attitude 
the progressionist necessarily encounters on every 
hand, but is especially evident where directors of 
expenditure are guided by professional engineers, who 
get all the extra work in trying new schemes, but little 
of the credit. For instance, my Wyre scheme was 
nearly a year before the Lancashire and Yorkshire 
Railway Company before being returned, almost 
without comment, when the railways amalgamated ; 
and now it has been as long with the London Midland 
and Scottish Company, and I doubt whether it has 
ever been even read by anyone with sufficient authority 
to order the investigation J ask. 

Yours faithfully, 
ARTHUR OATES. 

Wyke, Bradford, November 22, 1926. 





PrERSONAL.—We have been advised that the address 
of the Delano Service is now 7, Rue Vignon (near the 
Madeleine) Paris (8e).-Mr. Reginald Brown, M.Inst.C.E., 
who has taken over the engineering practice of the 
late Major T. J. Moss-Flower, Assoc.M.Inst.C.E., of 
28, Victoria-street, Westminster, and Carlton-chambers, 
Baldwin-street, Bristol, has moved from No. 70, into 
No. 5, Vietoria-street, Westminster. Arrangements have 
been made to continue the office at Bristol as a branch 
of the London office.——Messrs. E, G. Herbert, Limited. 
Atlas Works, Chapel-street, Levenshulme, Manchester. 
have appointed Messrs. W. Crockatt & Sons, Limited, 
64, Darnley-street, Glasgow, S.L., as their representatives 
in Scotland, 
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BERYLLIUM. 


THOUGH by no means of common occurrence, beryl- 
lium would probably cease to be classed with the rarer 
metals if there was a demand for it. It was isolated 
by Woehler a century ago, but its preparation is 
still so difficult that few people have seen more than 
flakes of it, and those not of the pure metal. Standing 
chemically near magnesium and aluminium—the 
three atomic weights are Be 9-1, Mg 24-3, Al 27-1— 
beryllium was supposed to be a soft and ductile metal, 
and when the purified thorium, zirconium and titanium 
turned out to be much less brittle than the impure 
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metals first prepared, the brittleness of beryllium was 
ascribed to minor impurities. Metallurgically it was 
regarded as promising. It was in connection with the 
general study of pure metals, light and heavy, at the 
National Physical Laboratory, that Mr. A. C. Vivian 
took up the preparation and investigation of beryllium 
a few years ago. The account which he gave of his 
difficult researches at the Faraday Society, on Oc- 
tober 27, was interesting in various respects. 

The ordinary beryllium mineral, which is found in 
moderate quantities, is beryl, the double silicate of 
aluminium and beryllium; it contains about 5 per cent. 
of the latter. A satisfactory method of attacking beryl 
by means of sodium silicofluoride was described by 
Copauxin 1919. The richer beryllium minerals such as 
the simple silicate (phenakite), the emerald and other 
gems, are rarer, It has been claimed that the metal can 
be reduced by means of magnesium. The difficulties 
of its electrolytic separation from fused salts, which 
had been effected by Liebmann, Lebeau (Moissan’s 
assistant), and Stock and Goldschmidt, lie in the pro- 
perties of the metal. The salt bath should be a con- 
ductor of electricity, and not volatilise too easily at 
temperatures at which the reduced particles of the 
metal can fuse together. Beryllium melts at about 











1300 deg. C.; the boiling points of the alkali halides, 
especially the chlorides and bromides, largely used as 
solvents, are much lower than this. The fluorides 
are less volatile; but the beryllium fluoride is 
hygroscopic, and this fact gives rise to trouble 
in fused electrolysis, it is also almost a non-conductor. 
The double fluorides are more suitable and not 
deliquescent. Mr. Vivian uses the double fluoride 
BeF, NaF, and adds some barium fluoride BaF, 
to raise both the melting and boiling points and the 
density of the bath in which the reduced beryllium is 
to float. The method which he employs is that by 
which Borchers first electrolysed fused calcium chloride ; 





fluoride sticks are fed in, is seen at the back of one of 
the electrodes. 

The anode pot, holding when partly filled 500 grammes 
(1 1b.) of salt, is a cylinder, 3} in. wide, 6 in. high, 
with 4 in. wall thickness, turnéd out of a 5-in. block 
of Acheson graphite. It was found necessary to 
submit the graphite for the pot and for the electrodes, 
after their machining, to an elaborate process of purifi- 
cation, because the graphite began to disintegrate and 
to shed a scum which short-circuited the current. 
Mr. Vivian therefore digested the graphite in fused 
caustic soda for 48 hours, during which hydrogen and 
hydrocarbons were liberated, then soaked it in strong 
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the cathode just dips into the bath, and is gradually 
raised as the metal deposits on it. The metal is thus 
obtained in the form of a stick. 

A vertical muffle (Fig. 1), wound with nichrome, 
houses a graphite pot containing the electrolyte ; 
the pot projects a little out of the muffle, and upon 
the edge is lodged a water-cooled steel rim carrying 
adjustable sockets for the vertical graphite electrodes 
which are lowered into the electrolyte. These electrodes 
serve for surface heating by means of alternating 
current. Between them passes the rotating cathode 
(Fig. 2). A fan draws a current of air across the 
mouth of the pot to carry off the fumes through a 
tall cylinder containing wetted coke. The electrolyte 
is fed with sticks of the fluoride: BeF,NaF, obtained 
by melting together the two fluorides in a graphite 
ladle and discharging the melt (by withdrawing the 
bottom plug) over a perforated steel plate mounted 
in a graphite pan. The photograph, reproduced in 
Fig. 3, illustrates the arrangement, showing the fan and 
electric motor for raising and turning the cathode and 
one of the steel cylinders from which inert gases 
were passed into the electrolyte. Fig. 4 shows the 
graphite electrodes lying on the top of the furnace. 
The groove at the upper end, through which the 
































Fig. 6. Fia. 7. 


hydrochloric acid for 14 days, and impregnated it with 
brine in vacuo. It was next dried, and finally resaturated 
in fused sodium chloride at 900 deg. Impregnation 
with this chloride, he observed, protected the graphite 
and prevented the low-temperature disintegration which 
produced the effect marked X in Fig, 5, whilst the 
high-temperature combustion which occurred at Y 
seemed unavoidable. The electrode marked A in Fig. 5, 
was untreated, while B was treated. Many other 
common inorganic salts appeared to promote the X 
effect. The cathode (Fig. 2) forms a water-cooled 
holder for the metal tip of beryllium which is the actual 
cathode. Cooling is required in general, especially for 
the purpose of preventing the alloying of the steel of the 
holder with the beryllium. The steel tube spindle is 
carried in two ball bearings over which slides an outer 
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steel sleeve, carrying the socket for the tip; the sleeve 
case is filled with mercury to ensure good contact. 

In operation, currents of 30 amperes at 80 volts 
are passed through the nichrome coils, while dry 
nitrogen is admitted into the pot. When the solid 
mass begins to get red hot, the graphite anodes are 
lowered into the melt and the alternating currents 
are turned on, as well as the fan. In about ten minutes 
6 ky.-a. will raise the bath temperature to 1,200 deg. 
The coil current is then switched off, the cathode tip 
lowered into the bath, and the alternating currents are 
cut off, the two graphite electrodes being coupled with 
the pot as.anodes. The actual electrolysis does not 
appear to require more than 3 volts. The bath 
heat is maintained chiefly by an anode effect, the 
heat developed by the arc through the film of the 
anodic fluorine liberated, and for this arc Mr. Vivian 
employs 40 volts. He did not generally advocate 
any utilisation of high anodic density. Electrolytic 
fusion at about 10 volts would, of course, be much 
more economical, but the conditions were peculiar. 
The high temperature of the bath and cathode might 
be maintained by external heating and by electrode 
polarisation with the aid of high current density. 
High cathode density could be realised by using 
small cathodes, but the cathode diameter could not 
be reduced below 1:5 cm. without introducing 
mech nical difficulties and pinch effect. It proved 
more convenient for smooth running to rely on anode 
heating, with sufficient volts to strike an arc through 
the expanded fluorine gas which surrounded the 
anode and kept the electrolyte off its surface. Mr. 
Vivian suggested that something like four-fifths of his 
heat was due to this source. 

We stated that dry nitrogen was admitted into the 
pot to start with. Nitrogen or carbon dioxide was also 
passed into the bath during the electrolysis through 
silica tubes. But some oxidising atmosphere seemed 
to be indispensable to burn off small carbon particles 
apparently torn from the immersed electrodes rather 
than shed from upper parts, and the electrolysis would 
not proceed smoothly when the top of the pot cell was 
closed. 

Under the conditions indicated, the electrolysis 
yielded about 70 gr. of beryllium per hour in the form 
of irregular sticks, shown in Figs. 6 and 7, externally 
impure owing to a skin of bath salts and also nitride, 
yellowish carbide and carbon. Surface cleaning was 
effected by dipping the stick into fused (not dis- 
solved) caustic soda which decomposed the carbide. 
The chief internal impurities were iron and carbon as 
beryllium carbide, there being about 0-2 per cent. of 
each. The sticks were coarsely crystalline. As pro- 
duced the metal is hard, steel-grey, takes a high polish 
and resists atmospheric attack and hot water well, 
though it becomes covered with a surface film. It is 
easily attacked by dilute alkali and acids, but turns 
passive in strong sulphuric and nitric acid; the 
purified metal is much less readily soluble in acids 
and alkalis; fused anhydrous caustic soda hardly 
attacks it at low temperatures. The density is 
1-84, the melting point about 1,280 deg., the 
Brinell hardness 140; in the sublimed metal the 
hardness falls to 112 and 90. The determination 
of the melting point is difficult, because films of both 
oxide and nitride are formed in heating. Melting 
and sublimation are best effected in pots of pure 
beryllium carbonate or hydrate, which is shrunk for 
some days at 1,530 deg. C., then ground up with a 
little water and gum, moulded without pressure, and 
dried and reheated in the furnace again. Pots of pure 
magnesia may also be used, but there may be a violent 
reduction of magnesium by the very reactive fused 
beryllium. As the sublimation proceeds the con- 
densed metal becomes freer from iron and carbide ; 
but the nitrogen content, though always very 
slight, is apt to increase; it was 0-005 per cent. 
in the remelted metal and 0-008 in the sublimed. 
The brittleness would appear to be particuarly 
connected with the presence of oxide and_ nitride. 
The microcrystals exhibited well brought out the 
crystals of iron and beryllium carbide in the metal. 
Only 0-03 per cent. of iron seemed to be held in solution 
by beryllium; but Osterheld observed some eutectic 
much richer in iron in the srystal boundaries of very 
hard and brittle beryllium. The solid solution of 
carbon also contains only 0-05 per cent. of carbon, 
possibly as Be,C ; the sublimation residue of the metal 
is rich both in iron and carbide. As regards the 
general character of beryllium alloys, nothing definite 
can be said at present. 





Triat Trip oF THE S.S. “ Nrparngs.”’—On October 7, 
1926, successful trials were carried out of the S.S. 
Nidarnes, a cargo steamer built by Messrs, Swan, Hunter 
and Wigham Richardson, Limited, at their Wallsend 
yard, to the order of Rederi Akt. Nidaros, Oslo, Norway. 
A brief description of the vessel, written on the occasion 
of her launch, will be found in our issue of October 1, 
last, on page 419. 





ELECTRIC LOCOMOTIVES.* 


A Method of Classifying, Analysing, and Comparing 
their Characteristics. 


By T. A. F. Stone. 


Introduction.—A vast amount of technical literature 
has been written about electric locomotives, their 
mechanical and electrical features, their performances 
in service, and their merits and demerits as compared 
with steam-locomotives. This paper deals with an 
aspect of the subject which does not appear to have 
received attention, and that is a method by which 
electric locomotives, as well as steam-locomotives, can 
be classified into types on a common basis, so that their 
characteristics can be analysed and compared with each 
other and their respective merits deduced therefrom. 

There is much about electric locomotives that is 
puzzling to the steam-locomotive engineer. There are 
no external evidences of the latent power of the 
machines, and no external signs to determine the 
sphere of utility, that is their suitability for passenger, 
goods, or shunting services. With steam-locomotives, 
the size of the boiler, its working pressure. the number 
and diameter of the cylinders, the wheel arrangement, 
the number and diameter of the coupled wheels, the 
presence or absence of a tender, all of these external 
marks establish the identity of the steam-locomotive 
and enable one to gauge its power and sphere of utility. 
On electric locomotives these external marks are either 
absent or without significance. For example, ‘‘ wheel 
arrangements ”’ are useless for identifying or classifying 
electric locomotives, since very often the same wheel 
arrangement may be common to-a number of types. 
Thus the (0-4-4-0) wheel arrangement is common to 
passenger, freight, and shunting electric locomotives 
and to electric motor-coaches. Some other method 
of classification must be resorted to, and the author 
proposes for this purpose the method described later, 
which is believed to be original. He hopes to show 
how it is possible to deduce and compare the relative 
merits of various types of electric locomotives, merits 
so radical in character and numerous in their variety 
that steam railway engineers find it difficult to concede 
their validity. 

Leading Characteristics of Steam and Electric Locomo- 
tives.—In order to classify the characteristics it is 
necessary to choose those that are common to both 
types, and thence deduce a basis of comparison. The 
characteristics of steam locomotives include tractive 
efforts, heating surfaces, grate areas, cylinder volumes, 
adhesive weights, total weights in working order, 
weight of motive power equipment and horse-power. 
The characteristics of electric locomotives include 
tractive efforts, adhesive weights, total weights in 
working order, weight of electric motive power equip- 
ment and horse-power. For the purpose of this 
investigation, the following characteristics have been 
chosen common to both systems as being the most 
suitable. 


The average horse-power, which for this paper 
has been taken as equal to 20 times the grate 
area in square feet for the steam locomotives 
and equal to the one-hour horse-power rating 
for the electric locomotives. 


4 — J The adhesive weight in tons of the locomotives 
a when in working order. 


(The weight in tons of the motive power 
equipment which, for the steam locomotive, 
includes the weight of the boiler, water, coal, 
steam-pipes, cylinders, pistons, piston-rods 
and motion, and for the electric locomotive 
includes the weights of the motors and the 
electrical equipment. 


: The weight in tons of the locomotives in 
Wi= working order. 


The absolute values of the above characteristics are 
useless for comparing steam and electric locomotives, 
but their relative values or ‘ratios’? between them 
give the required basis of comparison. For instance, 
yD 
the ratio — 
other typical values for goods engines and still other 
typical values for shunting engines. Fufther, these 
typical values are different in the case of steam locomo- 
tives from what they are in the case of electric locomo- 
tives, as will be shown later. 

Classification of Characteristics.—In order to carry 
out his investigations, the author collected data regard- 
ing some 92 steam and electric locomotives, classified 
them and calculated the values of the characteristics 
HP, A, E, and W, as well as the values of the various 


HP = 





bears typical values of passenger engines, 





* Paper read before the Institution of Mechanical 
Engineers on Friday, November 19, 1926. This paper 
contained a number of Tables, but as they have been 
found to embody various inconsistencies, it has been 
thought best to omit them. They will appear in 
corrected form in the Institutions proceedings in due 
course.—Ed. E. 








ratios subsisting between them which are =*, _? 
= Saf and 2 
WwW. . WA w 


The Ratio ~*: This might be called the speed 


efficiency ratio, because it is a measure of the speed for 
which the locomotive is designed, and it is therefore 
an index of the sphere of its utility. 

The conclusions drawn from a comparison of this 
ratio for various locomotives are :—(1) The three-phase 
system, T.P.S., has the highest value of the ratio 


A 
the lowest; (2) That the ratio 


the speed for which the locomotive is designed, being 
highest for passenger and lowest for shunting locomo- 
tives. 

The reasons for the high value of this ratio for the 
T.P.S. type are :—(a) the T.P.S. motor is lighter than 
an §.P.8. or D.C.S. (single phase or direct current) 
motor of equal horse-power ; (6) the auxiliary electrical 
equipment required for the T.P.S. motors is lighter than 
that required for the S.P.S. and D.C.S.; (c) on the 
other hand, for a given duty or service, the capacity 
or rate horse power of the T.P.S. motor has to be greater 
than that of an S.P.S. or D.C.S. motor, due to the con- 
stand speed property of the T.P.S. motor, and the 
necessity for providing for peak loads. This will be 
explained when discussing Fig. 1. 


“j of all types and the steam locomotive by far 


increases with 


The reason for the low value of the ratio en for 
steam locomotives are as follows :—(a) the fact that, 
for a given horse-power, the weight of the motive 
power equipment of a steam locomotive is considerably 
more than that of an electric locomotive : (6) the fact 
that part of the adhesive weight of a steam locomotive 
consists of revolving balance weights, whose action is to 
reduce the coefficient of adhesion of the steam locomo- 
tive. Consequently, the tractive effort that can be 
utilized is less with the steam than with the electric 
locomotive of equal adhesive weight, and therefore the 
horse-power that can be usefully applied is less also ; 
(c) The fact that the torque or turning moment of the 
driving wheels is not constant throughout each revolu- 
tion of the wheels but varies, whereas that of the electric 
locomotive is even. Consequently, the tractive effort 
and therefore the horse power that can be applied to 
the steam locomotive is less than that of the electric 
locomotive of equal adhesive weight. 

The Ratio 7 : This may be called “‘ the efficiency of 
the motive power ” ratio, for it measures the output or" 
work done per unit of time for every ton of the motive 
power equipment. 

Unfortunately the author has not been able to obtain 
the weights of electrical equipment of 3-phase loco- 
motives, except for one locomotive. But it is well 
known that, for equal horse power, the weight of a 
3-phase motor with its auxiliary regulating equipment 
is less than that of either an 8.P.S. or D.C.S. motor 
and equipment. 

From the data available it may be inferred : (a) that 
the 3-phase locomotive has by far the highest value of the 
ratio —* and the steam locomotive by far the lowest 
for all types ; (b) that the shunting locomotives (electric) 

> 
have the lowest values of the ratio = 3; (c). notwith- 
standing the fact that T.P.S. motors have to be designed 
for a higher horse power capacity for the same service, 
the weight of the electrical equipment of a 3-phase 
locomotive is less than that of an S.P.S. or D.C.S. 
locomotive designed for the same service. The reason 
for this is that the 3-phase motors take the current 
straight from the overhead-contact wires, without the 
intervention of transformers used for S.P.S. motors, 
and with regulating apparatus weighing less than that 


> 


2 E 
(d) that the ratio 








necessary for D.C.S. motors ; 


a passenger electric locomotive is greater than that 
for a goods locomotive, and still greater than that for 
a shunting locomotive. This is due to the fact that 
high-speed motors are used for the passenger locomotive 
and low-speed motors for goods and shunting loco- 
motives, and for the same horse power a high speed 
motor is lighter than a low-speed motor. 


The Ratio ae —This might be called the ‘‘ power- 


weight utilisation ’’ ratio, forit is an index of the power 
developed for every ton weight of the locomotive. 

In this case the author’s data suggest :—(a) That 
the ratio ae is by far the highest for the T.P.S. 
electric locomotive and by far the lowest for the steam 
locomotive. (6) That for the electric locomotives this 


ratio a is highest for the passenger and lowest for 
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the shunting locomotive, the ratio being thus an index 
of the service for which the locomotive is designed. 
The reasons for the higher value of this ratio for the 
electric locomotives are as follow. First, for equal 
weights of equipment, the horse-power developed by 
the electric equipment is much. higher than that 
developed by the steam equipment. Secondly, the 
dead weight such as frames, wheels, tender, coal bunkers 
water-tanks, required to carry the steam equipment is 
heavier than that required to carry the electric equip- 
ment. Consequently, the value of HP is higher and 
that of W is lower for the electric locomotive, so that 





the value is much higher. 


Fig.. 





22, 


Tractive Resistance of Trains in Lb. 
Tractive Efforts of Locomotives tn.Lb. 


70 15 


(982!1.A.) 
Amongst the electric locomotives, the T.P.S. has | 
by far the highest value of the ratio H_P torthe reason | 
that for the same maximum horse-power, the T.P.S. | 
motor is lighter than the others, and moreover requires | 
more simple and lighter auxiliary electrical apparatus, 
so that the deadweight required to carry the electric | 
equipment for the T.P.S. locomotive is also lighter. | 
The Ratio This might be called “the index of | 
the utilisation of total weight by the weight of the | 
motive power.” The higher this ratio the more 
effective may be said to be the motive power of the 
locomotive, for any given horse-power. In comparing 
this ratio for steam and electric locomotives, it should 
be borne in mind that for a given horse-power the 
value of E is far lower for electric than for steam 


Consequently, the ratio w will not 


locomotives. 


materially differ. 
The author deduces in this case :—(a) That the 


ratio 7 is lowest for motor coaches. The reason 


for this is that the weight W includes not only 


the deadweight required to carry the electrical equip- 
ment, but also the deadweight required to carry the 





COMPARISON OF TRACTIVE EFFORTS OF STEAM ANDO 
ELECTRIC LOCOMOTIVES OF SAME ADHESIVE WEIGHT; EACH 
BEING DESIGNED FOR THE SAME SERVICE. 


Tractive Effort at 16 M.P.H-11,720 lbs. 


Equivalent to a train load of 115 tons a Sper cent, 
* atiéM.PH. 





Speed tn Mules per Hour: 


passengers. The other types do not carry passengers, 
whereas the motor-coach does. (6) The ratio’ does 


not materially differ for steam and electric locomotives 
built for the same service, for the reasons already stated. 


The Ratio 2 .—This might be called the ratio of 


“utilisation of motive power weight by the adhesive 
weight.”” When comparing this ratio for steam and 
electric locomotives it should be borne in mind that 
the horse-power developed by the electrical equipment 
(E) is much greater than that developed by steam 
equipment of equal weight. 

The deductions in this case are:—(a) That the 


axle-load of 10 tons. The starting tractive effort 
will be assumed to be the same for each and equal to 


Re ive weg = 22,400 lb., and the duty to be 


4 
performed will be in each case to haul a trailing train 
load of 115 tons up a 3 per cent. grade at a speed of 
16 m.p.h. The tractive effort at this speed for this 
duty will be = 11,720 Ib. The horse-power at th’ : 
speed for this duty will be = 500. 

The above purely arbitrary assumptions have been 
taken to be the same for all locomotives to be compared, 
but in actual practice they would not be the same for 
all the locomotives owing to their widely different 
characteristics. These conditions correspond roughly 








Fig.2. MAXIMUM GROSS TON-MILES PER HOUR AT 
VARIOUS SPEEDS WHICH CAN BE HAULED 
BY THE STEAM & ELECTRIC LOCOMOTIVES 


REFERRED TO ON FIG.I. UPA 3 PER CENT GRADE. 
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ratio is highest for 


passenger engines and 
lowest for motor 
coaches (except 
steam). (b) That the 


ratio z is highest for 


steam locomotives and 
lower for D.C.S. and 
T.P.S. than for the 
S.P.S. 


ew | i 
The Ratio we this, 


might be called “the 
ratio of utilisation of 
total weight by the 
adhesive weight.” It 
is therefore an index of the suitability of a locomotive 
for shunting, banking or heavy grade services for which 
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the ratio * should be as high as possible. 
The deductions in this case are:—(a) That the 


ratio 


A is highest for shunting engines and lowest 


W 

for passenger engines. (b) That the ratio is highest 
for T.P.S. locomotives and lowest for the steam 
locomotives. 


An important deduction that may be drawn from the 


| study of the data is that the S.P.S. locomotive more 


resembles the steam locomotive in its properties than 
do either the D.C.S. locomotives or the T.P.S. loco- 
motive. The latter is radically different in its proper- 
ties from the steam locomotive as will be explained, as 
it has a constant speed characteristic, whereas the 
steam locomotive has a constant horse-power charac- 
teristic. 

Comparison of the Characteristics of Steam and Electri- 
cal Locomotives.—In order to compare the characteristics 
of steam locomotives with those of 8.P.S., D.C.S. and 
T.P.S. locomotives, it will be’assumed that a number of 
hypothetical locomotives have to be designed, one of 
each type, with the same wheel arrangement (0-4-4-0) 
type, the same adhesive weight, 40 tons, and the same 
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to those obtaining on the Kalka-Simla Railway, 
except that the locomotives considered in this com- 
parison are approximately 66 per cent. more powerful 
than the existing locomotives on the Kalka-Simla 
Railway. Fig. 1 has been got out to compare the 
respective tractive effort-speed curves of the hypo- 
thetical steam, single-phase, direct-current and three- 
phase locomotive referred to above. Horse-power 
curves and train resistance curves have also been added 
to the diagram to bring out the respective properties 
and merits of each type of locomotive and to furnish 
the data for plotting Fig. 2. Fig. 2 has been got out 
from the above diagram by multiplying the speed in 
miles per hour by the train load in tons hauled at that 
speed by each locomotive, and plotting the products. 
Thus the diagram shows the hauling capacity at 
various speeds for each of the locomotives considered. 
The speed at which this hauling capacity is a maximum 
has been termed the “ critical speed” on the diagram. 
The following conclusions are drawn from the 
analysis of the above diagrams and from the “ ratios” : 


(A) Types of Locomotives. 
(1) Passenger locomotives have the highest values 
> > , 
of the ratios us ’ at oe and z and the 


lowest values of the ratio 2. 
(2) Shunting locomotives have the highest values 
of the ratio * and the lowest values of the 
HP ang HE, 


ratios mre ——— 
A E 
(3) Motor coaches have the lowest values of the 


ratio 7 
(4) Goods locomotives have intermediate values for 


all ratios. 


(B) Types of Motive Power. 

(1) The ‘three-phase electric locomotive has the 
greatest maximum horse-power, the highest 
critical speed, greatest accelerating force start 
to full speed, and the least range of economical 
speeds, and the highest values of the ratios 
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and and the lowest value 


A 
WwW 
of the ratio A 


(2) The steam locomotive has the least maximum 
horse-power, lowest critical speed, least accelerat- 
ing power start to full speed and the greatest 
range of economical speeds. It has the highest 


value of the ratio z and the lowest values of 


eh. See te eg A 
the ratios —— > : ww and 5; 


(3) The D.C.S. locomotive has properties and ratios 
intermediate between steam and three-phase 
locomotives, but closer to the latter. 

(4) The S.P.S. locomotive has properties and ratios 
intermediate between steam and three-phase 
locomotives, but closer to the former. 





THE PHYSICAL SOCIETY OF LONDON. 


At a meeting of this Society held on Friday, 
November 12, 1926, at the Imperial College of Science, 
with Mr. E. H. Rayner, M.A., Sc.D., vice-president, in 
the chair, a paper on “A Rapid Bolometer Made by 
Sputtering on Thin Films”’ was read by H. Dewhurst, 
A.R.C.S. The paper described the method of making 
thin films of collodion by drying weak solutions in 
ether and alcohol on the surface of clean mercury, and 
their subsequent removal. Flexible films were made 
in the same way, using a modified formula producing 
very robust films which withstood great distortion, 
and would stand being punctured without fracture. 
Both types could be produced rapidly and cheaply down 
to a thickness of one wave-length of light. Two novel 
types of sputtering apparatus were described. A table 
was given containing sputtering data for 25 metals, 
nine of which appeared for the first time. Notes 
relating to the effects of shape and age of kathode, 
shape of anode, form of dark-space and kathode 
temperature appeared, together with novel modifica- 
tions in the design of the Wehnelt break. Approximate 
temperature coefficients of resistance were assigned to 
eight new metals and more accurate values to three 
others, that relating to gold being new. Notes and 
curves on ageing appeared regarding six metals and 
resistances for films of standard size for ten metals. 
Apparatus was described by which rings were moulded 
for supporting the thin collodion films and providing a 
reliable contact for overlying sputtered metallic films. 
The method of making the bolometers, together with 
holders of various types, and apparatus for blackening, 
were detailed. The comparative sensitivity of these new 
bolometers was discussed, and curves and an empirical 
formula given from which an estimate of the speed 
of the instrument could be determined. The new type 
was roughly 400 per cent. faster than a representative 
bolometer of the Lummer and Kurlbaum type. The 
thickness of the component metal film was estimated. 

In the discussion Dr. A. B. Wood said that, knowing 
by experience the difficulty of the work, he would like 
to congratulate the author on having produced such 





probably chlorine, whereas the paper stated that 
aluminium could not be sputtered. 

The author, in reply to the discussion, said that the 
resistance of the films, when these had been aged, 
might be regarded as permanent, since it increased 
exponentially to a limiting value within a short time 
after manufacture. As regards the possible volatilisa- 
tion of the collodion in a vacuum, this certainly did not 
occur in the course of a week. Aluminium could 
admittedly be sputtered under appropriate conditions, 
but these were not the conditions necessitated by the 
present work. 

A paper on “ 4A Hygrometer Employing Glycerine,” 
by Dr. Ezer Griffiths, F.R.S., and J. H. Awbery, was 
read by Dr. Griffiths. It stated that the variation of 
refractive index of glycerine solutions in equilibrium 
with air of various humidities had been studied; the 
time for equilibrium to be reached, when thin films of 
glycerine were used, had also been investigated. It 
was concluded that this property might be used very 
conveniently in a hygrometer. 

Professor C. V. Boys, in a written communication 
to the discussion, said he had read the paper with 
especial interest, as he had long intended to try a 
glycerine hygrometer consisting of a piece of paper 
wetted with glycerine and suspended from one arm 
of a special light balance most easily made with 
wheat-straw, needles and sealing wax, so as to indicate 
perhaps 10,000ths of a grain, but with sufficient 
stability to remain within its are of swing for such 
variations of relative humidity as, e.g., 50 per cent. 
to 80 per cent. or 90 per cent. With such stability 
the delicacy of weighing might be less but still ample. 
Such a hygrometer could be made to go in a space not 
more than 2 in. long and 2 in. high, and a lag for half 
an hour or so would for many purposes be quite 
immaterial. Each instrument would need to be 
calibrated separately, but the information supplied 
by Dr. Griffiths indicated that it might well give 
consistent results, and that the time of arrival would 
not be excessive. 

A paper on “ The Effect of Working on the Physical 
Properties of Tungsten,” by J. W. Avery and Dr. C. J. 
Smithells (a communication from the staff of the 
Research Laboratories of the General Electric Company, 
Limited, Wembley), was read by Mr. Avery. This 
stated that the changes in the density and resistivity 
of tungsten during swaging and drawing had been 
investigated. The densities of pure and thoriated 
tungsten (0-63 per cent. thoria) from the sintered bar 
down to wires 0-02 mm. in diameter were given. 
The experimental advantages of the use of benzene 
as the displaced liquid were mentioned. Measure- 
ments of the densities of specimens cleaned in successive 
stages by etching revealed the presence of low density 
surface layers. Variations of heat treatment likely 
to occur in practice were shown to have no appreciable 
effect upon the density of worked tungsten. The 
density rose rapidly during swaging to a maximum 
value within 0-5 per cent. of the density of the perfect 
tungsten crystal. Further working produced a steady 
fall in density, which became more marked in the 
finest sizes. Measurements had been made of the re- 


thin and tenacious films. The author had stated that | sistivity of the same specimens. The resistivity fell 
during the sputtering process the bismuth film passed | rapidly in the early stages of working, and reached a 
repeatedly through a cycle in which its conductance | minimum when the density was a maximum. It 
increased up to a point and then suddenly ceased. | then increased at a uniform rate, which was approxi- 
Might not this be due to oxidation of the bismuth under | mately an exponential function of the diameter. 
sputtering conditions? The greater part of the| Dr. E. H. Rayner, in the discussion, said that the 
thickness of the author’s films was contributed by the | drawing of tungsten was a very wonderful process, 
collodion. It might be of interest to note that very | considering that a 6-in. bar of the metal was pulled 
thin purely metallic films had been described by Carl | out to a length of a mile or two by 50 or 100 successive 
Miiller in a report of the Physikalische Reichsanstalt | drawings. At each drawing it was passed through a 
(February, 1926). These had been produced by the} bath of graphite, and he would like to know what 
electro-deposition on copper of gold, silver, platinum, | evidence had been found as to the extent to which 
nickel or iron, the copper being subsequently dissolved | graphite failed to penetrate into the substance of the 
away with the exception of a supporting ring. In this| metal. The claim that it remained almost entirely 
way gold membranes 0-02 thick and nickel membranes | on the surface was a surprising one. 
0-04u thick and 6 cm. in diameter had been obtained.| Sir Richard Paget inquired whether a relation had 
The speaker had produced, by rolling, metal films whose | been traced between the resistivity and tensile strength 
bolometer effect reached half its final value in ,}, | of the wires ? 
second, Dr. Smithells, in reply, said that the wires had been 
Dr. Ezer Griffiths said that, owing to their small time | tested, after drawing, by chemical analysis, by resist- 
lag, the films described might be useful in explosion | ance measurements, by the spectroscope, and by 
work, provided that their properties were permanent. | heating to incandescence, and the maximum free 
He could, however, imagine .he production of much | carbon content had been found to be 0-3 per cent. 
thinner films of the homogeneous type, and the standard | If carbon were present as carbide, the fact would at 
of comparison for speed which the author had em- | cuce be apparent from the effect of carbide on the 
ployed—namely, a Lummer bolometer—seemed to | resistivity and ductility of the metal. The tensile 
have been somewhat arbitrarily chosen. | strength of the specimens had not been tested, but the 
Professor F. L. Hopwood said that the paper con- | curve, which embodied the results obtained by Jeffries 
stituted a valuable guide to the technique of thin film| for the tensile strength of other specimens, was 
production. Were the author’s films permanent, or | markedly parallel with the resistivity curves for small 
would their volatile constituents evaporate in a high | diameters. 


vacuum? He had seen another method successfully | 











applied by M. le Duc de Broglie in the case of magnesium, 
which was deposited on a collodion film by evaporation. 
As regards the sputtering of aluminium, he had seen 
this carried out at the Cavendish Laboratory before 


MINERAL WEALTH OF PENNSYLVANIA, U.S.A.—The 
total value of the minerals produced in the State of 
Pennsylvania, during 1924, was 1,011,630,879 dollars. 
The chief sources of wealth are coal, cement, clay pro- 


the war by using an atmosphere of an appropriate gas, | ducts and natural gas. 





ALIGNMENT IN MACHINE TOOL 
PRACTICE. 
By Frep Horner. 
(Concluded from page 648.) 

In ordinary lathe operations, performed by single- 
edged tools that turn, bore, face, &c., from the slide- 
rest, concentricity is dependent on the care in setting 
the depth of cut, and in taking the finishing traverses 
so that spring will not destroy the alignment of each 
cut. Turret lathe and automatic screw machine 
operations stand on a different plane, production being 
intensive, and the necessity for alignment very strict 
to secure an accurate product. The possibilities of 
error already noted in connection with turret mountings 
would interfere with accuracy unless pilotage of tools 
was largely adopted. It would be impracticable to 
take a turning or boring cut parallel and concentric 
with the spindle axis, especially for anything beyond a 
very short traverse, partly because of the small errors 
in the lathe, and partly because of the effects of leverage 
of the long tools, coerced by irregularities in the bars, 


Fig. 13. 
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castings, or forgings dealt with. Pilots are conse- 
quently employed very extensively to align boring 
and turning tools, to keep facing tools square, and in 
certain cases to align taps and dies, especially on fine 
shallow threading, or short lengths of thread. As a 
rule the pilotage should not be based on the work, 
that is, it is better to pass the pilot bar through 
the work into a bush in the spindle or chuck. But 
sometimes boring cuts are made by first steadying a 
short starting tool with a steady lying across the bed 
in front of the work, then using a pilot which enters this 
concentrically prepared hole. When possible, however, 
the pilot relies on a bush, as mentioned, such as is shown 
in Fig. 13. Should the size of the hole not permit, or 
should it have to finish in a reduced bore, or a blank 
end, the overhead style of pilot or steady is employed. 
Fig. 14 shows a popular form for some of the ordinary 
large turret lathes, but particularly for the automatic 
turning machines, which operate complex heads compris- 
ing boring bar with one or several cutters, and as many 
as four or five turning and facing tools. The pilot is 
fitted on the headstock, and a suitably-sized bush is 
bolted to the tool holder. An advantage of this system, 
even where a central pilot might be possible, lies in the 
fact that the control over the holder is exercised well 
outside the area of cutting, affording an excellent 
steadying effect, and preventing the springing off of 
the holder under the various cutting forces. A further 
help in ensuring alignment, which can be resorted to on 
some of the operations, consists in tying two of the 
bars carrying turning tools together with a connecting 
link (see Fig. 15) as far away as feasible from the face 
of the holder. If there does not happen to be a tool-bar 
wanted in the adjacent hole, a plain bar can be gripped 
in it for the purpose of applying the link. 

Pilots are utilised in a good many drilling and boring 
processes on machines other than the lathes and 
automatics. The short pilots on the ends of some of 
the boring tools, reamers, counterbores, &c., usually 
enter the hole in the work, though sometimes a table 
bush acts as the aligning medium. An interesting 
species of pilotage, for intensive production, may be 
observed on the multiple-spindle drilling machines, in 
which a long pilot pin hangs down from the head and 
enters a bush in the table, or in a jig which receives the 
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work. A like practice is applied for many of the multi- 
spindle drill heads which are attached to ordinary 
machines, one pilot pin, or two, on each side, controlling 
the alignment, and giving the best results with the 
minimum of wear on the drills. Pilot or guide sections 
also appear in some of the broaches, the cutting sections 
being alternated with these plain parts, the function of 
which is to align the broach truly in its travel, frequently 
not merely through one long hole, but through three or 
four (such as the bearings of a motor), hence the value 
of the guides _in preventing misalignment. 
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A primary factor concerning alignment in a great 
many machine tools is the running of spindles and the 
mounting of chucks or fixtures thereon. Many oppor- 
tunities for error creep in here from faults in the bear- 
ings, minute errors in the concentricity of the spindles, 
defects in the mode of attachment of the chucks, errors 
in these due to wear or warping (with spring chucks), 
or looseness of jaws. Even though all these points 
be well attended to and corrected, there still remains a 
chance of slackness in the spindle fit, which become 
magnified at the chuck, or at the extremity of the work. 
To a certain degree the practice of piloting tools tends 
to reduce faults arising from slackness, but accurately 
circular work is not certain if such a defect is present. 
Chucks or fixtures not balanced properly present 
another possible source of eccentric work, which, o 
course, spoils the alignment of related sections. There 
are three principal methods of keeping chucks in proper 
condition, when concentric running must secured, 
which is an imperative requirement for second-operation 
pieces. Qne is to fit false jaws, termed “‘ soft,” i.c., 
unhardened, that can be trued up from time to time. 








Another is to employ hard jaws, but fit them adjustably 
so that they may be set to run true as tested by the 
indicator. The third method involves employing a 
divided chuck, a face-plate unit going on the spindle 
nose, with the main part fastened tothe plate with screws 
having a slight amount of play around them. Onslack- 
ening these, the front can be reset by indicator test 
or other means and secured again. This device acts 
well for somewhat intricate chucks or clamping fixtures, 
the gripping details of which do not lend themselves 
readily (or not at all) to correction by turning or 
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grinding. Fig. 16 illustrates an interesting example of 
such a chuck for a hole-grinding machine, holding 
hardened gears by pitch-line control. There is a set 
of hardened pins or rolls mounted loosely in a cage 
A, by means of which they are handled about for 
insertion and removal from the chuck, and cleaned 
readily while out. The tightening takes place when the 
split ring B is screwed into the chuck body, the taper 
fit contracting the circle of all the rolls and making 
them grip the gear along the pitch line, so ensuring the 
concentricity of the running after grinding the bore. 
As a convenient method of resetting the body to rectify 
the running in course of time, the sunken band C is 
ground at the same period as the internal taper that 
controls the split ring. The operator can reset quickly 


f | by loosening the back-plate screws (one is shown at the 


top) and applying an indicator to the band which is 
protected from chance of burring. 

A fine adjustment to rectify alignment may be 
found occasionally on certain special steadies which 
support the overhanging part of a chuck, as in 
Fig. 17, which is used on a crankshaft chucking set-up 











on the Fay lathe. This illustration only shows the 
adjusting device, which brings the outer end of the 
revolving fixture to run in alignment with the axis of 
the lathe; the bearing ring, A receives concentric 
adjustment by loosening the screws B, B, and those 
D, D, setting the ring across by manipulation of C,{C, 
and tightening B, B and D, D. The fixture portion 
which holds the shaft is not shown, but it bolts to the 
face of the revolving fixture, and grips two crank-pins, 
the one to the right, and another further out. 

Another matter in connection with accurate chucking, 
relates to the setting of pieces in alignment without 
actual dependence upon the chuck for the location. 
Such a procedure is found in a few of the turret 
lathes, a pilot or loading fixture standing out from 
the turret and presenting the work to the chuck 
accurately. The chuck has such a construction, with 
clamps, floating jaws, or rocking jaws, that it will 
bite on the work just as it lies, and afterwards keep it 
firmly chucked. Some of the rough cast or otherwise 
difficult samples to grip are easily coped with in this 
fashion. 

Pieces to be held for bore grinding also lend them- 
selves to this practice, when there is no other convenient 
means of location, but hand-presented plugs are used, 
guided by a hardened plate at the front of the chuck. 
Two examples are shown in Figs. 18 to 20, both 
chucks gripping the bushes to be centred by the ends 
only. In Fig. 18, the plug obtains guidance from the 
hardened bushing at the nose of the chuck, but in the 
other views an extension of the plug is aligned in a 
hole in the push-rod of the chuck. The centring action 
comes from the three radial surfaces of the relieved 
plug, a good plan in view of any slight warping of the 
bore of the work. 





British Trcunican Booxs.—The “Catalogue of 
Scientific and Technical Books,’’ published by the British 
Science Guild in 1925, gave the titles of 9,515 books 
contained in the current catalogues of British publishers 
at the end of the year 1924, A supplement for 1925, 
arranged by Miss D. Shaw, has just been published 
(price 2s. 9d. post free); this contains the titles and 
particulars regarding 2,258 additional books published 
during 1925. It has been compiled from lists issued 
monthly as supplements to Nature ; foreign books have, 
however, been omitted. It is stated that if sufficient 
support is forthcoming to justify the issue of future 
Supplements annually, arrangements will be made for 
them to be published in March of each year. Uniform 
details are given of each book in the Supplement, 
namely, author’s name, the full title, number of pages 
and plates, year of current edition, publisher’s name, 
and price. The offices of the British Science Guild are 
at 6, John-street, Adelphi, London, W.C.2, 





Lavunca or THE “ Lonpon Mammors.”—On Septem- 
ber 9, 1926, Messrs. Harland and Wolff, Limited, 
launched from their Govan Yard on the Clyde a self-pro- 
pelled floating crane called the ‘‘ London Mammoth.” The 
pontoon was launched with the centre tower, weighing 
about 67 tons, and with the superstructure surrounding 
the centre tower, weighing approximately 200 tons, 
erected on the deck. The craft, which is intended for 
service at the Port of London, is 200 ft. long, 75 ft. 
broad and 14 ft. in depth. The main machinery, which 
will run at 140 r.p.m. giving a fully-loaded speed of 
5 knots, consists of twin-screw compound surface con- 
densing engines, each having cylinders of 13-in. and 
17-in. diameter, with a stroke of 18 in. ; steam is supplied 
at @ pressure of 150 lb. per square inch by a cylindrical 
boiler 13 ft. 6 in. by 10 ft. 6in. The pontoon will shortl 
be towed to London for the erection of the crane itself 
on the top of the main frame superstructure by Messrs. 
Cowans, Sheldon and Co., Limited, of Carlisle. 





THe Late Mr. W. C. Crawrorp.—We note, with 
regret, the death of Mr. Walter Coulton Crawford, which 
occurred suddenly in Uganda, on November 11 last. 
Mr. Crawford, who was only 43 years of age, was a 
district engineer on the Uganda Railway, at Nairobi, 
Kenya Colony. He received his early education at Rome 
Hill School, Margate, and entered Cambridge University, 
where he received his scientific training, in 1901. After 
obtaining the B.A. degree, he entered the service of the 
Great Western Railway as a pupil in 1904, and completed 
his pupilage in 1907. For some time he was in the steel- 
work department, where he was engaged upon making 
calculations and drawings for steel bridges, roofs, and 
other works. He also spent some time in the maintenance 
department, where he was employed in the preparation 
of cross-sections, land plans, and bridge drawings for a 
proposed new line of railway. Later, he was engaged in 
the surveying and general setting out of a stretch of 
permanent-way. For some years he assisted the resident 
engineer, Mr. H. D. Smith, in the construction of the 
Birmingham and North Warwickshire line, a railway 
some 20 miles in length. Subsequently, he was appointed 
assistant engineer in the new-works department, and, 
later, was employed in the maintenance department, 
where he was engaged in the preparation of detailed 
drawings of bridges, station yards, permanent-way 
fittings, and other works. He afterwards held various 
positions on the engineering staff of the Great Western 
Railway. The appointment on the Uganda Kalwer. 
which Mr. Crawford occupied at the time of his death, 
was a fairly recent one. He was elected an associate 
member of the Institution of Civil Engineers in February, 
1907, and became a full member in January, 1909. 
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THE CALORIFIC VALUES OF FUELS. 


In the determination of the specific heats of gases, a 
distinction is made between the specific heat at constant 
volume and the specific heat at constant pressure. The 
latter figure is larger than the former, because some of 
the heat supplied for the test is consumed in expanding 
the gas. A similar distinction should be observed in 
the combustion tests of gaseous fuels and of the gaseous 
products of solid and liquid fuels. When the calorific 
value of the mixture of gas and oxygen is determined in 
a bomb, the combustion takes place at constant volume, 
and the heating value found represents the difference 
between the total energy in the original mixture and 
the total energy in the resulting products of the com- 
bustion after cooling, i.e., after the reduction of the 
gases produced to the initial reference temperature. 
Some calorimeter tests and ordinary fuel combustion 
take place at constant pressure; the volume of the 
combustion products, reduced to initial conditions of 
pressure and temperature, will then not be the same 
as before, because the gases were expanded during the 
combustion. The calorific values determined by the 
two methods will therefore not be equal; in practice, 
however, the difference between the two values is small 
and may be neglected. 

Combustion problems involve other considerations 
of a similar nature. The complete combustion with 
oxygen of pure carbon or of dry carbon monoxide will 
yield only carbon dioxide, which does not condense at 
ordinary reference temperatures. But hydrogen, and 
the hydrogen in the hydrocarbons of the coal substance, 
yield condensable water vapour ; the full combustion is, 
moreover, effected by means, not of oxygen, but of air, 
which always carries moisture, and the coal itself is 
also moist. The amount of water vapour produced by the 
hydrogen oxidation will be constant for any given fuel, 
but the moisture in the air, and in the air-dried coal 
sample, vary with atmospheric conditions, so that the 
proportion of condensable water in the combustion 
products will depend upon those features, the amount 
of air supplied, the reference temperature, and the 
general experimental conditions. As long as_ the 
atmospheric conditions do not change during the 
experiment, the condensed water should represent only 
the water due to the hydrogen combustion and to the 
coal moisture. The latent heat of the condensed water 
is transmitted to the gases, and it appears in the “ gross 
calorific value ” of the fuel. When this heat—which is 
not always available for conversion into work, and 
does not raise the pyrometric heat intensity (the 
maximum combustion temperature obtainable) or the 
energy of a gas engine—is deducted, the lower figure 
obtained is called the “ net calorific value.’’ In England 
and most other countries, it is customary to base calcu- 
lation of thermal efficiency on the gross calorific value ; 
in thermodynamics, the net value is convenient. 
Pocket-books and text-books generally say little on the 
subject. 

When the provisional report of the Heat Engine 
Trial Committee of the Institutions of Civil Engineers 
was discussed in March, 1925*—the report has not been 
issued yet—Mr. Patchell mentioned that German 
engineers still adhered to their preference for net values. 
The new rules for acceptance trials of the Verein 
Deutscher Ingenieure, which were tentatively adopted 
in 1925 for two years, made the matter optional. Ina 
paper, published in the October 9 issue of the journal 
of the Verein, Dr. F. Merkel, of Dresden, while conceding 
the importance of the gross value, argues in favour 
of not abandoning the net (lower) value. It was 
generally recognised that both the values should be 
known in order to characterise the value of a fuel ; 
the relations are complex, and even the two values do 
not really suffice to characterise a fuel and its heating 
power. Physical condition, size of particles, and 
also grate and furnace construction may count as 
much almost as chemica! composition and nature and 
distribution of impurities; the combustion is rarely 
complete, and the determination of the calorific and 
pyrometric values of pure substances offers difficulties. 

The heats of combustion of carbon and hydrogen, &c., 
are known. The ultimate analysis gives the percentages 
of the combustible elements, but the specific heats of 
the complex compounds formed during the combustion 
change with temperature in uncertain ways ; dissocia- 
tion enters, and there are heat losses and other sources 
of error. Technically the calorific value of a solid 
fuel is mostly determined with an excess of compressed, 
oxygen in a bomb calorimeter ; the cooled gas volume, 
still under pressure, will be as small, and most of the 
water vapour (though never all of it) will be condensed, 
so that the gross value will practically be found. In 
other apparatus, oxygen at ordinary pressure and oxi- 
dising agents are used, and the gases are allowed to 
escape through water. With liquid or gaseous fuels, 
the combustion is generally conducted at constant 
pressure in calorimeters of the Junkers or Boys types. 
Again the gross value is more or less closely approached, 


but the gas volume is large and may retain a considerable 
amount of water, whilst too high a calorific value may 
be deduced if the water circulating through the con- 
denser tubes be colder than the reference temperature 
so that too much water is condensed. The dew point 
of the atmosphere here comes in as a determining factor, 
as it does in practical combustion, but the percentage 
of water vapour in the combustion products cannot be 
merely deduced from the lower calorific value. When 
the reference temperature lies above the dew point, the 
calorific value found will be the net value and will be 
independent of the humidity. When the reference 
temperature sinks below the dew point, the value 
found will be higher and will rise with the humidity 
and with the air admitted. Of two fuels of equal net 
values, the one containing more water vapour will give 
the lower temperature of combustion. When the 
gross values are equal, that portion of the heat in the 
water vapour (which is due to the hydrogen combustion) 
may only become available at a relatively low tempera- 
ture. In producer gas furnaces, the temperature of 
the gas produced may sink below the dew point when 
the lignite used is very moist; that might be incon- 
venient, but the heat of condensation might be utilised. 
While, on the whole, the retention of the gross heat 
value remains advisable, the statement of the net value 
also appears to be advantageous, though the conditions 
must be specified. 





ABNORMAL ABSORPTION OF GASE 
IN STEEL. 


Messrs. T. Carlton Sutton, M.Sc. and H. R. Ambler, 
B.Sc., described before the Faraday Society, on 
October 27, some experiments on gas absorption by steel, 
made in the Research Department at Woolwich. In 
calorimeter tests of high explosives, they had observed 
that some mass seemed to be lost during the explosion 
in the steel container, apparently because gaseous 
constituents were absorbed by the steel. Gas absorp- 
tion by soft iron, at temperatures up to 1,600 deg. C. 
and pressures of 1-5 atmospheres, increasing with rising 
temperatures, had been studied by Sieverts, in 1907, 
and others. On the other hand, Dr. Thomas Baker* 
had withdrawn 1-4 cub. cm. of gas from 1 gramme of 
steel by continued heating to 1,000 deg. C. ina vacuum. 
These gas volumes, however, were much smaller than 
those observed at Woolwich. 

Messrs. Sutton and Ambler therefore fired cordite 
(10-5 grammes) mixed with fine steel filings (28 to 
67 grammes) or with steel bars (87 grammes) in 
a nickel-chromium steel calorimeter of 105 cub. cm. 
capacity, measured and analysed the gases of combus- 
tion, and compared them with the gases obtained 
when cordite was burnt alone. These gases consisted 
of about 45 per cent. of CO, 20 per cent. of hydrogen. 
18 per cent. of CO,., 15 per cent. of nitrogen, and 
from 0-3 to 6 per cent. of methane. The unusually 
high percentage of methane was due to the presence 
of the steel, which absorbed up to 25 or 30 cub. cm. 
of permanent gases (reduced to normal temperature 
and pressure) per gramme of steel; previous 
workers had not observed absorptions of more than 
8 cub. cm. The same steel filings were then trans- 
ferred to a silica tube of 3?-in. diameter, connected 
to a pump, and heated. Gas began to be given off 
at about 500 deg. C, and increased as the temperature 
was raised to 1,000 deg., but almost ceased after two 
hours. Steel fragments formed by detonating a 
high explosive in a container of }-in. wall thickness, 
were submitted to the same absorption treatment. 
Some gas might have infiltrated through the hot 
silica, but blank tests showed that this gas was 
certainly less than 1 per cent. of the volume 
measured. The volume given off was, in some cases, 
nearly equal to the volume absorbed; in other 
cases it was much smaller. The steel bars gained 
0-01 gramme in weight during the absorption, and 
lost 0-005 gramme during the heating. From the mass- 
volume relations it might appear that the absorption 
was mainly a surface effect. The temperature, however, 
is evidently of importance, and as only the surface or 
fine particles would acquire a high temperature during 
the short time of the explosion, it is not possible 
to say what would take place under other conditions. 


and this absorbed less gas than the other steel. The 
absorption might be due to the formation of compounds, 
but there was certainly no oxidation. The mass absorbed 
represented, in some cases, 4 per ceat. of the mass of 
steel, but free oxygen or iron oxides were not found, 
and jthere was no indication of the presence of iron 
carbonyl. Carbon dioxide seemed to be more easily 
given off again than the other gases, while nitrogen 
was retained. Heatiag the steel filings alone ia the 
silica tube, Messrs. Sutton and Ambler liberated 
1-1 cub, em. of gas (mainly CO and hydrogen) in one 


|Some of the steel was fused during the explosion, | 


hour from 1 gramme of mild steel, while Baker had 
obtained 1-4 cub. cm. of a similar gas mixture in 
several days at the same temperature, viz., about 1,000 
deg. C., from sound steel billets. They conclude that 
hydrogen and carbon monoxide were origiaally absorbed 
by the iron during the first smelting and had been 
retained during the subsequent treatment of the steel. 

The experimental conditions in the bomb, Mr. Sutton 
added during the discussion, were extreme; instan- 
taneous temperatures of 2,000 or 3,000 deg. C., and pres- 
sures far exceeding 1,000 atmospheres, were probably 
reached. Further experiments, moreover, showed that 
gases were also driven by the explosion into absorbents 
such as soot, calcium fluoride, silica and asbestos. The 
possibility of the formation of chemical compounds was 
pointed out by Sir Robert Robertson and Dr. J. N 
Pring. Professor C. H. Desch, now president of 
the Society, directed attention to the work of Oberhoffer 
and Piwowarsky. showing that gases occluded in 
steel should be determined by means of mercuric 
chloride, because the gases formed by vacuum heating 
were largely reactive products; carbides and nitrides 
could be estimated by microscopic examination. The 
quite recent investigations of Paul Klinger,* we may 
add, confirm the researches to which Professor Desch 
referred, and leave little doubt that no reliance can be 
placed on the determination of gases occluded in 
steel by vacuum heating, and further that the 
absorption of carbon monoxide during the original 
smelting of the metal is unlikely. 





HELIUM-OXYGEN MIXTURES FOR 
DIVERS. 


Ir is well known that the serious risks of working 
under water at great depths are due, not to the high 
pressures to be borne, i.e., to the compression itself, but 
to the decompression, or the release of the pressure 
during and after ascent. A good diver can now descend 
to 190 ft. in three minutes, almost as rapidly as his 
hose, life-line and telephone cable, generally bound 
together to form a single line, can be paid out from 
the tender. But the ascent must be made very slowly 
and frequently in stages, lest the nitrogen absorbed by 
the blood be released in large bubbles, which would 
cause cramp and other discomforts, known as caisson 
disease or bends, and may be fatal if they occur in 
the brain or spine. For that reason, very few divers 
risk descending to depths of 200 ft. or more. It 


| would take several hours to decompress safely in the 


case of a diver who had worked at 250 ft. depth, and he 
could not spend more than 25 minutes of the whole 
time in actual work; a sudden change in the weather, 
moreover, might cause serious danger. 

Experiments have therefore been made in America 
by the United States Navy, in conjunction with the 
Public Health Service and other departments, in 
supplying divers with a mixture of oxygen and helium, 
instead of the ordinary mixture of oxygen and nitrogen 
of the atmosphere, as mentioned on page 414 of 
our issue of April 3, 1925. Helium is only half as 
soluble in the blood as nitrogen and diffuses more 
rapidly, the molecules being smaller. In the helium 
mixtures, animals sustained pressures of 500 Ib. per 
square inch, equivalent to a water depth of 1,200 ft. 
Chief Gunner Tibbals, commander of the United States 
salvage ship Falcon, then experimented on himself, and 
a large pressure chamber, for test pressures up to 
1,000 1b. and working pressures of 600 lb. per square 
inch, was constructed in the Navy Yard at Norfolk, 
Virginia, and provided with windows, light, telephone, 
&c.; the steel walls were 1} in. thick. The seven 
experienced divers who worked in that chamber, we see 
from a further publication by the Bureau of Mines, 
have since been taking part in actual diving operations. 
The first of these operations was the internal inspection 
—a feat not before attempted on so extensive a scale—of 
the steamer Lakeland, which sunk in Lake Michigan 
some years ago. When they returned from this successful 
work, the United States submarine 8.51 was sunk by 
collision with a coastwise steamer near Newport, Rhode 
Island. The ship’s bell, in this case, was brought 
up from 135 ft. of water. The divers breathed air 
as usual, but were supplied with the helium mixture 
when they developed bends, which would not yield to 
the re-compression treatment that had frequently to be 
applied todivers. The patient then inhaled the mixture 
while under pressure ; the helium replaced the nitrogen 
in the blood vessels, and the recovery was rapid. The 
cost of helium is, unfortunately, too high for the 
general use of the helium mixture. 








WIRELESS TELEPHONES IN MANcHURIA.—The long-dis- 
tance telephone service between Harbin and Mukden has 
been in successful operation since August. Extensions of 
the service to other large cities in Manchuria are being 
planned. 





* See ENGINEERING, April 3, 1925, page 421. 





* See ENGINEERING, November 15, 1918, page 572. 





* See ENGINEERING, November 12, 1926, page 609, ante. 
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TORSION TESTING MACHINE FOR FINE WIRES. : 


MESSRS. ALFRED J. AMSLER AND CO., SCHAFFHAUSEN, SWITZERLAND. 
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Fie. 1. Fig. 2. 


upon the torsional resistance of the gauge wire. 
In order to determine the relation between the angle 
BY TORSION. | of torsional] deflection of the gauge wire and the peadaael 

AN apparatus for investigating the torsional strength | moment applied, a special calibration arrangement is 
of fine wire has recently been put on the market by | used. This is shown in position in Fig. 2; it consists 
Messrs. Alfred J. Amsler and Company, of Schaffhausen, | of two helical measuring springs, fixed horizontally 
Switzerland. The apparatus, which is shown in Figs. | between the ends of the drag rod and the extremities 
1 and 2, above, consists of a vertical column having | of two bent pins. The latter fit into two holes in the 
three horizontal arms and a bgse support. The wire | middle arm of the apparatus, and their positions can be 
specimen, to be tested, is held between the middle and | adjusted in such a way that the tension on the two 
lower arms by means of two holders furnished with | helical springs and, consequently, the torsional moment 
clamping screws. As will be seen in Fig. 1, the lower| exerted upon the gauge wire. may be varied within 
holder is attached to a vertical rod, at the base of which | wide limits. The relation between the length of the 
is mounted a gear wheel. This latter is revolved, | measuring springs and the applied tensile stress is 
through the gearing shown in the illustration, by means | determined by hanging up the former and suspending 
of the small crank handle. When it is desired to insert | known weights from their lower ends. The whole 
a specimen, the lower holder, together with the vertical | arrangement is only used when it is desired to cali- 
rod and attached gear wheel, is lifted by means of a/| brate a new gauge wire or when the gauge wire 
cam. Once the specimen is in position, the cam is|in the apparatus requires checking. Usually, how- 
reversed and the weight of the holder and its component ever, a single calibration is sufficient when once the 
parts is borne by the wire, which is thus kept taut. | gauge wire is in position. Two gauge wires, for tests 
The number of complete twists to which the specimen | involving maximum torsional moments of 300 and 
wire is subjected, when the crank handle is turned, is | 900 gramme-centimetres, respectively, are normally 
recorded by means of an automatic counter; at the| supplied with the apparatus. On special request, 
moment of fracture, the extra fraction of a turn is | however, wires having other maximum torsional 
indicated on a graduated dial, which reads up to| moments can be furnished. The free length of the wire 
one-hundredth of a twist. The upper holder, clamping | specimen may be either 5 or 10 centimetres; the 
the specimen, is suspended from a wire, termed, the | upper and middle arms are movable and may be fixed 
gauge wire, which serves to measure the torsional | in either of two positions on the vertical column. The 
moment. This gauge wire is subjected to twist, along | whole apparatus weighs 38 Ib.; it does not require 
with the specimen, when the lower holder is rotated, | fastening down but should be placed firmly on a 
and its torsional deflection is read off on a circular laboratory table of the usual height. The sole agents 
scale, over which a pointer is moved by a drag rod; |in Great Britain for Messrs. Amsler’s testing machines 


APPARATUS FOR TESTING WIRE | 





the latter passes through the shank of the holder. | and apparatus are Messrs. T. C. Howden and Company, 
The deflection of the pointer is, of course, dependent | 191, Corporation-street, Birmingham. 





SPONTANEOUS COMBUSTION OF 
. COAL. 


Tue old belief that pyrites were mainly responsible, 
at any rate, for starting the spontaneous combustion 
of coal has not withstood quantitative tests. The 
gradual oxidation of the pyrites helps to disintegrate 
the coal and facilitates penetration of the air into the 
lungs, but the proportion of the oxidisable sulphides 
in the coal is in general small, and the heat of their 
oxidation tan hardly raise the temperature of the mass 
to any significant degree. The investigations of the 
Safety in Mines Research Board, which we noticed 
on page 487 of our issue of October 15, did not alto- 
gether acquit certain classes of pyrites which, it is still 
supposed, may actually cause coal fires ; but it did not 
make the pyrites responsible for ordinary cases of 
spontaneous combustion. In a further paper, issued 
by the Board,* Drs. Wilfrid Francis and Richard V. 
Wheeler come to the conclusion that the main cause 
of the spontaneous combustion of coal is the direct 
action of atmospheric oxygen on the coal itself. 

All coal absorbs oxygen, rapidly in freshly-exposed 
surfaces, and more slowly later. Part of that oxygen 
combines with the coal under the evolution of heat, the 
rate of the oxidation increasing at higher temperatures. 
But coal is a conglomerate of many compounds, differing 
in chemical and physical properties, and hence also in 
the rate of oxidation. Messrs. Francis and Wheeler 
investigated bituminous coal from the Top Hard seam, 
Nottinghamshire, and from.the Parkgate seam, York- 
shire, which consist of alternating bands of dull and 
lustrous coal. In the dull bands, fusain (mineral char- 
coal) and durain (dull bands) are distinguished ; in the 
bright bands clairain and vitrain. Each of these four 
components is itself a mixture of vegetable and mineral 
residue in different stages, proportions and states of 
distribution. The organic compounds are broadly 
classed as inert or reactive. The reactive contain more 
oxygen and less carbon than the inert compounds, 
(hydrocarbons and resins). Gradually, the reactive 
compounds turn—or are reconverted again—into 
alkali-soluble ulmins (also termed humic compounds). 
It is assumed that the ulmins are originally formed 
during the decay of vegetable matter, but are sub- 
sequently modified; anthracite does not contain the 
ulmins which are found in other coals. peat, and 
lignite. In newly-won bituminous coal the ulmins 
are almost insoluble. As the weathering »roceeds, they 
become more soluble in alkali, then forming dark- 
brown liquors. 

Messrs, Francis and Wheeler regard this ulmification 
as a regeneration. They studied it in air, dry or moist, 
at temperatures up to 200 deg. C., and by oxidising 
coal with chemicals. Some chemists consider that 
the ulmins are derived from the cellulose and not from 
the lignin of the plant. Messrs. Francis and Wheeler 
think, with Schrauth, that both these kinds of com- 
pounds may yield ulmins. The chief difference between 
the fusain and durain, &c., would then lie in the pro- 
portions of inert and reactive compounds, and of the 
organic entities left in the coal, cuticles, spore-exines 
and wooden tissues. Most British bituminous coals, 
they state, do not vary much in their ulmin character. 
When the “‘ coalification”’—a term not to be recom- 
mended—proceeds to higher carbon contents, the 
ulmins become more stable and less liable to attack by 
oxygen. The paper, which is mainly of chemical 
interest, does not settle the problem, but shows that 
the liability to spontaneous combustion can be given 
@ quantitative value. 





Large [ron Castine.—Messrs. The Brightside Foundry 
and Engineering Company, Limited, Wicker Iron and 
Engineering Works, Sheffield, have sent us a photograph 
of a large iron-ingot mould recently made by them and 
weighing 110 tons. They also inform us that they have 
four other large castings in hand, two of these weigh 
94 tons, and the other two over 60 tons. 


Tur TREATMENT OF CONCRETE FLOoRS,—When con- 
crete became a recognised material for the construction 
of fireproof floors, it was recognised that its uses must 
be limited, unless means were available for its hardening 
and waterproofing. We have received from the Master 
Builders’ Company of Cleveland, Ohio, U.S.A., two folders 
containing information on the products they supply for 
these duties. In these there is a great amount of 
information, and extensive references are made to 
examples of work done in different types of factories 
and warehouses. For waterproofing. various liquid 
preparations are used by the Master Builders’ Company 
to produce cement mortars of great density, which by 
their association with the underlying cement particles 
results in the production of an insoluble, water-resist 
ing coating. In some cases a waterproofing powder 
may be mixed with the cement prior to making the 
concrete, 





* Paper No. 28, The Spontaneous Combustion of Coal. 
The most Readily Oxidisable Constituents of Coal. By 
W. Francis and R. V. Wheeler. H.M. Stationery Office. 
[1s. 6d. net.] j 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 
ye am pa where none is mentioned the Specification is not 
Where inventions are communicated nr the Names, &c., 

of the communicators are given in ics. 
= 7) oy may be obtained at the Patent Office, Sales 

ra! , Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
8; ion is, in each case, given a , unless the 
atent has been sealed, when “* Sealed "’ is appended. 
Any person may, at oe Brea within two months from date of 
the advertisement A of a Complete S y 
ten peptone ‘atent O, of ion to the grant of a 

‘atent on any of the grounds ment in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c_ 


254,456. The Fairfield Shipbuilding and Engineer- 
ing Company, Limited, Govan, Glasgow, and R. 
Traill, Govan, Glasgow. Internal-Combustion En- 
gines. (1 Fig.) May 8, 1925. The invention relates to 
the valves of internal-combustion engines. The invention 
provides a valve arrangement for an internal-combustion 
engine, wherein fuel, starting, air-timing and compression 
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release valves 9, 34, 46, 35, respectively, are arranged in 
a single casing 1, and wherein the fuel valve 9 is arranged 
with its axis spaced from a common axis whereon the 
starting, air-timing and compression-release valves are 
arranged, the arrangement being such that the three last- 
mentioned valves may be operated by a single operating 
member 55, if so desired. (Sealed.) 


252,891. Douglas Motors, Limited, Kingswood, 
Bristol, and C. G. Pullin, Staple Hill, Bristol. 
Internal-Combustion Engines. (2 Figs.) May 27, 
1925.—-The invention relates to lubrication systems for 
internal-combustion engines, of the kind in which the 
sump for the lubricant is secured to the lower part of the 
engine crank-case so as to be detachable therefrom, 
According to the invention, the sump carries a circulating 
and also a scavenge pump, and forms a complete unit 
isolated from the crank-case but connected with it by 
quickly detachable joints, both for the conduits and 
the drive mechanism for the pumps. The sump 2 is 
arranged to bolt beneath the engine crank-case 3 and 
it is divided in a vertical plane into two parts, com- 
munication between which is through a filter-screen 6. 
The larger of these two parts forms the tank 7, whilst 
the other contains the lubricant circulating pump 8. 
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Arranged immediately above the circulating pump, is a 
scavenge pump 10, and the dr:ving wheels of these two 
pumps are fast upon the same spindle. In the lower wall 
of the engine crank-case, is an aperture 12 covered by a 
removable filter-screen 13 and closed by a detachable 
cover 14 having a branch 15 connecting with the inlet 
16 of the scavenge pump. The driving spindle for the 
pump is extended beyond a stuffing-box 20 and is 
provided with an axial recess 21 to receive the spherical 
end of a connecting shaft 23 between it and a vertical 
driving shaft 24 extending from the timing-gear casing 
25 of the engine. This spherical end has a cross-pin 
exinating through it and projecting on each side to 
engage a longitudinal slot formed in the wall of the shaft. 
The other end 28 of this short connecting shaft 23 is also 
spherical and has a similar engagement with the vertical 
shaft 24. The recess 29, which receives the upper end 





of this shaft, is extended to receive a compression spring 
30, which bears on the shaft and thrusts it vertically 
downwards. The vertical shaft 24 may be driven by 
means of a worm 31 and worm wheel 32. The upstandin, 
delivery branch 9 of the circulating pump is terminat: 
by a screw stuffing-box 34, and is adapted to carry, press- 
ure-tight, and slidably, a pipe 35 which is connected to a 
depending vertical socket 36 on the timing-gear casing 37, 
somewhat offset from the branch 9. To this, the pipe 35 
is connected by a coned union joint 38, and, being bent to 
provide for the off-setting, it can be twisted slightly 
around its vertical axis when necessary in disconnecting 
the union, The socket 36 of the delivery pipe connects 
with a horizontally arranged delivery branch 39 co-axial 
with the engine crankshaft 40. The latter is drilled to 
provide lubricating passages, and the drilled end is 
provided with a plug 41 having a central hole in it 
adapted to receive the spigot end of a sleeve 43 mounted 
in the coaxial delivery branch 39. (Sealed.) 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 


252,851. Sir A. Herbert, Dunley Manor, near 
Whitchurch, and A. H. Lloyd, Coventry. Work- 
Chucking Devices. (3 Figs.) April 25, 1925.—The 
invention relates to work-chucking devices for lathes, 
The jaw chuck 2 has a central recess 3 provided to 
receive a bush 4, the internal sides of which are tapered to 
receive the shank of the arbor 6. The arbor is provided 
with an axial bore 7 in which slides the drawback rod 8, 
and the latter is reduced in diameter at its rear portion 
and screw threaded at 10. Upon the reduced portion 
is mounted a floating collar 11, against which bears a 
nut 12 engaging the threaded part 10, and plungers 14 
arranged in radial holes in a collar around the arbor 6. 
The plungers correspond in number to the jaws in 
the chuck and they project sufficiently from the arbor 
to be engaged by the jaws when the latter are tightened 
up. Behind the nut 12, the draw-back rod is still further 
reduced at 18, and has mounted upon it a compression 





spring. The action of the compression spring is to 
thrust the draw-back rod 8 outwardly of the arbor, so 
as to release any work, such as 20, carried by the latter, 
whereas the inward radial movement of the plungers 14, 
due to the movement of the jaws 15 and 16 by their 
engagement with the bevelled face of the floating collar 11, 
acts to thrust the drawback rod inward and thereby to 
effect the expansion, contraction or other chucking action 
already referred to. In the example illustrated, the work 
20 has first been held in the jaw chuck for boring pur- 
poses, the arbor 6, of course, having been previously 
removed. On removal of the work from the jaw chuck, 
the arbor is mounted in the position shown, and is of a 
kind designed to suit the nature of the work, being, in 
this example, provided with a seating at 23 and at 24, 
the latter being split as shown at 25. This split portion 
is expansible by the conical end 26 of the draw-back 
rod 8. (Sealed.) 


251,557. Sir A. Herbert, Dunley Manor, near 
Whitchurch, P. V. Vernon, Keresley, near Coventry, 
and C. Wilson, Coventry. Drilling Machines. 
(2 Figs.) December 12, 1925.—The invention relates to 
feed mechanism for drilling machines of the kind in 
which a feed shaft actuated by hand has combined with 
it means for bringing into action a power feed. The 





feed shaft 2 has fast with it the pinion 3 in engagement 
with a rack on the feed sleeve 4, indicated by dotted 
lines. Loosely, mounted on the feed shaft is a worm 
wheel 5 in constant rotation to form the power feed, 
and this is qeoviaed with teeth 6 around its central 
part. Slidably mounted on the feed shaft, but angularly 
fast by means of a pin 7 extending through it, with 
clearance in the axial direction of the shaft, is a sleeve 8 








provided with teeth 9 adapted to ret yer with”and 
to engage those on the worm wheel 5. Extending 
transversely through the feed shaft is a feed lever 10, 
which is adapted to rock angularly around the feed shaft 
to a limited extent, as is shown clearly by the clearance 
provided at 11, Fig. 2. The end of the sleeve 8 adjacent 
the feed lever is provided with notches 12, normally in 
engagement with the lever under the action of a spring 
13 provided in an axial recess in the feed shaft and 
exerting a thrust from the bottom of this recess against 
the pin 7 fixed in the sleeve. With this arrangement, 
the drill is fed by hand until it encounters and is arrested 
by the work, and thereafter onward movement of the 
feed lever causes the latter to ride out of the notch, 
thrusting the sleeve 8 away from it by a wedge action, 
which also locks it so that the teeth 6 and 9 are engaged 
and an automatic feed is provided. By the present 
invention, the lever 10 is also adapted to move by a 
rocking action in the axial direction of the feed shaft 2, 
that is, transverse to the rotational movement of the latter. 
For this purpose, clearance is provided in the shaft 2 
at 14, and it will be evident, therefore, that as the lever 
10 bears against the sleeve 8, it is adapted to thrust it 
into engagement with the worm wheel 5, thereby to 
provide the automatic feed, and to do this quite irrespec- 
tive of the utilisation of any resistance offered hy the 
work. It follows, therefore, that the operator can 
readily engage or disengage the automatic feed at any 
position of the travel of the drill spindle, and can do this 
without releasing hold of the feed lever. (Sealed.) 


MOTOR ROAD VEHSICLES. 


253,611. H. Munro, Edgbaston, Birmingham. 
Controlling Variable-Speed Gears. (3 Figs.) March 
20, 1925,—The invention is directed more particularly to 
that type of controlling mechanism in which a ball- 
jointed change-speed lever is guided in a gate. According 
to the invention, the shifting forks c, d for the slidable 
clutch members are mounted on parallel shafts el, f}, 
and have each up-raised lugs g which form a continuous 
groove when the clutch members are in neutral position 
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and the gate k, having, in the case of two clutch members 
an H-shaped opening therein, is fixed to the gear case 
directly over the upturned lugs which are operated b 

one end of a ball-jointed lever hl, the ball joint ¢ of whic 

is located on the opposite side of the gate to the lugs 
on the shifting forks. In the case of the gear having 
more than two sliding clutch members, the parallel legs 
of the gate opening correspond in number to the number 


of clutches it is desired to operate. (Sealed.) 
PUMPS. 
254,363. A. J. Middler, Fraserburgh. Bilge- 


Pump Assembly. (5 Figs.) March 27, 1925.—The 
invention relates to a method of driving and attaching a 
bilge pump to a marine internal-combustion motor of the 
Kelvin type. According to the invention, a_ bilge 
pump A is mounted upon the frame of the motor between 
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one end of the crank-cage 2 and the reverse gear-case 3, 
and is secured by bolts or screws which enter existing 
holes in the end of the crank-case. _The pump is driven 
from the camshaft B by a cam C which acts either 
directly upon the piston or ram of the pump, or upon 
a rocking lever disposed between the cam and the 
pump piston or ram. (Sealed.) 
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RECENT EXPERIMENTS ON THE 
PROPERTIES OF STEAM AT HIGH 
PRESSURES. 


In opening, on November 22, the second lecture 
of his course on the above subject at the Royal 
Society of Arts, Professor H. L. Callendar, F.R.S., 
said that he had originally intended to describe 
experiments on the properties of steam made in 
Germany and America. Further reflection had, 
however, led him to abandon this project, since, 
with the exception of Knoblauch’s work, the data 
available were incomplete, and in any case criticism 
would have been invidious. He had decided 
accordingly to deal only with his own experiments, 
of which he naturally knew all the details. More- 
over, since he had used throughout methods as 


Fig.10. 
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amend 
simple and direct as possible, they were corre- 
spondingly easy to describe, whereas, some very 
complicated methods had been used in America. 

On the last occasion, he had described how in 
Regnault’s experiments on total heats, difficulties 
had arisen in making due allowance for the 
discontinuities, which came in at the start and 
finish of each experiment. The remedy was to use 
continuous methods in which a steady flow of steam 
was maintained through the apparatus, and the 
temperatures and pressures were kept constant. 
They could, therefore, be measured with great 
accuracy. Moreover, apparatus of this type was 
compact. and the external heat loss small. It had 
the additional advantage that it was unnecessary 
to determine the “‘ water equivalent ” of the appara- 
tus, and this was a very great gain, particularly 
when temperatures ruled high. 

When a steady flow of steam was maintained 
through an apparatus, the following condition 
always held :— 

Total energy carried in = total energy carried out 

+ external work done +- external heat loss. 

In the case of a throttling experiment no external 
work was done by the steam. Hence, if H, and K, 
represented, respectively, the total heat and the 
kinetic energy of the steam entering the apparatus, 
while H, and K, represented the corresponding 
quantities on discharge, we must have 

Hi + Ki = He + Ko + Qe 
where Q, represented the heat lost from the | 
apparatus by radiation or conduction. If matters | 
were arranged so that K, = K, we got simply 
Hi = Hp + Q 











where all the quantities were expressed in heat 
units per pound of the fluid passed. 


This formala was the basis of the porous plug 
experiment made by Joule and Thomson in 1850, 
with the object of reducing the indications of 
the gas thermometer to the absolute scale. They 
passed air through a plug of silk on one side of 
which a high-pressure was maintained. In this 
experiment there was very little difference between 
the temperature on opposite sides of the plug, 
and the apparatus was moreover, carefully lagged. 
Hence the external heat loss was negligible. The 
pressure difference used was very large, and the 
object of the observers was to determine whether 
this drop of pressure was a¢companied by a drop of 
temperature. With a perfect gas there would be 
no change of temperature due to the change of 
pressures, but with air and CO, there was a 
temperature drop which was very small in the case 


Fig.12. 
































D1AGRAM OF DIFFERENTIAL THROTTLING CALORIMETER 
(Nor TO SCALE.) 
A. Thermometer tube in jacketted inlet pocket. 
B and C. Thermometer tubes in side pockets. 


D. Connection to high-pressure gauge. E and F. 
Tubes for throttle to side pockets. G. Throttle 
to side jackets. H and I. Exit valves from side 
pockets, Kand L. Exit valves from jackets. Ex- 
ternal lagging not shown, 


Fig.13.| 











DIAGRAM OF DIFFERENTIAL ELECTRIC CALORIMETER. 


A, B and C. Thermometer tubes. E and F. Electric 
Heaters. G, H, I and K. Exit Valves. The 
actual apparatus is much longer in proportion to 
its diameter. 


Fig 44. 
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of the air, and four or five times greater with the 
CO,. Joule and Thomson found, moreover, that 
the drop of temperature was proportional to the 
drop of pressure, and they called this the “ cooling 
effect,” which was conveniently represented by the 
letter C, and which in the notation used in theoreti- 


cal thermodynamics was equal to hy being the 


rate at which the temperature fell when the pressure 
was diminished, the total heat remaining constant 
throughout the operation. Having measured C, 
the laws of thermodynamics made it possible for 
the experimenters to deduce the deviation, from the 
absolute scale, of the readings of the gas ther- 
mometer. 

Denoting by S the specific heat at constant 


pressure, Joule and Thomson found that SC was: 
independent of the pressure, and varied approxi 


mately as a where T denoted the absolute tem- 


perature of the gas and n an experimental constant. 
If this formula for SC were adopted, then the 
differential equations of thermodynamics led to the 
following expressions for the volume and total heat 
of a gas or vapour : ia 
aPVeRT— a+ 
H—B=ST—SCP 
Here a was the inverse of Joule’s equiva- 
lent, B was a constant of integration, and §, 
denoted the specific heat at constant pressure 


when the pressure was zero, whilst at other pres- 
nSCP 


sures we had S = S, + F 
steam we also, as explained later, had the relation 
0 _ 18, from which it followed that the 


equation to the adiabatic expansion of superheated 
steam was P V}:3 = constant. It would be seen,. 
therefore, that the experiments made on the “ cooling 
effect’ led to the same value of the adiabatic 
index as had been found directly in the Montreal 
experiments described in the preceding lecture. 
Fifty years elapsed, however, before the Joule- 
Thomson experiment was repeated with steam. 
This was first done by Grindley to test Osborne 
Reynold’s theory that the specific heat at zero 
pressure was 0-305. Grindley could not us¢ @ Silk 
plug since, if the steam were hot the silk woul.’ be 
destroyed, whilst with wet steam the plug woul.* 
absorb moisture. He used, therefore, a simple 
orifice in a glass plate. Great care was taken to 
avoid sensible loss of heat to the exterior, and the 
experiments were in fact extremely accurate and 
amongst the best yet made. The results showed 
that if 0-305 were the specific heat at zero pressure, 


In the case of 





it must be three times as much at 200 deg. C., a 
conclusion which seemed highly improbable. 

The matter was next taken up in Nicolson’s 
laboratory at Montreal using the apparatus repre- 
sented in Fig. 10. Steam was throttled, through 
the small tube shown, down to atmospheric pressure, 
and its final temperature determined. The specific 
heat of steam at 100 deg. being known, its original 
total heat was then given by the equation 

H, = total heat at 100 deg. + 0-48 (¢ — 100 deg.) 
Total heats thus determined did not plot down on 
a straight line, which showed that Regnault’s 
famous formula was incorrect. 

It was then decided to measure the cooling effect 
by means of the differential throttling calorimeter 
represented diagrammatically in Fig. 11. The 
steam from the supply tap shown was divided into 
two unequal streams which passed through identical 
throttle tubes to the thermometer chambers shown, 
which were also exactly similar to each other, but 
the pressure could be regulated in each, indepen- 
dently of the other, by means of the discharge 
valves shown. The difference of pressure was 
measured by a mercury gauge. and the correspond- 
ing difference of temperatures determined (not 
as indicated in the sketch by mercury thermometers) 
but by means of a differential platinum thermo- 
meter. The cooling effect was then given by the 
ratio 

Temperature difference 

Pressure difference 


The results thus found showed that for the range 
investigated 





SCoaT-'S 

This result, as mentioned above, made the Joule- 
Thomson effect consistent with the adiabatic 
equation which had been previously determined. 

Having found SC the total heats and volumes 
corresponding with different pressures and tempera- 
ture could, as already mentioned, be found from the 
equations of thermodynamics. The total heats 
thus calculated agreed with the observations of 
Dieterici, and when experiments at higher pres- 
sures became available a fair agreement was again 
found, but in this connection it should be observed 
that high pressure experiments tendered to give 
results somewhat on the low side. A further check 
was provided by calculating, by means of the 





thermodynamic equations, the saturation pressures, 
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making the sole assumption that steam at 100 deg. | 
C. and 760 mm. pressure had a total heat of 639-3) 
calories. The results of this calculation agreed | 
extraordinarily well with Regnault’s observations, as | 
also with subsequent experiments made at the 
Reichsanstalt and at Munich. Over the whole 


above, also possible to calculate the specific volumes 
of steam, and a very good agreement was found 
between the computations and the direct experi- 
ments of Knoblauch, the difference being only about 
1 part in 1,000. Knoblauch had also measured specific | 
heats at different pressures, and these could also be 











SLUICE PROVISION FOR TIDAL DRAINAGE. 


SLUICE DISCHARGES IN ONE TIDE ,/N CUBIC FEET PER FOOT IN WIDTH 
FOR SILL LEVEL 45-00 G.D. AND HEADS FROM 45 G.D.TO 53 G.D. 
SPRINGS RISING 9FT. (i.e. FROM 45 TO 54 G.D. AND NEAPS RISING 

S\_ SFT. (i.e. FROM 47 TO 52 G.D.) HEADS CONSTANT. 


range of these experiments the temperature, corre- \ecesses 

sponding to a given pressure, as calculated, did not 2 187g2 Disch Spri h ? . 

differ from the observations by more than ;'; deg. C. poms 1,868,976 : bi say eg 7 > “fi set og od 
Knowing the cooling effect it was, as indicated abbas Ne Hori 5 Ye — 


Vertical Scale '2Inch- 1,000,000 C.Ft. 


oO 





calculated from the Joule-Thomson equations. - 

The results were in good qualitative agreement | = = ad a 

with Knoblauch’s observations, but the absolute 

values were not in as close accord as they were in the |end the throttles were replaced by heating coils, 
case of the volume measurements. In view of the|as indicated in Fig. 13. As before, the external 
foregoing considerations Mollier adopted the results |loss of heat was determined by having different 
obtained by the Joule-Thomson method as the basis | rates of flow on the two sides of the apparatus, and 


of his total heat entropy chart published in 1906. 
The assumption that SC, and consequently the 
co-aggregation volume, was a function of the 
temperature only was undoubtedly a very good first 
approximation, and Martin* had shown that this 
result followed directly from the kinetic theory of 
gases, At high temperatures and pressures this first 
approximation could not be expected to hold rigidly. 
Some 20 years ago arrangements had been made 
by Professor Dalby for determining the cooling 
effect at higher pressures and temperatures than it 
had been possible to use at Montreal. Owing in 
part, however, to extensive reconstructions at the 
Imperial College of Science, and in part to the death 
of Professor Ashcroft, the work was delayed. After 
the war, however, the British Electrical and Allied 
Industries Research Association commissioned him 
(Professor Callendar), to investigate the properties of 


| we obtained, therefore, specific heats corrected for 
/external losses. The heating coils used had to be 
arranged so that they did not throttle the steam, and 
the pattern adopted was that originally devised by 
Professor Dalby. 

| When throttling experiments were made on 
high-pressure steam, say, at 1,000 lb. per square 
inch, it was necessary to use a succession of throttles 
in series, otherwise troubles arose from the conden- 
sation of the steam, due to its expansion as it 
passed through the throttle, and to the subsequent 
slowness with which this condensate was dissipated. 
There was also a large kinetic energy which had to 
be destroyed. 

A reference to the Mollier diagram reproduced 
in Fig. 14 would show that if steam were expanded 
directly from a pressure of 1,000 lb. per square 
inch to that of the atmosphere, the steam as 





steam at high pressures and temperatures, and/it left the nozzle would have a great deal of 
Professor Dalby had accordingly transferred to him | water in suspension. As a consequence, it had 
the apparatus he had already prepared. | been found that with high-pressure steam expanded 
When temperatures were high, the loss of heat | through a single throttle the temperature was at 
externally by radiation and conduction became | times higher in the small-flow calorimeter than it 
important and had to be measured. The plan! was on the other side of the apparatus. This was 
adopted was to use two identical throttling calori- | due to the fact that the absolute amount of conden- 
meters, coupled up to a central supply of steam, as | sate was higher with the larger flow and required 
shown in Fig. 12. | correspondingly more time for its re-evaporation. 
The experiment was arranged so that whilst the | With such a condition of aftairs it was impossible 
pressure was the same in both calorimeters the|to determine the external heat loss. As already 
amount of steam passed was very different. As the | indicated, the difficulty had been overcome by using 
two calorimeters were identical, the heat units lost| a series of nozzles of increasing diameter, through 
per minute were the same from each, and hence the| which the steam passed in succession. At the 
temperature of the steam was lower on the side first throttle the pressure was reduced, say, from 
which had the smaller flow. It could be shown that | 1,000 lb. per square inch to 500 lb. per square inch, 
if M, and M, represented, respectively, the mass flows | and the latter pressure was again approximately 
in]the two directions, whilst H, and H, denoted | halved at the next throttle, and so on. With this 
the “apparent” total heats of the two flows, | arrangement a good approximation was obtained to 
then the heat loss Q, was given by the relation | the original total heat of the steam, the observations 
_ (Hy — Hs) Ms being fairly reliable even at high pressures except in 
Q2 = “oe 


| the neighbourhood of the saturation limit. It was, 

| however, too much to expect that high-pressure 

A typical set of observations was represented by |steam could completely adjust itself to the steady 
the following table :— | state in the very short time available. 

With high-pressure steam still another difficulty 
| was encountered, since there was evidence that the 
‘time of passage through the superheater was too 
| short for the steady state to be attained. This had 
| been proved by experiments with the differential 
| apparatus, in which it was found that the larger 
| currentof steam showed a higher temperature than the 
| smaller current did. It was probable that the same 

The value of Q, given by the last entry in the last | effect was met with in the case of the superheaters 
line of the table was 2. Adding this to the total heat | adopted in power-station practice, and that the 
in column 2, we obtained 1,430-3 as the total heat | steam was not in thermal equilibrium when it left 
of the steam entering the apparatus. The tabular | the superheater. On the other hand, if in experi- 
value was, it would be seen, 1,430-1, so that the | mental work the time of passage through the super- 
agreement was extraordinarily close. 











Pocket No, oe ee 1 2 3 | 2-3 





Mass flow, Ib. per min.../ 0-989 | 0-669) 0-320 0 
Tewperature, d g. F. ..| 806-03) 784-83 | 780-17 | 4 
Pressure, lb. persq.in...| 240- 16:63 | 16:59] 0O 
H from Callendar’s tables} 1430-1 1428 3 |1426.1 2 








| heater was much increased, other difficulties came 
In general, the result of these experiments had | in, and in particular the correction for external 
been to show that at high superheats the Callendar | heat losses might become inconveniently large. 
tables were very accurate, and that under these| He was now experimenting, said Professor 
conditions the properties of the steam agreed with | Callendar, with a new pattern of the differential 
the simple Joule-Thomson equations. | apparatus designed for pressures as high as 3,000 Ib. 


A similar method had been used to determine | to 4,000 lb. per square inch. The component parts 
directly the specific heats of the steam. To this|were constructed wholly of nickel. The greatest 
care had been taken to avoid leakage, although with 
| apparatus of the type in question leakage would 





——ad 


* See ENGINEERING, July 17, 1925, page 64. 
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not directly affect the determination of the external 
heat loss. In other forms of apparatus, however, 
such leakage might involve a very important 
correction. 





SLUICE PROVISION FOR TIDAL 
DRAINAGE, WITH SPECIAL REFER- 
ENCE TO BRITISH GUIANA. 


By Lronarp Prrcrvat Hopae, M.Inst.C.E. 


Tue sugar estates of British Guiana are situated 
on the coast, below high-water mark, and have 
therefore to be protected from the sea by dams, 
through which they have to be drained by sluices. 

All levels in the colony are referred to a datum 
50 ft. below mean sea level, termed locally “‘ George- 
town Datum,” or “G.D.” From observations 
adopted by the late Baron H. Siccama, M.Inst.C.E., 
in 1879, spring tides range from 45 G.D. to 54G.D. = 
9 ft., and neaps range from 47 G.D. to 52 G.D. = 
5 ft. On these ranges he worked out the discharges 
per lineal foot of sluice with a uniform sill level of 
45 G.D. for water held at 51 and 53 G.D. for springs, 
and at 51, 52 and 53 G.D. for neaps, from a curve of 
versed sines at intervals of 20 minutes, assuming the 
motion te be simple harmonic. To these discharges 
Mr. J. H. W. Park, O.B.E., B.Sc., M.Inst.C.E., 
added those for 52 G.D. at springs and 50 G.D. at 
both springs and neaps. The accompanying graph 
shows all these discharges to scale, those for water 
held below 50 G.D., or mean sea level, being esti- 
mated by scale only, as stated in Table I. 

It will be seen that with water held up to 51 G.D., 
or 1 ft. above mean sea level, the maximum dis- 
charge is at neaps. Also that for uniform drainage 
it is best to conserve up to that level, where land 
level permits. 

The total width of sluice required will, of course 
be governed by the rainfall, of which a 30 years 
analysis is given in Table II. 

If a 4-in. rainfall be assumed, #.e., 2 in. in one tide, 
the water to be discharged per 100 acres in one tide 
will be 726,000 cub. ft., and the least tabular dis- 
charge, with water held at 51 G.D., will be 1,116,473 
cub. ft. at springs, so that the maximum width of 
sluice for 100 acres under this condition will be 

726,000 _ 0.65 ft. = say, 8 in. This multiplied 
1,116,473 
by the maximum head of discharge (51 — 45G.D. = 
6 ft.) gives a sluice area of ‘‘ 4 sq. ft. per 100 acres,” 
which used to be known as the “ planter’s rule ” in 
British Guiana. 

The fallacy of this rule lies in its not providing 
for drainage in the proper sense of the term, but 
only for rainfall, thus leaving the trenches after a 
4-in. rainfall no less waterlogged than they were 
before. Consequently, a succession of rainfalls over 
4 in. in 24 hours, or a fall of much over 2 in. in one 
tide, may entirely flood the area supposed to be 
adequately drained, causing serious damage to 
crops, loss’ of livestock and injury to health, in 
addition to much general inconvenience. Hence 
it is desirable to provide sluice width for the com- 
plete discharge of the greatest rainfall likely to occur 
during any one tide, as well as reservoir room 
therefor. It will be seen from Table II, which gives 
daily rainfalls in Georgetown, that in British Guiana 
this rainfall may be anything up to 10 in. in 24 hours’ 
or 5 in. in one tide, necessitating a slujce width of 
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THE HETCH-HETCHY WATER SUPPLY ; 


SAN FRANCISCO. 
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1-626 ft. linear per 100 acres, instead of 0-65 ft. by 
the “ planter’s rule.” 


DISCHARGE OF THE PuLGAS TUNNEL CANAL INTO THE CRYSTAL SPRINGS RESERVOIR. 


now made, for conveying the Spring Valley Com- 
pany’s water across the Bay of San Francisco 





In applying the graph, which, it is hoped, will| to the peninsula, is planned to work into the 


simplify the labour of those engaged in the design of | larger scheme of the future. 











TABLE I. 
Water Discharge per Lineal Foot. | Period of Discharge. 
Level. — 
G.D. Springs. Neaps. Springs. Neaps. 
tirs. Mins. } Hrs. Mins. 
53 2,187,862 2,648,53 yi OF 12° 20 
52 1,563,843 1,868,976 “2 12 20 
51 1,116,473 1,125,319 yy 8 24 
50 761,916 740,906 6 41 7 02 
49 5,000 495,000 
48 450,000 245,000 These discharges 
47 ,000 Nil. estimated by 
46 150,000 Nil. diagram only. 
45 il. Nil. : 














Inches. No. 
6 to 10 4 
5 to 6 8 
4to5 10 
3to4 44 
2to3 149 
lto2 635 
¢tol 905 
th to} 2,443 
under yy 1,865 
Total 6,630 


Yearly average for above peste 94-13 in. 

sluices under similar conditions in low-lying country, 
it should always be remembered that however 
adequate a sluice may be, it ean only discharge the 
water which comes to it. The tabular discharges 
assume that the head is constant, and to effect this 
the supply trenches must be properly designed and 
efficiently maintained. 








THE HETCH-HETCHY WATER SUPPLY 
OF THE CITY OF SAN FRANCISCO. 
(Concluded from page 622.) 

In an earlier part of this series of articles it was 
explained that arrangements had been made between 
the Spring Valley Water Company and the City 
whereby the latter was to have an option of pur- 
chase of the company’s undertaking for a certain 
period, and at the same time undertook to provide 
facilities for conveying to San Francisco additional 
water which the company became capable of supply- 
ing. This arrangement was adopted, keeping in 
view the ultimate requirements of the Hetch-Hetchy 
scheme, the aqueduct for which will follow the 
same route into San Francisco. 


Although the Hetch- 
| Hetchy aqueduct will not be completed for some 
| time, this final section has been pushed ahead, 
| in order to render the Spring Valley supply av ailable 
| as early as possible. In actual fact, water from 
this additional source of the company was supplied | 
to the city for the first time in the spring of this 
year. , 

In Fig. 110, Plate XLIII, we give a map of this 
part of the work. The Spring Valley Company 
required a connection from Irvington into the city. 
The aqueduct provided consists largely of a 60-in. 
pipe. This commences with a length buried in a 


| trench, extending from Irvington to Newark. The 


pipe is continued in the same manner some distance 
west of Newark until it reaches marsh land, across 
which it is carried on wooden trestles. At one 
point in this length a navigable channel, 400 ft. 
wide, is crossed by means of a cast iron submarine 
pipe. At the end of the trestle work, the single 
60-in. pipe changes to four 36-in. cast iron 
pipes submerged for a length of 2,750 ft., and 
terminating under water in a large thrust caisson. 
Here the pipes join up again, and the aqueduct is 
continued as a single 60-in. pipe, which is carried 
to the peninsula shore, a distance of 3,870 ft., 
on a girder bridge of 36 spans, carried on concrete 
piers. This bridge is. again followed by trestle 
work over marsh land. The next section is tunnel 
work, which was necessary for a length of 8,675 ft., 
after which an open canal 906 ft. long delivers the 
water to the Crystal Springs Reservoir. This 
reservoir is some 15 miles south of the city. When 
the Hetch-Hetchy project is completed the water 
will flow into this reservoir by gravity, the terminal 
elevation being. ohly 290 ft. above datum, whereas 
the aqueduct intake below the Moccasin Power- 
house will be at El. 900. The present head avail- 
able for the Spring Valley Company’s Calaveras 
water-shed is insufficient to feed the Crystal Springs 
reservoir in this way, and pumping has to be 
resorted to. The pumping station is placed on the 
west shore of Dumbarton Straits, and contains three 
electrically-driven centrifugal pumps, the motors 
being each of 500 h.p. capacity, and the total delivery 
about 32,000,000 gallons daily. At the present 
time two pumps are installed taking water at 24} lb. 





| pressure and boosting this up to 134 Ib. per sq. in. 


The provision | The total length of pipe line on this section of the 


| scheme is 19-4 miles. The steel pipe has a thickness 


| varying between in. and ¥% in. 

The Bay Crossing presented some of the greatest 
| difficulties which have arisen anywhere in connection 
| with the work on the whole scheme. The particular 
scheme adopted was chosen mainly on the matter of 
jcost. It was found that, including the pier and 
| girder work of the bridge and the 5-ft. line of pipe, 
| costs ran out at about the same as for two 3-ft. 6-in. 
| submerged pipes, while actually the bridge provided 
accommodation for two 6-ft.4-in. pipe lines, thus in 
|the end allowing expansion to full capacity at rela- 
tively little extra cost. If the present 5-ft. pipe is 
retained the second could be 7 ft. in diameter. 

It should be mentioned that, although the Bay 
Crossing scheme allows for four submerged pipe 
lines, so far only one has been laid as shown in 
Fig. 111. Dealing with the east end of the work 
first, two methods were adopted for laying this 
pipe. In the shallows a wooden trestle bridge was 
run out from the shore, the pipe being then built up 
under this in slings suspended by screws from the 
overhead decking. The cast pipe lengths were 12 ft., 
and two slings were provided for each length. The 
42-in. pipe had a thickness of 2 in. and each weighed 
63 tons. They were finished at the ends with 
flexible joints, the socket end being machined and 
ground internally to a radius of 233 in. in the direc- 
tion of the pipe axis. The spigot end was finished 
with three collars. Of these the end one was 
turned to fit the spherical socket, while between this 
and the others lead filling was inserted. The 
| clearance provided for a deflection at each joint of 
nearly 11 deg. The socket end was strengthened by 
an outer steel band. When ready, this pipe was 
lowered into a prepared trench on the bottom, all 
the suspension screws being lowered out uniformly 
and simultaneously. In deeper water a barge and 
cradle was used, the latter projecting up into the air 
at the forward end of the barge. This could not 
work in less than about 30 ft. of water. The barge 
was worked forward and controlled by twelve cables, 
on which the strain was taken by steam winches. 
As the pipe lengths were added on the cradle the 
| barge was worked forward. The trench sides were 
sloped at 3 to 1 and to secure suitable grading of the 
pipe line excavation to a depth of cut of 24 ft. was 
required in places. After excavation, broken rock 
was placed on the trench bottom and levelled off by 
a drag. Allowance for the four pipe lines required 
a considerable amount of the pipe trench to be on a 
curved alignment, to secure the necessary spread. 
On the curved portion the pipe, supported on low 
saddles, was surrounded by concrete deposited by 
tremie inside forms placed inside piles driven about 
12 ft. apart, across the pipe line. Crushed rock was 
subsequently filled in outside this for some distance 
up the side slope to assist in resisting thrust. The 
greatest depth at which the pipe was laid was 
about 60 ft. below mean sea level. 

At the west end of the submerged section, the 
pipes terminate, as stated, in a large concrete 
structure, which is designed to withstand the 
unbalanced hydrostatic thrust of two 76-in. pipes 
under full pressure, which will amount to 170 lb. per 
square inch, as well as thrust from the submerged 
pipes, wind pressure, etc. Thisis, we believe, quite 
an unique structure, and is also remarkable for its 
size, in view of its distance from shore. [Illustra- 
tions are given of this thrust pier in Figs. 113, 114 
and 115, Plate XLITI, and in Figs. 136 and 137, 
page 684. Its position is also indicated in Figs. 
111 and 112. It is approximately a circular 
structure of 80 ft. diameter, standing upon 715. 
wooden piles, of which 64 were batter piles 
driven at a slope of 2 to 1. The structure was 
built by first driving steel cylinders, 80 ft. long and 
9 ft. 6 in. in diameter, in aring of 36 ft. radius. The 
interior of the cylinders was excavated and piles, 
spaced by spiders, were driven into the bottom under- 
neath them. Nine piles 55 ft. long were driven in 
each cylinder. The cylinders were driven to about 
El. — 74. At the bottom of the cylinders was a 
steel ring which enclosed the pile tops; the latter 
were concreted in to a depth of 2 ft., and then 
6-ft. 6-in. by 6-ft. 8-in. pre-cast, cored piers were 
placed in position inside the shells. These were 
made in two lengths for each pier; reinforcement 
was inserted in the cored interior and the pier 
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completed by concrete filling. At this stage the 
steel cylinders were. withdrawn. In the spaces 
between these piers, of which there were 21, inter- 
locking steel sheet piling was driven in two lines 
3 ft. apart, and the intervening space excavated and 
filled with concrete by tremie. In addition, four 
additional piers were disposed, as shown best in 
Fig. 115, in the interior, but these were not carried 
above El. — 31, whereas the outer ring were 
finished off at El. +.12. 

Four driving cylinders were provided, but as 
quicksand was encountered, three of these were 
lengthened by cutting up the fourth, so as to 
obtain lengths of 76 ft. After the piers had been 
constructed, the driving cylinders were withdrawn 
by a barge with a lifting capacity of about 100 tons. 
The steel caps were left behind. 

Over the area inside the ring, piles were driven 
at 3 ft. centres one way and 2 ft. 5 in. centres the 
other. The 64 batter piles previously referred 
to were arranged between the rows of vertical 
piles, four lines slanting towards the bridge, and 
five lines towards the shore. All these piles were 
cut off at El. — 31. When the outer ring was com- 
pleted the space between these piles was excavated 
down to El. — 45, and a floor slab of concrete 10 ft. 
thick was placed under water by tremie. This 
was accomplished in three days of continuous work. 
Reinforcement was carried from the piers into this 
concrete block, as indicated in Fig. 113. The 
interior of the caisson was then pumped out, and in 
it was built an hexagonal structure containing the 
rising mains. On the shore side of the caisson 
provision is made for the entrance of four sub- 
marine 42-in. pipes, as shown in Fig. 114. As stated, 
only one of these has so far been brought into use. 
These pipes enter the caisson at El. — 26, and extend 
into a hexagonal well, where, with 90-deg. bends, 
they rise to make Tee connections with two hori- 
zontal pipes forming the terminals of the mains 
laid on the bridge. Of these, as already stated, only 
one 60-in. main is so far in place. The hexagonal 
well is not placed centrally within the caisson, but 
to one side, as shown in Figs. 113 to 114, in order to 
allow for the thrust on the structure. The hexa- 
gonal structure and its floor, which is 8 ft. thick, 
in addition to the 10-ft. base slab, is elaborately 
reinforced, though this is not shown in our drawings. 

The height of the structure is 70 ft. from the well 
coping to underside of base slab, or 103-ft. from 
coping to the lowest steel collars of the piers. The 
caisson, as it appears finished, is shown in Fig. 136, 
page 684, while Fig. 137 on the same page is a view 
looking down into the area enclosed by the circle 
of piers and walling. 

Westward from this caisson the bridge extends 
in spans of 105 ft. carried on reinforced concrete 
piers. Figs. 116 to 123 illustrate the latter part of 
the work. The piers are of three types, the number 
of piles varying as shown in Figs. 119 to 121 from 
52 to 84. The corresponding footings of concrete 
measure respectively 32 ft. by 11 ft. for the smallest, 
and 37 ft. by 16 ft. for the largest piers. The thick- 
ness of the footings is 6 ft. in all cases. The piers 
vary in height from 45 ft. to 65 ft., the latter 
being illustrated in Figs. 116 and 117. Above the 
base rise two columns on 10-ft. square bases, running 
into 8-ft. circular shafts, subsequently diminished 
to 6 ft. The columns are braced by top and inter- 
mediate beams, 4 ft. thick, and respectively 5 ft. 
and 6 ft. deep, reinforced with 1}-in. bars, as shown 
in Fig. 118. Between the 8-ft. diameters, the bracing 
consists of a reinforced web, 4 ft. thick, which 
below expands to a width of 10 ft. at the footing. 
The central piles extend into the columns and web. 

Details showing the reinforcement in the bracing 
and extending into the columns are given in Fig. 118, 
and of the reinforcement in the columns, in Fig. 123. 
There are 36 of these piers, and with the large thrust 
pier these carry the bridge girders which are 
illustrated in Figs. 124 to 126. The girders are 
built of seven panels, with bottom booms of two 
5-in. by 3-in. by 3-in. angles for the four end bays, 
and of two Tees formed by angles of the same size 
back to back, for the three central bays. The top 
boom consists of two 10-in. by 25-lb. channels. 
The verticals are built up of web plates 7 in. wide 
and tr in. thick, with two angles along each edge 
of 33 in. by 2} in. by ¥ in. for the central verticals 





and 3} in. by 3 in. by 3% in. for those at the ends. 
The diagonals range from two 2}-in. by 2}-in. 
by j-in. angles in the centre bay, to four 3-in. 
by 3-in. by y-in. angles, in the end rectangular 
panels. The portal members (Figs. 130 and 132), are 
of two 10-in. by 25-lb. channels with 2}-in. by 3-in. 
lattice bars. The main floor beams consist of two 
web plates, 20 in. deep by ¥ in. thick, spaced 10 in. 
apart, with two angles 5 in. by 3 in. by # in., along 
the bottom edges outside, and angles, 3 in. by 3 in. 
by % in. along the top edges, finished on the top 
with a cover plate 16 in. wide by in. thick. Details 
of the wind bracing between the top booms is given 
in Fig. 124, and between the bottom booms, in 
Fig. 126. Fig. 130 shows the bracing at the 
portals. The expansion end of the girders rests on 
44-in. rollers. It is illustrated in Fig. 127. Figs. 
128 and 129 illustrate the fixed end. In the case 
of the east end span, the fixed end is concreted into 
the thrust caisson structure, as will be seen by 
reference to Fig. 136, page 684, in which there will 
also be seen under the bridge a concreted deck, 
bracketted out from the caisson to carry gate 
valves in the pipe lines. This projection is not 
indicated in Figs. 113 and 114. 

A half-section showing the arrangement made 
for carrying the present pipe, and for gangways, 
is given in Fig.132. The pipe is carried on wooden 
saddles shown in elevation in Fig. 132, and in 
section in the detail Fig. 133. To a larger scale 
they are again shown in Figs. 134 and 131. The 
wooden side blocking is of Oregon pine, the actual 
saddle face being covered with sheet lead, laid 
on redwood. A steel loop is placed round the 
blocks on each side, and oak keys driven home 
under the loop and between the blocks. Two 
gangways are allowed for, but only one is at present 
installed, and at intervals cross-over steps and 
platforms will be arranged at the centre panel of 
each span, where also there are storage platforms. 
The latter are of 3-in. planking carried on I-beams 
extending between the main floor beams, and 
cover practically the floor area of the panels. 
An excellent idea of the bridge may be ‘obtained 
from Figs. 138 and 139, page 684. 

On the western shore of the Bay the aqueduct 
is continued over wooden trestle-work for over 
3 miles, in which distance there are four concrete 
anchors. We have already referred to the tunnel 
which finally conveys the water to the Crystal 
Springs Reservoir, into which it debouches from 
a length of concrete canal 9 ft. wide, the end of 
which is shown in Fig. 135, page 683. This tunnel, 
known as the Pulgas Tunnel, is 10 ft. 3 in. high 
inside, and of the same width. It is concrete, lined 
throughout, and required timbering for all but 
247 ft. out of its total length of 8,676 ft. The 
portals are finished as reinforced concrete pipes. 

Our account has now dealt with the more 
important points of the scheme in so far as con- 
struction has up till now been carried out. The 
work to be done in the future, in order to enable 
the city to benefit by the Hetch-Hetchy supply 
involves the means of conveying the water from 
the tail race of the Moccasin power house westwards. 
The first part of this work is the Foothills Division 
Tunnel of 17 miles length, broken by the Red 
Mountain Bar syphon already referred to (page 621 
ante.) This tunnel has still to be constructed. It 
will end at Oakdale Portal, after which the aque- 
duct will take the form of a 45-mile syphon across 
the San Joaquin valley, ending at Tesla Portal. 
This syphon will consist of a number of pipes which 
will be built as necessary till the full supply of 
400 million gallons daily is absorbed. From Tesla 
Portal, as at present planned, two tunnels, each of 
a capacity of 200 million gallons daily, will be driven 
through the coast range, a distance of 31 miles. 
They will be interrupted at one point by a pipe line 
section half a mile long. From the end of the 
Coast Range section, the future aqueduct will be 
over the line, and will make use of the works, 
already described in connection with the Bay 
Crossing, by way of the Dumbarton Straits Bridge. 
In addition to these works, new reservoirs are 
planned to provide additional storage in San 
Francisco of at least 1,000 million gallons, the 
present storage having a capacity of only 125 
million gallons. The proposed storage would be 


provided in three reservoirs. Of these one of 
300 million gallons capacity, and covering 55} acres, 
would be at an elevation of 250 ft. The second 
would require a dam 150 ft. high, and would have 
a capacity of 500 million gallons, at an elevation 
of 385 ft. This would have to be filled by pumping 
from the first reservoir. It would cover 184 acres. 
The third reservoir also filled by pumping would 
have a capacity of 200 million gallons, and would 
be situated at an elevation of 310 ft. Itis estimated 
that about 45 per cent. of the total water available 
from the Hetch-Hetchy project will be available 
for distribution without pumping. 

In conclusion, we would like again to place on 
record our indebtedness to Mr. M. M. O’Shaughnessy, 
M.Am.Soc.C.E., City Engineer for San Francisco, 
for his courtesy in furnishing us with the complete 
data of this undertaking being carried out to his 
design, which we have been able to embody in this 
series of articles. 





AERONAUTICAL OIL-ENGINE 
PROBLEMS. 


Amone other economies put into force in 1921 
was the suspension of all airship development. 
It has been well said, if somewhat conjecturally, 
that the airship needs of to-day are the aeroplane 
needs of the future, and the decision to suspend 
development work on airships has not therefore 
been allowed to stop all research on matters that 
may be of importance to aeroplane as well as air- 
ship practice. Among such subjects is the applica- 
tion of solid injection oil engines to aviation. The 
advantages that such engines would have for the 
purposes of an air-ship or an aeroplane are obvious. 
They would abolish electric ignition, with its com- 
plications and occasional uncertainties, introduce 
a cheaper fuel and higher thermal efficiency, and 
reduce fire risks. What the difficulties are, and how 
far they can be overcome, is as yet not so well 
known. A petrol aeroplane engine weighs about 
3 lb. per horse-power ; and though the weight of its 
fuel, especially for a long journey, would probably 
be greater than what the oil engine would require 
and thus give the oil engine a little margin in respect 
of weight, the utmost conceivable allowance would 
still leave oil engines designed on the data of present 
practice hopelessly too heavy for use in the air. 
Much higher utilisation of the engine would be 
necessary to make it a possible alternative, meaning 
in effect greater piston speed and mean-effective 
pressure ; and such alterations must shorten corres- 
pondingly the already minute time available for 
injecting, vaporising, and burning the fuel, raising 
new problems to be solved before manufacturers 
can even begin to design their oil aviation engines. 
Still further problems may arise when it is remem- 
bered that an aviation engine when it is in the air 
may have to work at an altitude at which the atmos- 
pheric pressure may be of the order of half what it is 
at sea level, the density being reduced by not much 
less, and at a temperature many degrees below zero. 

In such circumstances it is evident that much 
experimental work remains to be done before this 
eminently desirable introduction of oil engines for 
aeronautical purposes can be said to be practicable, 
and a good deal of this work must be in the nature 
of pure research, the outcome of which might be 
useful for other purposes than those of the practice 
in whose interest it was instituted. It is satisfactory 
to know, as for example was shown in Mr. D. R. 
Pye’s paper before the British Association,* that 
such work is proceeding, and renewed evidence to 
the same effect has recently been given by the 
Aeronautical Research Committee, and at a joint 
meeting of the Institution of Automobile Engineers 
and the Royal Aeronautical Society, in a report 
and a paper by Mr. G. F. Mucklow.t The paper, 
so far as its subject is the same as that of the report, 
refers to the same experiments, part of them set 





* See ENGINEERING, Aug. 27, 1926, p. 277. 

+ Aeronautical Research Committee. Reports and 
Memoranda, No. 1029 (E 20). Hydrogen as an Auxiliary 
Fuel for a Solid Injection Oil Engine. By G. F. Mucklow, 
MSc. H.M. Stationery Office, ls. net, 

The Effect of Reduced Intake-air Pressure and of 
Hydrogen on the Performance of sa Solid-injection Oui 
Engine. By G. F. Mucklow, M.Sc., Institution of Auto- 
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out in somewhat more detail. The remainder of the 
paper does not appear in the report. 

The circumstance that an airship in flight must 
usually release a quantity of hydrogen corresponding 
to the amount of fuel consumed suggested the possi- 
bility of using this waste hydrogen to replace part 
of the liquid fuel. This suggestion has led to experi- 
ments by Mr. Mucklow on the allied question of the 
extent to which hydrogen or coal gas can be used 
with heavy oil in a solid injection engine. The 
experiments were made in the engineering labora- 
tories of the University of Manchester, and com- 
municated by Professor A. H. Gibson to the Aero- 
nautical Research Committee. 

The engine used was a single-cylinder Crossley 
solid-injection heavy-oil engine, with cylinder, 14-in. 
diameter by 23-in. stroke, and a compression ratio 
of 10°3to 1. It ran normally at 211r.p.m., and was 
rated at 66 brake horse-power. In this type the oil 
is injected into the cylinder through a sprayer 
mounted in the side of the cylinder head, and the 
charge is ignited solely through the heat of com- 
pression due to a pressure of about 310 lb. per 
square inch absolute. Three series of trials, each 
at a different load, were run with each gas, admitted 
in different proportions, the speed of the engine 
being kept practically constant throughout the 
whole of the experiments, and the jacket-water 
outlet temperatures as nearly as possible the same. 
The loads in each series were respectively about 
54, 40 and 25 brake horse-power. The amount of 
coal gas varied in the several series from 0 to a 
maximum of about 5 per cent. by volume of the air 
supply, which at the lightest load (24°6 mean brake 
horse-power) corresponded to about 2°4 times the 
weight of fuel oil supplied. The corresponding 
figures for hydrogen were about 3 per cent. by volume 
of the air supply, and about 14 per cent. of the 
weight of fuel oil. The report gives details of the 
methods by which the various measurements were 
taken, with a considerable number of diagrams. 

Generally it was found that no ill effects, either by 
way of pre-ignition, detonation, or otherwise, ensued 
from the use of either gas, the engine seeming on the 
contrary to run more sweetly when any appreciable 
amount of gas was admitted. As more gas was 
introduced at any particular load, the fuel oil supply 
was automatically diminished. 

At all loads the admission of hydrogen caused 
a slight reduction in thermal efficiency, which 
decreased with the decrease in the ratio of hydrogen 
to fuel oil by weight, but was roughly independent 
of the load. With coal gas the fall in efficiency not 
only decreased with the decrease in the ratio of gas 
to oil by weight, but seemed to be directly propor- 
tional to it, and the rate of decrease became more 
rapid as the load on the engine was reduced. At the 
highest of the loads the admission of a given volume 
of hydrogen produced a greater fall in efficiency than 
the admission of the same volume of coal gas, but 
at the lowest load the efficiency of the two gases 
were not very different from each other. By 
measuring the heat rejected in the exhaust gases 
and their temperature a relative estimate was made 
of their rise of temperature with various increases 
of fuel gas. 

Roughly, an increase of 1 per cent. in the 
ratio by volume of either gas to air caused an 
increase of 10 deg. F. in the exhaust temperature. 
The increase of heat carried away in the exhaust 
was independent of the load on the engine, but 
though the heat so lost increased with increase 
of fuel gas, the rate of increase became less. Figures 
for coal gas show that when the exhaust losses are 
expressed as percentages of the heat supplied in the 
fuel, they reach a maximum—the position of which 
varies with the load—as the ratio of gas to air by 
volume increases, and thereafter they fall. On the 
basis of the ratio of gas to fuel oil by weight, the rate 
at which the percentage loss to exhaust increases and 
the position of the maximum are independent of the 
load, and depend solely on the ratio of gas to fuel 
oil by weight, the maximum percentage loss occur- 
ring when this ratio is about 130 per cent. 

With the help of diagrams taken in each trial with 
a Hopkinson optical indicator, conclusions were 
reached as to the extent and rate of combustion, the 
points of maximum pressure, and the rates at which 
pressure decreased during expansion. The admission 
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of the small quantities of hydrogen or coal gas that 
| were used, the load and speed being kept constant, 
seemed to lead to a slower rate of combustion, 
giving a lower maximum pressure. With amounts 
of hydrogen up to 3 per cent. by volume of the air 
; consumption of the engine, or of coal gas up to 5 per 
cent., there was, in fact, no noticeable pre-burning 
during the compression stroke, and the point in the 
stroke at which combustion started was controlled 
by the oil-fuel injection. The admission of gas 
seemed to reduce the rapidity of the rise in pressure 
that ensued when combustion began, coal gas 
producing in this respect a greater effect than 
hydrogen, volume for volume. Indications appeared, 
moreover, in the hydrogen tests that this effect 
ceased when the proportion of hydrogen to air was 
increased beyond a certain point. 

For the range covered by these experiments 
increase in the amount of hydrogen admitted 
appeared to reduce the maximum pressure at a rate 
that was the same for all loads, each 1 per cent. 
increase in the ratio of hydrogen to air by volume 
causing the maximum pressure to be reduced by 
4-3 lb. per.square inch. With coal gas, on the 
other hand, the maximum pressure appeared to 
decrease more rapidly at reduced loads. Thus 
at the highest load—54 brake horse-power—each 
increase of 1 per cent. in the ratio of gas to air by 
volume causes a reduction of 4 lb. per square inch 
in the maximum pressure, as against a reduction 
of 8 Ib. at 24-5 brake horse-power. 

The experiments on the effect of reduced intake- 
air_ pressure were made on the same engine, with 
the same general arrangements, and means were 
also provided for throttling the air intake to any 
desired extent. The air-intake or suction pressure— 
by which is meant the pressure in the cylinder at 
the end of the suction stroke—was found by means 
of the optical indicator, the ordinary steam-engine 
type having in a first set of experiments been found 
unsatisfactory for the purpose. Among the results 
obtained, the brake thermal efficiency was found at 
constant load and speed to decrease with the 
suction pressure, at first slowly, but afterwards more 
rapidly. 

The change in rate of decrease seemed to occur 
when the ratio of air to fuel was reduced to 
about 30, either by throttling the air intake or 
increasing the load, and the rates before and after 
this point were approximately independent of the 
load. Similar results were obtained in the fuel 
consumption per brake horse-power. The amount 
of heat lost to exhaust increased inversely with the 
suction pressure, but its percentage of the heat 
supplied in the fuel, after a slight rise as the suction 
pressure fell, soon reached a point after which at 
all loads it decreased with the suction pressure. 
Although in these experiments no carbon monoxide 
or unburnt hydrocarbons were found in the 
exhaust, some of the fuel seemed at very low 
suction pressures to escape unburnt, especially at 
heavy loads. The temperature of the exhaust gas 
increased as the suction pressure fell, especially at 
heavy loads. At 68-1 brake horse-power, for 
instance, a fall of 2 lb. per square inch in suction 
pressure caused a rise of 255 deg. F. in the exhaust 
temperature, as against a rise of about 70 deg. F. 
at 24-1 brake horse-power. Both in these and the 
hydrogen and coal-gas experiments, the start of 
combustion was taken to be indicated by a rapid 
rise of pressure, and in these experiments the 
reduction of suction pressure caused a longer 
interval between injection and combustion, the 
delay being greater at heavy than at light loads. 
Once the combustion has started, however, the rate 
of pressure rise seems to be unaltered by reduction 
of suction pressure, and for a given load its extent 
remains about the same at all suction pressures. 
The indicated maximum pressure, on the other 
hand, falls with the suction pressure at a rate that 
increases with the load. The fall of pressure during 
expansion is slower and the heat evolved during the 
expansion stroke seems to be greater as the suction 
pressure is reduced. An appendix shows the treat- 
ment by which the results of throttling experiments 
are made applicable to varying altitudes, in parti- 
cular in respect of differences between them in 
back pressure and in weight of charge per stroke. 








In general, the brake thermal efficiency falls as the 
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altitude increases’;} but this fall is much more 
marked at heavy than at lighter loads, and at very 
light loads (24-1 brake horse-power) a slight rise 
occurs with increasing altitude up to a height of 
18,000 ft., presumably through reduction of pumping 
losses without material alteration of the ratio of 
air to fuel. 

These examples of the results obtained in the two 
series of experiments illustrate the detail in which 
it has been found necessary and possible to examine 
the internal processes of the engine. The research 
18 one among many others, from which equally 
intimate results may be expected. There is reason 
to believe that means have been taken to prevent 
undesirable duplication of the work, and those who 
are co-ordinating it will know best at what stage 
to take stock of the knowledge that has been 
gained, and see what practical consequences emerge 
from them. 





HIGH-SPEED SHUTTER FOR 
STROBOSCOPES. 


In our issue of August 15, 1924, on page 236, we 
described an interesting and ingenious form of strobo- 
scope for the examination of moving machinery, &c., 
the invention of Mr. A. J. Ashdown, of 21, Norton- 
road, Letchworth, Herts, and known as the Ashdown 
Rotoscope. In this instrument, the shutter is in the 
form of an ebonite cylinder, 1 in. in diameter and 4 in. 
long, rotated about its longitudinal axis by clockwork 
at a speed which can be varied over a wide range. The 
moving object is observed through a pair of rectangular 
slots cut through the roller in a diametral direction 
at a convenient distance apart from the two eyes of 
the observer, the slots being fitted with a number of 
thin metal plates closely spaced and placed parallel 
with the diameter of the cylinder. It will be evident 
that with this arrangement the moving object will be 
clearly seen between the plates in the slots twice during 
each revolution of the roller, the aperture being large 
when the plates are parallel with the line of sight, but 
that the glimpses of the object will be extremely brief, 
as the rotation of the’ roller through a small angle will 
cut off the view. By suitably adjusting the speed of 
rotation of the roller, objects moving at frequencies up 
to about 650 per second can be made to appear 
stationary or to be moving slowly, so that the motion 
can be examined in detail. a 

Under average conditions, the duration of each 
glimpse of the moving object, with the shutter above 
referred to, is of the order of 0-005 sec., but it will 
be evident that the actual duration of the glimpse is 
dependent upon the speed of rotation of the shutter, 
which, in turn, is governed by the frequency of the 
motion of the object it is desired to examine. To 
improve the definition obtainable in stroboscopic work, 
it is, obviously, important to reduce the glimpse period 
to the minimum possible, irrespective of the frequency, 
which is fixed, and without reducing the aperture ; 
the latter must be kept as large as possible to allow 
sufficient light to pass to enable the moving object 
to be clearly seen. These considerations have been 
taken into account in a new form of shutter designed 
by Mr. Ashdown for stroboscopes, but also capable of 
being used for photographic and kinematographic work. 
This shutter, which was shown at the recent Inter- 
national Exhibition of Inventions and is known as the 
‘*heteroptic’’ shutter, consists of two concentric 
cylinders formed of aluminium tubes 22 S.W.G. in 
thickness and about-4 in. in length, the outer tube being 
{ in. in diameter and the inner tube 3 in. in diameter, 
outside diameters being referred to in each case. In the 
cylindrical walls of both tubes, two longitudinal slots, 
l} in. in length and }in., or less, in width, are cut near 
both ends, the two slots in each case being located dia- 
metrically opposite each other. The tubes are fitted with 
end discs, those of the outer tube forming bearings for 
the inner tube, and, by means of clockwork or a small 
electric motor with suitable gearing, the two tubes can 
be rotated in the same direction but at different speeds. 
Actually the inner tube is rotated at a speed corre- 
sponding to the frequency of the moving object, and 
the outer tube is rotated at a speed which is generally 
nine times as high. 

The complete shutter, together with the driving 
mechanism, is held im front of and close to the eyes 
of the observer, the axis of rotation of the shutter 
being at right angles to the line of sight. The observer 
thus sees the moving object only when all the four 
slots at the ends of the two tubes come into line, 
which occurs twice during a revolution of the inner 
tube. The duration of the glimpse would normally be 
calculated as the time required by the outer tube to 
turn through the angular width of the slot, although 
the movement of the inner tube should also be taken 





into account in calculating it exactly. We are informed, 
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however, that, owing to the tubular form of the 
shutter, a clear view is only maintained for about half 
the period calculated in this way, so that, with the 
inner tube rotating at 3,000 r.p.m., giving a glimpse 
frequency of 100 per sec., the duration of the glimpse 
is of the order of 0-00006 sec. Although the shutter 
is still in process of development, it has been used on 
the Ashdown rotoscope with very satisfactory results, 
excellent definition having been obtained in cases in 
which the speed of movement was too great to be 
investigated with the earlier form of shutter. In the 
instrument shown at the exhibition above referred to, 
the shutter was driven by a small series motor having 
a ball-bearing rotor, and the complete equipment 
weighed only a little more than 2 lb. 


NOTES ON NEW BOOKS. 


Tue technical literature of the non-ferrous metals is 
nothing like as extensive as that of iron and steel. 
There are now many signs that these metals are being 
more closely studied and being used to a larger extent in 
industry. Modern engineering relies more now thaa was 
formerly the case on alloy metals, hence everything that 
assists in the right understandiug of the operations 
involved in casting and working these metals is of 
importance. Brass is one of the very oldest of the 
alloys, yet much of the technique of brass working and 
fouading is still empirical. Mr. Philip Gales’s little 
work, ‘‘ The Brass Founders’ and Finishers’ Manual,’ 
Londoa: Crosby Lockwood and Son, 5s. net, hardly 
professes to belong to any other category, but is not to 
be despised for thisreason. Itis the Kind of book which 
may well be termed a workshop companion, and deals 
very adequately with just those things an intelligent 
workman needs to know about the metal he is working. 
It covers a wide range, from mould and core making 
to finishing, including polishing, cutting, screwing, 
colouring and lacquering, and within a small compass 
contains a host of very useful workshop receipts and 
wrinkles. It is an excellent little book of its kind. 





The title of a useful work of 284 pages, by Professor 
George J. Hood, of the University of Kansas, on ‘‘ The 
Geometry of Engineering Drawing,” which is published 
by The McGraw-Hill Publishing Company, 6, Bouverie- 
street, E.C.4, at 12s. 6d. net., might lead one to 
think it had been prepared for engineering draughts- 
men only, but that is not the author’s inten- 
tion, as the volume contains wide instructions for 
draughtsmen and artisans, of direct geometrical 
methods of visualising and developing objects which 
are commonly associated with architecture, wood 
working, instrument making as well as with civil and 
mechanical engineering in all its various branches. 
Students of technical subjects have long realised that 
a written description is a totally inadequate means 
of expression, and that drawing is the direct and, 
indeed, the only way by which they can communicate 
their ideas. The direct methods of geometry, as illus- 
trated by the author, are, therefore, well worth careful 
study, and the fifteen chapters, and the numerous 
illustrations associated with them, give clear instruc- 
tions in the grouping of views, drawing rectangular and 
curved objects in direct and oblique positions, while 
fully eleven hundred problems are stated in a variety 
of ways, with a view to develop the ingenuity of the 
student and training him to follow specifications. As 
the fundamental function of drawing is to describe 
accurately the shape and development of structures in 
different positions, this up-to-date work on the subject 
is worthy of close study. 





The “ History of the States of Guernsey Telephone 
System (1895-1925), by Mr. A. Rosling Bennett, 
M.I.E.E., deals more with matters of general policy 
and administration than with technical detail, but is 
very interesting because it describes the development of 
one of only two independent telephone systems in this 
country—the other being at Hull—and because it takes 
us back to the forgotten days of the United Kingdom 
Telephone Defence Association. That association was 
called into existence in 1895 by the general complaints 
about the very inefficient, backward and expensive 
telephone service of the National Telephone Company, 
whose monopoly was upheld by the Post Office. 
Among its leading members were S. P. Thompson, 
General Webber and Mr. Bennett, who had, up till 
1890, been chief engineer for Scotland and the North of 
England to the National Telephone Company, and who 
had, in 1894, studied, and described in a book, the 
telephone systems of Continental Europe. When a 
desire for a telephone service arose in Guernsey, Mr. 
Bennett went there on the advice of General Webber, 
and, by 1898, the States of Guernsey obtained a licence 
in spite of official reluctance and the opposition by the 
National Company and others. Part of the battle, of 
which Mr. Bennett gives an amusing account in his 
book, published by Messrs Leonard Parsons, Devon- 
shire-street, London, price 58., was fought out in 





the House of Commons by Mr. Henniker Heaton. 
At Guernsey, the resolution in favour of a State 
telephone system was passed in 1896 against two dissen- 
tients, one of whom considered that all the telephoning 
necessary in the Island could be accomplished with a 
speaking trumpet from Victoria Tower. The legal 
troubles were by no means over, but a commencement 
was made, mainly owing to the energy of General 
F. B. Manguy, R.E., first on the assumption—then 
apparently extravagant—of 300 subscribers on an island 
of 244 sq. miles, which now has 38,200 inhabitants. 
At present Guernsey has 3,642 telephones, one for 
every 10-5 persons, or nearly as many, in proportion, 
as Canada, and more than in any English town. The 
English average is only one telephone for 50 inhabitants. 
The system still remains separate, and has trunk 
connection only, since 1915, with Sark. There were 
josses in the first two years, but the net profits then 
rose to 2001. in a few years, and reached 8001. before 
the war. The Post Office renewed the licence in 1925 
for thirty years. The Post Office royalty for 1925 
amounted to 1,610/. 





The 1926 issue of “ The Trade, Industries, Products 
and Resources of South Africa and Adjacent Territories,” 
a business and general handbook compiled from official 
sources by Mr. ©. W. Francis Harrison, has recently been 
published by The Natal Witness, Limited, Pietermaritz- 
burg. Generally speaking, the contents are similar to 
those of the previous editions, but in many instances 
the matter has been rearranged and numerous additions 
have been made. The book is divided into five parts 
dealing, respectively, with the Union of South Africa, 
South-West Africa, Lourenco Marques (P.E.A.), 
Southern Rhodesia, and Beira and Hinterland (P.E.A.). 
The portion devoted to the Union of South Africa is 
naturally the longest and most important; it is again 
subdivided into 12 sections, each of which deals with 
some phase of industrial or commercial activity in the 
Dominion. The new §8.A. Union customs tariff regula- 
tions are printed in extenso and constitute a valuable 


section of the work. Another important section is that 


headed “* The Railways and Harbours of South Africa.” 
The information given is largely of a commercial 
nature, and hints to tourists are included. A good deal 
of statistical data regarding the mining industry of 
South Africa is to be found in another portion of the 
book. The volume comprises some 550 pages; it is 
profusely illustrated and constitutes a pictorial work of 
reference on all subjects related to the commercial and 
industrial interests of the country. The price of the 
book is one guinea net. 





There are considerable differeaces between British, 
Continental aad American foundry practice, so that, in 
the ordinary way, a book written exclusively from the 
point of view of the one country is by no means neces- 
sarily applicable to others. An exception may, however, 
be made in the case of Mr. R. H. Palmer’s “‘ Foundry 
Practice” (New York: John Wiley and Sons; London : 
Chapman aud Hall, 15s. net), of which a third edition 
has just appeared. This is because Mr. Palmer’s book 
is hardly a work on foundry practice as a whole, but 
has the limitatioas implied by its sub-title, “‘ A Text- 
Book for Moulders, Students and Apprentices.”’ Hence, 
only some 45 pages out of 432 are devoted to the 
subjects of iron, mixtures, cupola practice and the 
air furnace, subjects usually dealt with at considerable 
length in books of this kind. Within these limitations 
which, for the English reader, already provided with 
ample literature on these aspects of foundry practice, 
do not greatly matter, Mr. Palmer’s book is an ex- 
ceedingly useful one, for it deals with the residual body 
of matter which is common to foundry practice all the 
world over, quite independently of whether black or 
white heart, sand or loam, or other national variants 
are employed. This is largely moulding in its various 
aspects, which is treated on broad and practical lines. 
In the present edition, a good deal of new matter has 
been incorporated, such as the most modern develop- 
ments of machine moulding, sand-cutting machinery, 
and core-room practice. Much of this is as applicable 
to British as to American practice, although it bears in a 
far lesser degree on that of countries where loam is still 
used to a very considerable extent. Even the cupola 
section has been somewhat extended in the new edition 
and includes references to the electrical charging of 
cupolas, and to other appliances designed to supersede 
hand charging. The book is a workmanlike one and 
will appeal to the class of operative for whom it has been 
writtea, and being suggestive, can usefully be adapted 
to the exigences of any particular class of work. 





It is seldom that one finds a law book so written as 
to be easily understood by a layman. In this. the 
3rd Edition of Mr. F, G. Neave’s work: “‘ The Law 
Relating to Injuries to Workmen (1) At Common Law ; 
(11) Under the Employers’ Liability Act, 1880; (111) 
Under the Workmen’s Compensation Acts. London: 
Effingham Wilson, 2s. net, the layman will find 





much that he can understand, and much—if he have 
an employer or be an employed person—that will be of 
considerable interest. Here are set forth, in simple 
language, the rights and liabilities of employers and 
employees; and, what is more, it is possible, within 
the compass of a small volume, to trace the process 
of evolution by which employers have become insurers 
of their workmen. The author has not, save where 
absolutely necessary, encumbered his pages with 
references to statistics or decided cases, but, with the 
addition of an excellent index, has provided the means 
whereby both master and servant can soon ascertain 
the real nature of their legal rights and liabilities. 





There are few of the annoyances of business life so 
irritating as to have a letter returned bearing the 
endorsement “ insufficiently addressed,” except perhaps 
that of writing, say, to the makers of “ Ultimate” 
stoves, for ‘“ Ultimate” crucibles, and then learning 
that this firm, the only one you probably know of 
using this trade name, has never handled crucibles in 
the whole of its existence, and that some unknown firm 
makes the ‘“‘ Ultimate” crucible. The avoidance of 
such difficulties, as regards the engineering and allied 
trades, is more or less assured if a copy of “ Kelly’s 
Directory of the Engineers, Iron, Metal, and Motor 
Trades,” is within reach. The 17th (1926) edition of 
this Work, which deals with England, Scotland, Wales, 
the principal towns in Ireland, the Channel Islands, and 
Isle of Man, is now in our hands, and shows by its 
increased bulk that it has kept pace with the accessions 
to the trades dealt with. The classification of trades 
under towns and counties is, of course, retained; we 
have tested it in connection with some of the smaller 
towns, and have found it quite up to date and 
not a mere reprint of earlier editions. The names 
grouped under the headings of different trades, of 
which there are about 1,700, we have checked here and 
there by the same means, and find it equally accurate. 
The list of manufacturers of iron and steel sections, 
size limits, brands and marks, has also been revised, 
but perhaps the most striking increase is that of the 
list of proprietary articles. This now occupies 108 pages 
and contains over 8,500 names. When it is seen, for 
example, that the trade name “ Albion ” is used by 16 
different manufacturers for as many different articles, 
the utility of such a list is evident. The directory is, 
as before, published by Kelly’s Directories, Limited, 
186, Strand, W.C.2, and the price is 45s. net, post free. 





TaBLES oF CAPACITIES OF STEEL TuBES.—The 
dimensions and capacities of steel tubes for various 
purposes can be calculated by means of formule, some 
of which, however, are troublesome to use, involving 
as they do third and fourth powers and roots of numbers. 
With the object, therefore, of simplifying these problems, 
and in order to enable engineers to obtain various 
values and figures with the minimum of trouble, Messrs. 
Stewarts and° Lloyds, Limited, 41, Oswald-street, 
Glasgow, C.1, have issued a brochure entitled ‘“ Tables 
of Capacities and Properties of Steel Tubes.” Among 
the tables given are the following: discharge of water 
mains; moments of inertia; moduli of section; size, 
capacity and friction of gas or air mains; bursting or 
collapsing pressures; dimensions of tubes for poles, 
derricks and struts; lengths of unsupported spans of 
tubes, empty or filled with water; elastic deflection at 
centre of unsupported span of tube; carrying capacities 
of steam pipes; and weights of steel tubes. A good 
deal of notes and explanatory data are also included, 
The tables are very clear and well printed, and are 
supplied in a strong binding case. 


Tue Port or Rancgoon.—During the year ending 
March 31, 1926, 1,513 steamers, with an aggregate net 
tonnage of 4,049,299, and 154 sailing ships, totalling 
10,269 tons net, entered the port of Rangoon. According 
to the administration report of the Commissioners for the 
port, these totals constitute a record; they show an 
increase of 106 in the number, and 374,707 tons in the net 
tonnage of steamers. The receipts for the year amounted 
to Rs. 85,88,932, and the payments to Rs. 73,33,776. 
leaving a surplus on the year’s working of Rs. 12,55,156. 
In view of the satisfactory financial position, the Com- 
missioners decided to make a temporary reduction of 
2 annas a ton in the rate of river-due, which reduction 
came into force on August 1, 1926. Various proposals for 
developing additional and improving existing facilities 
for shipping and traffic within the port have been finally 
approved. Among these are the Botatoung and Pazun- 
daung schemes, the development of Dawbon estate, and 
the provision of moorings for sea-going vessels. It is 
proposed to carry out the above works during a period 
of not less than 10 years, and to finance the total cost, 
which is roughly estimated at Rs. 3,00,00,000, by means 
of loans. Detailed plans and estimates are being 
prepared, and work has been started on the Botatoung 
and Pazundaung schemes and on the moorings for sea- 
going vessels. The Botatoung scheme provides for the 
construction of roads and railway sidings and the erection 
of jetties, pontoons and warehouses along a stretch of the 
coast and foreshore. The laying out of a new salt import 
depot at Pazundaung will comprise the reclaiming of 
9-52 acres of land, the revetting of the foreshore, the 
erection of a jetty and the construction of roads, drains, 
railway sidings and warehouses. 
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COMPRESSED-AIR HAULAGE AT THE CARDIFF ENGINEERING EXHIBITION. 


CONSTRUCTED BY MESSRS. BROOM AND WADE, LIMITED, ENGINEERS, HIGH WYCOMBE. 











Fig. 1. 


CARDIFF ENGINEERING EXHIBITION. 


THe extent of the interesting collection of 














|The tram is of the type used in one of the local 
collieries. 
| All forms of mining lamps are, of course, fully 


machines, appliances, and tools which has been | represented. Messrs, Oldham and Son, Limited, of 
assembled at the Engineering Exhibition in the | Hyde-road, Denton, Manchester, amongst a wide 
Drill Hall, Cardiff, would seem to indicate feelings | variety of lamps, show a new snap-lid accumulator 
of optimism and confidence amongst manufacturers, | of a smaller size than that in use with their standard 
while the large proportion of improved designs and| lamp. This embodies a 2-volt cell of a D-shaped 
entirely new patterns shows that the industrial | cross section whichis interchangeable with threeother 
troubles of the past half-year have not checked | patterns, namely, the 2-volt officials’ lamp, the new 
development. The exhibition opened on Wednes- 4-volé cap lamp, and the latest pattern of lamp— 
day, November 24, and closes to-morrow. As /| the 6-volt hewer’s. The peculiar section of cell is 
might be expected from the situation of the | adopted so that, in putting the three cells necessary 
exhibition near a great coalfield and iron and steel | for the 6-volt lamp into it, there can be no confusion 
industries, most of the stands display machinery or | as to the terminals, as the cells will only go into their 


plant appealing primarily to the mining engineer 
and metallurgist, and some branches, such as 
machine tools, are practically unrepresented. 

The exhibition, which is conducted under the 
auspices of the South Wales Institute of Engineers, 
was opened, on the date above mentioned, by the 
president of that organisation, Mr. David Hannah, 
who said that, while the space available had been 
applied for several times over, he thought they had 
made the best possible use of it by allocating a portion 
to each interest concerned. Visitors would probably 
find that there were examples of most things 
necessary for the development of collieries and their 
workshops. The attendance at the opening was 
good and of a markedly professional character, as 
distinct from the ordinary public. All the stands 
were completed, and their uniformity and simplicity 
of design gives a thoroughly businesslike appearance 
to the hall. The South Wales Institute of Engineers, 
and particularly its secretary, Mr. Martin Price, is to 
be congratulated on a successful piece of organisa- 
tion. 

A few of the exhibits are placed outside the hall 
at the entrance. Of these the display of Messrs. 
The Cambrian Wagon Company, Limited, Cardiff, 
comprises a specimen of their twin-tip truck and a 
colliery tram. The first consists of a pair of tipping 
bodies mounted on second-hand main-line frames, 
and so arranged as to be readily tipped by hand in 
one of three positions, according to the angle of 
repose of the material to be handled. This truck 


was illustrated in ENGINEERING, vol. cxxi, page 647. 


|sockets in one way. One of the difficulties hitherto 
|experienced with the cap lamp, is in fitting a new 
bulb, as in order to get a proper dispersal of light 


the filament should be broadside on to the reflector, | 


|and this necessitates an awkward arrangement of 
| socket to handle in the dark. In the new lamp, the 
| socket is on a hinge at the side of the reflector, with a 
|spring arrangement pressing the bulb outwards. 
| The protective glass of the lamp holds the bulb down 
| against the resistance of the spring. 


| up by the spring, breaking contact and interrupting 


| the current, thus ensuring safety in a fiery mine. | 


| The socket is swung round on the hinge when fitting 
|a new bulb, and is easily handled in the dark. A 
| protective device is also fitted to the 6-volt hewer’s 
{lamp which is of the vertical lighthouse pattern. 
There is the usual glass shield, but the bulb is held 
| down in a spring socket by means of a pair of wire 
|saddle springs hooked on to a point blown on the 
bulb. 


If this glass is | 
| accidentally broken, the bulb is released and forced | 


Should the bulb be broken, the restrain- | 





Fia. 2. 


that it need not be removed for charging, the shell 
being lead-lined. The contacts are concentric, and 
charging is effected by slipping the shell, as it is, 
into a clip on the stand, without risk of passing the 
current through in the wrong direction by reversal 
of contacts. Another interesting lamp is the 1926 
model 23 c.p. Wolf alkaline nickel-cadmium lamp. 
This differs from previous patterns and other types 
in having the cells in a shell, which can be taken apart 
instead of having to cut it and weld up again, as 
usual, Several ingenious devices are provided for 
filling in the caustic-potash solution, and keeping it at 
the correct level. It is claimed that the life of this 
alkaline-cell lamp is only determined by mechanical 
damage, and though more costly than the acid type 
the upkeep and depreciation expenses are negligible. 
The stand also contains acetylene hand lamps, and 
ultra-violet ray lamps for medical purposes. An 
interesting feature is an electric ozoniser for keeping 
the air of offices etc., fresh. Messrs. Haslam and 
| Stretton, Limited, 11, Windsor Place, Cardiff, also 
show a range of lamps, some of them fitted with an 
apparatus designed to function as a warning device 
at a predetermined percentage of firedamp. This 
|is known as Gulliford’s patent firedamp detector 
and is intended for miners’ use. It was described 
and illustrated in ENGINEERING, vol. cxxi, page 346. 
Another somewhat similar contrivance is intended 
|for the use of colliery officials, and can be used to 
|measure the percentage of firedamp. This is the 
|invention of Prof. Thornton, of Durham University, 
‘and has been supplied to the Imperial Japanese 
|Navy for the detection of petrol vapour in the 
‘atmosphere. It is at present being tested by the 
| mining authorities of this country for measurement of 
| methane, which it will do from 0 to 4 percent. Coal 








|ing force of the saddle spring is removed, and| gas, in gas works etc., can be measured up to 6 per 
the bulb, with its possibly undamaged filament, is | cent., benzol in by-product plants up to 1-5 per 
shot out of the socket immediately, thus interrupting | cent., and petrol, in submarines, etc., up to the same 
the current. Messrs. The Wolf Safety Lamp Com-| amount. A more detailed description of this device 
pany (Wm. Maurice), Limited, Sheffield, show a/| was given in ENGINEERING, vol. cxix, page 615. 

wide range of lamps of which, perhaps, the 2 and| Messrs. The Cattley Accumulator Company, 
|4-volt ‘‘ Federation” lamps might be taken as | Limited, The Mill, Landaff, Cardiff, are showing, 
| the most typical; they differ from the general|for the first time, a new 2-volt miners’ lamp 
| pattern of lamp in consisting only of two parts | accumulator. This. is made to fit most of the 
| instead of three. This results from building the | standard types of circular shell case. By the 
/accumulator permanently into the steel shell, so| adoption of a special form of plate, baked to a 
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RADIAL ATR MOTOR FOR HAULAGE AT CARDIFF EXHIBITION. 


CONSTRUCTED BY MESSRS. BROOM AND WADE, LIMITED, ENGINEERS, HIGH WYCOMBE. 
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brick-like porous -consistency, and of a greater 


thickness than usual, the positive being ¥ in. thick |. 


and the negative 1} in. diameter, it is claimed that 
the accumulator will light a two-candle power bulb 
for 8} to 9} hours continuously, after which a rest 
of half an hour will give a further 20 minutes’ light, 
and so on. A life of two years without renewals 
is also claimed, when the positive may need replacing. 
It is further stated to be free from sulphating or 
buckling. This stand also displays a variety of 
small bulbs made by Messrs. The Midget Lamp 
Company (1924), Limited, Hammersmith, W.6, 
suitable for miners’ lamps and similar purposes. 
Some noteworthy developments in colliery 
haulage apparatus find a place on several of. the 
stands. Messrs. Broom and Wade, Limited, High 
Wycombe, show in operation an entirely new 
design of compressed-air motor fitted to a haulage 
winch, which we illustrate by Figs. 1 to 7. At 
first sight Fig. 1 might be taken as showing an 
electrically-driven winch, so unlike is the motor to 
the reciprocating type usually found in connection 
with compressed air. The reason for this external 
resemblance will be readily seen from Fig. 3. This 
is a cross section of the motor, and shows a circular 
casing A with an oval roller track inside it. A 
reference to Fig. 4 will make clear the fact that 
there are two of these tracks, and that the three 
cylinders visible in Fig. 3 are duplicated by another 
three behind them, set the opposite way, so that 
there are six pistons and rollers pitched at equal 
angles round the shaft. This star-shaped casting B 
is prolonged into a shaft, one end of which carries 
the driving pinion and also forms the exhaust pipe, 
while the other end carries the governor. Both 
ends run in ball bearings. Compressed air being 
introduced underneath the pistons C causes them 
to press against the roller track. The resultant 
radial force is resolved into a normal force keeping 
the rollers up to the track and a tangential force 
giving a turning moment to the cylinder star and 
shaft. ‘ 
The air is distributed to the cylinders by a 
conical valve D, which does not rotate except when 
reversal is taking place. It is so shaped that it 
has inlet ports in certain positions on its surface, 
and exhaust ports on others, the rotation of the 
cylinder star bringing these into action at the 
correct periods. The compressed air is admitted 
along the spindle of this valve through a series of 
small holes in it which are in line with a slot in 
the sleeve G. The valve, being conical, is kept 
on its seat by the larger area exposed to the 
exhaust pressure at the base, and if it seizes, the 


short amount of rotation resulting will cause the | 
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small holes to be closed by the sleeve, and the 
compression on the valve during a return stroke of 
the piston will automatically free it. The valve 
spindle is controlled by the lever L, the movement of 
which effects starting, stopping, or reversal by 
altering the relation of the small holes to the slot 
in the sleeve. Fig. 6 illustrates the lever stop. 

The governor controls a double-ported cock, Fig. 5, 
and the air is further regulated by a stop valve 
fitted above the strainer K. The circular casing is 
filled with oil up to the level of the filling plug, so that 
all parts are automatically lubricated. The general 
arrangement of the interior of this novel motor 
will be gathered from Fig. 2, in which the cylinder 
star is prominent. Fig. 7 is an interesting graph 
of tests on a winch fitted with a Broomwade 
compressed-air engine with twin cylinders. It 
scarcely needs other comment than to point out 
how wasteful an engine of this type may be when 
running at loads other than those for which it is 
designed, particularly, when those loads are light 
and the speed increases. The new rotary air 
motor, onthe other hand, runs at a constant speed 
whatever the load may be, and is therefore operating 
at maximum efficiency. It is made for haulage 
purposes in seven sizes to meet all the conditions 
which normally occur in mining. Each size, 
moreover, is made for several different speeds, 
and, by changing the motor, it is possible to use 
the same winch for two quite different duties and 
yet have the most economical use of air. The 
lowest brake horse-power of the series of motors 
is 3-5, and the highest 20, the compressed-air con- 
sumption being 25-9 and 17-6 cub. ft. per brake 


| horse-power hour, respectively, the pressure being 
| taken at 55 lb. per square inch. The number of 
individual parts in the new motor is surprisingly 
small compared with the twin-cylinder engine, and 
the spare part list is correspondingly reduced. 

| The remaining exhibits on Messrs. Broom and 
Wade’s stand. include a portable self-contained 
mining-type air-compressor set. This is motor 
driven, and has a capacity of 130 cub. ft. of free air 
per minute at 100 Ib. pressure. This compact 
plant, measuring only 11 ft. long, 3 ft. 6 in. wide 
and 4 ft. 7 in. high, is shown in operation. Other 
types of air compressors are on view, together with 
| a selection of pneumatic tools, 

| Two new haulage engines to be seen on the stand of 
| Messrs. The Uskside Engineering Company, Limited, 
| Newport, Mon., are illustrated by Figs. 8 to 13, on 
pages 690 and 691. The 6-in. by 8-in. compressed air- 
driven set is shown in Figs. 8 to 10. This is a new 
design modelled on the firm’s larger short-type 
engine, and, it will be noted, is constructed of 
steel plates as far as possible. The deep-framed 
bedplate requires only a firm flat surface as a 
foundation, while the drums have rolled-steel 
plate cheeks. The engine is usually made with 
separate jaw clutches for main and tail work, 
and in four sizes from 6 in. to 12 in. cylinder 
diameter. The electrically-driven haulage shown 
in Figs. 11 to 13 is built on the same lines as the 
compressed-air one, with an all-steel bedplate, and 
built-up drums. The design is self-contained, and 
by eliminating castings in those parts likely to be 
subject to rough handling, the risk of breakage is 
practically eliminated. <A flat foundation is all that 
is required. The example on the stand is the smallest 
size made, viz. of 15 h.p. ; the largest is of 100 h.p. 
The electrical equipment can be selected to suit the 
requirements of the engineer. A new design of elec- 
tric jigger conveyor is also shown by this firm with 
a length of troughing. This has a self-contained 
driving unit, completely enclosed, the gearing having 
machine-cut teeth and ball bearings. A _ well- 
designed link motion transmits the “ kick” to the 
troughing through rods and a spring box, which 
should give the maximum possible motion to the 
coal. By the side of this is a compressed-air jigger 
conveyor of the company’s latest model. This does 
not, however, differ substantially from that. des- 
cribed and illustrated in ENGINEERING, vol. cxx, 
page 691. Other examples of this firm’s work are 
a new and neat dial depth indicator, flexible 
couplings for heavy and light drives, and a regulator 
valve of the equilibrium balanced-piston and 
mitre-beat type suitable for steam or hydraulic 
pressure. 
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Limited, 11, Southampton.row, W.C.1, isnoteworthy | COMPRESSED-AIR HAULAGE AT CARDIFF | EXHIBITION, 


in the respect that it displays only one piece of 


apparatus, the Hum-mer electric screen. This| CONSTRUCTED BY MESSRS..THE USKSIDE ENGINEERING. CO., LIMITED, NEWPORT, MON. 


solitary exhibit, however, is of particular interest, 

as the grading of coal is likely to receive more atten- 

tion in the future, especially in the smaller sizes. 

The increasing tendency to remove the fines before 

cleaning the whole mass of coal is often retarded 

on account of the difficulty of dealing with them, 

if even only slightly moist, by the ordinary re- | 
volving screen. The Hum-mer screen has proved | 
very successful in handling wet fuels, or indeed | 
wet material of any description that is usually 
separated by riddling. It consists of a flat wire | 
screen which, except in the very largest sizes where | 
the wire may be as much as half-an-inch in diameter, | 
is kept tightly strained in a frame. Its general | 
construction is shown in Fig. 14, on page 692. As will | 
be seen in the figure, the screen is set at an angle, | 
which can be adjusted according to the condition of | 
the particular material being handled. A strip of steel | 
runs down the centre of the screen and is fastened | 
firmly to it. About the middle of this strip, a | 
spindle is attached to it by means of a bracket. This | 
spindle passes through the box-like structure shown, | 
which contains the vibrating mechanism, and is fitted | 
with an adjusting handwheel outside it. Inside the | 
casing the spindle carries two collars on which bear | 
opposing springs supported on the casing; imme- | 
diately above the lower collar an armature is at- 
tached, and close above this is fitted an electro- | 
magnet attached to the casing, through which the | 
spindle passes. Alternating current is supplied to the | 
magnet at a pressure of about 115 volts, and itis by 

the resulting variations in the magnetic flux that the 

vibrations are set up, and not by any arrangement of | 
contact breakers. The vibrations are vertical as re- 

gards the surface of the screen, and not transverse | 
or longitudinal. The small openings to be seen in 

the illustrations in the side covered by swinging 

covers, give access to the straining screws. 

The attendant can adjust the vibration by means 
of the handwheel on the spindle, and can also adjust 
the tension of the screen to give the results required. 
The material is fed on to the screen by any means. 
though usually a special screw conveyor is fitted. 
The large material passes off at the lower edge down 
a convenient chute, while the separated material 
is delivered underneath the screen. Of course, one 
vibrator can work two or three screens, so that 
successive gradings can be obtained, if desired, by 
several screens one below the other. The casing of 
the vibrator is dust-proof, and the whole machine is 
generally covered in to prevent dust being distri- 
buted. With a direct-current supply, a motor gene- 
rator set is required to provide the alternating 
current. A wide range of screens of different 
meshes was also displayed on the stand. 

Exhibits significant of the realisation of the need 
for fuel economy in the working of a colliery itself 
are shown in three stands. Not so long ago, boilers 
at the pit-head were fired in an extravagant 
fashion, often with the best coal, the so-called waste 
material being left to accumulate in unsightly heaps. 
One of the exhibits on the stand of Messrs. The 
Crosthwaite Engineering and Furnace Co., Limited, 
York-street, Leeds, is a furnace for burning washery 
duff, and forms part of an order from a colliery 
where it will be put into service as soon as it leaves | 
the Exhibition. This is the new type of Crosth- 
waite self-cleaning furnace. In cross-section, the 
appearance of the firegrate is that of the firm’s well- 
known type, except that it is divided transversely 
into six strips, each with a cylindrical passage down 
the centre, at the end of wl ich is the usual steam-jet. 
Each strip is formed longitudinally of short lengths 
of firebar with narrow slots across them for the 
air passages, and is supported on a channel bar 
with its side flanges upwards, carried on rollers. 
A camshaft runs across the furnace front with a 
cam to each sliding strip, arranged so as to give 
a different relative motion to each strip. This 
keeps the fine fuel moving slowly and prevents the 
formation of clinker. Once in every revolution, the 
whole grate, that is the six strips, makes a move- | 
ment together towards the back of the boiler, | 
when the ashes are tipped off at the end of the grate. | 
As shown on the stand, the grate is arranged for | 
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hand firing, the fuel being deposited just inside the 
fire door, but the furnace can be fitted with a 
mechanical stoker, giving a combination of the 
sprinkling and moving-grate systems. 

At the stand of Messrs. Edward Bennis and Co., 
Limited, Little Hulton, Bolton, figures were to be 
seen relating to tests on an 8-ft. 6-in. by 30 ft. Lanca- 
shire boiler at the North Celynen Colliery. A boiler 
of the battery was hand-fired, for test purposes, with 
Abercarn Thro’ and Thro’ Coal, having a calorific 
value 13,403 B.Th.U., and a Bennis South Wales type 
of sprinkler stoker and self-cleaning compressed-air 





13. 


furnace was then fitted. In the meantime, the coal 
dispute had developed, and the only fuel available 
was small coal of a calorific value of 11,807 B.Th.U., 
which had been lying on the bank for some years. 
A test with this fuel showed that the actual amount 
of water evaporated was increased from 7,816 to 
10,700 lb. per hour, and the evaporation per pound of 
coal, from and at 212 deg. F., from 7-57 lb. to 8-88 Ib. 
that is, an increase of 17-3 per cent. The thermal 
efficiency was increased by 33-2 per cent. The stoker 
used was described in the issue of ENGINEERING for 
December 4, 1925, on page 701, but the example on 





the stand, which is at work, has some minor 
modifications, and is fitted with a Bennis bucket 
elevator delivering into the stoker hopper. This is 
provided with an automatic chute, which, utilising 
its weight through striker gear on the driving pulleys 
of the conveyor, cuts off the supply when the 
sprinkler hopper is full. 

The account of the furnace section may be com- 
pleted by reference to an example of the Wilton 
furnace, shown on the stand of Messrs. Honeywoods 
(Supplies), Limited, Newport and Swansea. This 
well-known furnace, made by Messrs. The Chemical 
Engineering and Wilton’s Patent Furnace Company, 
Limited, 76, Victoria-street, S.W.1, while retaining 
its distinctive features, has been largely remodelled, 
and the example on the stand embodies several 
improvements, of which, perhaps, the chief is in 
the nozzles of the steam jet. The type of nozzle 
hitherto fitted in steam-jet furnaces has been very 
crude, a plain orifice discharging directly into the 
mouth of the air duct being usually employed. 
In the old Wilton pattern, the hole in the nozzle 
was 0-125 in. in diameter. In the new pattern 
the diameter is 0-085 in., and only half the quantity 
of steam is now passed compared with the old system. 
The consumption for the whole set of nozzles per 
boiler is only 2 to 3 per cent. of the steam generated 
by the boiler. The new nozzle discharges into a 
gun-metal cone, with ports for air admission, and 
somewhat similar in arrangement to the cone of a 
feed-water injector. This device is shown in Figs. 15 
and 16, on page 692. The air jet thus induced is then 
directed into the blowers themselves, the contour 
of which has been altered to reduce eddying. 
Another modification consists of a large shallow box 
at the back of the furnace and about one-third the 
length of the fire-bars, the box being inclined at a 
slight angle and taking the place of the back bridge. 
It is covered with firebrick, except in the vicinity 
of three grids through which air passes, this air 
being provided by an independent nozzle and tube. 
The function of this sloping back is to receive the 
fire when cleaning the grates, and on occasion to 
provide secondary air for preventing smoke. Other 
improvements consist of the addition of graduated 
baffles in the air passages through the grate to 
ensure equalisation of air pressure over the whole 
area, and of a method of bolting the fire-bars in 
place so that any section can be readily removed. 
Test figures on the stand show good results from 
fine dusty slacks having high ash contents, which 
were formerly rejected as useless, and also from coke 
breeze. This stand also displays an example of the 
Ranarex mechanical CO, recorder, which was illus- 
trated and described in detail in ENGINEERING, 
vol. exv, page 443. 

We have previously referred to part of the exhibit 
of Messrs. The Wolf Safety Lamp Company (Wm. 
Maurice), Limited, Sheffield. The firm is also show- 
ing a Wolf autogenous welding and cutting plant. 
This utilises acetylene from a generator on a new 
principle, from which the apparatus is called the 
“* Safety ’ acetylene generator. The generator, illus- 
trated in Fig. 17, on page 692, consists of a vertical 
tank divided about half-way up by a horizontal 
partition A into a lower closed chamber B, and an 
upper open one C. Both chambers contain water, and 
through the lower part of chamber B are carried two 
chambers E. These hold the drawer-like containers 
F, which are divided into several compartments to 
hold the carbide. This may be of the lump{variety. 
The end of the chamber is closed by a cover held in 
place bya dog. Water is supplied to the carbide from 
the chamber B through the pipe I, controlled by the 
cock J, and the gas generated passes up the pipe G, 
through the purifier P, and reaches the burner 
through the cock O. A branch pipe H on the 
discharge pipe communicates with the lower 
chamber and delivers into it any gas generated 
in excess of the amount used. The water in 
B is, of course, depressed by this excess gas and 
is forced up into the upper chamber through the 
pipe D. The water level having fallen below the 
outlet I, generation ceases until sufficient gas is used 
to restore it to the point at which the water over- 
flows again into the container, the balancing function 
of the upper chamber in this respect needing no 
explanation. A peg attached to the pipe G 
indicates the level at which the water in the upper 
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chamber should stand when the lower chamber is 
quite full. It will be realised that the action is thus 
quite automatic and, as no air is admitted, there 
is no risk of explosion, while the gas is kept cool by 
the surrounding water. As there are no moving 
parts, the generator can be left charged at any time 
ready for use. Recharging can be carried out while 
the apparatus is working by closing the cocks J 
and L, which are connected by a link. The handle 
K is provided with a lever carrying a screen plate M, 
which prevents the chamber from being opened while 
the cocks are open. The cock J is, however, furnished 
with a small bypass to allow any residual gas to 
escape to B before removing the cover. The small 
water seal, to which the delivery cock O is attached, 
is provided with a tank and pipe Q in order to 
maintain a constant pressure on the gas by the head 
of water init. The bottom of this small chamber is 
made of thin tin sheet, and upon it rests the spindle 
of the valve § in the supply pipe G. - In the event of 
a back fire occurring, the resultant small explosion 
would blow out the weak bottom of the chamber, and 
permit the valve to close, thus cutting off the supply 
from the chamber B. The cock R is merely to test 
the water level. The welding and cutting burners 
made by this firm are arranged to attach to one 
holder so that the number of parts is kept as small 
as possible. 

A flexible joint for use on steel and cast-iron 
pipes, made by Messrs. The Carlton Pipe Joint 
Company, Limited, Foster’s-buildings, Sheffield, is 
exhibited by that firm. Its use allows pipes for 
compressed air and water to be carried along the 
contours of mine roads, to follow their bends, and 
to go over junctions, &c. Fig. 18, on page 693, shows 
the construction. The pipes are bell-mouthed 
spherically. The adjoining ends are pulled up to 
a cast-iron ferrule carrying vwo rubber rings and a 
drop-forged steel housing, in halves, is bolted over 
the joint. A section of pipe was shown on the 
stand under a test pressure of 500 Ib. per sq. in. 
The flexibility is very marked. Thus the free end 
of an 18-ft. length of pipe, 2 in. in internal diameter, 
can be swung round in a circle 11 ft. in diameter. 
With a pipe of 8-in. bore, the corresponding circle 
is 5 ft. Of course, the joint can be used for pipes 
on the surface or buried, and a modification for 
use with steam is being developed. 

Messrs. The Butterley Company, Limited, Codnor- 
park, Notts., show a specimen of one of their patent 
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Messrs. INTERNATIONAL CoMBUSTION, LIMITED. 


pit trams, which is illus- 
trated in Figs. 19 to 22, 
page 696. The well bottom 
is pressed out of a single 
plate, and the method by 
which stiffness is obtained 
at the edges and corners, 
and the ease with which 
they can be assembled or 
taken apart are note- 
worthy. The top edge is 
folded over on itself as 
shown in Fig. 20, while the 
vertical edges of the side 
and end plates are folded 
overinsuch a manner that 
one can be slid into the 
other, the result being four 
thicknesses of plate at the 
junction. The sides and 
ends are bolted to the 
flange of ‘the bottom 
plate, but no bolts are 
needed in the vertical 
seams. A new feature 
has been added by a dust- 
proof automatic locking 
end door, without pegs, 
chains or other loose 
parts. This company also 
displays itscombined steel 
and timber prop. This 
consists of a steel tubular 
stem with a cap at the 
bottom and a plug in the 
top, and perforated at 
intervals with holes for 
the suspension of lamps. 
A cast-steel sleeve, 14 in. 
long, slides over the top 
of the stem, and normally 
carries a wood plug 9 in. 
long, projecting about 2 in. beyond the sleeve and 
resting on the stem. As the load comes on, the wood 
is compressed, and the sleeve slides down the stem, 
so that the wood plug always takes the load; it is 
not unusual for a 9-in. plug to crush down to about 
3 in. The plugs are removed by driving down the 
sleeve, which tapers slightly outwards and is there- 
fore easily freed. 
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In Fig. 23, page 696, we illustrate a local inven- 
tion, namely, the Hughes pit-prop hoist, shown on 
the stand of Messrs. Haslam and Stretton, Limited. 
1l, Windsor Place, Cardiff. Im timbering opera- 
tions after falls, there is often considerable danger 
of further trouble due to the slipping of timber 
too heavy for men to handle with accuracy. At 
the same time, elaborate lifting appliances are hardly 
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called for, nor could they, probably, be easily 
transported to the spét. The Hughes hoist, as will 
be recognised from the figure, is constructed of the 
simplest materials. It consists of a pair of steel 
tubes, 1 and 2, telescoping one inside the other, 
the height being regulated by the clip B. To the 
flanged top of tube 2, is bolted a short jib A, which 
carries a block at one end and a sheave at the other. 
A clip C, also adjustable, carries a guide sheave, 
whilst D and E are provided for attachment to the 
end of an ordinary colliery tram, the first having a 
hook device with pinching screws, and the second 
carrying a pin which drops into the drawbar eye. 
The post, of course, stands upon the ground, and is 
kept upright by the tram. A weight upto 15 cwts. 
can be handled by two men with great steadiness and 
speed. A single reduction winch F, is attached to 
the other end of the tram by means of hooks and 
pinching screws, additional security being provided 
by the bolt G and the bracket H, which couples 
to the drawbar eye. The hoist can be run to the 
site in a tram and quickly assembled. 

Another local invention is an improved tram 
door. This is demonstrated, by means of models, on 
the stand of the inventor, Mr. Samuel Griffiths, 24, 
John-street, Treharris. It is intended for use on 
trams which have an end door lifting upwards round 
a horizontal crossbar hinge. These are extensively 
used in removing waste, and, when discharging on 
the bank, the usual type with the straight crossbar 
requires a prop under the door to keep it open. Mr. 
Griffiths replaces the straight crossbar with a cranked 
one, on which the door is hung. To open the 
tram, the door is rotated on the crank, and it then 
lies on the top of the tram out of the way. The 
wide notch made in the tram end by the cranked 
crossbar is of service when carrying props under- 
ground, as these cannot roll over the side or project 
and catch in the timbering of the roads. 

Messrs. Mavor and Coulson, Limited, Broad-street, 
Mile-end, Glasgow, show three patterns of coal 
cutters, one, illustrated in Figs. 24 and 25, page 696, 
being of a new design. This is known as the Samson, 
1927 model, chain coal cutter. In this, stability and 
power have been aimed at, the first being secured 
by its width of 30} in., while the second is provided 
by a substantial air-turbine motor developing 40 
to 50 h.p. at an air pressure of 60 1b. per square inch. 
The height of the machine is 18 in., so that it can be 
used in seams down to 2 ft. thick when cutting in 
the coal, and in thinner seams if an underclay be cut. 
Jibs to give an undercut up to 9 ft. can be fitted. 
Five cutting speeds are provided at about 10, 20, 30, 
40 and 50 in. per minute, or alternatively, two, of 
10 and 20 in. per minute. The machine is of strong 
construction, and it would appear that the only limit 
to its cutting capacity lies in the life of the picks. It 
will be understood that it is a purely chain machine ; 
that is, it cannot be converted to the bar type, but, 
on the other hand, it is easily altered to electric drive 
if required. Fig. 24 serves to demonstrate this 
very clearly. In this, the machine is shown 
uncoupled into three components, of which the 
two end parts, gearhead and haulage, are the same 
for both the electrical and air types, while the 
central portion, shown in Fig. 24 as the air-motor, 
can be replaced by an exactly corresponding part 
embodying an electric motor. The A.C. motor, 
fitted in lieu of the air-turbine, can develop 90 h.p. 
before stalling. The accuracy of coupling is ensured 
by spigot and faucet joints, the use of dowels 
for aligning in coal-cutting machinery not proving 
Satisfactory under heavy vibration and severe 
lateral strains. All the parts, with the exception 
of the turbine cylinder casing, are of cast steel, 
and roller and ball bearings are fitted throughout. 
Another machine on the stand is a “@” size 
coal-cutter, 12 in. high, for thin seams. This has 
a three-phase electric motor, but can be converted 
to an air-turbine drive. It can be also changed 
to the bar type, to illustrate which process a bar 
gear-head is shown lying alongside. 

Messrs, The British Flottmann Drill Company, 
Limited, Allensbank-road, Cardiff, show a some- 
what unusual type of coal cutter, on account of its 
size. This is a bar cutter named by the firm D. 18. 
It is swivel-mounted on a sledge plate, with a prolon- 
gation for manceuvring. It has a total weight of 
only 83 ewts., and will make a cut of a depth of 4 ft. 





8 in. The drive is by compressed air. A portable 
electric mining compressor set is of interest from its 
compactness, as it can be run close to the working 
site on a narrow-gauge railway, to operate such 
tools as rock drills, coal picks, etc. Last year this 
firm exhibited two examples of horizontal air 
compressors ; this year they have added to their 
manufactures, and show vertical single-stage com- 
pressors of both single and twin cylinder design. 
The range of sizes for these machines is from 35 to 
210 cub. ft. of free air per minute. A portable air- 
compressing set for ordinary road work, i.e., above 
ground, with a weight of only 23$ cwts. is shown and 
has an output of 90 cubic ft. of free air per minute. 

On page 691, of vol. cxx of ENGINEERING, we 
described some of the products of a firm who special- 
ise in coal cutters, Messrs. Anderson, Boyes and 
Co., Limited, Motherwell. Only slight modifications 
have been made since this description, to which we 
must refer our readers. The firm’s display consists 
of a 14$ in. air-driven turbine longwall machine, 
an electric arcwall coal cutter, and a 17-in. longwall 
electric chain coal cutter. The exhibit certainly gives 
the impression of machines built on strong and 
substantial lines, and simplified as much as possible. 
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Many of the various types of mine switchgear 
to be seen on the stands have one very general 
characteristic, namely, the flame-proof casing. 
This is, as a rule, made with machined doors. 
Such precautions are, of course, highly desirable, 
particularly in the case of ordinary fuses, but 
a fuse is shown by Messrs. Parmiter, Hope 
and Sugden, Limited, Longsight, Manchester, 
which might conceivably be used with safety in 
a box having ordinary gasket jointing. This is 
the Aeroflex fuse, a blown-out example of which 
is to be seen on the stand, displayed underneath 
an oscillograph of a test on it carried out at the 
Bradford power station on October 12 last. 
The fuse was a standard Aeroflex 600-ampere 
fuse, with a refillable cartridge, and was short- 
circuited across the station battery, the maximum 
short-circuit current reaching 29,000 amperes, 
and the total time of blowing being 0-075 second. 
A performance of this kind earlier in electrical 
history might have affected the development of the 
circuit-breaker, particularly as the blow-out is silent 
and flameless, while the construction of the fuse 
permits of precise variation of rating as desired. 

The Aeroflex fuse, which is shown in Figs. 26 and 
27, on page 696, is the invention of Mr. Vernon 
Hope. The light-duty pattern has a single casing 
as shown, but the heavy-duty pattern consists of 
a pair of concentric casings with an air space 
between. The fuse proper is made up of two thin 
tinned-copper strips lying face to face at the 
contact ends and centre, but curved, as shown in 
Fig. 27, in between these points. They are 
reduced in the centre to a very narrow section, 
but are reinforced there by a tin bulb or pocket 
filled with compressed carbon-dioxide gas, which 
bulb is sweated to them across the reduced area. 
The strips between the contact ends and the bulb 
are, further, slightly reduced in width to form 
a waist, and are perforated by a small hole at 


the narrowest part. The space between the inner 
casing and the strips is filled with a powder, the 
basis of which is calcium carbonate. The fuse 
has the peculiarity of blowing quite differently 
under overload or heavy short-circuit conditions. 
In the first-mentioned circumstance, the narrow 
copper strips across the tin bulb heat sufficiently. 
to melt it, and the pocket thus formed in the 
powder receives the melted metal without any 
danger of the strip holding up, from the effect of 
scale, after melting. The carbon dioxide provides 
an atmosphere inimical to the production of flame, 
and, of course, the narrow strips part immediately 
after the tin melts. The carrying capacity is 
controlled by the small hole previously referred 
to; by opening out this, the cross section of the 
fuse strip can be reduced as desired. When a 
heavy short-circuit occurs, the fuse fails across the 
copper strips at the points where they are reduced 
in area by the holes. The central bulb is generally 
not affected under these conditions; in fact, in 
the actual specimen above referred to, it is quite 
uninjured and detached. Any gas formed with 
this type of blow-out, together with a portion of 
the powder, escapes through a hole in the inner 
casing into the annular space, as there is no cavity 
due to the melting bulb as occurs with an overload. 
This hole is normally sealed with paper. 

As stated above, there is neither flame nor damage 
to the casing from a blow-out of either kind, while 
the noise is limited to a slight click. The latter 
characteristic means that, in some instances, the 
ammeter will be the only indication of a blow-out, 
and possibly this silent functioning will not always 
be welcomed. To meet this objection, the outer 
opaque casing can be replaced by a glass one. 
A thin silver wire is run outside the inner casing 
in parallel with the fuse, and by the small flash 
made and the discoloration of a paper strip under- 
neath, it gives warning that a blow-out has occurred. 
It should be mentioned that the type of fuse 
described can only be used in a vertical position, 
but, by an ingenious modification, a pattern for 
horizontal use will shortly be produced. The 
fuses are made in several patterns, some having 
shielded contacts as shown in Fig. 26, while others 
are made with a porcelain handle. The high-tension 
fuse, made for 1,500 volts to 33,000 volts, is much 
longer proportionally, some being about 3 ft. long. 

Among many miscellaneous exhibits, we may 
mention that The South Wales (Fire Protection) 
Engineers, Limited, Bute Docks, Cardiff, show a wide 
range of appliances for fire prevention and extinction, 
most of which are well known, but the Davy auto- 
matic fire escape is only now being introduced to 
this country, and is attracting a good deal of atten- 
tion on the stand. It consists of a sheave, about 
6 in. in diameter, round which is run a covered steel 
cable, having an adjustable life belt at each end. 
The sheave is geared, by means of an epicyclic 
train, to an automatic brake controlled by centrifugal 
action, with the result that the heaviest adult 
or the lightest child slung in the life-belt descend 
at the same uniform and safe speed. The apparatus 
is covered by a neat case and is intended to be 
attached to the inside of a window frame about four 
ft. from the sill. It is stated that no lubrication is 
needed to keep the apparatus in working order. 


(To be continued.) 





Tue M.S. “JyiLanp.”—The Elsinore Shipbuilding 
and Engineering Company, Limited, Elsinore, Denmark, 
recently delivered to her owners, the United Steamship 
Company, Limited, of Copenhagen, the passenger and 

© motorship Jylland. The vessel, —_—- will be 
wll on the bjerg-Parkeston route of the United 
Steamship Company, is a sister ship of the M.S. Parkes- 
ton, which was delivered just over a year ago to the 
same owners. The M.S. Jylland has a length, between 
perpendiculars, of 304 ft., a breadth moulded of 44 ft., 
ars depth to awning deck of 28 ft. 6 in. The pro- 
pelling machinery comprises two Diesel motors aggre- 
gating 4,200 ib.p., and capable of giving the vessel a 
speed of 154 knots. The ship is of the awning-deck 
type, with forecastle, prc ade-, boat-, and two full 
*tween decks. She is built of steel to Lloyd’s Al special 
survey class, and has a deadweight cargo capacity of 
about 1,350 tons. The two holds are fitted with refri- 
ration arrangements for carrying butter, eggs and 
| mo The deck machinery is electrically driven and 
the steering gear is electro-hydraulic. The vessel will 
carry 124 first-class, and 88 third-class passengers, and 








a crew of 54, 





ENGINEERING TRAINING AND 
EDUCATION. 


Scholarships in Naval Architecture.-—The secretary 
of the Institution of Naval Architects informs us that 
the Vickers scholarship, which has a value of 150I., per 
annum, the I.N.A. scholarship, worth 1301. per annum, 
_and the J. 8. White scholarship, valued at 1001. per 
annum, are to be offered for competition in 1927. 
Subject to the regulations governing the scholarships, 
they are tenable for a period of four years at Glasgow 
University and for periods of three years at Durham 
University (Armstrong College), Liverpool University, 
and the Royal Naval College, Greenwich. The scholar- 
ships are open to British apprentices or students who 
have not yet entered upon a university course. The 
two Denny scholarships, one of which is in naval 
architecture, and the other in marine engineering, are 
also open for competition to British boys from approved 
public or secondary schools. Each of these scholar- 
ships has a value of 751., per annum. Full particulars 
regarding the above may be obtained from the Secretary 
of the Institution of Naval Architects, 5, Adelphi 
Terrace, London, W.C.2. 

Lloyd’s Register Scholarships, and Marine Engineering 
Studentships.—The Council of the Institute of Marine 
Engineers desires to draw attention to the Lloyd’s 
Register Scholarships awarded under its auspices, 
one of which is open for competition annually in May. 
The scholarship, which has a yearly value of 1001., is 
tenable at an approved university in Great Britain or 
Ireland, and is intended to enable apprentice or junior 
engineers to take the full degree course in engineering 
science as a basis of future professional careers in 
marine engineering or shipbuilding. Candidates for 
the scholarship must be between the ages of 18 and 23 
on September next. The Council desires further to 
direct the attention of apprentices and student engineers 
to the advantages offered by admission to the student- 
graduate section of its membership. Qualifying 
examinations are held annually in April at various 
centres. Syllabuses and regulations relative to the 
above scholarships and examinations may be obtained 
from the Secretary, Institute of Marine Engineers, 
85/88, The Minories, London, E.1. 

National Certificates in Naval Architecture-—The 
Institution of Naval Architects and the Worshipful 
Company of Shipwrights, in conjunction with the 
Scottish Education Department, are prepared to approve 
schemes submitted on behalf of technical colleges and 
other institutions for the award of national certificates 
in naval architecture, in respect of part-time grouped 
courses under approved conditions. For the purpose of 
administering the award of these certificates, a Scottish 
National Certificate Committee will be formed, consis- 
ting of representatives of the Institution of Naval 
Architects, the Worshipful Company of Shipwrights, 
and the Scottish Education Department. Schemes 
for the approval of the Committee must be submitted, in 
the first instance, to the Scottish Education Department, 
14, Queen-street, Edinburgh. Applications in respect 
of part-time courses should be submitted on Form 25 C1 
in duplicate. Such applications should be made, as a 
rule, before September 30, and in no case later than 
October 31, in the school year in which approval of the 
course is desired to operate. All correspondence 
regarding the scheme should be addressed to The 
Secretary, Scottish National Certificates Committee, 
(Naval Architecture), The University, Glasgow. Copies 
of the detailed regulations governing the scheme and 
designated “ Rules—3” may be obtained from H.M. 
Stationery Office, 120, George-street, Edinburgh, or 
Adastral House, Kingsway, London, W.C.2, price 2d. 





STANDARD SwircHGEAR EquiPMENTS For D.C. Crr- 
cuits.—A specification recently issued by the British 
Engineering Standards Association deals with standard 
switchgear equipments for direct-current circuits in 
those cases in which the pressure does not exceed 660 
volts. The subject is divided into five sections, namely, 
D.C. feeder equipments for single-, two-, and three-wire 
service, employing circuit breakers for overload pro- 
tection; D.C. feeder equipments for single, two-, and 
three-wire service, employing fuses for overload protec- 
tion ; fC. generator equipment for two- and three- 
wire service; D.C. rotary-converter equipments for 
two- and three-wire service; and paralleling voltmeter 
equipments, The publication gives, in tabular form, full 
details of the standard equipment, together with the 
optional equipment which may be used in certain cases. 
In addition, a diagram is given for every type of circuit 
covered by the specification, showing, in symbolic form, 
the lay-out of the equipment. There are, in all, 40 such 
diagrams, covering the ground in a very comprehensive 
manner, These diagrams illustrate how it is possible 
to combine the British standard symbols (as given in 
B.E.S.A. publication No. 108, and as shown in the 
latest decisions of the International Electro-Technical 
Commission) into a comprehensive diagram. Copies of 
the new specification (No, 194—1926) may be obtained 
from the B.E.S.A., Publication Department, 28, Victoria 
street,tLondon, 8.W.1, price 1s. 2d., post free. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scottish Steel Trade.—Now that the trouble in the 
coal mining industry has been settled, the Scottish steel 
makers are preparing to get their works in order for a 
restart at an early date. Stocks of raw material on 
hand are somewhat limited, and although in most cases 
they are sufficient to carry on for a little, producers 
are not prepared to commence operations until there is 
the prospect of getting fuel at a reasonable figure, and 
also of a steady supply of steel-making iron from the 
pig-iron furnaces. In the latter connection, the price 
of fuel is the dominating factor, and the general restart 
of most industries, or at least a few of them, is largely 
dependent on the re-kindling of the blast furnaces with 
fuel at a moderate price. Several of the steel works 
have fairly well filled order books, but it is understood 
that quite a number of these contracts were taken at 
very keen prices, which means that fuel in the neigh- 
bourhood of the quotations ruling in April is almost a 
necessity. Inquiries are rather better, but consumers 
on the whole are inclined to hesitate a little longer before 
committing themselves. The prospects for the industry 
are really quite good, and as conditions gradually settle 
down, a steady yun is practically assured for some 
months ahead. For fresh business, the current prices 
are likely to prevail, but many old contracts require 
to be worked off at the lower levels prevailing when 
they were booked. In the black-sheet trade, the works 
which have been in operation are still going well, 
as the production of black and galvanised sheets has 
met with a ready sale, foreign buyers having been much 
in evidence. The other works which have been closed 
down are mostly ready to start the moment supplies of 
raw material are available. The following may be taken 
as the minimum prices current :—Boiler plates, 11. 
er ton; ship plates, 8/. 2s, 6d. per ton; sections, 
7l. 17s. 6d. per ton ; and sheets, under ¥ to } in., 12. to 
131. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—As in the steel trade, the close 
of the miners’ strike was welcomed by the malleable 
iron makers of the West of Scotland, not so much on 
account of the orders on hand but because of the prospect 
of a revival of the industry. For a considerable time 
back, the bar-iron makers have had a very slack time, but 
many consider the outlook is now very much brighter, 
and that fairly steady running is almost a certainty 
Amongst other customers of the bar-iron makers, the 
tube makers have quite a lot of work booked, and a 


certain outlet is assured. Prices are steady with 
Crown bars called 121. per ton, delivered at Glasgow 
stations. 


Scottish Pig-Iron Trade.—Little can be said about the 
Scottish pig-iron trade yet, as the price of fuel has not 
come down to the point necessary to encourage the re- 
lighting of the blast furnaces. Quotations are easing 
off, however, and it is quite possible that there will be 
little delay now in getting some of the furnaces into 
action. The scarcity of pig-iron, particularly hematite, 
is so marked that the most welcome news to the whole 
country would be that the blast furnaces were being 
re-lighted at once. Not only is the stock of hematite 
iron practically nil, but certain brands of foundry iron 
are not obtainable at all. Bookings for delivery after 
the restart have been fairly satisfactory, and high prices 
are understood to have been arranged, but the actual 
figures likely to prevail are rather uncertain. Every- 
thing depends on the actual prices demanded for fuel. 
The prospects for some time are likely to be good. 

Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, November 27, only amounted to 
44 tons. Of that total 40 tons went overseas, and the 
remaining 4 tons coastwise. For the corresponding 
week of last year the figures were 685 tons overseas and 
90 tons coastwise, making a total shipment of 775 tons. 


Shipbuilding.—The past month was one of the most 
unsatisfactory in the shipbuilding industry, but was one 
which calls for little apology. The output was very low, 
but little else could have been expected, considering the 
great difficulty in securing fuel, steel, and other necessities 
to carry on with. The figures were as follow :— 


Vessels. Tons. 
The Clyde ... nae oe Zaid 1 15 
The Forth ... es cna ey 2 27 
The Tay ... oe sae . oo == 
The Dee and Moray Firth Le 1 400 
Total ... eo ‘ ats 4 442 


The Clyde figure is an unenviable record, and needs 
no comment. It brings the output for the year to date, 
up to 113 vessels, of 256,568 tons, which is a long way 
short of the last two years, but is really not so bad con- 
sidering that the miners have not been producing coal 
for seven months. The cutlook, however, is quite 
bright and many new contracts are reported, although 
some of them are really contracts formerly placed but 
which were temporarily cancelled or held in abeyance. 
Active conditions in the shipyards are almost certain 
for a time, and if the flow of fresh orders is reasonably 
good within the next month or two a revival in the 
industry is almost certain. 








REFRIGERATOR Rattway Cars in Cutna,—-According 
to a statement contained in a recent issue of The Chinese 
Economic Bulletin, the first refrigerator car in China has 
recently been put in service on the Shanghai-Nanking 
Railway. This is stated to be one of 21 refrigerator cars 
ordered from Belgium by the Ministry of Communications. 
Each vehicle has a loading capacity of about 22 metric 
tons and a tare of about 30 metric tons. 





NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Forward quotations are 
substantially below rates that have been ruling for early 
delivery. Output is still confined to the make of the 
two furnaces of Messrs. Bolekow, Vaughan and Co., but 
hope is entertained that several idle furnaces will be 
re-kindled before the end of the month. It is unlikely, 
however, that much iron will be available for sale in the 
open market before the early part of 1927. For early 
supply, No. 1 is 125s.; No. 3, g.m.b., 120s.; No. 4 
foundry, 119s.; and No. 4 forge, 118s. 6d., but contracts 
have been made for delivery up to the end of June next 
on the basis of 82s, 6d. for No. 3. 


Hematite—Producers of East-Coast hematite have no 
ordinary marketable grades to offer, and are not quoting, 
but customers consider 90s. should be the maximum 
figure for mixed numbers, when furnaces are once more 
making iron for the market. 


Foreign Ore.—A few inquiries are circulating for foreign 
ore, but there is next to no actual business passing. 
Sellers are disinclined to negotiate, except on a freight 
basis, but consumers are not disposed to entertain this. 


Coke.—Coke quotations are falling rather rapidly, but 
as yet they have not been reduced to a level that meets 
the views of users. Until quotations fall sufficiently to 
tempt iron-masters into the market, idle blast-furnaces 
cannot be re-kindled by firms obliged to buy fuel. 
Consumers’ ideas of the value of good average blast-furnace 
coke is round about 25s. 


Manufactured Iron and Steel——Producers of manu- 
factured iron and steel have heavy order books, and they 
report good all-round demand. They are anxious to 
overtake arrears of deliveries, and are  grrca | forward 
preparations to re-start works as fuel supplies come 
forward. Any small parcels of material that become 
available for disposal readily realise substantially above 
fixed minimum figures. 








TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W. 1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case.—Tenders are called for by the Siamese State 
Railways for wheels and axles. Tenders are to reach the 
Department of State Railways, Bangkok, by March 1, 
1927. The specification and drawings can be seen by 
British firms on application to Room 50. (Ref. No. 
AX 3917.)—There are five separate calls for tenders by 
the South African Railways and Harbours :—(i) For the 
supply of wheels and axles, automatic couplers, 
buffers, special section steel bars, and vacuum-brake 
cylinders—Tender-922. Tenders are to reach Johannes- 
burg by December 17, 1926. Local representation is, in 
practice, essential. (Ref. No. AX 3913.) (ii) For the 
supply and delivery of eight locomotive boilers for 
15a class engines—Tender-918. Tenders are to reach 
Johannesburg by January 13, 1927. Local repre- 
sentation is, in practice, essential. (Ref. No. 3910.) 
(iii) For the supply of spares for engines, such as 
engine coupled wheels and axles, leading bogie wheels 
and axles, trailing bogie wheels and axles, tender wheels 
and axles, valve spindles, piston rods, cross-heads, valve 
motions, &c.—Tender-900. Tenders are to reach Johannes- 
burg by January 5, 1927. Local representation is, in 
practice, essential. (Ref. No. AX 3915.) The specifica- 
tions and drawings can be seen by British firms on 
application to Room 50 for the above three tenders. 
(iv) For the supply and delivery of machine tools and 
overhead travelling crane—Tender-919. (Ref. No. AX 
3903.) Tenders are to reach Johannesburg by January 13, 
1927. (v) For the supply and delivery of 12 cast-iron 
10,000-gallon tanks without trunks—Tender- 194. Local 
representation is, in practice, essential. Tenders are to reach 
Johannesburg by January 20, 1927. (Ref. No. AX 3912.) 





PERSONAL.—We regret that in the notice on page 642 
ante, announcing that Mr. G. Dixon had joined Mr. F. 
Anslow in the firm of Messrs. Walter Dixon and Co., 38, 
Bath-street, Glasgow, Mr. Anslow’s name was, by @& 
printer’s error, reproduced as Onslow.—We are informed 
that Dr. Kuno B. Hebertein, formerly of the firm of 
Messrs. Huntington, Hebertein and Co., Limited, 47-51, 
King William-street, E.C.4, but latterly engaged in 
directing mining work in the United States, and Mexico, 
has now returned to this country, joining his old company, 
with a seat on the board of directors.—We have been in- 
formed that Messrs. Radiation, Limited, have disposed of 
the industrial section of their furnace business, hitherto 
carried on at their Grappenhall Works, Warrington, 
together with the business of Messrs. Brayshaw Furnaces 
and Tools Limited, to Messrs. S. M. and E. R. Brayshaw, 


.| Messrs. Fletcher, Russell and Co., Limited, Warrington, 


will, however, continue to manufacture and supply dental- 
laboratory and general technical apparatus and appliances, 
which are their own furnace specialities, and the Davis 
Furnace Company, Luton, will continue to manufacture 
and supply their Revergen furnace in its various forms 
—Messrs. Wm. Geipel and Co., Vulcan Works, St. 
Thomas-street, London, S.E.1, have been appointed 
sole agents for the United Kingdom and the whole 
of the British Colonies both for the Société Anonima 
Fabbrica Isolatori Liverne, via Monte Napoleone 
N. 39 Milan, Italy, for high-tension insulators, and 
also for the Rutgerswerke Aktiengesellschaft Abteilung 
Planiawerke, Hardenbergstrasse 43, Carlottenberg > 
Berlin, Germany, for arc lamp carbons, carbon brushes, <c- 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Improvement in the manufacturing 
branches, following the signing of a three years’ peace 
agreement in the coal-fields of West and South Yorkshire, 
is likely to be gradual. There is a great deal more fuel 
available, but for the bulk of industrial purposes this 
is too dear, especially where contracts have to be executed 
at prices agreed before the coal stoppage. Abundant 
supplies of cheap steel are first essential to a general 
recovery, and these cannot be available until coal prices 
are reduced to figures that are comparable with those rul- 
ing before May. e big steel-producing furnaces on the 
outskirts of Sheffield have not been re-lighted, and will 
possibly remain idle until the new year. One or two 
of the principal engineering firms have put additional 
furnaces into commission during the past fortnight, to 
supply the urgent needs of engineering departments 
that were becoming starved of raw materials. The heavy 
trades are expected to be the first to recover.’ Progress 
in the engineering sections will necessarily be delayed 
until semi-manufactured materials are available. There 
is, however, a good demand in prospect for all classes of 
engineering products, and there are also awaiting execu- 
tion many orders that have been held over for several 
months. The danger of forcing selling prices to a level 
that will prove unattractive to home and foreign buyers, 
through inflated costs of coal and steel, is repeatedly 
emphasised by the leading engineering masters. Some 
of the intermediate branches show bright features. The 
development of the British automobile industry has 
proved of immense benefit to Sheffield engineers. Works 
that were specially extended to meet air service require- 
ments during the war are employing staffs full time in 
the production of cranks, axles, gear-boxes, and other 
motor-car and motor-lorry parts. Railway and tramway 
engineering is making fair progress. Manganese steel 
is on order for provincial tramway lay-outs. Stainless 
steel fittings are to be seen on the latest tramcars supplied 
to Sheffield Corporation. Contractors are employing a 
larger proportion of metal-ware in refitting the frontages 
of big drapery stores, and more orders have arrived for 
various classes of mining gear. Steady developments are 
expected in this line now that the local collieries have 
resumed fuller production. 


South Yorkshire Coal Trade,—Prices ae still. un- 
certain. There is a wi oute ‘or cheap fuel 
from manufacturers P<: pcenenh but bi onees point 
out that they have considerable losses to make good, 
and are compelled to take these into account: in fixing 
selling prices. That quotations. will fall substantially 
during the course of the next few weeks is, however, the 
belief of most of the largest buyers, who accordingly are 
entering sparingly into commitments. The maximum 
pit price for fuel of all classes is 50s. per ton. Business 
has been done below this level, and, in a few cases, best 
steam hards have been booked for forward delivery at 
round about 20s. per ton at the pit. Merchants are 
impressing upon householders the advisability of limiting 
their orders so as to induce lower quotations. Apart 
from the effect of the resumption at local collieries, less 
coal is coming from outcrop workings, which have suffered 
severely from the recent wet weather. 





NOTES FROM THE SOUTH-WEST. 


PF CarpirFr, Wednesday. 

The Coal Trade.—After a seven months stoppage, 
representatives of the South Wales coal-owners and 
miners yesterday arrived at a mutual agreement for a 
resumption of work on the basis of an 8-hours day. The 
agreement is for a period of three years ending December, 
1929, but the right is reserved to either side to ask for a 
review of the minimum at the end of the first and second 
years. The payment of pre-stoppage rates of wages, or 
42-22 per cent. on the 1915 standard, is to operate until 
the end of May, after which the percentage is to be deter- 
mined by the state of the industry, subject to a minimum 
of 28 per cent. The periods of ascertainment are to be 
quarterly, the rates for the quarter beginning June being 
based on the audit for the three months commencing 
February. The distribution of the net proceeds of the 
industry is to be in the ratio of 85 per cent. to the:men 
and 15 per cent. to the owners, against 87 per cent. and 
13 per cent. in the previous agreement. The introduction 
of a double shift and also of machinery are to be within 
the discretion of the-management. “The-settlement has 
given satisfaction to operators, who believe that, with 
goodwill and co-operation, a — recovery will be made 
towards regaining the business lost during the past seven 
months. The influence of the settlement has already 
been felt, for the maximum pithead price of large coal 
has been reduced by 10s. to 40s. per ton, with through 
and smalls a matter of bargaining. Export business, for 
the time being, is held in abeyance, because of the embargo 
on shipments, but f.o.b. prices are on the basis of 35s. 
for large, 32s. 6d. for through, and 30s: for smalls. Pros- 
pective buye ene iti i 
et i, rs, generally, are waiting, expecting further 

Colliery Deal—During the week an important colliery 
deal was announced, the United National Collieries, 
Limited, becoming allied to the’ Ocean Coal Company, 
Limited, and Ocean-Wilsons, Limited, the Ocean Company 
acquiring a controlling interest in the United National 
by the urchase of the directors 1/, shares at 26s. per 
share. e ordinary capital of the three companies is 
6,553,236/., and the erence shares total 1,622,4901. 
The normal output of the Ocean Company is 3,500,000 
tons per annum, and of the United National, 2,250,000 
tons. Mr. David Davies, M.P.,. becomes chairman 
of the United National Company, and Mr. Thomas 
Evans, C.B.E., managing director. te 


NOTICES OF MEETINGS. 


Tue. INstrrvution or FuEL Economy ENGINEERS.— 
To-night at 5.45 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. “‘ The Loss of Heat from 
 Becace og by Radiation and Convection,” by Dr. T. 

arrett. 


THe InstrruTionN or M&cHANICAL ENGINEERS.—- 
To-night, at 7 p.m., at Storey’s Gate, S.W.1. Informal 
Meeting. ‘‘ Industrial Ventilation.” Introduced 
Mr. A. E. Harris. Thursday, December 9, at 7.15 p.m. 
Annual Dinner at the Connaught Rooms, Great Queen- 
street, W.C.2. Friday, December 10, at 6 p.m. Fifth 
Report of the Marine Oil Engine Trials Committee. 


THe Junior Institution oF ENGINEERS.—To-night, 
at 7.30 p.m., at the Royal Society of Arts, John-street, 
Adelphi, W.C.2. Inaugural Meeting. Presidential 
Address. “‘The Progress of Marine Engineering,” by 
Engineer-Vice Admiral Sir Robert B. Dixon. 
December 10, at 39, Victoria-street, 8.W.1. Lecturette. 
‘“* A Method of Measuring Temperatures in the  pasmoag 
of Internal-Combustion Engines,” by Mr. C. E. Foster. 


Tue Institution oF Muntcrran anD Oounty 
.ENGINEERS: South Mrpianp District.—Saturday, 
December 4, at 10.45 a.m., at the Shire Hall, Hertford. 
“ Hertford Sewage Disposal Works and Housing,” by 
Mr. S. M. Senior. 

Tue Royat Instirution.—Saturday, December 4, at 
3 p.m., at 21, Albemarle-street, W.1. ‘‘ Atmospheric 
Electricity ’’ (Lecture II), by Mr. George C. Simpson. 
Monday, December 6, at 5 p.m. General Meeting. 
Tuesday, December 7, at 5.15 p.m. “The Imperfect 
Crystallisation of Common Things” (Lecture III), by 
Sir William Bragg. 

Tue Institute oF British FOUNDRYMEN: LAN- 
CASHIRE Brancu.—Saturday, December 4, at 4 p.m., at 
the College of Technology, Sackville-street, Manchester. 
‘The Commercial Aspect of the Foundry,” by Mr. J. 
Wolstenholme. 


Tue INstrTUTE oF TRANSPORT.—Monday, December 6, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
r-eentncB soo Victoria Embankment, W.C.2. “The 
Organisation of a Railway Signalling Department,” by 
Mr. R. Falshaw-Morkill. 


Tue InstrrvuTion or ELgorricaL ENGINEERS: SouTH 
Miptanp CrentTRE.—Monday, December 6, at 7 p.m., at 
282, Broad-street, Birmingham. Wireless Section 
Meeting. Lecture, “ Distortion in Receiving Sets,” by 
Mr. J. A. Cooper and Mr. A; CO. Chatwin. 

Tue INsTITUTION OF THE RUBBER INDUSTRY.—Mon- 
day, December 6, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W.1. “‘ British and American Machine 
Practice,”’ by Mr. A. Fraser. 


Tue InstITuTION oF FuEL TECHNOLOGY.—Tuesday, 
December 7, and Wednesday, December 8, at the Institu- 
tion of Mechanical Engineers, Storeys Gate, S.W.1. 
Tuesday, December 7, at 11 a.m., Presidential Address 
by Sir Alfred Mond. ‘‘ Some Phases of Modern Practice 
in Gas Manufacture,” by Mr. 'T. Hardie. ‘‘'The Combus- 
tion of Carbon,” by Prof. R. T. Haslam. At’ 7.30 pm. 
Inaugural Dinner at Hotel Cecil, Strand, W.C.2. Wednes- 
day, December 8, at 10.30 a.m. ‘‘ Laws of Gas Flow in 
Furnaces,” by Prof. W. Groume Grjimailo. ‘‘ The 
Occurrence, Working and Treatment of Brown Coal, 
with Special Reference to German Practice,” by Sir 
Richard Redmayne. ‘‘ Low-Temperature Distillation of 
Coal,” by Mr. 8. McEwen. ‘‘ Smoke and Public Health,” 
by Dr. J. 8. Owens. 


Tue INsTITUTION oF AUTOMOBILE ENGINEERS.— 
Tuesday, December 7, at 7 p.m., at the Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘“‘The Use of the 
Optical Indicator as a Means of Examining Combustion 
in Internal-Combustion Engines,”” by Prof. W. Morgan. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS : SouTH 
Mripitanp StupENts’ Section.—Tuesday, December 7, 
at 7.15 p.m., at the University, Edmund-street, Birming- 
ham. “The Windings of Electrical Machinery,” by 
Mr. L. Greenwood. 


THE NatTIONAL ASSOCIATION OF SUPERVISING ELECc- 
TRICIANS.—Tuesday, December 7, at 7.15 p.m., at the 
Junior Institution of Engineers, 39, Victoria-street, 
S.W.1. Lecture: “ Cables,” by Mr. A. I. Tracey. 


Tue InstituTeE or Metaus: Norrtu-East Coast 
Locat Section.—Tuesday, December 7, at 7.30 p.m., 
at the Armstrong College, Newcastle-upon-Tyne. 
“Foundry Work,” by Mr. A. Logan. 


THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
In ScoTtLaAND.—Tuesday, December 7, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. ‘“‘'The Clock feotien 
isms for the Great Bell of the University of Bristol,” 
by Professor David Robertson. 


Tue InstiTuTION oF CHEMICAL ENGINEERS.—Con- 
ference, Wednesday, December 8, to Friday, December 10, 
at the Science Museum, South K 8.W.7. 
Wednesday, December 8, at 5.30 p.m. “ Measure- 
ment of Mechanical Power Absorbed by Driven Machines, 
A Recording Torsion Dynamometer,” by Mr. R. G. 
Parker and Mr. D. N. Jackman. Thursday, December 9, 
at 3 p.m.; Symposium on Statistical Methods in Relation 
to Industrial Efficiency (a) ‘The Control of Chemical 
Plant Operation by Statistical Methods,” by Mr. D. 
Rider and Mr. 'T. Campbell Finlayson, (6) ‘‘ Statistics in 
Industry—Some Uses and Limitations,’ by H. C. Marris, 
(c) “Statistical Methods in Connection with Plant 
Construction,” by Mr. E. Cooke. Friday, December 10, 
at 3p.m. ‘‘ Researches on the Laws of Air Elutriation,” 
by Dr. G. Martin. ‘“‘ Refrigeration in Chemical Manu- 
facturing Processes,” by Mr. H. M. Dunkerley. 








riday, * 


Tre Instrrure oF PHysics.—Wednesday, December 
8, at 5.30 p.m., at the Institution of Civil Engineers, 
Great George-street, 8.W.1. Lecture on Physics in 
Industry, No. XI. ‘“‘ Physics in Navigation,” by Mr. 
F. E. Smith, F.R.S. 

THE BELFAST AssocIATION OF ENGINEERS.—Wednes- 
day, December 8, at 7.30 p.m., at the Municipal College 
of Technology, Belfast. ‘‘ Powdered Fuel Firing,” by 
Mr. K. C. Barrell. 


Tue INSTITUTION OF ENGINEERS-IN-CHARGE.—-Wed- 


y nesday, December 8, at 7.30 p.m., at St. Bride Institute, 


Bride-lane, Fleet-street, E.C. 4. ‘Some Notes on 
Accurate Measurement,’’ by Mr. C. H. Penn. 


Tue Roya Socrtry or Arrs.—Wednesday, December 
8, at 8.30 p.m., at John-street, Adelphi, W.C.2. Ordinary 
Meeting. “The Port of Antwerp,” by the Rev. Pére 
De Cleyn. Friday, December 10, at 4.30 p.m. Indian 
Section. ‘The Work of the Calcutta Improvement 
Trust,” by Mr. C. H. Bompas. 

Tue InstiruTIoN oF AERONAUTICAL ENGINEERS.— 
Thursday, December 9, at 6.30 p.m., at the Institution 
of Junior Engineers, 39, Victoria-street, S.W.1. ‘“ Wind 
Structure in Relation to Air Navigation,” by Capt. F. 
Entwistle. 

THe Royvat AgrronautTicaL Socrery.—Thursday, 
December 9, at 7 p.m., at 7, Albemarle Street, W.1. 
Student’s Section. Lecture, ‘‘'The Possibilities of the 
Two-Stroke Cycle for Aircraft Engines,” by Mr. C. G. L. 
Hutchinson. 

Tue Institute or Metats: Lonpon Local SEcTION. 
—Thursday, December 9, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders, 83, Pall Mall, S.W.1. 
Joint Meeting with the Institute of British Foundrymen. 
‘Contraction and Alloy Casting,” by Mr. H. C. Dews. 

Tue Socrery or TECHNICAL ENGINEERS: MAN- 
CHESTER AREA.—Thursday, December 9, at 8 p.m., at the 
Church Institute, Stretford. ‘‘ The Electricity Bill,” by 
Mr. J. W. Thomas. 

Tue Institution or WateR ENGINEERS.—Friday, 
December 10, at 10.30 a.m., at the Geological Society, 
Burlington House, Piccadilly, W.1. ‘‘ Water Seoul 
Finance,” by Mr. A. W. Kenyon. | “ Recent Develop- 
ments in the Design and Application of Centrifugal 
Pumps,” by Mr. J. P. Hallam. ‘ Repair Works in 
Connection with the Belmont Reservoir of the Bolton 
Corporation,” by Mr. J. K. Swales. ‘‘ The History of an 
Artesian Borehole,” by E. J. Silcock. 

THE Nortu-East Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, December 10, at 6 p.m. at 
Bolbec 4Hall,- Newcastle-upon-Tyne. ** Workshop 
Methods in Heavy Engineering,” by Mr. H. I. Bracken- 
bury and Mr. W. J. Gutherie. 

THE Liverroot Enarineertmne  Socrety.—Friday, 
December 10, at 6 p.m., at the Temple, Dale-street, 
Liverpool. Joint meeting with the Institution of Mechani- 
cal Engineers. ‘‘' The Fifth Report of the Marine Oil- 
Engine Trials Committee ’ by Mr. Sterry B. Freeman. 


Tue INstITUTION OF ELECTRICAL ENGINEERS : LONDON 
StupEnts’ Secrion.—Friday, December 10, at 6.15 p.m., 
at Savoy-place, Victoria-embankment, W.C.2. “* Auto- 
matic Telephony,” by Mr. F. I. Ray. 

Tue Instrture or Merats: Swansea Locat SEc- 
TION.—Friday, December 10, at 7.15 p.m., at the Uni- 
versity | yy. Singleton Park, Swansea. ‘‘ The 
Ey of Metallographic Methods to Coal,” by 

r. C. A. Seyler. 


THE MANCHESTER ASSOCIATION OF ENGINEERS.— 
Friday, December 10, at 7.15 p.m., at the Engineers’ 
Club, Albert-square, Manchester. ‘‘ Rubber and Its 
a to Engineering,” by Mr. H. P. Stevens 
and Mr. B. D. Porritt. 

THe Instirutc or MeErTaAts: SHEFFIELD Loca 
Secrion.—Friday, December 10, at 7.30 p.m., at. the 
University, St. George’s-square, Sheffield. “The Con- 
ductivity of Silver Plating Solutions,” by Mr. A. E. 
Nicol. 

THe KEIGHLEY AssocraTION or ENGINEERS.—Friday >» 
December 10, at 7.30 p.m., at the Temperance Institute, 
Keighley. Lecture. ‘‘ Aeroplanes,” by Mr. W. S&S. 
Shackleton. 

Tue InstiTUTION OF ENGINEERING INSPECTION.— 
Friday, December 10, at 7.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘ Portable Steel 
Structures of Large Span,”’ by Major H. N. Wylie. 


Tue InstiruTIon or MuniIcrpaAL AND County Enat- 
NEERS: SouTH-WESTERN District.—Saturday, Decem- 
ber 11, at 2.15 p.m., at the Vestry Hall, Dawlish. “ aaney 
Years in an Urban District,” by Mr. 8. F. C. Churchward. 

Tue Institute or BrrmisH FounpRYMEN: NEw- 
CASTLE AND District Brancu.—Saturday, December 11, 
at 6.15 p.m., at the Neville Hall, Newcastle-upon-Tyne. 
“The Manufacture of Iron Castings for Petrol Engines,” 
by Mr. W. J. Molineux. 

Tue Institute or British FouNDRYMEN: BrirMInG- 
HAM, CovENTRY AND West Mipianps Brancu.—Satur- 
day, December 11, at 6.30 p.m., at the Engineers’ Club, 
13, Waterloo-street, Birmingham. ‘Oil, Sand and 
Motor Castings,” by Mr. W. West. 

Tue Hutt Association oF ENGINEERS.—Saturday’ 
December 11, at 7.15 p.m., at the Technical College’ 
Park-street, Hull. ‘‘ Hydro-Electrical Developments,’ 
by Professor F. C. Lea. 


THe Norta-East Coast Institution oF ENGINEERS 
AND SHIPBUILDERS.—Saturday, December 11, at 7.15 p.m. 
at Bolbec Hall, Newcastle-upon-Tyne. Graduates’ 
section. Joint meeting with the Mining Institute. 
Discussion on ‘The Production and Transport of Coal 





by Machinery.” 








ENGINEERING. 








AT 


(For Description, see Page 688.) 


[DEc. 3, 1926. 


THE CARDIFF ENGINEERING EXHIBITION. 








Fie. 19. 
Faas. 19 To 22. 





PRESSED-STEEL Mine Tus; THE BuTTERLEY CoMPANY, 








yy 
WY '%e Plate 7 \ ESSSSSSNSS SSNS 
"WH yas SSO 
y Z Y SS SSS 
GYY 
YY, 
GY 
7, r 
ig. 20. Fig . 22 . 
Top Rolls 
bop 
Uy Fig. 21. 


AANANAAAARAARAARARN 
NAAR 
RRM AANAAN) 
SANNAAAAAAARAAA RAR 






S 


N 





SOSA SOON 
XY jo SISTLEDLEDS SA NS 

KISSSSSS Op 

ayaa 







(9639.8.) 


LIMITED. 

















Fie. 24. 

















Fie. 25. 


Fries. -24 ano 25, Atr-Driven CuHatn Coat Cutter; Messrs. MAavor anp CouLson, LIMtrep. 

















Fie 26. 


Fics. 26 anp 27. Tue Agrornex Fuse; Messrs. Parmirer, Horr 


AND Svu@pEN, Limrrep. (9843.4) 





Z RK 












---B p------5 












































40) ENGINEERING 


Fic. 23. Huaues Prr-Pror Hoist; 
Messrs. HasLaAM AND STRETTON, LIMITED. 


UMILMMMM EL ; 
SSS \Z 


“ENGINEERING 













































































































































































ENGINEERING, Dec. 3, 1926. 
THE SAN FRANCISCO BAY CROSSING FOF THE HE 
CONSTRUCTED TO THE DESIGNS OF IR. M, ¥ o’SHAU! 
(‘or Deseriy m, see Pag 
~~ wN eed MAP. Mr. Diablo Fig tM. SAN FRANCISCO BAY AT DUMBARTON STA UE nook 
. Ee ame PLAN Hetch siege Be Aqueduct Crossing —~." Shorafine 
y. Wa G2 2 nae Pox ae 
ELEY ; . 2 
9 36 ES L- 
‘Sapa -105.0 ie ae RCC : i 
pe dame Locatiow ‘o Negar" 
ToRedwoos, oe Trough Spans / 
f 
EU.+15:0" above Hetch Hetchy Datum Top of firushed Concrete Piers 4 
Fig 12. 
ee oe PROFILE nz Concrete Piers —t¥ A 
\ Y= (EL-+ 3,8 t High Water - 
eres! — Hetch Hetchy Datum “ETFESF Meare High Water < ‘ 
aR sd EU -7-274 Mean atevel  § 
\— QN «EL -3-5 Mean LowWater Leve 
‘ ee -5 eS “ae — s 
aN <s ay Bottom ~~. | 
‘\ § -10 ke 10 
+ Bay Bottow 
ILPITAS 3 peak 
-15 45 
: 
S-20 f 20 
<a) KS 
iS 25 
~25—T3¢06.B) ; 
Miles1) 3, O... _.....490 20 Miles 
(9806.4) ‘ 
Fig. 15 4 
w 
o QO 000 00 SHB /to? Sloping _ 
Fig 3. SECTIONAL ELEVATION AT A. A. ¢ \ wr GRO 20 OF OR vases OF 
Steel ~~ i un I iy y - Af. 
Br idge. Ni : : =f x q 5 ‘ fa * 
CE ee a xe Efe sy 
* re es ' 36’ Valves > 00080868 ox 2 { 8 z 
z +122 Height of Ss $ 2 
CL a. 
toSupport. — A 
34 Valves. % SS | Sa'Dia.S, 
j aalves. S " ¢ Steel Lo 
2 + \8 
Elev.-8 é -_ ee 
u rat: 
§ \ 
Z -25*Mud Line ‘SS ¥ : 
: : "ee ft 
°C Iron Pipe. F. Soe 
a 3 
a) 
2 
a 
Medium OR <4. 
Blue Clay. 
5 54? { 
19.182.HALF VERTICAL SECTION G.G. 
= Quick Sand. SECTIONAL PLAN OF WOOD PILES AT ELEV.-3/, Fig ‘ 6 Plate 
= Eleu-66* ° Tops of Piles at Ele, -27 00-29, PAS SOICI I ormd roam Hi 
= Say low * . <a ae GL s dex 212 «516 
iia ® “ ” " =8i © =82. | (Y2"x 6 ae | 
shia eel Cyls. Ht re Steel @ 6-0 Above Top of ase 146 Fillers HT 
80 Dia. Steel ; if Gera aes. i) “10 or3-0 Below ° | 1 | 
ee? Preps | ao 
tor 2 Piers. | SECTION THROUGH , rai | | 
on = “0Ve'---* eli d, 50 


Present 60°. SH ‘ 


Die. Pipe hr \ i 


At fOoh 


~ 
Future 76° hr ial 





Dia. Pape. J OC} a 


3.0 Tremie Concrete Wall. 


(9806. C) 












Fig. 734. DETAIL OF PIPE SILL 


--~-7--2:10}2"-----> 


ai/ | 
Has | 
tor 

48 CL. of Pipe | 








b 








(9808. H.) De oaake \ 
4 4,340'L Clips 12'long 


NGINEERING 


(9806 6.) 











PLATE XLII. 





THE HETCH-HETCHY WATER SUPPLY: CALIFORNIA. 
2. M. | O'SHAUGHNESSY, M.AM.SOC.CE., CITY ENGINEER. 


+ Deserinn, see Page 683.) 












































































Fig.ii6. —— ; Fig. 117. SECTION 8.B. Fig. 778. Fy C.c. Fig. 719. SECTION F. F. (Typeill) 7 
r. a. scsimisoiesian | CC 9-1%4Bars ene =-*2 
\ B -- 2 Yo Ties 24 ‘Cto€ i tty ety tp € + th ab wate 
~>- 2 ob ¥_." 
ae : ee 7 4 
Hi | 24C 
b Lo det ar" , |, Fh « 
\ ‘6-0 D. = ad ‘Bars 
ans io t 
f | &| ‘i 4, 
, ~~ 
' Y 5 8 | k ‘i 72°’ Detormed Bars aenre 
vers ; SA ! = 3 1'@°°Bars (TF. 1) ; 
/ iS ‘ — Stirriups a ogo- IPOH) __ 1's 
s = | 12°C to€ , a = 
; in 3 ‘3 
8 oo ee ‘ 3 
SS ee | : 8 
r & H | , H 
0 14°" Bars 
7 4 i ; Sixl¢Bars Ss t re . 
S—-s md | oF ie 3 bele-9 Spaces @ 30 = 27-0- io 
: s > ae} US cou | t ; 
= La Wa (Type) : 
-Bay Botton t yale 3 
—— 15 ‘ ms 
‘ SS 7/a"° Deformed Bars v] 
a Fig.7?22. Fig.728. 
a SECTION E.E. SECTION D.D. 
—— -25 = 
— 10% «--72 Spaces @ 2'6=30°0- 0” 
11a" Deformed Bars 
12°Cto€ 
Slope 45° %4 Bars; 3:0"C.to C. 
ere Ee La ee l~q-—~—-—J6‘9*----->I 
(9806.E) 
aay 
7 
A . Fig. 124. PARTIAL PLAN TOP LATERAL SYSTEM. 
3s crkied 
& Be 
— & * " BSR 
\ § Fig. 731. a 
3\ x Sa Dia. Solid —10- * Ss 
Neg Steel Loop | *5> | ES 
3 te | ag 
g & fa | PORTAL (s 
RS \\ | FRAMING. ,” | 


















































































































1, Fig.125. LONGITUDINAL ELEVATION OF HALF OF TRUSS. — 
a ae, oon menma nf GIS -------=--+~--gheannn nnn _f* 04 
si . 20510>25Lbs___ Cover Pu.14-He ae is] 10's 25 Lbs 
Te eal itt | hima AiR = 
£:.4 iePL.2'6'1g. Pini 246 Lacing Bars. 2: Peta Lacing ars 
H Te ONS 2 
' yy bey XN re. 
AL a | 6.6. \ ? : C RS pm se 
_ ie Plate Ul aty 56 Pl. or a 
‘ i R "a Y q as 
SS eet | Floor Beam to Gusset Pl. ® s = a ae 
: : |3 )LS6* 32 «Vg Pane is \ yt ap 
: hy 3 
oo. : Vann | A se i 
ss <s Ye Pl A, 
| - P ‘caked 
jt Ny N Ik 2-25 
= S IL 2:24 t 
ng $e ; = eP 
- ite RAGS 6xG*Ye L. 11 6°6*Ve 
wo t Same x 2 PLS. a ef 2% x 
ee i i bs 6 Re 4. CONN. ye 2Pis. 6% eo Bipei 40onn.Ls 6*3%: . j 
ag" AA See a a neem 4 
ro d tdetienous pee Anh on see Watertight B ul peilDiasntesies “te. We . — Sey > 
-9~ an 77, $B5% . . ° | 2 ss SIE ae 
*Q Bri Fate da 22 _— exp 15° ase ‘Seale = — a ee Tan ans aeese oe rb¢--------------- 6--.—-<——----.- 3 60 a ; 











































0 EK ET Eee 


%. / Sie PL. 
"A Bx812x He LS 

















Fig : SE a ND rPrte : 
over 2° 4 
secriow x K. 2WebPls. 18s S,. Top LEd*3*% 


A. 
s ir cae 2Bott. L35*3* x Ne 
_ het ‘& DIAPHRAGMS. — by 
hy 41S 3*3% Se 
1PL.er9e 8 







it SURETY MITT 





ymmetrical about 





SY 
































\iém \ : YN. Y.. 
pe ee Walkway se0cn DZ .L.of Bridge. \apnekt. == 5 , F ay Melt. 
<— al at « ° sr ve" 
----- + 5 - aes a a Ke 
g'---" Lt ---> Bracket : y\ j 
” 6445 8@" (2 ENGINEFRING™” 3 














in Se €@ SS a 4 
Ph tl a eae aow wi ee, ae ae ee ae a a ee i _ 











as 3, as ] 


ENGINEERIN G. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C = 
We desire to call the attention of our read 


the fact that the above is our SOLE ADDRESS, 
and Lue no nea exists between this 











Journal other publications bearing 
somewhat Saeailen ‘ities. 
Tr_xeraPuic ) “‘ ENGINEERING,” WESTRAND, 
ADDRESS LOND ON. 


on NoumPErs—3663 and 8598 GERRARD. 


" SUBSCRIPTIONS, HOME AND FOREIGN. 


* ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 











For the United Kingdom ..........0.0........... £3 6 0 
For Canada— 
Thin paper copies ................ £2 18 6 
Thick paper copies....................4.. £3 3 0 
For all other places abroad— 
Thin paper Copies ..............ce £3 3 0 
Thick paper copies........................ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 128. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed *‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W. C. 2. 




















——————S—SSS [= 


AGENTS FOR " ENGINEERING. *g 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 

N.S.W. T..Willmett and Co., Townsville, North Queens- 
land. W. ©. Rigby, Adelaide, South Australia. Melville 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, Ont.: Wm. Dawson and Sons, Limited, 
87, Queen Street East. 

EDINBURGH: John Menzies and Co., Limited, Rose-street. 

FRANCE, Paris: Boyveau and Chevillet, 22, Rue de la Banques. 
For advertisements, Office de Publications Commerciales, 
167, Rue Montmartre, Paris (2e). 

— Hermann H. Fromm, Liitzowstrasse 84, Berlin. 





GLASGOW: William Love, 221, Argyle-street. John Menzies and 
Co., Limited, West Nile-street. 

INDIA, Calcutta : A naereaa Spink and Co., Bombay; Thacker 
and Co., Limited 

ITaLy: U. Hoepli, «OR Anonima Libraria Italiana, Torino, 
and any post office. 

JAPAN, Tokio: Maruzen Co,, Limited. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, 143, Deansgate. 

Nw ZEALAND: Gordon and Gotch og rietary, Limit 1- 
lington, Auckland and Christchur ’ oh hye 

Meee yo Cammermeyer’s ow Carl Johans Gade, 


ROTTERDAM: H. A. Kramer and Son, Limited. 

SoutH AFrica: Central News Agency, Limited, Head Office— 
Johannesburg; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban, and various branches and book- 
stalls a South Africa. Wm. Dawson and Sons 
(South Africa), Li » 29, Long-street, Capetown. 

TASMANIA: Gordon & Gotch Prop’ty, Ltd., Launceston : Hobart. 

UNITED StaTES: For Subscriptions, New York: J Wile: 
and Sons, 440, Fourth Avenue. for Ldvotetantens 
J. 8. Allan, 30, Church street, New York. 





EN GINEERING. 





CONTENTS. 


Pa@E 


Recent Experiments on the Properties of Steam 
at High Pressure *( fies) roe JR TONI 681 
Sluice Provision for Tidal Drainage, with Special 
Reference to British Guiana (Iilus.).....0.0.00.0.00.2. 682 
The Hetch-Hetchy Water Supply of the City of 
San Francisco (Illus) 
Aeronautical Oil-Engine Problems......................0..... 
High-Speed Shutter for Stroboscopes........................ 
Notes on New Books...................:c000cc000: 
Cardiff Engineering Exhibition egg 
Engineering Training and’ Education... 
Notes from the North 
Notes from Cleveland and the Northern Counties 
Notes from South Yorkshire 
Notes from the South-West. ...........6..0...0)cceenceece 
Notices of Meetings Ay 
Road Construction and Safety .........0......cececeeaye: 


Aero-Engine Valve Steels.....................c.cccccceee 698 
Egypt as a British Market... ccc peceeecceees 699 
Low-Temperature Carbonisation..........0......0...0.0.0000... 699 


Literature.—Refining Metals Electrically. Wealth, 
Virtual Wealth and Debt—The Solution of the 
Economic Paradox. Hydraulies...................00000.. 

Letters to the Editor.—The Design of High-Speed 


Economisers. The Kinetic Theory of Gases. 

Hydraulic Phenomena of Movable Weirs............ 701 
BM a5 Oo on (a bam ee he are Nols . 702 
Tests of Eternit Water Pipes 200.000.0000... 702 
Boiler Explosion Inquiries 2.200.200.0200... 702 


Eabotir Noteef20. 800. 25.01 GLAMOUR 
The Society of Glass Technolog 
Diagrams of Three Months’ Fluctuations in the 

Brioes: of, Metala.«::..4:.5-.....60% aps}ger-snid-dy-oeti 
The Determination of Free Lime in Hydraulic 

Cement (Jilus.) 
Naval Development of Floats for Aircraft (Jllus.).... 705 
German Turbine Construction (TZilus.).................... 708 
Gas-Making and Fuel Problems in California........ 709 
‘** ENGINEERING ”’ Patents Record (Jilws.):0........::.... 710 


One Two-Page Plate—THE SAN FRANCISCO BAY 
CROSSING FOR THE HETCH-HETCHY 
WATER SUPPLY, CALIFORNIA. 


ENGINEERING 


FRIDAY, DECEMBER 3, 1926. 











ROAD CONSTRUCTION AND 
SAFETY. 


THE problem of road, construction would be 
much simplified if there were no existing roads, 
and the whole system had to be designed to 
suit present and prospective conditions. Except 
for those that have been made in recent years, 
existing roads in this country were laid out and 
constructed for quite different weights of vehicles, 
densities of traffic, and speeds from those that they 
have to carry nowadays, and the prospect for 
some time to come is that, in respect at least to 
density of traffic, the discrepancy between old 
and new conditions will rapidly increase. “If 
to do were as easy as to know what ’t were best 
to do,’ the remedy would be to replace all roads 
that are not as they should be by others designed 
to meet conditions as they are, and carry on with 
them until further developments made these roads 
obsolete in their turn. Huge expenditure such as 
this measure would involve has to be paid for, 
and the cost of what is fundamentally an economic 
measure has ultimately to be borne by industry. 
It can be justified only if its amount is less than 
the value of what it allows industry to save 
either directly or in upkeep, and although many 
thoroughfares are quite unsatisfactory for present 
requirements, the cost of remodelling them radically 
may be more than its probable economic advantage. 
In all cases in which there is no clear evidence of 
sufficient gain to warrant undertakings such as the 
complete supersession of existing roads, a condition 
precedent to facing the expenditure and possible 
loss involved in radical measures should be that 
all practicable means. are taken by modifications 
involving only minor works, to make the best of 
roads as they are. From the point of view 
of safety, no less than of the upkeep of 
roads. and of vehicles, the problem cannot be 
considered as one solely for the constructor of 
roads or the controller of traffic. It calls also 





for the co-operation of the builder and the driver 
of the. vehicle and of the pedestrian. The law now 
controls the axle load, but not only the weight 
and the speed, but the balance and the tyres of 
a vehicle may have a profound effect, on the road 
surface, which retaliates in kind, on. the vehicles 
that misuse it. 

In a paper read before the recent Public Safety 
Congress in London, Mr. Aldington quoted an experi- 
ence in locomotive practice to illustrate the effect, of 
want of balance. A few years agoa railway company 
accelerated a train on a given section, and had trouble 
with broken rails and weakened road bed, which 
was ultimately traced down to one locomotive. 
On examination one driving wheel was found to 
be. 4 in. off centre, thus. running with a corre- 
sponding, eccentric motion; and the resulting 
impact, which at the lower speed liad been borne 
by. rails and bed without injury, was sufficient to 
cause failure at the increased speed. Some recent 
experiments, also quoted by Mr. Aldington, show 
further the relative effects on the highway of 
various tyres run at different speeds. A 3-ton 
truck carrying a 44-ton load, so arranged that 
the total weight. on each rear wheel was 7,000 lb., 
of which 5,300 lb. was supported by the springs, 





>| was run on a road over a ledge giving a 2-in. drop, 
9|a special device recording the impact of each 


wheel. The truck was equipped first with an old 
solid tyre that had worn down to a thickness of 
1 in., then with a new solid tyre 2} in. thick, and 
finally with pneumatic tyres 42 in, by 9 in., 
inflated to a pressure of 142 lb. per square inch. 


5 |The other conditions, except speed, were the same 


in all trials. At a speed of about 5-7 m.p.h. 
the impact of the several tyres was 11,600 lb., 
9,400 lb, and 7,100 respectively ; at 10-2 m.p.h. 
18,500 Ib., 14,100 lb. and 7,800 lb. ; at 14-6 m.p.h. 
26,500 lb., 18,700 lb. and 8,300 lb. In these 
experiments, therefore, the increase of speed from 
5:7 m.p.h. to 14:6 m.p.h. about doubled the 
impact. from the new solid tyre, and increased 
that from the worn tyre two and a-half times, 
while the increase with the pneumatic tyre was 
less than a fifth of its original value. Other 
experiments, indeed, are said to have shown the 
destructiveness of the worn solid-rubber tyres 
as about equal to that of steel tyres. The horizontal 
component of the impact, moreover, increases at 
higher speeds, and a larger part of the reaction of 
the road thus escapes the cushioning effect of the 
springs, and is delivered as a dead blow on the 
axles and mechanism of the vehicles. When, 
therefore, an owner is considering the renewal of 
his tyres, he may easily be led into an extravagant 
economy. By seeking to prolong their life by 
further running he may overlook the extent— 
doubtless uncertain, but apparently considerable 
—to which he may be shortening that of the 
vehicle itself, especially if he is in the habit of 
running at high speeds. 

Up to now the surface best suited to motor 
traffic has not been finally determined. As against 
loads and speeds, indeed, it is not difficult to 
provide a suitable surface, which when laid on 
an adequate foundation will give such resistance 
as can be reasonably required. A more difficult 
problem is to provide a surface that will not 
become slippery when coated with a thin film of 
grease, frost or even moisture; and the hardest, 
smoothest, and most impervious surfaces are often 
the worst in this respect. Under powers conferred 
by the Act of last year, the Minister of Transport 
has now arranged for trials to be carried ont in 
different. parts of the country on a great number of 
different. types of surfacing material. The effect 
of the traffic on the different, types is being carefully 
watched, and useful data are being obtained. The 
trials will be of interest in any event, and their value 
would be increased if the opportunity was taken to 
use them for some comparative investigation of the 
phenomenon of skidding. 

Whatever the surface may be, it should be made 
quite clear that skidding and its danger could often 
be avoided by the driver himself, if he reserved his 
brakes for their proper function. According to the 
Yearly Report of the Ministry of Transport, experi- 
ence has shown that accidents due to skidding have 
mostly occurred at or near road junctions, . “ the 








[DEc. 3, 1926. 








ENGINEERING 





inference being that the driver has unexpectedly 
had to reduce the speed of his vehicle by the sudden 
application of his brakes owing to another vehicle 
crossing his line of route.” Such accidents will 
undoubtedly continue to“happen so long as drivers 
do not recognise that for arresting the speed of a 
vehicle the brakes must be used only in emergencies. 

Reasonable precautions at cross roads, like the 
several conventions that regulate the practice of good 
drivers in passing each other, are part of the good 
manners of driving, and to neglect them stigmatises 
a motorist as eitherincompetent or uncivilised. Those 
who observe them reap a more immediate reward than 
good manners can always command ; but though their 
observance is among the most important means of 
making the most of the road and of avoiding acci- 
dent, it cannot wholly make up for a greater density 
of traffic than the roads can carry. Whatever part 
congestion of traffic may play in causing accident, 
no doubt can be felt about the economic loss it 
represents. Mr. Aldington referred to figures that 
put the loss through traffic arrested by congestion 
in New York, including Manhattan, at some 
200,000/. a day ; and though a similar estimate does 
not seem to be available for all London, he is no 
doubt right in surmising that the loss to the com- 
munity must be very heavy. A promising method 
for mitigating congestion, which as yet is hardly out 
of its probation, is the control of the sense in which 
traffic at congested points is allowed to circulate, 
either with or without the use of signals. The 
results attained at, for instance, Hyde Park Corner, 
illustrate the considerable possibilities of such 
methods, and will encourage the public in having 
patience while the signalling part of the programme 
is further tried and perfected. Another method. 
usually involving relatively little expense and often 
extremely effective, is the wide splaying of corners 
at cross roads, which greatly facilitates the observ- 
ance of a one-sense circulation. In considering 
the value of such measures it must be remembered 
that the effects of congestion at one corner or circus 
may be felt along relatively remote thoroughfares. 
When it becomes essential to provide a wider traffic 
road, the suggestion has been made that the foot- 
paths should be provided by means of arcades, which 
at least would enable the upper stories over them to 
remain. Doubtless in some circumstances this would 
be as acceptable alternative to throwing back the 
street frontage through its entire height. 

Another important matter is that relating to the 
time to be allowed for executing repairs and main- 
tenance works in important main thoroughfares of 
a city. To those who have been accustomed to the 
leisurely pace at which such work has sometimes been 
done, it is refreshing to hear Mr. Aldington’s pro- 
position that the thoroughfare is an important trans- 
port line, and all necessary work thereon, for whatever 
purpose or authority it is done, should be handled 
as relaying work is carried out on the main line of 
a railway. Once commenced, it should not cease 
day or night until it is finished, except where it is 
possible to work solely by night, and cover in so as 
to leave the whole width of the roadway available 
by day, or where it is small enough to be started and 
finished during a week end. Mr. Aldington is an 
officer of the Ministry of Transport. It would be 
good news to learn that his department holds the 
same views, and can find means to induce the autho- 
rities concerned to give effect to them. 








AERO-ENGINE VALVE STEELS. 


As was the case with many problems connected 
with the working of high-duty internal combustion 
engines, the question of the selection of a metal 
for valves, capable of withstanding the exacting 
conditions imposed, came into prominence during 
the European War. Under the leadership of the 
Director of Research at the Air Ministry, exhaustive 
tests on the subject of valve steels were carried out 
at the National Physical Laboratory and at various 
other research centres. A very able summary of the 
work accomplished was embodied in the form of a 
paper read before the Institution of Automobile 
Engineers, by Dr. L. Aitchison, in November, 1919.* 


Although this pioneer gontribution to the study of 
the valve-steel question is now seven years old, it 
still remains in many respects a standard work. 
The general conclusions arrived at by Dr. Aitchison 
were that a 3 per cent, nickel steel was suitable for 
all inlet valves, and for exhaust valves working at a 
temperature not above 600 deg. C. For exhaust 
valves, subjected to temperatures of between 600 
and 760 deg. C., a high-chromium steel was suggested. 
and for temperatures above 760 deg. C., a tungsten 
steel was favoured, As far as ‘motor-car engines are 
concerned, the use of plain 3 per cent. nickel steel is 
now almost universal, and the material has given 
consistently satisfactory results. In the case of 
valves operating at high temperatures, however, 
opinions are by no means unanimous, and the con- 
clusions put forward from time to time by various 
workers in this field differ considerably. In a 
paper read before the annual meeting of the 
American Society for Testing Materials in June, 1924, 
Messrs. J. B. Johnson and §. A. Christiansen* found 
that for operating temperatures which might reach 
815 deg. C., the quaternary alloys of iron, chromium, 
nickel, and silicon, in which the chromium ranges 
from 6 to 15 per cent. and the nickel from 20 to 25 
per cent. could not be used, since they could not 
be hardened sufficiently to prevent excessive 
galling of the stems and wear on the tips. Again, 
steels containing from 15 to 18 per cent. of tungsten 
and from 8 to 4 per cent. of chromium, retained, as 
would be expected, their original hardness, but scaled 
heavily at the valve seat. The material which gave 
the best results in Messrs, Johnson and Christiansen’s 
experiments, was a steel containing from 11 to 13 per 
cent. of chromium and from 3 to 3-5 per cent. of 
cobalt, together with a little molybdenum. This 
steel, although not completely satisfactory, was 
recommended for ordinary operating conditions at 
high temperatures. 

It is interesting to compare the findings of these 
two workers with the results obtained by Mr. P. B. 
Henshaw in the course of an investigation which, 
in so far as the chemical compositions of the materials 
used are concerned, covered approximately the same 
ground. The steels employed by the latter included 
a 9-58 per cent. chromium steel; a 13 per cent. 
chromium stainless steel; a 2-5 per cent. silicon, 
8-2 per cent. chromium steel; a high-speed, 18-9 
per cent. tungsten steel ;, a cobalt-chromium steel, 
of a composition almost identical with that used 
by Messrs. Johnson and Christiansen ; and a series 
of high nickel-chrome steels containing from 12 to 
19 per cent. of nickel, from 12 to 13 per cent. of 
chromium and from 1-47 to 1-75 per cent. of silicon. 
An account of the research in question was given by 
Mr. Henshaw at last night’s meeting of the Royal 
Aeronautical Society. The experiments conducted 
included such determinations as the tensile strengths 
of the materials at high temperatures, the Brinell 
numbers under various conditions, the tendency of 
each alloy to scale, the impact values at high tem- 
peratures, and the coefficients of expansion. For 
carrying out the tensile tests an electric tube furnace 
was employed. The specimens were heated to the 
required temperature and were pulled, while still in 
the furnace, after being allowed to soak for a period 
of 30 min. Commencing at 600 deg. C., tests were 
carried out at intervals of 50 deg. C. until 950 deg. C. 
was reached. It was not thought necessary to go 
beyond this temperature. As was to be expected, 
all the steels exhibited a somewhat rapid decline 
in tensile strength with increased temperature. The 
high nickel-chromium steels, however, registered a 
more gradual fall than the others, and, moreover, the 
drop was at a more uniform rate. While fully 
agreeing that when the strength of a material at 
high temperatures is being considered, time is an 
important factor, Mr. Henshaw maintains that 
tensile tests, obtained under the conditions described, 
give values comparable with those obtained in 
actual practice. It is well known that, under 
prolonged heating, “‘creep’ takes place in a 
material, if the stress is sufficiently high. On the 
other hand, a valve cools down quickly after having 
run hot, when the engine is‘ shut off, and, as Mr. 
Henshaw points out, the properties of the valve 
material should be unimpaired, providing that it 
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has not been Jong enough at a high temperature to 
have actually yielded. 

All the materials tested during the course of the 
investigation, with the exception of the high nickel- 
chrome alloy steel, were found to have. distinct 
air-hardening properties. It will be remembered 
that Dr. Aitchison stated definitely that a valve 
steel should show no liability to harden when 
cooled in air from the temperature which it might 
attain when used normally as a valve in an internal 
combustion engine. The Brinell hardness of the 
specimens after heating them to various tempera- 
tures and then allowing them to cool in air were 
carefully determined by Mr. Henshaw. He found 
that the tungsten, chromium, stainless, and cobalt 
chromium steels reached their lowest hardness after 
exposure to 800 deg. C. Air hardening sets in, how- 
ever, when the specimens are cooled from 850 deg. C., 
and, after exposure to temperatures of from 950 and 
1,000 deg. C., the Brinell numbers of the steels are, 
in all cases except that of the tungsten steel, 
appreciably greater than those of the original 
material. On the other hand, the curve for the high 
nickel-chromium steel is practically a straight line 
until 900 deg. C. is reached, after which it falls. 

The resistance to oxidation of the various steels 
employed was determined by exposing small test 
cylinders to a temperature of 1,000 deg. C., in a 
gas furnace, under what are described as “rather 
adverse conditions,” weighing the loss in weight 
due to scale, and'expressing it as the loss in weight in 
grammes per square inch per hour. The figures 
given are as follows :—silicon-chromium steel, 
0-0258; high nickel-chromium steel, 0-0563 ; 
cobalt-chromium steel, 0-1418; stainless steel, 
0-2197; chromium steel, 0-2985; and high-speed 
tungsten steel, 0-3983. In the case of the high 
nickel-chromium steel, it is stated that the scale 
formed is not only slight, but is very adherent and 
is not likely to break away from the work. The 
last series of physical tests described by Mr. 
Henshaw dealt with the dilatation properties of his 
steel specimens, Experiments showed that the 
high nickel-chromium steel expanded and contracted 
almost uniformly on heating and cooling, the other 
steels began to diverge at a temperature of just 
over 500 deg. C. Furthermore, the high nickel- 
chromium steel has a greater coefficient of expansion 
than any of the other steels tested. This is interest- 
ing from the designer’s point of view; the high 
coefficient of expansion must be taken into account 
in order to prevent the sticking of the valves in the 
guides. 

Taking everything into consideration, Mr. Hen- 
shaw is of opinion that the high nickel-chromium 
steels possess advantages which are certainly 
worthy of the consideration of engineers engaged in 
the manufacture of valves for high-duty internal 
combustion engines. The forging of this material 
he says, presents no great difficulty, it depends 
to a large extent on governing the forging tempera- 
ture rather more exactly than is the general case 
for other steels. The most advantageous tempera- 
ture for the forging operations lies between the 
narrow limits of 1,050 and 1,100 deg. C. If the 
correct working temperature is adhered to, stampings 
may be made having a regularity of physical pro- 
perties which leave little to be desired. As pointed 
out above, Messrs. Johnson and Christiansen stated 
definitely in their conclusions that steels containing 
from 6 to 15 per cent. of chromium, together with 
high nickel, could not be used in the manufacture of 
valves for aero engines since they could not be 
hardened sufficiently to prevent excessive galling of 
the stems and wear on the tips. Mr. Henshaw 
furnishes an answer to these contentions, he says 
that the fitting on the tip of the valve of some form 
of hardened thimble does not offer any serious 
disadvantage and is regularly done with success. 
While admitting that all austenitic steels are liable 
to have a poor wearing surface, he contends that this 
defect can be minimised by polishing the surface of 
the material. He, therefore recommends that the 
stems of high nickel-chromium steel valves should 
be given as good a surface polish as possible. He is 
also of opinion that the material used for valve 
guides should be selected with the greatest care. 

The cobalt-chromium steel, recommended by 
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for the manufacture of aero-engine valves, does not 
appear to have given evidence of any outstanding 
merit in the course of Mr. Henshaw’s investigation. 
The latter, however, does not definitely state that 
this material, in common with the other steels 
tested, is unsuitable for valves, he merely directs 
all his efforts to proving that high nickel-chromium 
steel gives the best all-round results. He agrees 
that this alloy has not reached perfection, but his 
recommendations are strengthened by the statement 
that practical tests on a very large scale have proved 
that, under the most severe conditions, valves made 
of this material have worked very well indeed. His 
opinion that the introduction of high nickel- 
chromium steel for the manufacture of heavy-duty 
valves marks a forward step in this particular 
branch of metallurgy, and points out a probable 
line of future development, will be received with 
interest by all aero-engine designers. 





EGYPT AS A BRITISH MARKET. 


Foreign markets may deserve the attention of 
manufacturers either because of. their prosperity 
or of their prospects. The extent of such attention 
depends, of course, on the present size of the market 
and its probable growth in a more or less immediate 
future. From any of these points of view the 
Egyptian market is worth careful consideration. In 
size, present or prospective, it is certainly not among 
the largest. Its exports and imports are each of 
the order of 60,000,000/. all told ; not, indeed, a 
negligible quantity, but not comparable with the 
largest markets. Its most attractive feature is that 
the country seems to be enjoying a prosperity that 
much larger markets may well envy; and though 
its Government is apparently exercising considerable 
caution in applying its means to the further develop- 
ment of its resources, it has schemes to that end in an 
advanced stage of consideration, and, subject to 
Parliamentary sanction being obtained, it seems 
likely that they will be carried out. 

The details of this situation are described in the 
latest Report on the Economic and Financial 
Situation of Egypt by Mr. E. H. Mulock, the 
Commercial Secretary representing in Egypt the 
Department of Overseas Trade.* The report is dated 
June, 1926, and though it relates mostly to the 
year 1925, much of its information is carried well into 
the present year. The principal export, cotton, 
has during the period under notice fallen by 
nearly 5,000,000/., a reduction due mainly to a 
marked set-back in prices. The next largest 
export, which with the export of cotton accounts for 
over 95 per cent. of the total, is agricultural produce, 
and this, too, shows a drop of about 1,000,000/. 
from its total in 1924 of under 6,000,0007. Yet the 
prosperity of the country and the condition of its 
public and general finance show a marked improve- 
ment over the not unsatisfactory conditions of the 
previous year. The purchasing power of the com- 
munity seems, for instance, to be much greater than 
it was. While in 1924 its imports were nearly 
15,000,000/. less than its exports, they had increased 
in 1925 by nearly 8,000,000/., and were within about 
1,000,000. of the value of the exports. The wealth 
of the country has, in fact, increased considerably 
during the period under review. The report does 
not indicate what material resources have contri- 
buted to this increase, though it mentions as a 
favourable factor a series of judicial decisions 
requiring certain large sums of interest due in 
French or Belgian francs to be paid on a gold basis, 
and to the consequent success of extensive specu- 
lation in the securities affected while the legal issue 
was still in doubt. The improvement in the 
flourishing condition of the country is not attributed 
solely or even mainly to this windfall; but 
whatever may have been its cause, no doubt can 
be felt as to the fact. The building of flats, 
shops, and private houses is more intensive and 
widespread than ever, motor cars are markedly 
more numerous, and the market values of Egyptian 
securities have for the most part appreciated or 
been maintained, in spite of the fall in cotton prices, 
by which they are normally affected. The same 
prosperity is reflected in the State finance. Through 
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underestimates of revenue and overestimates of 
expenditure, some 6,000,000/. was added to the 
reserve in the financial year 1925-26, at the end of 
which it stood at over 30,000,000/., or nearly three- 
fourths of the annual budget, and this practice of 
overestimating and underspending has been con- 
tinued now for at least the last four financial years. 

The development works of which the consideration 
is most advanced, include the dam at Gebel Aulia 
in the Sudan, and barrage at Nag Hamadi in Upper 
Egypt, both of which would now seem to be needed, 
and various harbour improvements. It will be 
remembered that in the course of the present year 
the Gebel Aulia dam was restarted, but subse- 
quently work was again suspended. In these works 
when they mature, contractors will presumably 
not be handicapped by the recent decision that 
they are to be subject in future to the duties 
—10 to 11 per cent., including landing charges— 
from which Government purchases have hitherto 
been exempt. This step, made with the object of 
encouraging home manufacturers, will probably also 
not be a serious handicap to the engineering import 
trades. In these, British firms are said to have more 
than maintained their reputation for superior 
material and workmanship and more rapid delivery, 
but in most lines they have found competition, 
particularly with Germany, France, Belgium and 
Italy, extremely severe. France, for example, is at 
present the chief supplier of tool steel, though the 
United Kingdom comes next. Jn pig iron Belgium 
supplied half the total imports, as against a quarter 
obtained from this country. In cast iron pipes and 
fittings again France supplied more than this 
country, though between them they amounted for 
over 90 per cent. of the total imports: but the 
British increase was mostly for smaller sizes 
than are used in main drainage schemes. Such 
schemes are now becoming more general, and are 
expected to require substantial Government orders 
during the present year. 

On balance the British share of machinery imports 
remained about the same as in the previous year, 
amounting to some 43 per cent. of the total trade, 
excluding railway material, motor cars, and tractors. 
Compared with a few years ago, the position 
cannot be considered to be satisfactory. The 
principal increases, both in total imports of 
machinery and in the United Kingdom’s share, 
were in agricultural and irrigation machinery. Of 
electrical machinery France supplied very much 
more and Germany not much less than Great 
Britain, but the United Kingdom supplied more 
than half the stationary internal-combustion engines, 
nearly half the pumps, and about a third of the 
miscellaneous machinery, though in the last class 
the share of France had more than doubled during 
the year, and was less than 20 per cent. below that of 
this country. 

It is perhaps in mechanical vehicles that the United 
Kingdom shows the least achievement. An article 
in these columns in our issue of September 3 (page 
300 ante) drew attention to the lamentable figures 
representing our recent trading in these lines. 
They may, however, offer our most immediate 
opening, if makers will only cultivate the market 
in the way that their foreign competitors have 
adopted with success. The United States supplied 
motor vehicles and chassis to the value of just on 
300,0007. That this was not the result of super- 
mass production seems evident from the fact that 
Italian supplies under these headings amounted to 
over 220,0007. and French to over 150,000/. Al- 
though the value of the corresponding imports of 
British cars were more than double what they were 
in 1924, their proportion of the total volume of such 
imports was less than 10 per cent., and, as we have 
previously pointed out, included no tractors what- 
ever, though the increased - building and industrial 
activity is increasing the value of the market for 
lorries and tractors. Of lorries, also, only a few 
British specimens have been sold. Speaking gene- 
rally, the great advantage which the British maker 
might derive from the excellent reputation his 
products certainly enjoy is very largely lost through 
the absence of the selling organisations which his 
competitors, especially American firms, are pro- 
viding on an increasing scale. The report suggests 
strongly that without such measures, which will 
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never be taken on any adequate scale by local 
agents, British manufacturers are not likely to get 
their share of the trade. The very inferior motor 
omnibuses used in Cairo and Alexandria are cited 
as indicating an opening for British vehicles that 
has not yet been seized. 

This exhortation can find numerous precedents 
in the reports of the Department’s officers in other 
parts of the world. It seems as though, in the 
presence of competitors who undertake to give the 
service that is given by, notably, the branch depots 
of American firms, no permanent share of engineering 
imports can be hoped for. This is especially the 
case where, as in Egypt, English is not: a familiar 
language to most buyers, and probably fewer still 
have any mechanical knowledge. A’ growing 
market on the moderate scale of Egypt seems 
to raise in a concrete form the possibility of co- 
operative service, which would avoid the cost of 
duplicating the technical staff necessary to secure 
due appreciation and understanding of engineering 
products. With a very large market such duplica- 
tion might be economically practicable, while with 
one of limited extent it may be an almost intolerable 
burden, which co-operation might so mitigate that 
the branch could be carried on profitably on a 
smaller turnover, and room be found for the products 
of a larger number of works than the market could 
support if each had to provide its own separate local 
service. Whether such arrangements are practicable 
or not, the time when active markets of any reason- 
able size will be content to procure their supplies, 
both of machinery and of spares, by indent from a 
foreign firm, and to rely for their information on 
correspondence coupled with catalogues in a foreign 
tongue, seems to be drawing rapidly to an end. 





LOW-TEMPERATURE CARBONISA- 
TION. 


As will be remembered, the Department of 
Scientific and Industial Research has been em- 
powered by the Government to make tests at the 
public expense of plants for the low-temperature 
carbonisation of coal that seem likely to yield 
reasonably good results on a commercial scale. 
Such tests can, of course, do no more than give 
authentic technical data, and the prospects of com- 
mercial success can be estimated only by the results 
of working the plant in question under a steady 
load for a long period, qualified by such economic 
considerations as may be introduced by a complete 
knowledge of local conditions and a trustworthy 
estimate of the course of markets for materials, 
labour and products. Conducted, however, on the 
lines that have been adopted by the Fuel Research 
Board, they give data of unimpeachable accuracy 
on a strictly comparable basis, the accumulation of 
which should be of high and possibly indispensable 
value for an ultimate estimate of the extent to 
which this attractive method can be applied on a 
large scale, if not universally. The growing practice 
of discussing technical questions in general terms, 
such as can be used by laymen to whom technical 
data are unfamiliar, doubtless facilitates an extended 
discussion of such questions, as George Eliot 
recorded in regard to the Zuzumotsis and the Magi- 
codumbras, in whom London clubs and drums were 
led to take what they believed was an intelligent 
interest. 

The decision of technical questions with a grave 
economic aspect on a basis sufficiently remote 
from technical data to be adopted readily in popular 
discussion is, however, dangerous, and may be costly 
to the community that has to abide the consequences 
of such decisions and pay the bill. In respect of low- 
temperature carbonisation, the Fuel Research 
Board’s tests, if they are applied widely enough, 
should do much to avert this danger. The Depart- 
ment has just published a report of a test by 
Dr. Lander, the Director of Fuel Research, on the 
“ Fusion’ rotary retort installed by the Fusion 
Corporation, Limited, at the works of Electro- 
Bleach and By-Products, Limited, Chedford [H.M. 
Stationery Office, 9d. net], in succession to reports 
on several other plants of which accounts have 
appeared in these columns. The “ Fusion ”’ plant is 
of the type in which the crushed material under 
treatment is turned over and further broken during 








700 


ENGINEERING. | 


[DEc. 3, 1926. 








carbonisation. The retort is a long steel tube 
which is heated by the sensible heat of the gases 
from an independent furnace ; in the test in question 
the temperature of the heating chamber nowhere 
exceeded 620 deg. C., while the temperature within 
the retort probably did not rise above 550 deg. C. 
The coal used was a run of mine cannel, containing, 
perhaps, 10 per cent. of bituminous coal, and carry- 
ing about 15 per cent. of ash in the coal and 25 per 
cent. in the carbonised residue. These conditions 
differ sufficiently from those of many other processes 
and tests to give a particular interest to the results, 
apart from Dr. Lander’s conclusion that in his test 
the plant gave a satisfactory yield of tar and gas, 
and that the working of the plant might be improved 
by a few slight alterations in some of its parts. Two 
features of the report are worth special mention. 
The practice of the Fuel Research Station is to make 
a weight balance of each large-scale test, and to 
accept no test as satisfactory in which a reasonably 
close balance is not obtained. In the present test 
the weight introduced was 12-59 tons and the pro- 
ducts recovered weighed 12-50 tons, accounting for 
the entire added weight to 0-71 per cent. ; a remark- 
able precision for a works test, though not unusual, 
nor the highest attained in the Station tests. 

The second notable feature in the report, which 
deals with a test carried out from the Ist to the 6th 
of July, 1925, is the lag in the publication of its 
results. It can scarcely be attributed to a desire 
to make haste slowly, and to ascribe it to slackness 
would involve an equally improbable assumption. 
The most reasonable explanation, which also has 
no evidence in its favour except the existence of 
the lag, is that the staff available for the extensive 
and laborious routine laboratory work involved in 
the Station’s investigations is insufficient for the 
calls upon it. A large part of these investigations, 
including notably those into low-temperature car- 
bonisation, must necessarily relate to subjects on 
which much energy and money is being spent else- 
where. Prompt publication of the results may affect 
both the direction of this expenditure and its effi- 
ciency; and if the publication of the material 
collected in the tests that the Station conducts is 
being held up through insufficiency of analytical 
staff, the result; can only be an extravagant 
economy, which sometimes may detract seriously 
from the value of the Station’s work. 
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Refining Metals Electrically. By Larry J. Barton. 
Cleveland, Ohio: The Penton Publishing Co. [Price 
30s. post free. } 
AuTHoueH much of the substance of Mr. Barton’s 
book has already appeared in the columns of an 
American contemporary, there is every justification 
for publishing, in book form, the exceedingly useful 
and important details in the author’s possession. 
Indeed, no one who is practically concerned in the 
refining of iron and steel, and in the production of 
the growingly important series of ferrous alloys, can 
afford to dispense with this book, seeing that not 
even the bibliography of the subject has as yet 
assumed the unwieldy dimensions attained in other 
branches of metallurgy. On the other hand, it 
must be confessed that the title of the work ‘“ Re- 
fining Metals” appears to promise more than it 
actually performs. So much interest has been 
aroused of late in the subject of the production of 
the “commercially pure’ metals that some dis- 
appointment may be experienced from the fact 
that Mr. Barton has nothiny to tell us about elec- 
trical refining in such connections, but confines 
himself entirely to ferrous materials. About these, 
however, he has plenty to say, and says it well, 
although here again there is a limitation. The book 
deals with foundry practice, rather than with mass 
production for subsequent sale in the form of billets 
and bars, although this aspect of the subject is not 
wholly ignored. 
As a work on electric furnace foundry practice in 
iron, steel and their alloys the book is welcome, 
and, moreover, adequate. A very practical regard 


is had, throughout, to considerations of cost. These 
are, of course, based upon American conditions, but, 
mutatis mutandis, may apply to British and Con- 





tinental practice as well. For us, in this country, 
electric smelting and refining hold out fewer induce- 
ments than elsewhere, where the requisite energy is 
obtained at lesser cost. At present the cost is usually 
prohibitive, and there is no very early prospect of 
its being substantially reduced. It remains to be 
seen what the new schemes under the Electricity 
Act will do for us. The indirect economic advan- 
tages and flexibility of electrical heating in metal- 
lurgy are seductive and admitted. Whether they 
will outbalance the crude disadvantage of a high 
price per unit remains to be seen. 

The preparation of the furnace, choice of refrac- 
tories, charging, working, making of additions and 
final tapping are all treated with succinct and 
valuable detail, and such chemico-physical con- 
siderations as the function of the slag, its proper 
composition and control are described simply and 
clearly, without any chemical gymnastics calculated 
to frighten the foundryman or smelter who has not 
had a University training. We are as yet far from 
University trained foundry staffs and most of our 
operatives are the plain men to whom Mr. Barton 
addresses himself in simple language. The book is 
well written, well produced, and is just the kind— 
within the limitations referred to—that is wanted 
to help in the right working of a technology which 
is, after all, comparatively new in this country, 
but the developments of which abroad make it 
the more imperative that our own men should 
be provided with a book of this kind. 





Wealth, Virtuat Wealth and Debt. The Solution of the 
Economical Paradox. By Frederick Soddy, M.A., F.R.S. 
London. George Allen and Unwin, Ltd. [Price 10s. 6d.] 
Proressor Soppy is a Fellow of the Royal 

Society, but suffers from the fundamental dis- 
ability that, like Karl Marx, he is a materialist, 
and materialism is as futile in economics as it is 
fatal in philosophy. He defines wealth as energy, 
whereas every sound student of economics agrees 
that it consists of objects with an exchangeable 
value. Mind is the main factor in the creation of 
wealth (capital and labour being the tools with which 
it works), and mind also is what creates the value of 
objects of desire. There is thus a non-material, or 
better perhaps (using the term in its technical sense) 
a ‘ spiritual ” element in the concept of wealth, and 
neglect of this all-important factor can only lead the 
would-be economic pioneer into a hopeless quagmire. 
Prof. Soddy seems to object (but he writes through- 
out very vaguely) that with the recognised definition 
of wealth ‘‘ there can be no food without hunger, 
no drink without thirst.’”’ Properly interpreted, 
this is obviously true, since it is impossible to define 
either food or drink without explicit or implicit 
reference to hunger and thirst. 

Quite recently a picture by Romney sold for 
50,000 guineas. Regarded merely as energy, the 
canvas and frame might possibly be worth a few 
pence and employed as fuel. The difference 
between this and the actual market value is a striking 
testimony to the importance of the non-material 
factor in wealth which Prof. Soddy attempts to 
dispense with. It is this human factor which 
makes it impossible to treat economics as a branch 
of physics. A change of taste, or a new discovery, 
may reduce to insignificance the value of what was 
once highly prized. Economics is essentially an 
empirical art, though ardent free-traders and 
extreme protectionists refuse to admit it, and are 
each prepared to prove logically from first principles 
that their pet policies are wise everywhere and at 
all times. i 

Prof. Soddy, on the ground that in physical 
processes, nothing ever increases at a compound 
interest rate, claims that compound interest is 
inherently wrong. He imagines he has proved this 
by asserting that a 9 in. ball of gold invested for 
600 years at compound interest would give a legal 
claim to a mass of gold the size of the earth. This 
example well shows the fallacy of pure material- 
ism in economics and the superficiality of its 
author. As Prof. Soddy himself points out, increases 
according to the compound interest law are not 
unknown in nature. Under favourable conditions 
ameebea do increase according to the law in question, 
but though they have existed for eons, they have 
not yet succeeded in monopolising the earth. Laws 





in which life and mind are involved are, in fact, 
essentially contingent in their character. At best 
they represent statistical averages of a large number 
of independent volitions. 

If Prof. Soddy had taken the trouble to consider ex- 
actly how money is invested at compound interest 
he could see that the condition he suggests could 
never arise. Some forty years ago. for instance, 
the late Sir Frederick Bramwell did invest in 
Government stock a certain sum, which was to 
accumulate at compound interest for half a century. 
The investment was then to be realised in order to 
provide a premium for a paper celebrating the 
demise of the steam operated prime mover, a 
consummation in which Sir Frederick firmly 
believed. At the time the original investment was 
made, Consols stood nearly at par. To-day they 
are valued at less than 60, thus cancelling much of 
the anticipated increase. All such investments 
are, in fact, made by purchasing additional stock 
each year with the interest accruing in that year, 
and all that is thereby acquired is not a title to an 
amount of gold specified in some original bond, but 
to the market value of the stock at realisation. It 
is thus impossible for any investment at compound 
interest to have the result Prof. Soddy assumes, and 
his “‘ proof’ of the inequity of compound interest is 
just as fallacious as the ‘‘ proof” of Karl Marx that 
under capitalism the rich get ever richer and the poor 
poorer. In this connection it is of interest to note 
that the really great fortunes of to-day are held 
mainly by men whose families were far from well- 
to-do at the time Marx made his confident 
prediction. 

To return to Professor Soddy’s use of the term 
wealth. There are other objections to this, in 
addition to the foregoing. A technical term is 
unquestionably required for objects having an 
exchangeable value, and by common consent the 
term wealth has been adopted for this very necessary 
concept. To take this well-established technical 
term, and apply it to some entirely different notion 
is nothing short of outrageous. The enormity 
of his procedure may, perhaps, be brought home 
to Professor Soddy by imagining the case of an 
amateur chemist, who coming across the word 
isotope (due to Professor Soddy), elected to use it 
for what other people call valency. He would 
thus refer to the oxygen atom as having two 
isotopes, the carbon atom four, and so on. It 
would make matters no better if the individual in 
question had really originated a new and fertile 
idea. If a name were required for this, it would be 
his duty to invent one, but there could not possibly 
be any justification of an attempt to annex a term 
having already a definite technical meaning. 

Apparently what Professor Soddy really means by 
wealth (but he is far from lucid) are natural and 
artificial resources. Neither of these is wealth 
intrinsically. The great Murchison Falls on the 
Nile, for example, constitute undoubtedly a great 
natural resource, but a concession to develop it 
would find few bidders to-day. Similarly, factory 
plant, for which there is little present demand 
either for use or sale, contributes correspondingly 
little to the wealth of the nation. 

Economics being an empirical art, the truly 
scientific method of studying it is in the light of 
history. Professor Soddy appears to imagine that 
the present state of unemployment is to be per- 
manent, whereas history shows that quite similar 
conditions have followed other great wars, and 
proved transient. Again, whilst there is little 
doubt but that “the poor will be ever with us,” 
the intensity of poverty has steadily diminished. 
The betterment of the conditions of life during the 
past century has been proportionately far greater 
amongst the poorer classes than amongst their 
social superiors, and, moreover, man as man, 
independent of class, counts for more than at any 
past time in the history of the civilised world. To 
the sane philosopher this result indicates that, 
on the whole, we have been proceeding along the 
right lines, and that what is needed is not funda- 
mental changes but the reform of still outstanding 
abuses or of the new ones, which must necessarily 
crop up, since life consists of the continuous adjust- 
ment of the organism to its environment. ; 

Turning to Professor Soddy’s policy, the main 
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feature of this appears to be the abolition of banks, 
and the financing of industry directly by Government, 
whose experts, by watching index figures, are to 
regulate the supply in exact correspondence with the 
need, In this connection it may be well to point 
out that experience shows that even the best of 
experts are very far from infallible. As the result 
of expert evidence, the value of the rupee was a few 
years back fixed at 2s. The experts asserted that 
this might safely be regarded as its permanent 
level, but it soon fell below ls. 6d. 

Even supposing Professor Soddy’s scheme“as well 
founded as it is badly based, the most that could 
be said for it would be that there was a prima facie 
case for experiment on a small scale. Even in 
physics the most logical deductions, not infrequently 
prove erroneous, as occurred in the case of the 
famous Michelson-Morley experiment. A new idea 
in physics is always advanced tentatively and in 
the language of restraint, but throughout his work 
Professor Soddy never copies in this regard, the 
procedure of the really scientific thinker 

Practical economics is a much more complicated 
affair than physics, and predictions are correspond. 
ingly much more likely to be falsified: hence the 
imperative necessity of proceeding tentatively 
with even the most plausible proposals. Such a 
course is not popular with social and economic 
reformers, but as Dr. Elihu Thomson pointed out 
in an address at the Kelvin centenary meeting, the 
manufacturing engineer is the only professional man 
who is called upon to guarantee results with the 
certainty of heavy loss, and perhaps ruin if his 
judgment errs. Hence even the most promising 
novel engineering schemes are always tried out on a 
small scale, before a larger venture is made. This 
holds good even when, as in the case of the steam 
turbine, there are great difficulties in securing high 
efficiencies with small scale plant. In other pro- 
fessions including that of the politician the loss, 
in the case of error of judgment, is always carried 
by someone else, whilst the blunderer responsible 
for it commonly escapes scot free. 

The difference between the term guarantee as 
interpreted by the engineer and by others can be 
readily illustrated. When the proposal was made to 
instal Humphry pumps at Chingford the contractors 
were compelled to lodge 20,0001, which was to be 
forfeited in case this novel device failed to meet 
expectations. By another clause they were, also in 
the event of failure bound to remove at their own 
expense the whole of the plant they had supplied. 
In contrast with this may be instanced a case recently 
mentioned by Mr. Jerome K. Jerome. He states 
that some years ago he failed to convert a certain 
friend to socialism though he “guaranteed” his 
friend again and again, against loss in the new con- 
ditions. Such a guarantee of course, merely meant 
that reasoning, from necessarily very imperfect 
premises, Mr. Jerome had convinced himself that 
matters would turn out as he predicted. Probably 
Professor Soddy would guarantee in a similar sense 
his new style of banking. Were, however, the 
guarantee a genuine one in which he assumed the 
obligation to compensate those who might lose in 
the event of his forecast being falsified, he would 
probably be very much less confident in his prog- 
nostications. 





Hydraulics, By JossrH N. te Conte. London: The 
McGraw Hill Publishing Co., Ltd. [Price 15s. net.] 
THis treatise is intended to present to the student 
the theoretical principles of hydraulics. The 
author’s aim, as stated in the preface, is ‘‘ to teach 
the student to reason out the basic equations and 
to master the fundamentals of the subject, first by 
the use of pure mathematics and mechanics, after 
which empirical simplification in methods will be 
obvious to him and easily applied.’ There is bound 
to be a tendency for a book written with these aims 
to become rather a treatise on hydro-mechanics, 
with its investigations based mainly on the assump- 
tion that, in all problems of flow, the v* law of 
resistance is applicable. This tendency is very 

marked in the work in question. 

From the point of view outlined by the author 
the book has distinct merits. The mathematical 
treatment is clear and concise and the choice of 
problems is good. But, considered as a text-book 





of hydraulics, it is remarkable rather for what it 


omits than for what it includes. Thus no mention 
whatever is made of Osborne Reynolds or any of 
his investigations, of the principle of dynamical 
similarity, of the Reynolds criterion of similarity, 
of Froude’s work on skin friction, or of any of the 
questions involved in viscous flow. In the section 
dealing with pumps, neither the reciprocating pump 
nor the air-lift pump receives any mention, although 
a chapter is devoted to the partial theory of the 
jet pump. 

The defects of the work may be typically illus- 
trated by reference to the chapter dealing with the 
flow in open channels, which opens with the develop- 
ment of the theoretical basis of the Chezy formula 
v=cy/rs. This is followed by a mathematical 
investigation of channel forms, terminating in a 
discussion of the problem of the channel section 
giving equal velocity for all depths of flow. Brief 
mention is then made of the Kutter formula and 
of that of Williams and Hazen, but no reference is 
made to Bazin’s work, or to any of more recent date. 
The chapter concludes with the working out of a 
few numerical examples. No mention is made of 
the physical aspects of the flow in open channels, 
of the distribution of velocity, of the phenomenon of 
flow round curves, of the problems of backwater, 
of standing waves, of sudden changes in depth, 
of obstructions, or of silting and erosion. 

Very few references, indeed, are made to the 
results of experiment and observation, and of these 
references an undue proportion would appear to 
relate to work done in the University of California. 
On the whole, the book would appear likely to appeal 
rather to the mathematician than to the young 
engineer. As would be expected from a reference 
to the name of the publishers, the treatise is 
excellently produced. 





LETTERS TO THE EDITOR. 


THE DESIGN OF HIGH-SPEED 
ECONOMISERS. 


To tHe Eprror or ENGINEERING. 

Smr,—In his letter, published in your issue of 
November 26, the author of the article on “ The 
Design.of High-Speed Economisers ” gives some further 
explanations of the method of design adopted. The 
present writer prefers to avoid reproducing such 
formule, for the very important reason that there is 
always the danger of the designer coming across quota- 
tions in places where the formule have become detached 
from the qualifications surrounding their original 
deduction. 

The author also states in his article that his method 
is ‘exact.’ What significance he attaches to this 
word is not clear, but the designer will need to remember 
that the formula for S proposed by the author is only 
applicable to counter-current flow economisers with the 
gas flowing across the tubes. .A true counter-current 
flow is rarely practicable in such economisers, owing to 
the practical necessity of arranging that the general 
direction of the water flow shall be upwards so that the 
water will be able to carry gas bubbles to the outlet 
at the top. 

Yours faithfully, 
R. Royps, 
Head of Motive Power Engineering 
Department. 
Dundee Technical College and School 
of Art, November 29, 1926. 





THE KINETIC THEORY OF GASES. 


To THE Eprror oF ENGINEERING. 

Smr,—In your issue of July 17, 1925, in one of the 
excellent articles on the kinetic theory of gases, a 
suggestion was made that the so-called “ molecular 
pressure ” term 


oe in the Van der Waals formula 


is fictitious, and really corresponds to aggregation of 
the molecules increasing with the density. At the 
time it seemed to me that this was rather an extra- 
vagant supposition. In the August issue of the 
Philosophical Magazine, Mr. Carroll has studied the 
deviations of actual gases from Van der Waals’ formula 
on the assumption that all such deviations are due to 
aggregation. He finds comparatively large values, 
and, a fortiori, those derivable from your contributor’s 
hypothesis will be extremely large. 

A rather simple illustration can be given as follows : 
Let the corrected volume be written cy where v is the 

t 





actually observed volume (assuming no aggregation), 
and c is the degree of aggregation, then the gas formula 
may be wriften 

p (cv — b) = RT. 

At the critical state, Young’s famous experiments 

indicate that 

Pere = pa and b = ? 
Substituting these values, one finds that c = 3-5, i.e. 
the molecular weight of the gas at the critical state 
is effectively three and a-half times as great as that in 
the rarified state. 

Is it really possible that such a degree of association 
can occur at the critical state and not become very 
apparent in the liquid condition ? In this connection 
it should be observed that Edser has succeeded in re- 
conciling Van der Waals’ formula with surface tension 
in liquids. 

Yours faithfully, 
HERBERT CHATLEY. 

Whangpoo Conservancy Board, 

Engineer-in-Chief’s Office, Shanghai. 

October 13, 1926. 

[There does not aged to be any @ priori reason 
why aggregation of the molecules could not occur to 
even a greater extent than indicated by the figure 
quoted above. The H,O molecule, in fact, has been 
credited with [no less than eight residual affinities. 
In the article criticised, the remark made was “ that, 
so far as the writer is aware, no convincing evidence 
has ever been brought forward that there is any 
general attraction, other than gravitational, between 
the molecules of a gas.” This conclusive evidence 
seems still to be lacking, as the jbest argument in 
favour of Van der Waal’s hypothesis still seems to be 
the fact that Sutherland’s formula for the variation of 
viscosity with temperature is in good agreement with 
oo This, however, is hardly conclusive.— 

pv. E.] 





HYDRAULIC PHENOMENA OF 
MOVABLE WEIRS. 


To THE Eprror or ENGINEERING. 

Smr,—In reply to your note on my letter of May 21, 
published on July 9, the explanation offered does not 
show why it is possible, by the introduction of a non- 
working force, to raise the water in bulk above its 
original static level. If Mr. Michell’s calculations 
are correct, a little ingenuity will evolve a perpetual 
motion mechanism for exploiting the difference in level 
created by introducing the movable weir. This is seen 
in the case where there is a short channel between 
reservoir and weir, and where the wave has travelled 
upstream and has just reached the reservoir outlet ; 
the water surface in the channel would now be at a 
higher level than that in the reservoir. 

I feel that when the slip in the original article is 
corrected, the result will show that the height of the 
wave cannot exceed the velocity head. This limit 
very greatly simplifies the problem, and, in most 
practical cases, obviates the necessity of any further 
calculations. 

Yours faithfully, 
A. P. Fiockarr. 

Hydro-Electric Department, 

Hobart. 

October 18, 1926. 


[No claim was made, either by Mr. Michell or our- 
selves, that the whole of the water was raised above its 
primitive level, and no perpetual-motion machine 
could be constructed in the way suggested. Having 
said this, however, we would add that, on further 
reflection, we are inclined to question whether in an 
open channel the arrest of the moving water would 
take place in the fashion assumed by Mr. Michell as 
the basis of his argument. This was founded on the 
assumption that the descending stream was brought 
to rest at the head of a wave proceeding up stream. 
The phenomenon of the ‘‘ bore’ observed in certain 
rivers, and that of ‘‘ underflow,’’ seem to indicate that 
the arrest of the flow may not take place in this way, 
but that the down-coming water may pass freely 
over that which is already stagnant, and thus not be 
brought to rest till it reaches the face of the weir.— 
Ep. E.] 





GreRMAN LocoMoTIVE WoRKS PURCHASED By RussiA. 
—It is reported in a recent issue of the British-Russian 
Gazette and Trade Outlook, that negotiations between 
representatives of the Soviet Government and the 
inmetal Company of Germany have resulted in the 
purchase, by Russia, of the locomotive works belonging 
to this company. The purchase price, which has been 
agreed upon, is said to be in the neighbourhood of 
six million pounds sterling. A special technical com- 
mittee is proceeding to Germany to take over the plant, 
which will be used for the purpose of manufacturing 
locomotives for the Russian railways. 
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A TRADE SURVEY. 

Unper the title of Trade Survey, the British 
Electrical and Allied Manufacturers’ Association has 
published, at the price of 5s. net, the first number 
(December) of a study of international trade conditions 
prepared by its Economic and Statistical Department. 
It differs from the usual type of such publications in 
the relatively extended attention it gives to industries 
other than that in the interest of which it is published. 
In an introduction addressed to ‘*the business execu- 
tive,” it makes out a good case for an extension of 
the functions of an economic house journal, at least for 
an industry such as its own, and both its position in 
this respect and the manner in which it is intended. to 
assist business readers are made clear in definition of its 
present objects. 

In the first instance, it intends to examine the general 
British situation from the point of view not only of the 
electrical manufacturer, but also of the industrialist 
who may be in a position to influence the market for 
electrical equipment ; a very considerable class, whose 
prosperity or depression is a matter of direct importance 
to the electrical industry. Its second object is to 
compare industrial progress in Britain with that of the 
main competing countries, so as to form an estimate of 
the probable activity in our basic industries by deter- 
mining their competitive position. Finally, from time 
to time, a survey will be given of the course of prices for 
the raw materials of electrical manufacture, the export 
prices of finished goods, and labour costs generally, so 
as to gauge the force and direction of competition in the 
electrical industry. If at a later date special needs are 
indicated and sufficient data are available, the scope of 
the review may be extended. Meanwhile the present 
discussions will be accompanied by statistics of actual 
production at home and abroad, and of the export prices 
of leading European competitors in the electrical 
industry. It is hoped, in the near future, to evolve 
indicators of various phases of industrial production 
and finance, connecting stocks and consumption and 
relating supply to demand. The publication is, in 
fact, of considerable interest in its first number, with a 
prospect, not always found in first numbers, of becoming 
still more interesting later on. 

Nearly half the number is occupied by statistical 
charts which cover the particulars named above and a 
good many more. These charts are’small, clear, and 
interesting ; but for the purposes of most readers they 
would be more acceptable if the sources of the figures 
on which they are based were stated. The opinions 
expressed in the text have the virtue of an unusual 
independence, and though the views expressed may not 
always command the assent of the reader, they are 
clearly reasoned, and will be read with more attention 
and satisfaction than if they seemed merely to be repro- 
ductions of opinions generally held. The discussion of 
financial developments in 1925 and 1926, for example, 
opens with the statement, in effect, that the present 
crisis has come not as the result of the coal strike, but 
as a direct symptom of a disease that began to take 
hold in 1925. The reasons for this view are stated 
clearly and explicitly; but against it must be set 
the statement that in April last the industrial position 
generally was undoubtedly much stronger than in 1925, 
and that only now can we appreciate, in the light of 
subsequent events, how sound the position really was. 
An analysis of the five chief effects of the coal strike on 
the trade position is followed by an estimate of the total 
loss attributable to it, directly and indirectly, as not less 
than 500,000,000/. Here, again, though an estimate 
coming in context with so thoughtful a discussion 
would not be disregarded, it would carry more weight if 
its details were given, particularly having regard to 
its great excess over estimates prepared on other 
bases. ° The average increase imposed by the strike on 
the cost of current is put at about 0-4d. per unit 
generated, amounting, over eight months, to some 
10,000,0001. It is estimated that the increased price 
for industrial purposes would probably not be over 20 
per cent., and the fuel costs of highly-electrified indus- 
tries will be lightened accordingly in comparison with 
those employing coal for power production purposes. 

When all the advances together are taken into 
consideration, it is estimated that costs for the most 
efficient electrical. manufacturing firms will increase 
by not less than 10 per cent. to 15 per cent., and such 
an advance will seriously reduce competing power. 

The discussion of industria} tendencies in Europe 
leads to the conclusion that the period of the coal strike 
has synchronised with a depression in world demand. 
The displacement of British products in foreign markets 
has therefore been less than might have been expected, 
and may be recovered fairly rapidly if manufacturing 
costs can be maintained at their present level or reduced. 
The electrical manufacturing industry has, however, 
not yet been affected seriously by the coal strike. 
Prospects in the home market point to a reduction in 
this industry till the later part of next year, when the 
experience of the strike may lead factories to electrify 
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their motive power, amalgamations and increased funds 
may lead to extension of equipment, and high fuel 
prices will have had a similar effect on collieries. The 
British export position, on the whole, is satisfactory, 
and contrasts with the German, which is becoming 
steadily worse. Future prospects in the industry are 
affected by various factors, which, in spite of the 
fact that the German position in competition with 
Britain is worse than it was a year ago, leave the 
outlook rather less promising than it was then, though 
not distinctly so. 





TESTS OF ETERNIT WATER 
PIPES. 


A FEW particulars regarding Eternit water pipes 
were given in a recent review (see page 270 ante) of an 
Italian book entitled “‘ Condutture . . . di Acqua 
Potabile.” Two aqueducts, 6,000 m. and 2,700 m. 
(3-7 and 1-67 miles) in length, respectively, have been 
built in Italy of Eternit pipes. This class of pipe 
has been subjected recently to a series of tests in the 
Research Laboratory of the Italian State Railways, 
and the results have been published in the Rivista 
Tecnica delle Ferrovie Italiane. The tests made, both 
on whole pipes and on specimens cut from them, were 
intended to determine the suitability of such pipes for 
water distribution purposes, to ascertain their behaviour 
under various stress conditions, and to obtain more 
complete data on this comparatively new material. 
In the internal hydraulic pressure tests, the pipes were 
closed at each énd by a short cast-iron tubular box, 
one having a connection for the supply of water under 
pressure, the other being fitted with a pressure-gauge 
connection; the tube was suspended in a frame in 
which two end plates were connected together by 
four tie-rods, A small hand-pump was used in order 
to provide for a slow and gradually-increasing pressure. 
The tests showed that the elastic limit was close to the 
breaking stress. The maximum increase in diameter, 
taking all pipe sizes together, varied between 0-028 
and 0-078 per cent., figures which generally represent 
the elastic limit. ‘The pressure at which the pipes were 
fractured varied from 25 to 57 kg. per square centi- 
metre (355 to 810 Ib. per square inch). All the 
pipes broke in the same way; they all showed a 
central longitudinal crank that branched out towards 
the ends, the branching of the crack being probably 
due to a bending action following the tensile strain. 
In permeability tests, a pipe 100 mm. (4 in.) in 
diameter and 12 mm. (about $in.) thick, remained for 
12 hours under a pressure of 10 kg. per square centi- 
metre (142 lb. per square inch) without water showing 
on the outside. The inside surface directly in. contact 
with the steel cylinder on which the pipe is formed 
in course of manufacture is as smooth as glass and quite 
impermeable. Hydraulic pressure bending tests were 
made on supported lengths of 1-60 m., 1-50 m. and 
0-80 m. (5 ft. 3 in., 4 ft. 11 in. and 2 ft. 74 in.), the 
load being applied in the centre between the supports 
and the tube lengths resting on grooved wooden blocks at 
both ends. The breaking stresses were found to range 
from 607 kg. per square centimetre (8,630 lb. per 
square inch) for a pipe 200 mm. (7 in.) in diameter 
and 32 mm. (1} in.) thick, down to 214 kg. per square 
centimetre (3,040 lb. per square inch) for one 400 mm. 
(152 in.) in diameter and 32 mm. (1}in.) thick. Com- 
pression tests made on rings 19 cm. (74 in.) long, cut 
from pipes of different diameters, showed breaking- 
stress values corresponding to 557 kg. per square centi- 
metre (7,920 lb. per square inch) for the 100 by 12-mm. 
(4-in. by 4-in.) pipe, down to 305 kg. per square centi- 
metre (4,330 lb. per square inch) for the 300 by 24-mm. 
(11}-in. by }}-in.) one. Drop tests were also carried out, 
using iron balls weighing 12 and 25 kg. (26 and 55 Ib.) 
falling from different heights inside a tube placed verti- 
cally over the pipe to be tested, the latter being laid 
horizontally on a solid base plate. A table in the 
report gives the work absorbed leading to fracture, 
the fracture itself taking the form of a round hole in 
the pipe wall equal in diameter to the diameter of the 
ball used. The neighbouring material remained un- 
affected by the test. Tests made by repeatedly 
dropping horizontally on a stone floor 1-2 to 2-m. 
(3-ft. ll-in. to 6-ft. 6-in.) pipe lengths from varying 
heights, confirmed the high tenacity of the material. 
Good results were further obtained by tensile tests 
and compression tests made on specimens cut from 
pipes, and bacteriological experiments, which lasted 
four consecutive months, are recorded as affording a 
proof that Eternit pipes are impermeable to 
disease-carrying germs, 
| 20,000-K.W. Imputse Reaction TurBINE AT BRADFORD : 
| Erratum.—By a slip of the pen, the statement was made, 
on page 465, ante, col. 1, that “‘ otherthings being equal the 
| output from a given weight of material varies nearly in- 
versely as the square of the revolutions per minute.”’ The 
word “inversely ’’ should, of course have been ‘‘ directly.” 
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BOILER EXPLOSION INQUIRIES. 
In accordance with the provisions of the Boiler 
Explosions Acts, 1882 and 1890, preliminary inquiries 
and formal investigations have recently been conducted 
by Board of Trade officials into a number of explosions. 
Of some of these we give brief summaries below. 

Explosion from a Boiler at Lincoln.—The bursting 
of one of the tubes of a Clayton-type water-tube 
boiler, at a confectionery works at New Boultham, 
Lincoln, formed the subject of a recent inquiry. The 
mishap occurred on November 11, 1925, and was 
due te the overheating of the tube. There was no 
sign of scale or sediment in the tube, and only slight 
traces of sediment were found in the mud drum. An 
unusual feature of the boiler, however, is the separation 
of the tubes into two unequal banks, so that a few 
tubes, directly exposed to the fire, are connected with 
the steam drum independently of the cooler tubes 
forming a much larger bank above. The tube which 
failed was in the bottom row of this lower bank. In 
the opinion of the Engineer Surveyor-in-Chief, a boiler 
of this type should be worked with special care, and 
the tubes frequently examined for signs of over- 
heating. 

Explosion of a Bone-Drying and De-Greasing Machine. 
—A formal investigation, completed recently, had 
reference to the rupture of a vertical, cylindrical, 
mild-steel, closed vessel, 5 ft. 7 in. in diameter and 
9 ft. in height, used for bone de-greasing and drying, 
at the works at Pontefract, Yorkshire, of the 
Co-Operative Wholesale Society, Limited. The shell 
of the vessel was made up of two strakes which were 
connected by a single-riveted lap joint. In the bottom 
of the shell lay a flat coil of pipes, into which steam 
from a battery of three boilers, working at a pressure 
of 120 lb. per square inch, could be admitted. Steam 
from this same source could also be supplied direct 
to the shell by means of a 1}-in. connection. Among 
other fittings was a 2-in. connection for running 
benzene into the shell. On February 22 last, when 
the drying process was being carried out, and when 
the pressure within the apparatus stood at about 
29 lb. per square inch, a violent explosion occurred. 
The shell failed near to, but not through, the circum- 
ferential seam. The top half was completely detached 
and fell a distance of about 10 ft. from the lower half. 
The immediate cause of the accident was the thinness 
of the lower shell plate due to excessive corrosion. 
A contributory cause may have been the absence of 
a proper safety valve. 





EXHIBITION OF TOWN-PLANNING AND Hovusine, 
Maprip.—We are informed by the Executive Com- 
mittee, Fuencarral, 25, Madrid, that an exhibition of 
modern town-planning and housing is to be held in 
that city in March next. The exhibition will comprise 
several sections, covering town-planning in general, the 
laying-out of garden cities, road construction, water 
supply, sewerage, &c., house building in all its branches, 
house decoration and furnishing. 

THe IMPROVEMENT OF THE Fat River.—Sir Jolin 
Wolfe Barry and Partners, of Westminster, have presented 
an exhaustive report to the Truro City Council on the 
state of the river and the question of mud removal. It 
is estimated that about 15,000 tons of mud accumulate 
every year between Malpas and the City of Truro, and 
that the quantity removed under the system at present 
in operation is only 6,000 tons. There is thus a surplus 
accumulation every year of about 9,000 tons of mud, 
which renders navigation up to Truro more and more 
difficult as time goes on. Under the present system of 
digging the mud when the tide is down, throwing it into 
barges and thus transferring it to the reclamation 
ground at Boscawen Park, the cost of the labour ot 
four men is 2s. 8d. per ton, added to which there is a cost 
of twopence a ton for the retaining bank and plant. 
To improve the river would require the removal of 28,000 
tons of mud a year, to which must be added the annual 
accumulation of 15,000 tons, the total of 43,500 tons 
being 74 times the quantity now being removed by hand 
labour. ‘The report recommends the provision of a 
sea-going self-propelled grab hopper dredger, with a 
capacity equal to improving the river in about five years 
to the extent contemplated when the Provisional Order 
of 1903 was sanctioned. It is suggested that a 150-ton 
vessel would be the most advantageous size. The capital 
cost would be about 9,500/., and the annual working 
expenses, including interest and sinking fund, repairs 
maintenance and wages, are estimated at 3,0602. On 
this basis, the cost of dredging 43,500 tons a year would 
be Is. 4d. per ton of material dredged and dumped at 
sea. It is pointed out that, even when the river 
had been improved to the extent proposed by the Pro- 
visional Order, there would be plenty of work to keep the 
150-ton dredger profitably employed in still further 
widening and straightening the river. Sir John Wolfe 
Barry and Partners remark that, although the cost of the 
scheme would not be covered by the present revenue of the 
harbour, the revenue depends upon the adequate facilities 
provided at the port, and that by increasing the width and 
depth of the channel, a larger class and greater number o! 
vessels would be attracted, with a corresponding increase 
of harbour revenue and general prosperity to the trade of 
the city. 
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LABOUR NOTES. 

Tuis week-end should, happily, see the close of the 
prolonged, disastrous stoppage of production in the 
coalfields, for at the time of writing practically the 
whole of the districts have made, or are making, local 
agreements with the coal-owners in their areas. The 
National Delegate Conference of the Miners’ Federation, 
which sat in London on Friday last week, obviously 
could do little either to stem or to regulate the steady 
drift of the men back to the pits. All it could do was, 
in effect, to decide that negotiations for district agree- 
ments should be continued, and that the officials of the 
Federation should be kept informed of the progress 
made in the discussions with the owners. On the 
proposal of the executive the following resolution was 
passed :—‘‘ That this conference expresses its indigna- 
tion at the terms offered by the coal-owners in several 
districts, and invites the attention of the Government 
to the action of the employers in Notts, Bristol, 
Leicester, Kent, and Somerset in refusing to meet the 
accredited representatives of our members, and, as 
regards Somerset, in refusing to meet until the men 
have resumed work’? No arrangements were made 
for a further national gathering, so that this meeting 
was, in all probability, the last that will be held during 
the stoppage. 





The details of the local agreement arrived at in 
Notts—where there has been a serious break-away 
from the Federation—were given in our issue of last 
week. The Lancashire agreement gives April wages 
until June, the Scottish agreement, until April, and the 
South Wales agreement until the end of January. In 
Cumberland there is to be a reduction from 44-44 per 
cent, on the basis to 35 per cent. for three months, 
and then the 1921 minimum of 30 per cent. on basis 
is torule. In Northumberland and Durham there is to 
be a drop immediately to the 1921 minimum—a wages 
cut of 10 per cent. The Notts and Derby agreements 
fix a sliding scale of high wages until the end of the 
summer, after which wages are to be governed by the 
trading results disclosed in three-monthly ascertain- 
ments, subject to a minimum percentage of 38. The 
1921 minimum was 32. Under the Yorkshire agree- 
ment March wages are to be paid on the trading results 
of January—pre-stoppage wages being paid in the 
meantime—and the minimum percentage is to be 


36 for twelve months, when it is to drop to 32. The | q 


terms everywhere involve a lengthening of hours— 
to 74 in Nottinghamshire, Derbyshire and Yorkshire, 
and to 8 elsewhere. The periods during which the 
local agreements are to remain in force range from 
one year in Durham to five years in Nottinghamshire 
and Derbyshire. 





The following statement by Mr. A. J. Cook was 
published in The T'imes on Monday last :—‘‘ I declare 
publicly, with full knowledge of all that it means, 
that the Miners’ Federation will leave no stone unturned 
to rebuild its forces, to remove the eight-hour day, to 
establish one union for the miners of Great Britain 
and a national agreement for the mining industry. 
There is no settlement; and no peace is possible by 
district agreements and longer hours. When it was 
decided to enter into district negotiations, each district 
took its own responsibility, and any agreement arrived 
at the districts must be responsible for. The National 
Federation can only be responsible for agreements 
negotiated and agreed upon nationally. This, as far 
as we are concerned, is a retreat. We have lost ground, 
but we shall regain it in a very short time by using both 
our industrial and political machines.” 





The executive council of the Ship Constructors’ and 
Shipwrights’ Association have issued a circular to their 
members stating that, in view of the adverse balance of 
12,316I. for the first nine months of the year, they have 
decided that the salaries of the general secretary and of 
full-time officials are to be reduced by 7s. 6d. a week. 
Until funds are restored to a more normal condition, 
no further contributions are to be made to the General 
Federation of Trade Unions, the Trades Union Congress 
or the Labour Party, either local or national. The 
disablement benefit is to be reduced by ls. a week and 
superannuation benefit by 1s. 6d. a week. 





Clause 9 of the German Workers’ Protection Bill, 
which is shortly to be discussed by the Federal Cabinet, 
contains, in accordance with the terms of the Washing- 
ton Convention, the provision that the working hours 
of the individual worker shall not exceed eight in the 
day and 48 in the week. Breaks are not included in 
normal working hours. Overtime is to be paid for at 
25 per cent. above the normal wage. These provisions 


do not apply to underground work in mines, to under- | 
|to operate a moment longer than is absolutely 


takings in which only members of the same family are 
employed, or to the nursing staff in hospitals. Night 
work, i.e., work between the hours of 8 p.m. and 6 a.m., 
is prohibited for young persons under the age of 18 
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years,’and for women over the age of 18,, Women over 
18 years of age and young persons under the age of 18 are 
to be given an uninterrupted rest period of not less 
than 11 hours. Workers under 16 years of age may not 
work for more than four consecutive hours without a 
break. Finally, special provisions are inserted for the 
protection of mothers and children. The principle of 
the Sunday rest is maintained; exceptions are only 
permissible in certain specified cases. A compensatory 
rest period.must be granted to workers who are employed 
for more than three hours on Sunday. 





In answer to a question in the House of Commons, 
Sir A. Steel Maitland, Minister of Labour, stated that in 
the eight years from 1918 to November 13 last, approxi- 
mately 62,448,0007. was paid in out-of-work donations 
and 275,157,000/. in unemployed benefit. 





An agreement which has just been concluded by the 
employers and workers in the building trades at Chicago 
embodies the following principles :—(1) There shall be 
no limitations as to the amount of work a man may 
perform during his working day. (2) No restriction of 
the use of machinery, tools, or appliances. (3) No 
restriction of the use of any raw or manufactured 
material, except prison-made. (4) No person shall 
have the right to interfere with workmen during working 
hours. (5) Use of apprentices shall not be prohibited. 
(6) The foreman shall be the agent of the employer. 
(7) A workman is at liberty to work for whomsoever he 
sees fit, but he shall demand and receive wages agreed 
on by the joint arbitration board in this trade in all 
circumstances. (8) The employer is at liberty to 
employ or discharge whomsoever he sees fit. Workmen 
are given the right to refuse to work with non-union men 
engaged in building construction or for builders employ- 
ing non-unionists on any other job in Chicago, provided 
a union exists and is affiliated with the Building Trades 
Council. 





According to an interim report presented to the 
General Council by Mr..W. Thorne, M.P., the National 
Union of General and Municipal Workers, of which he 
is general secretary, has paid out in benefit since the 
beginning of the coal stoppage approximately 234,0001. 
Six thousand members are still affected, and commit- 
ments for dispute benefit since the end of the September 
uarter have been at the rate of 5,0001. per) week. 
*“ The cost of this dispute to the union is not.confined to, 
nor can it be measured to the extent only of, benefit 
paid,” he says. “ Thousands of our members are, as 
@ consequence, entirely without work, while thousands 
are on short time. In all, it is estimated that we have 
127,000 members thus affected. This means to the 
union a serious loss of contributions, and in this respect 
alone the union suffered a loss of 9,000/. during the 
September quarter. This is quite apart from any 
decrease caused by the drop in membership, and a 
careful survey of our accounts reveals that something 
like 50,000 of our members are having their contributions 
excused because of unemployment.” 





of Labour states that on November 22, 
1926, the number of unemployed persons on the registers 
of Employment Exchanges in. Great Britain was 
1,514,700, of whom 1,182,300 were men, 38,100 boys, 
256,400 women, and 37,900 girls. Of the total number, 
78,800 men, 200 boys, and 700 women were “ persons 
normally in casual employment.’ On November 15, 
1926, the number of unemployed persons was 1,551,535, 
of whom. 1,202,506 were men, 40,294 boys, 269,269 
women, and 39,466 girls; and on November 23, 1925 
it was 1,174,545, of whom 944,028 were men, 30,985 
boys, 171,950 women, and 27,582 girls. The total of 
1,514,700 on November 22 does not include “ persons 
who ceased work in the coal mining industry on account 
of the dispute.” 


The Minist 





At the, end of October, 30,367 members of the 
Boilermakers and Iron and Steel Shipbuilders’ Society, 
were “signing the books,” as compared with 30,295 
at the end of September. The number of members on 
superannuation benefit decreased from 4,222 to 4,217, 
and the number of members on sick benefit increased 
from 2,645 to 2,671. The expenditure in September 
was 124,8711. 4s. 10d.; in October it was 155,3151. 
16s. Od. The October total includes five weeks’ 
expenditure. 





It is officially stated in the organ of the Boiler- 
makers’ and Iron and Steel Shipbuilders’ Society 
that the proposed temporary reduction in administra- 
tive costs and scales of benefit has been approved by 
the members by 3,875 votes to 3,735. The executive 
council repeats its undertaking not to allow the changes 


necessary. ‘It will be our earnest endeavour,” they 
say, ‘to restore all the benefits, etc., as provided in 
our rule book.” 
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The General Secretary of the Boilermakers’ and Iron 
and Steel Shipbuilders’ Society makes a strong appeal 
to members to co-operate in the task of setting the 
organisation again on a stable footing. The “ long- 
drawn-out agony of short time and unemployment, 
with recourse to the dole or the Guardians, has created,” 
he. says, “a demoralisation in trade union ranks, such 
as the younger members have never known. Some of 
us, indeed, can recall similar depressions, although, 

thaps, not so bad nor so. prolonged, Trade union 
unds have been spent and benefits have been, reduced, 
and, in some cases, stopped, with the result that the 
younger men especially have lost some, or all, of the 
enthusiasm, and hope they had when they first joined 
our fellowship. That is the experience in all trade 
unions to-day. Dissatisfaction with everything and 
everybody is the natural result. The danger of all 
this is that mischief-mongers, are exploiting these 
feelings of half-starved workers to turn their thoughts 
from the authors of their misfortunes and incite them 
against their unions and against any of their own 
fellow-workers who happen to be more fortunate than 
themselves. The result is that members neglect their 
branch meetings. They fall into arrears, and finally 
are run out. As a Society, we have suffered less in 
this respect than most unions, but the loss has been 
serious. enough to call for all the effort and sacrifice 
which every officer and loyal member can give.” . He 
calls for such an effort, and promises gladly to ‘“* respond 
to every call for help in so far as duty permits.” 





It will be recalled that the Industrial Court recently 
rejected the claim of certain members of the Civil 
Service for the removal of what is known as the 
“bonus super-cut.” After discussing the matter at 
their half-yearly meeting, on Saturday last, the Civil 
Service Confederation passed the following resolution :-— 
“The Confederation notes with surprise the award of 
the Civil Service Arbitration Court, which admits and 
declares the Government’s obligation to restore the 
‘“*super-cut ” in the bonus of certain Civil Servants, 
but rejects the claim now made for its restoration on the 
ground that, owing to the financial state of the country 
the Government is unable to honour that obligation. 
The Confederation points out that Government policy of 
this nature helps to justify the Civil Service demand for 
the right of affiliation to outside bodies as the only 
means of securing proper attention to its just economic 
claims.” 





Statistical tables published in the Ministry of Labour 
Gazette show that the total number of trade unions in 
Great Britain and Northern Ireland at the end of 1925 
was 1,144, as compared with 1,159 at the end of 1924. 
The ‘number of unions dissolved in 1925 was 26, with an 
aggregate membership of 3,000 at the end of 1924, 
and 7 unions, with an aggregate membership of 5,000, 
amalgamated with other unions ; while 18 new unions, 
with a total membership of 3,000, were reported as 
formed during the year. The total membership at the 
end of 1925 was approximately 5,522,000, as compared 
with 5,534,000 at the end of 1924, showing a very slight 
decrease of 12,000, or 0-2 per cent. The number of 
male members was about 4,690,000, a decrease of 31,000, 
or 0-7 per cent., as compared with the previous year, 
and the number of female members was 832,000, an 
increase of 19,000, or 2-3 per cent. The total of 
5,522,000 includes about 32,000 members in Irish Free 
State branches, and 27,000 members in other overseas 
branches of certain unions (compared with 31,000 in 
Trish Free State branches and 31,000 in other overseas 
branches in the previous year). It also includes a 
number of persons (principally teachers) who are 
members of more than one society, and are therefore 
counted more than once in the figures. When allow- 
ance is made for these cases, the net number of members 
in Great Britain and Northern Ireland is estimated to 
have been nearly 5,450,000 at the end of 1925, as 
compared with rather more than 5,450,000 at the end 
of 1924. Of this total, approximately 84,000 was the 
membership of societies or branches of societies in 
Northern Ireland. 





An intensive recruiting campaign has been decided 
upon by the National Minority Movement to begin 
early in the New Year. Every individual member 
will be asked, the Workers’ Weekly states, ‘‘ to become 
an individual organiser’? while the campaign jis in 


progress. 





DIAMOND-DRILLING FOR Om IN OnvTaRtIo.---The 
Agent-General in the British Isles for the Ontario 
Government, 163, Strand, London, W.C.2, has informed 
us that the Government. of Ontario, Canada, has 
announced its intention of giving financial assistance. 
where desirable, to responsible persons actively engaged 
in drilling for coal or oil, in the northern parts of Ontario. 
Experts consider that the possibilities of finding oil 
near the mouth of the Albany river are such as to 
warrant further exploration work by drilling. 
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THE SOCIETY OF GLASS 
TECHNOLOGY. 


TxE Society of Glass Technology was inaugurated at 
@ meeting held in. the University of Sheffield on 
November 9, 1916,. The November, 1926, meeting, 
therefore, marked the tenth anniversary of the society’s 
activities. On the evening of Tuesday, November 16, 
an informal dinner was held at the King’s Head Hotel, 
Sheffield, and on the morning of November 17 a visit 
was paid to the glass works of the British Thomson- 
Houston Company, Limited, at Chesterfield. At 
the general meeting in the afternoon of that day, 
Colonel 8. C. Halse being in the chair, Mr. Walter 
Butterworth, senr., delivered his presidential address, 
his subject being “‘A Ten Years’ Retrospect.” The 
society, he said, had emerged from the difficulties of 
the Great War. The University of Sheffield, in under- 
taking to establish a Department of Glass Technology, 
rendered pioneer service to the country. From its 
activities sprang the Society of Glass Technology. The 
department and the society had co-operated, with 
valuable results to the scientific world and in assisting 
the whole body of glass manufacturers. The society, 
through its Journal, soon became the organ of the 
glass industry on its scientific and technical side. 
The society, almost wholly British at the start, soon 
gained recognition abroad, especially in the United 
States, and its membership now included firms and 
individuals in a score of countries. Professor W. E. 8. 
Turner had been, and remained, its energising spirit, 
and he had had splendid help from colleagues of the 
University of Sheffield, from the staff of the Depart- 
ment of Glass Technology, and from members of the 
staffs of great glass and other firms in the country. 
It was important to the department and to the industry 
that there should be a regular succession of students 
passing through the department, to be trained theoreti- 
cally and practically for posts in the glass factories of 
the country. 

The meetings and conferences arranged by the 
society introduced a healthy stimulus, by bringing 
manufacturers into frequent and friendly contact. It 
tabled practical problems for discussion. It induced 
manufacturers to visit each other’s works. It arranged 
tours abroad and visits to glass works in the United 
States, France, and Belgium. It invited fellow- 
manufacturers in those countries to pay return visits 
to English works and to join in friendly conference. 
There were ways other than political of directing atten- 
tion to their national glass industry, which had enjoyed 
less than its fair share of publicity. To remedy this 
defect, the society had recently put forward a project 
to associate with a great convention in London the 
organisation of a fully representative glass exhibition. 
Another proposal shortly to be considered by the 
society was to bring closer together, and to collabo- 
rate in some form with, other bodies interested in 
particular aspects of glass. As a Society of Glass 
Technology, they had devoted themselves mainly and 
fundamentally to applying scientific methods and 
research to the problems of glass manufacture. Now 
and again the artistry of glass had received attention. 
Colour, form, design, and decoration in glass might be 
fascinating, and they constituted much of the attrac- 
tiveness which glass had for many sections of the 
public, It was felt that nothing in glass should be 
regarded as alien to the society, and they might well 
consider whether they should aim at including both 
science and art in their activities, 





Contracts.—Messrs. Ailsa Shipbuilding Company’ 
Limited, of Troon and Ayr, have received an order from 
Messrs. J. Hay and Sons, Limited, «Glasgow, for two 
cargo steamers of 1,400 tous, deadweight. ‘The propelling 
machinery will be supplied by the builders, and the vessel 
will be laid down in the Troon shipbuilding yard of the 
firm.—Recent orders received by Messrs. The Woodall- 
‘Duckham Companies, Allington House, Victoria-street, 
London, 8.W.1, for their continuous vertical retorts, 
comprise a new bench of twelve 80-in. retorts for the 
Warrington Corporation Gas Department ; three 53-in. 
retorts for the Ely Gas and Electricity Company, Limited ; 
a further installation of 24 retorts for the County Borough 
of Bolton Gas Department ; and a third series of 16 retorts 
and 4 producers for the Wolverhampton Gas Company. 
In the majority of the above installations, the contract 
incluaes coal-handling plant and a waste-heat boiler. 

Messrs. The Stream-Line Filter Company, Limited, 
64, Victoria-street, Westminster, S.W.1, have received 
an order to install a Stream-Line oil separator of 50 
tons per hour capacity on each of the two ships being 
built for the Grace Line at the yard of Messrs, Furness 
Shipbuilding ‘Company, Limited, Haverton Hill-on- 
Tees.—The Ateliers de Constructions Electriques de 
Charleroi have received a further order from the Belgian 
Post and Telegraph Department for the manufacture and 
laying of underground dry-core telephone cables between 
Brussels and Luxembourg, a distance of 247 kms., and 
between Brussels, Charleroi and Mons, a distance of 
89 kms.—The oil-engine department of Messrs. Fiat, 
43-44, Albemarle-street, W.1, have received an order 
from the Societa di ,.Navigazione San Marco, of 


Venice, for five motor ships, each of which is to have a 
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and rails, and also for hematite and Cleveland pig-iron. 


from 70 Ib. to 80 Ib. 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
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bridge and tank qualities, and those for steel rails are for heavy sections. 
hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per bottle, the contents of which vary 
The price of tin-plates is per standard box, but in other cases the prices are 
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Nove.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of the 
London Metal Exchange for “‘ fine foreign” and ‘‘standard”’ metal, respectively. The prices shown for lead are 
for English metal, whilst those for spelter are for virgin metal. 


Middlesbrough prices are plotted for steel plates 
The prices given, in the case of steel plates, are for ship, 
The pig-iron prices are for East-Coast 


per ton. Each 


of the diagram relating to tin-plates, in which they represent 1s. each. 








speed of 14 knots and is intended for passenger and 
freight service. The engines are to be made in Turin 
and the vessels built by the Stabilimento Tecnico Triestino 
at Trieste. Two of the vessels will be used on the Venice, 
Rodi and Smyrna service, and two on the route between 
Venice, Fiume and Ancona. The former pair are to be 
of 3,000 tons each, and will be driven by twin-screw 
engines developing 1,600 brake horse-power at 150 
r.p.m., or &@ maximum of 1,950 brake horse-power at 
160 r.p.m. The other pair are to be of 1,000 tons each 
and are to be driven by single engines of the same 

wer as the two 3,000-ton vessels. The fifth vessel 
is to be of 2,000 tons and will run between Venice and 
Fiume ; she will be propelled by twin screws, the power 
of each engine being 1,350 take hystes beimer at 150 r.p.m. 
with a maximum of 1,600 brake horse-power at160 r.p.m. 
The propellers, shafting, and all pumps will also be sup- 
plied by the Fiat Company. The order represents a total 
of 26 oil engines.—Messrs. Stein and Atkinson, Limited, 








47, Victoria-street, London, have received an order 
from Messrs. The United Glass Bottle Manufacturers, 
Limited, for their St. Helens Works, for four Chapman 
gas producers, and the equipping of two existing Ker- 
peley producers with Chapman agitators, gas tubing, 
&c., and two producer buildings with coal elevators 
and conveyors and two railway-wagon tipplers.—The 
Anglo-Persian Oil Company, Limited, have placed orders 
for nine new oil tankers in British yards as follows :— 
Three are to be built by Messrs. Palmers Shipbuilding 
and Iron Company, Limited; one by Messrs. Swan, 
Hunter and Wigham Richardson, Limited; two by 
Messrs. The Caledon Shipbuilding and Engineering Com- 
any, Limited; and one by Messrs. Greenock Dockyard 
ompany, Limited. All the above seven vessels are 0! 
over 10,000 tons d.w. The other two smaller ships, 
of 6,400 tons d.w. each, are to be built by Messrs. 
Sir W. G. Armstrong, Whitworth and Co., Limited. 
All the large vessels are to be Diesel driven. 
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THE DETERMINATION OF FREE LIME 
IN HYDRAULIC CEMENT. 


THE quantity of free lime in cements is dealt with in 
a pamphlet issued by the Department of Scientific and 
Industrial Research, and compiled by Messrs. F. L. 
Brady and F. J. McConnel. 

This is No. 4 of the series being published in connec- 
tion with building research. The object of the present 
pamphlet is to discuss various methods adopted for 
determining the amount of free lime in hydraulic 
cement. 

It has often been pointed out, and this pamphlet 
admits the point, that very little accurate knowledge 
exists of the actual chemistry of the setting and harden- 
ing processes of cement, while slaked lime in a free 
condition is known to be usually present. As this is 
an undesirable feature, a-reliable method is required 
for determining the free lime content. In order to 
emphasise the desirability of accurate knowledge of 
the free lime content, the report draws attention to 
many well-known facts on which a good deal has 
already been written. It discusses, for instance, the 
deleterious effect of sugar in the gauging water, and 
also its effect on set cement in contact with sugar 
solution. Lactic acid produces defects in concrete due 
to the solution of lime. Various oils are injurious. 
Ammonium salts, magnesium and sodium sulphates 
are also deleterious. In the case of sea water, trouble 
arises from magnesium chloride in the presence of 
soluble lime salts, which are found to be subsequently 
washed out, leaving open pores. In the present report 
the authors consider that the free lime is first attacked. | 
When, however, stable chemical combinations are | 
brought about by what is known as Puzzolania action, 
deliberately encouraged by the addition of another 
ingredient, the resistance of cement to attack is often 
increased. The action of fire upon concrete produces 
dehydration of the calcium hydroxide which on the 
addition of water re-hydrates, and causes expansion. 

The methods of determining free lime content 
principally referred to by the authors are four, in num- 
ber, namely :—Wet methods (a) Phenol; (5) Sugar; 
Dry methods (c) Passow’s test ; (¢) Thermaltest. The 
types of cement tested before and also after setting 
included :—(A) A well-known brand of Portland cement 
giving good strengths ; (Band C) Two British Portland 
blastfurnace cements. (These were mixtures of about 
60 per cent. of granulated blast furnace slag with 40 
per cent. of Portland cement.); (D) Slag cement. A 
French cold process slag cement; (E) High alumina 
cement. A French quick hardening cement. 

While the chemical analyses of these are given, it 
is to be regretted that no physical tests are recorded ; 
the results of the soundness tests would have been 
interesting for comparative purposes. 

In the two wet methods examined, phenol readily 
dissolves the lime, while sugar solutions exert a strong 
solvent action due to the formation of calcium sac- 
charate. The procedure adopted in these two methods 
was the same, the cement being mixed with the solution 
for a definite time. The sugar test has an advantage 
in that it can be done in 7 or 8 minutes, with a small 
quantity of cement. The authors do not regard the 
phenol method as altogether satisfactory forquantitative 
analyses because the quantity of lime extracted from 
the cement depends upon the amount of phenol used 
as well as the amount of free lime present; the figures, 
furthermore, are high. The same objections apply to 
the sugar test but to a lesser de In Passow’s 
method the cement is ground to pass a 180 by 180 mesh 
sieve to the square inch, and to be retained on a 280 by 
280 mesh sieve to the square inch. The cement is then 
mixed with an equal weight of ‘* pure dry ” ammonium 
carbonate and the whole is heated for 10 mins. The 
process of mixing with ammonium carbonate and heat- 
ing is twice repeated, and the CO, determined. From 
this the free lime is calculated. With this method ammo- 
nium carbonate is preferred to ammonium bi-carbonate 
owing to hydration when the latter is employed. In 
the thermal] method in which the cement is heated so 
as to transform the calcium hydroxide into calcium 
oxide, the cement is ground to pass a 100 by 100 mesh 
sieve to the square inch, and temperatures of from 
400 deg. C. to 1,040 deg. C. wereemployed. The authors 
recommend a temperature of 900 deg. C., and they 
regard this method of great value in testing for fire 
resistance quality. 

Consideration of these methods has led the authors 





to the conclusion that there is no known method | 
which is entirely free from objection, although the two | 
dry methods afford valuable information. Micros- | 
copical examination shows that free carbon hydroxide 
does exist, but the precise chemical and physical | 
condition of the whole of the lime still remains a | 
subject for discussion. The tests, however, are con- | 
sidered to afford valuable and otherwise unobtainable 
evidence on the condition and probable behaviour of | 
set and unset cements, 

The whole subject of free lime in cement is one 


tons. 


which deserves attention. Itis to be regretted that the 
methods dealt with in this investigation have not 
yielded more definite results in the way of quantitative 
analysis. The so-called “free lime,”” may be quick 
or hydrated lime. It is an alkali and free to combine ; 
hence the term. 

The report unfortunately shows signs of incomplete- 
ness. For instance, the figures recorded for the phenol 
method only refer to Portland cement, and conse- 
quently no comparison can be made with the four 
other cements tested. The authors, in fact, in all 
eases stop short of actual comparison, 
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In order to facilitate this, we have thought it well to 
prepare the following table and the diagram above from 
the results given in the report. 
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Percentage of Free Lime. 
Phenol | Sugar Passow’s Thermal 
Class of Cement. {Method |} Method) Method Method 
(a). (0). (c). (d). 
Set cement. Unset cement. 
A. Portland Cement | 13-5 12:8 16-6 6-6 2-7 
B. British Portland- 
blastfurnace| Not 
cement .| stated. 71 12-0 46 3-4 
Cc. Do. do. 7°5 12-9 2-4 1:7 
D. Slag cement do. 3°56 10:1 71 2-4 
E. High alumina 
cement ++} do, 2-1 2-7 1-3 0-4 
Average 10-9 4-4 














These indicate that :— 

(1) In the tests on set cement the Sugar and Passow’s 
methods agree in that they place the five different 
cements in the same order as regards the quantity 
of free lime, although the figures are widely different. 

(2) In the tests on unset cement by the dry methods 
the five cements are not placed in the same order and 
the figures show considerable variation. 

(3) In the comparative test of the set and unset 
cements by Passow’s method the five cements are 
placed in different order and the results are widely 
different, those for the set cement being on an average 
248 per cent. above those for the unset cement. 

It would seem, therefore, that only in a very general 
way can the figures be taken as a guide by users of 
cement as to the particular classes of cements which 
are most suitable for work liable to be affected by 
deleterious action of the free lime. 


THE Propuction oF Pic-IRoN AND STEEL.—According 
to the monthly statement issued by the National Federa- 
tion of Iron and Steel Manufacturers, Caxton House 
(East), Tothill-street, London, S.W.1, the blast furnaces 
in operation at the end of October numbered 5; the 
furnaces in blast on the eve of the stoppage numbered 
147. The pig-iron produced during October amounted 
to 13,100 tons, an increase of 600 tons over the September 
figure ; the output during April of this year was 539,100 
The production of steel ingots and castings totalled 
92,900 tons during October, as compared with 95,700 tons 
in September and 661,000 tons in April. 





NAVAL DEVELOPMENT OF FLOATS 
FOR AIRCRAFT.* 

By Commanprer Houpen C. Ricuarpson, U.S.N. 

Tae story of the NC type of seaplanes, built to fly 
to Europe, is well known. Curtiss and naval designers 
brought out this type, starting the design in September, 
1917, revising it considerably in December, 1917. The 
first plane flew in October, 1918, and carried more than 
the designed load. Model basin experiments assisted 
greatly in developing the lines of the hull, which 
to date have not been excelled by any models tested 
for planing ability. The original form with a whale- 
boat stern and two steps was, as the result of model 
basin tests, changed to a single-step type without 
ventilation (see Fig. 1, page 706). The resistance was 
reduced 47 per cent. at ‘“‘hump” speed. ‘This hull, 
considered too narrow by experts in this country and 
abroad, designed to fly at 22,000 lb., took off at 
Trepassy, in Newfoundland, with over 28,400 lb. Its 
seaworthiness was demonstrated by severe trials. 

After the war a torpedo plane was required, and 
the R6-L served its purpose for a time, but greater 
performance was desired. Until new planes could 
be evolved, the Naval Aircraft factory produced the 
PT’s as a stopgap. At the Naval Aircraft factory a 
series of floats with varying thicknesses of bottom and 
deck planking were flight-tested to determine the 
minimum scantlings which would be serviceable. 
Then followed the DT’s, built by Douglas at’ ‘Santa 
Monica, California, and the basis of the design of the 
world cruisers. To carry the increased load demanded, 
Douglas arbitrarily modified the naval design of floats, 
with great success. Though dimensions were altered, 
the elements remained the same. The demand for 
three-purpose planes developed the CS and S83 series, 
and finally the T3-M’s. The float lines were all the 
result of model basin work. The CS-2 and the SDW, 
a modified DT, were built for long-distance ‘cruising, 
and each demonstrated over twenty hours’ flight.’ The 
floats were built from Bureau of Aeronautics design at 
the Naval Aircraft factory. In the CS-2 a third 
dropping float was used sandwiched between the main 
twin float ; the experiment was a success. 

The F5-L’s had demonstrated by many long cruises 
to the West Indies and Canal zone that they were 
seaworthy patrol boats, but the war stocks were 
nearing depletion. Looking about for a replacement, 
the Bureau decided to modify the F5-L by increasing 
the power and simplifying the wing construction. , The 
hull was not changed. The hull, originally designed for 
13,500 lb., repeatedly took off with 17,000 lb. Soakage 
of F5-L’s on a winter cruise to the West Indies often 
exceeded 1,000 lb. Other wooden floats were handi- 
capped in proportion. One.-of the early floats was 
surfaced with duralumin, deck, sides and bottom, but, 
due to its peculiar action because of the flat-iron stern, 
was abandoned. Several months later it crumbled to 
pieces, from the action of briny air and the elements, 
on the dump at the Annapolis Camp. 

About 1919, we obtained some duralumin floats 
with the Junkers monoplane purchased from Germany 
(see Fig. 2). The floats were heavy and lacked strength 
and were difficult to repair. Their form was not good. 
A pair of N-9 floats substituted for them by an American 
firm behaved much better, taking off with larger loads. 
About 1921 the Aeromarine Plane and Motor Company 
built the first all-metal flying boat. It was quite 
successful and is still, serviceable. |The hull, was a 
modified HS without sponsons. About the same time 
the Bureau of Aeronautics inaugurated a series of 
all-metal N-9 floats at Philadelphia, Nine different 
designs, involving different. framing systems and 
different scantlings, were designed and built at the 
Naval Aircraft Factory and tested at Pensacola, The 
results were valuable, and important lessons were 
learned as to fabrication and the effects and prevention 
of corrosion. Duralumin was used throughout. To 
gain further development, contracts were let with 
Curtiss and Brewster for TS floats, good results and 
experience being obtained., Brewster, on a sub- 
contract, built a good float for the EM planes. 

Glenn Martin built successful floats for the XS 
(submarine) plane. The Naval Aircraft Factory is now 
building an experimental set of CS floats, using pressed 
plate framing. Charles Ward Hall, on his own initia- 
tive, built a small float embracing NC lines with a tail. 
It behaves well and has withstood long exposure at a 
mooring and severe flight service. Lately, the Brewster 
Company has built two UO duralumin floats, which 
are behaving splendidly. Before the first PN-7 was 
completed the Naval Aircraft Factory was instructed 
to design and. build two F5-L hulls in metal. At first 
designated as the PN-8, before it was completed it 
was found that a weight saving of over 500 lb. could 
be realised; this, together with an investigation of a 





* Paper read at the Meeting of the Society of Naval 
Architects and Marine Engineers, New York, Novem- 





ber 11 and 12, 1926. Abridged. 
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change in power plant and the success of the PN-7 in | 
handling 17,000 lb., made it appear desirable to revise 

the design still further. As a result, the PN-9 was 

evolved, and made the Hawaiian flight a possibility. | 
The seaworthiness of these planes was amply demon- | 
strated. They took off with 19,600 lb. at San Fran- | 
cisco. In 1924 the Boeing Company proposed a larger | 
boat, the PB-1 (see Fig. 3), with metal hull and wing | 
and tailframing. The hull was designed from modified | 
NC lines with a tail. Model basin tests were encoura- | 
ging. Designed for 24,000 lb., this plane has taken | 
off with a 27,000-Ib. load. 

It will thus be seen that, although much private | 
initiative entered into float and boat development, the | 
principal effort. was the consequence of naval interest, | 
and naval officers and naval resources have contri- | 
buted largely to the success attained. The model basin | 
tests have been an important factor in eliminating | 
unsatisfactory features and improving others having | 
to do with the forms and arrangement of float systems. | 

The development of racers and racing floats to-day | 
holding world’s records is the result of naval interest, | 
naval invention and naval ingenuity, in co-operation | 
with Curtiss ability to interpret and improve. Only | 
recently, mode] basin tests have shown that float | 
performance on racers can be improved, and this | 
year’s racers will have floats of superior water and air | 
performance. The air resistance has been cut down | 
about 30 per cent., particularly by dipping the deck of | 
the float at the bow and rounding the nose of the float. 
It is interesting to note that this feature was an un- 
recognised virtue of the original twin floats built at the | 
Washington Navy Yard. It is also of interest to note | 
that attempts to use pure stream-line forms for floats | 
only showed, even more clearly than the original | 
“ suction’? experiment, that such forms cannot be | 
used successfully as floats. From an air-resistance | 
point of view, they show an optimum value, but they | 
also show that steps and chines are less detrimental 
than anticipated if symmetrical distribution of the | 
float about its axis is developed. 

Although all features of float conditions cannot be | 
simulated in the model basin, the value of such tests | 
is undoubted. Probably the best way to illustrate its | 
value and its shortcomings is to describe a modern | 
test and the data derived therefrom, pointing out the 
restrictions imposed. The first limitation is speed of the | 
model basin’ carriage—15 knots maximum. This | 
required the use of small models through the applica- | 
tion of Froude’s law, since normal get-away speeds are 
from 40 m.p.h. to 60 m.p.h., and even 85 m.p.h. and 
90 m.p.h. are found in racing floats. A one-sixteenth 
scale model or a one-thirty-sixth scale model would 
require a high degree of accuracy in the measurement of 
small forces. Another limitation is smooth water. | 
The towing gear is incapable of recording fluctuations | 
of forces of the type involved, and the wave-making 
machinery is better adapted to 20-ft. than 20-in. 
models. 

Rough water effects on porpoising and spray are | 
sometimes approximated by anlkieg waves by | 
rocking a punt in the basin; the results can hardly be | 
considered even qualitative. Curved runs are imprac- 
ticable, as are other unsymmetrical conditions, for the 
float path is confined to the vertical plane. Complete 
models of aircraft are not attempted, for the air-flow 
is mush confused by the presence of towing gear and 
the car itself. Besides, complete scale models would 
be prohibitive in cost. Only one test has been made 
with such a model, resulting in reasonable agreement 
with those of the conventional model, but much 
ingenuity was required to place the centre of gravity 
and the thrust at the proper point, and it was imprac- 
ticable to ensure that the radii of gyration agreed with 
the full-size condition. Each run must be made at a 
constant speed. 

The model is usually run under two types of condi- 
tions :—Free to trim up and beyond “ planing ’’ speed 
unless “ porpoising”’ or ‘‘ diving” tendencies are present. 
The free to trim condition is artificial, for the towing 
force acts horizontally through the centre of thrust 
point. Further, the model is counterweighted to the 
full-load condition, as it is usually a solid wood block. 
If ‘‘ porpoising ’ occurs under model basin conditions, 
the period of oscillation is affected by the model inertia 
as well as that of the counte: weights and the wing-lift 
It is therefore only a qualitative indication. 

ides, due to the requirement of constant speed, it 
only represents the effect of forces persisting at that 
speed, and this is not-usual for intermediate speeds 
except when taxying, which would normally avoid 
porpoising speeds. However, in approaching each 
constant speed from rest, the conditions of accelerating 
motion are present in the proper order of getting 
under way. 

Again, the wing lift does not change as it would if 
the angle of attack was varied, as would be the case 
in free running. However, in the full size, the air 
controls are seldom effective up to planing speed, 
during which the water forces dominate the attitude 
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of the plane. Further, up to planing, which usually 
becomes effective at about 30 to 40 per cent. of get- 
away speed, the wing lift is only 0-09 to 0-16 of that 
of maximum lift and the error involved is small. It 
would be possible to make the wing lift approximate 
actual conditions by making the compensating blade 


follow the actual changes of the wing, but the gear 
would be complicated and would require a special vane 
for each model. Instead, it is found simpler to use a 
calibrated vane which is set to develop full lift at the 
getaway speed. This is accomplished as follows: 


| First, the model attached to the towing gear is counter- 


of equivalent area and section and making its angle | weighted until the float just immerses to the waterline 
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FL O ATS F O gain maximum lift for the take-off. It is therefore 
R NAVAL AIRCRAFT. usual to run the model at a fixed trim of 8 degrees to 
10 degrees from ‘‘ planing’” to get-away speed. Other 
angles may also be tried. When running at fixed 
trim, the gear permits the force required to maintain 
the trim to be measured. This same gear also permits 
of measuring the righting forces for the model at rest, 
and, therefore, the determination of the longitudinal 
and lateral metacentres. The data of principal interest 
of course, are the resistance, the “‘ change of draught’”’ 
when free to trim, and at fixed trim. The speed and 
resistance are recorded automatically in the) usual 
manner. The test observer also notes the change of 
trim, the trimming’ moment, the speed at which the 
step clears, when the tail clears, porpoising, spray and 
whether the latter would enter the propeller disc, and 
records these and any other matters of interest. 

Interpretation of results depends upon these records, 
but is most conveniently arrived at by the non-dimen- 
sional plot devised by McEntee (who also devised the 
wing lift gear). In this plot, speed is recorded as a 
percentage of the get-away speed, the water-borne load 
is represented by a curve whose ordinates are 100— 
(V%)*, and) the resistance is plotted in, the form 4/R 

displacement 

eance 

In Figs. 4, 5 and 6, are plotted typical non-dimen- 
sional data for boats, single floats and twin floats, with 
a key indicating the models referred to, the scale of 
the model, and the full load as tested. This paper 
will be closed with a few remarks covering the most 
interesting models. 

As an illustration of the information to be obtained, 
let us consider the NC (A, B and C), Fig. 4. At 3 per 
cent. get-away speed, A/R = 5-35 for A, 6-75 for B, 
7-42 for C. Water-borne load or displacement equals 
91 per cent. The full load as tested was 20,000 1b. 
V, get-away speed, equals 55 miles per hour. A equals 
18,200 Ib. 

The point of greatest interest for the model is the 
A/R at 40 per cent. of get-away. For A it is 4-15; 
for B, 5-0; and‘for.C. 6-1. The value for C is 47 per 
cent. over that for A. This hollow in the A/R curves 
indicates the region when planing begins, as can be 
seen from the change of draught curves, and is the most 
interesting region of the curves, indicating what is 
known as the “hump speed.” The thrusts required 
for the three cases are, respectively, 4,060 Ib., 3,370 Ib. 
and 2,760 lb. From this data it will be apparent 
how much improvement resulted from the model 
tests. Actually, the NC-1, ‘““C” lines enabled the 
NC-1 to get away with over 28,400 lb. 

From an inspection of Figs. 4, 5 and 6, it will be 
seen that, while there is considerable variation in the 
results with different. types, they all agree in certain 
definite features: First, at 20 per cent. get-away speed, 
A/R is generaily better than 1:8; second, there is a 
hump in the vicinity of 40 to 45 per cent. get-away speed 
with a mean value of 1:5 to 1:6. At about 45 per 
cent. in most cases the A/R is improved over that of the 
hump speed, and as at this speed the planes are 20 per 
cent. air-borne the water resistance is falling off 
rapidly. In the neighbourhood of 90 per cent. there 
is a considerable variation which, in a large measure, 
appears to be better with short tail floats. Apparently, 
with V-bottoms at high speeds, there is so little of the 
step in action that it only serves to make a groove in 
the water, which is so narrow that it closes up and 
raises a “ plume” or “roach” which strikes the tail, 
causing relatively increased resistance at this stage. 

As a matter of interest, a mean curve has been drawn 
. for each sheet. The agreement is good considering that 
in each class there are striking variations, and in each 
class typical examples have been selected at random. 
The mean value for boats is considerably better than 
the other two classes. As to change in draught, there 
is also very close agreement within each class, and close 
similarity between classes. 

In Fig. 5, Model 1350 differs radically from any of 
the others and has not been included in the averages. 
All others are stepped types; 1350 is the original 
Curtiss sled-type box section float with no step. It 
should be noted that 4/R starts with a high value 
but beyond 50 per cent. is inferior to the stepped 
types. 

Fig. 4 contains a family of floats based on the NC 
t : viz., NC-1, A, B, and C, already discussed ; 
NC—F5-L, PB-1, and Design 50. Excepting A, B, 
and C, these models are based on NC lines, to which tails 
have been added. They are generally inferior to the 
NCs at high speeds, but come to close agreement at 
60 per cent. get-away speed, after which they again have 
individual characteristics. _The NCs were short-tail 
atthe “désignait is : ‘ ert floats, and this required the tail surfaces to be carried 
water i ay 9 a wre and the weight resting on the | In this manner, the wing lift varies directly as the | on outrigger booms. Although their seaworthiness was 
the calib aa y @ pair of scales. This is done with | square of the speed through the forces acting on the| proved adrift in strong seas near the Azores during the 
of fixed m _vane attached. This calibrated vane | blade towed at the identical speed with the model. | transatlantic flight, it was found that, anchored in a 
side ‘of ha "5 ‘odel 2 submerged about 10 in. to one} At or above “ planing” speed, the air controls are | short chop, the bows would lift strongly and depress 
S e model and set at the calibrated angle. | usually effective, and the pilot can control trim to| the stern sufficiently for the lower tail surfaces to be 


or 
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damaged. Therefore, an attempt has been made to 
obtain the combined advantages of the NC and F5-L. 
Design 50 does this reasonably well. During the model 
basin tests, it was found. that, drifting astern, ‘the 
curvature at the bow causes the bow to trim down and 
lifts the tail well clear. This effect was also found on 
actual trial of the VE-7 and UO planes, ‘and un- 
doubtedly this same effect adrift: aided in permitting 
the NC-3 to sail astern for 200 miles through heavy 
seas. All the floats shown on these charts, with a few 
exceptions, represent actual construction. The A/R 
curves show whether new designs are satisfactory or 
require modification. A value of A/R of less than 5, 
at 40 per cent., is considered poor. 








GERMAN TURBINE CONSTRUCTION.* 


By ALBERT UNGERER. 

Tue relatively small water powers available in 
Germany, which can in no way be compared to those 
of Northern Europe, not to speak of America, have 
forced upon German designers of turbines the necessity 
of utilising even widely varying quantities of water 
to the fullest possible extent. Turbines have hence 
been developed, the efficiency curves of which rise 
steeply and then continue in an approximately hori- 
zontal line. The development has required an exceed- 
ingly careful study of guide wheels, as well as thorough 
and numerous model tests. 

The results of these investigations became first 


apparent in the further development of Francis turbines. | largély used in America, have recently also found 
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in the 5-m. pipe-line. In order to shorten the time 
taken by a Woltmagen wing (hydrometric propeller) 
measurement, the metering was effected by means of 
27 propellers mounted in the pipe on six arms of 
stream-line section and of star formation; a measure- 
ment then required only a few minutes. The efficiency 
curve is reproduced in Fig. 2; the efficiency rose to 
92-6 percent. These turbines are fitted with air 
valves which admit air into the draught tube before 
the admission adjusts itself for light loads. By these 
means, damage to the guide wheel, owing to the 
sudden reduction of the load, is prevented, and the 
light-load losses are reduced to a considerable extent. 
The water consumption at light load and normal speed 
and with the generator not excited, amounted to 
2-9 cub. m./sec., when the air valve was in action, 
and to 4-9 cub. m. when the valve was cut out. These 
air valves have long been known in Germany, and were 
used fifteen years ago in the turbines of the Saalach 
power station. : 

In the Schwabenheim station of the Wiehlingen 
section on the Neckar, three small vertical-shaft Francis 
turbines with conerete spirals have been installed 
under a head of 7-2 to 8-5 m.; they develop 2,950 to 
3,170 h.p. each at 93-75 r.p.m..The turbines drive 
generators at 750 r.p.m.,through spur gearing having 
a ratio of 1:8. — In-the acceptance trials, the results 
of which are shown in Fig. 3, the maximum efficiency 
of 91-5 per cent. was obtained with an admission of 
about 0-8. 

Francis spiral turbines with vertical shafts, very 
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favour in Germany. Large installations, like 
those by the Mittlere Isar A.G., must remain 
comparatively rare, owing to the dearth of 
ample water supply. German manufacturers 
have therefore been obliged to build such 
turbines chiefly for export. Fig. 4 illustrates 
the results of the recent trials of a turbine 


The efficiency characteristic of these turbines may, | constructed for Camarasa, in Spain, developing 26,000 
in general, be described as flat—at least for low and h.p. under a head of 78 m.; the turbine, it should be 


moderate specific speeds—and the main object was to 
raise the average efficiency. Values of 90 per cent. 
maximum, and of more than 50 per cent, at half power, 
have already been, realised with. small-wheel models 
of about 400 mm, diameter at very low heads. The 
acceptance trials of recent installations confirm these 
improved efficiencies. Examples of large powers are 
the turbines of the Walchenseewerk and of the Auf- 
kirchen works of the Mittlere Tyar A.G.; of, smaller 
powers, the Schwaperheim—Wiehlingen works of the 
Neckar A.G. 

In the very carefully conducted trials of the Walchen- 
seewerk turbines, a maximum efficiency of 91 per cent. 
was reached (Fig. 1). It should be noted that these 
turbines were constructed for developing 24,000 h.p. 
under a head of 197 m. at 500 r.p.m,, at a time when 
the designer had to rely upon theory rather than upon 
experience in rm gre the guide vanes in use for low 
falls to very high falls. Local conditions, further, 
made it necessary to place the turbines on the same 
level as the Pelton wheels; the tail-race level fluctuat- 
ing by 2-8 m.,, the suction ueight became very large, 
considering the high absolute velocity of discharge. 
With vertical arrangement, which would probably be 
preferred at present, the turbines might have Faq 
mounted on a lower level, and an efficiency gain of 
1 per cent. or 2 per cent. might have been obtained 
without any alteration of the guide-wheel construction. 


The Aufkirchen turbines are of the spiral vertical) may exemplify the conditions. 
| water supply of 7-6 cub. m./sec. the efficiency was 
| 82 per cent,; when the admission was reduced from 


type, with spiral sheet-meta]l casings of circular cross 
section ; ey. are constructed for 12,700 h.p. at a head 
of 26 m,, and a water consumption of 42 cub, m./sec. 
at 167 r.p.m. Water measurements were made only 





* Abridged translation of paper, presented to Section 
A of the World Power Conference, Sectional Meeting held 
at Bale, August 31 to September 8, 1926, : 





| admission of 0-295 it was still 83 per cent. 


| noted, runs at a specific speed of 230, which is high 


considering the great head and the height of suction 
head, which had also to be great owing to the use of 
existing foundations, 

The further development of high-speed turbines, at 
present built mostly of the propeller type, also necessi- 
tates the maintenance of high efficiencies. American 
practice relies mainly upon propellers with vertical 
shafts, because an ample supply of water is usually 
available, and because high maximum efficiencies can be 
obtained in these turbines; but the maximum is 
limited to full admission, and the curve drops sharply 
at part load. The conditions prevailing in Germany, 
and largely also in most of the other countries of 
Europe, rarely permit the acceptance of the combina- 
tion of high efficiency with high speed merely within the 
range of full load. The aim must rather be to utilise 
variable low falls in high-s turbines by improving 
the unit performance and by reducing the number of 
units. German turbine construction has, therefore 
tended to develop not only propellers with fixed vanes, 
of the Kaplan and other types, but also, and parti- 
cularly, Kaplan turbines with movable vanes, which 
at present are far superior to all other high-speed 
turbines with respect to the average efficiency. One 
of the curves obtained in the acceptance tests of a small 
Kaplan turbine, giving 330 h.p. at 250 r.p.m. under a 
head of 4 m., at a specific speed of 810 approximately, 
With a maximum 


0-91 to 0-345, the efficiency remained above 85 per 
cent., with a maximum of 88-5 per cent., and at an 
Equally 


satisfactory figures have not hitherto been published, 
The particular problems of the construction of 
| Kaplan turbines—cavitation, the limits of suction | 
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height, recovery of the energy of discharge at high 
speed and the most advantageous shape of the suction 
tube—have recently been discussed in various publica- 
tions on the basis both of theoretical considerations and 
model experiments. The objections to the Kaplan 
turbine, formerly raised by competent engineers, 
have now been disproved by experience. 

Even the most difficult construction problems’ have 
been solved, and confidence in the Kaplan turbine has 
become general. Ten turbines with movable vanes are 
in successful operation in Germany, and eighteen more 
are under construction., The purely axial wheel has 
proved best for both Kaplan and propeller turbines, 
and is almost exclusively usedin Germany. The designs 
differ as the head varies, but vertical axes are almost 
always employed. The suction tube is of the simple 
bent type, of circular cross-section in the vertical portion 
and becoming elliptical in the horizontal part. The 
correctness of this design is proved by the high efti- 
ciency realised and by the fact that the water leaves the 
suction tube very quietly. The shape of the suction 
tube is not merely a problem of technical hydraulics, 
but is subject to economical considerations. That the 
diverging suction tube admits of a good recovery of the 
energy of discharge is not contested. Extensive 
experiments have, however, established the fact that 
the divergence does not offer any advantage over the 
correctly shaped single bend. Divergent tubes, more- 
Over, are more expensive to construct than simple 
bends. In the course of his experience, the author has 
not seen any divergent tubes which were as good as, or 
better than, a well-designed and decidedly less ex- 
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pensive simple bend would have been under similar 
conditions. 

As regards governing, it has proved necessary to 
keep the governing of the guide wheel and the running 
vanes separate, and to provide a special servomotor with 
regulating valve for each of the two mechanisms. 
Only by these means is it possible to realise any desired 
relation in the movements of the two parts by simple 
means. Two methods are in use for the arrangement 
of the servomotors and the regulation of the governor 
rod. The first method connects the two servomotors 
to a double governor; the regulation of the guide 
blades is then effected by the aid of a sliding sleeve 
in the form of a double-acting footstep connected with 
the governor rod which has its bearings within the 
turbine shaft. This method was adopted first and is 
still in use for turbines of small and medium sizes. 
In larger turbines, the second method is applied, the 
rod being actuated by an oil-pressure servomotor 
which revolves with the turbine shaft, being attached 
to the upper end of the shaft or inserted between the 
coupling flanges of the turbine and generator shafts. 
The rod is then governed through a valve, which may be 
mounted on the shaft by the side of it and is actuated 
by links from the governor shaft of the turbine wheel. 
When the governing is semi-automatic, either the guide 
blades or the running vanes may be under automatic 
control, whilst the regulation of the other part is effected 
by hand, with the turbine running or at rest. For 
the economical utilisation of variable water supplies. 
it is essential, however, when water fluctuations of 
short periods have to be met, that the regulation of 
both parts be effected simultaneously and automatically 
in accordance with the fluctuating supply. The govern- 
ing is, in such cases, controlled by a water-level regu- 
lator. 

When a large number of units has to be installed. 
it will, in general, be sufficient to construct some of 
them as complete Kaplan turbines, and the others as 
propeller-type turbines with fixed blades. The possible 
and most advantageous combinations cannot be dis- 
cussed within the scope of this paper. It should, 
however, be pointed out that it is always advisable not 
to give the complete Kaplan turbines too small a share 
of the load. On the other hand, it should be borne in 
mind that the realisation of the theoretical economic 
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output depends greatly upon the management and the 
individual care of the attendants, who do not always 
subordinate convenience to economy. The superiority 
of the Kaplan turbine under full automatic control over 
a propeller turbine with fixed vanes, in a hydraulic 
plant without storage capacity, may be exemplified 
by the diagram, Fig. 6. The efficiency maximum of 
both the turbines is assumed to be 89 per cent. Curve a 
indicates the mean annual variation of the water 
supply in a section of the regulated River Neckar, in 
Wiirttemberg; curve 6 shows the corresponding 
heads. The highest possible utilisation of this variable 
quantity of water by two propeller turbines of a 
specific speed ns = 800 is shown by curve c, while curve 
d shows the same for two Kaplan turbines having the 
same value of ns. The latter turbines have the advan- 
tage that, with excess of water, they can be over- 
loaded by an increased opening of the blade. Integrat- 
ing the curves, we find that the Kaplan turbines have 
increased the yearly available energy by 23-5 per 
cent. Actually the advantage is greater, because the 
daily fluctuations in the water supply are also con- 
siderable. The Kaplan turbine adapts itself auto- 
matically to these fluctuations without material altera- 
tion of the efficiency, whilst, with propeller turbines, 
the highest efficiency can only be maintained with the 
aid of several adjustments in the course of the day, so 
that the human element comes in. In Fig. 7, the two 
propeller turbines have been replaced by two Francis 
turbines to provide an analogous comparison. Direct 
coupling of the generator not being possible, in view of 
the low speed, the calculation had to be made for a 
vertical-axis generator driven through gearing. 
Assuming that the efficiency maximum of the Francis 
turbine is 1 per cent. higher than that of the Kaplan 
turbine, and that the loss in the gearing is balanced 
by the higher efficiency of the high-speed generator, 
the Kaplan turbine would still offer an increase of 
4 per cent. in the energy generated per year. As regards 
the daily fluctuations, the above considerations would 
still apply, but lack of attention would be of less 
importance. 

The question whether the combination of the 
Francis turbine, including gearing and high-speed 
generator, would more economical than the com- 
bination of a Kaplan turbine with a low-speed 
generator, cannot be answered generally. Experience 
is, so far, in favour of one or the other combination, 
depending upon the conditions. Even if the advantage 
should be on the side of the Francis turbine in a 
particular case, however, there would remain the 
objection that the need for gearing would lower the 
reliability of operation in comparison with direct- 
coupled generators. Opinions differ as to the many 
vertical spur gears in use in Germany transmitting 
thousands of horse-power; whether they will bear 
the test of long service cannot be decided at present. 
But the combination of some kind of turbine with 
spur gearing can certainly not obscure the superiority 
of the Kaplan turbine, within its proper range of head, 
when variable quantities of water are to be utilised 
to their fullest extent. 

Among propeller turbines, z.e., running wheels with 
fixed guide blades, those for the Donau-Kachlet 
station of the Rhein Main-Donau A.G., in Bavaria, 
deserve notice. They are said to utilise 92-4 cub. m. 
of water per second and to develop 9,320 h.p. under a 
maximum head of 9-2 m.; the propeller diameter 
is 4,600 mm. Turbines of this type are not only made 
of the vertical form, as in the case mentioned, but 
also of the horizontal form, with or without casings. 

The German firms constructing Pelton-wheel type 
turbines, are, in the absence of high falls of sufficient 
magnitude, practically limited to export business. It 
has however, been possible in the last four years to 
instal such Pelton wheels in two plants of considerable 
importance, viz.: the Walchenseewerk and _ the 
Schwarzenbachwerk, the latter being a storage plant. 
The installation in the Walchenseewerk comprises four 
Pelton wheels, each of 20,000 maximum h.p. at 
250 r.p.m., with a head of 192 m. and the Schwarzen- 
bachwerk plant two Pelton wheels each of 27,500 h.p. at 
500 r.p.m. with a head of 357 m. These Pelton wheels, 
and those built by a German firm for the Glomfjord 
Aktieselskaft in Norway, which are also of 27,500 h.p., 
but work with a head of 442 m., are the most powerful 
Pelton wheels in Europe. A remarkable feature of the 
Schwarzenbach plant is that the shaft carries three 
wheels, each operated by two jets; by these means 
a speed of 500 r.p.m. is attained corresponding to a 
specific speed ng = 54 at the lowest level of the 
Schwarzenbach lake. Two systems of jets are also 
used on each of the Walchensee wheels, the jet diameter 
being 225mm. In the case of larger Pelton wheels, 
double governing is generally employed ; that is, on a 
sudden diminution of the load the jet is immediately 
diverted so as to clear the buckets entirely or partly, 
whilst the nozzle needle is gradually adjusted to suit the 
diminished water discharge. This method of double 
governing, which differs from the American practice 


of providing no-load nozzles, has in all cases given 
complete satisfaction; it avoids the constant loss of 
water which must otherwise be borne when sand, &c., 
have eroded the no-load nozzles, The first two Pelton 
wheels for the Norre power station are now under con- 
struction in Germany, each developing 36,600 h.p., under 
heads of 314:to 355 m., and will rank with the most 
powerful Pelton wheels in the world, their capacity 
being only exceeded by two slightly more powerful 
wheels built by an American firm for Brazil. 

The efficiences of Pelton wheels have also been much 
improved during recent years by systematic study and 
experiment ; with favourable specific speeds, efficiencies 
of 90 per cent. are approached in small wheels, and 
this figure is exceeded in large units. Unfortunately, 
the character of the water-jet in the buckets, in the 
case of improved bucket shapes which give the highest 
efficiency, leads to increased corrosion of the back of 
the bucket at the entering edge. There is no doubt 
that the resistance to corrosion is much impaired by 
slight differences in the quality of the cast steel which 
is the chief material for the buckets. It has been estab- 
lished that only a few of the buckets of a wheel may 
tend to corrode, and that this tendency disappears 
after welding with soft iron. The investigation of this 
corrosion is not yet completed. It may, however, be 
stated, in general, that if a bucket of a certain shape 
really gives a higher efficiency, a slight diminution in 
the resistance to corrosion may be tolerated; the 
corroded parts are easily accessible and the actual work 
of welding has been so greatly perfected that the cost of 
repairs is more than compensated for by the gain in 
power. 

As regards automatic governing, it is now recognised 
that a distinction should be made between plants for 
peak loads and plants for uniform loads. Whilst the 
| former require governors of high sensitiveness and 
great accuracy, larger deviations may be tolerated in 
the latter, and the admission may be regulated by floats 
in the head race. Due attention is being paid to the 
perfection of safety appliances intended to operate 
if the governor should fail to shut-off a turbine. These 
appliances consist of special regulators which come into 
action as soon as a certain speed of revolution is 
exceeded, and close the sluices by means of mechanical, 
hydraulic or electrical devices. Such cut-off mecha- 
nisms may be sluices, turning or sliding vanes, 
and also spherical plungers, which are characterised by 
the feature that the re-starting of the runner does not 
require the filling with water of the turbine casing or 
of the portion of the pipe behind the sluice. Annular 
plungers of the Johnson-valve type or their predecessors, 
which ‘he author believes were first constructed by the 
von Rol] Iron Works, have found very little application 
in Germany. The rapidity of operation is limited when 
such mechanisms are placed at the end of a pipe, 
because of the inertia effect of the water in motion. 
For this reason such devices are not sufficiently quick- 
acting to prevent racing. 

The jet diverters used in connection with Pelton 
wheels admit of an almost instantaneous shut-off 
without affecting the pipe line. In the Schwarzen- 
bachwerk, where 27,500 h.p. Pelton wheels are in- 
stalled, a special servomotor operates in case of 
danger. The motor is actuated by the pressure of the 
water; it separates the diverter gear from the speed 
governor and moves all the diverters, so that the main 
sluice of the turbine can be shut in the normal way. 
The water pressure servomotor is automatically con- 
trolled by a safety-device which responds to a definite, 
adjustable excess speed, and which may be started by 
hand or electrically from the main switchboard or 
elsewhere. 

Flooding, in consequence of pipe fracture, is pre- 
vented by other devices. They are, for instance, 
devices inserted into the pipe line, such as vanes 
turning about their axes mounted near the forebay, and 
they may be released by electric or by hydraulic means 
or by falling weights. Recently the sluices fixed in 
front of the pipe inlet, or in low-pressure installations 
in front of the turbine inlet, have been developed into 
rapid cut-off devices. They take the form of drop 
sluices descending under their own weight, or of roller 
flaps, resembling in certain respects roller weirs ; they 
are actuated by oil servomotors or by the water 
pressure. Several German low-pressure plants have 
been provided with these rapid roller shut-off devices. 
The largest is for the Donau-Kachlet power station 
already mentioned. Eight flaps have been fixed, each 
closing a turbine inlet of an internal width of 13-5 m. 
and a height of 5-25 m. in a water depth of 8-5 m. 
Sluices of the falling-weight type have been in use for 
some years in the Bavarian Alz River and Inn River 
plants. In the former plant, five sluices are used, each 
of a width of 3:5 m. in a water depth of 5-75 m.; the 
height of fall is 4 m., and the weight of the sluice 
6,000 kg.; the rate of fall is regulated by centrifugal 
brakes, and the sluice sinks gently down upon the sill 
within 30 secs. In the Inn River plant there are 15 
sluices, each 4-8 m. wide and weighing 13,500 kg.; the 











fall through 5 m. of water takes 10 secs., and is checked 
by oil-pressure brakes, of the .gear-pump type. The 
release of all these sluices is automatic ; it takes place as 
soon as the rate of water flow into the conduit exceeds an 
adjustable limit. Like the other safety devices, these 
sluices can also be operated by hand or electrically from 
the power station; with short pipe lines they may 
form the only means of cutting off the supply to the 
turbine. 

These falling-weight sluices have been found to be 
quite reliable. They have been much improved by the 
addition of a control mechanism which stops the sluice 
after it has fallen through a definite, adjustable 
distance. By these means, the fact that the sluice is 
in readiness for operation may be tested at any 
moment, without necessitating a stoppage of the 
turbine. This control functions in the following way : 
When the control lever is actuated, a stop is interposed 
in the path of the sluice; the pressure on the stop 
starts the brake, which otherwise would only come into 
operation just before the sluice had completed its travel. 
The same mechanism is applicable to throttle valves 
and other devices. 








GAS-MAKING AND FUEL PROBLEMS 
IN CALIFORNIA. 


Tue conditions of the Californian gas industry are 
peculiar. Gas distribution takes place mainly from 
the two centres of population, the San Francisco and 
Los Angeles districts. In the former, almost all the 
gas made is oil gas; in the latter, natural or mixed 
natural gas aad re-formed gas constitute the chief supply, 
supplemented by oil gas. Practically all the gas com- 
panies are equipped with oil-gas generating plant; but 
a possible shortage of both natural gas and oil gas 
cannot. be overlooked. The California Gas Research 
Council, ‘which is an incorporated association supported 
by the gas companies in the State, is therefore consider- 
ing how best to anticipate the difficulties of a failure of 
materials, in conjunction with the United States Bureau 
of Mines (Investigation Report, Serial No. 2769), and 
the Pacific Gas and Electric Company, which has given 
the laboratory for the investigation. The work com- 
prised a study of the coal, oil, and oil-shale situation 
as to resources, production and outlook, tests of the 
Dubbs petroleum-coke process and other processes, 
freight rates, and effects of changing gas-rate standards. 

The combined manufacture of oil gas and water gas 
seems to be the most suitable method to adopt, The 
old oil-gas equipment will be replaced by coal gas plant 
as the oil prices advance, and eventually the making 
of mixed coal gas and water gas will be adopted, car- 
buretting the latter only to an extent justified by the 
prices of oil and gas and the market value of the 
coke ; the seasonal peak load would be taken by the 
present oil and gas plant. The gas requirements 
fluctuate considerably in California; coal-gas gene- 
rators alone are not flexible enough, and there is little 
general demand for coke, especially in Southern 
California; coke is too expensive for water-gas 
making. On the other hand, the Californian coals 
are not well adapted for gas-making by the common 
processes now in use. The coal beds are badly folded 
and mining is expensive; the ordinary coal does not 
coke, and the best coal, from Monterey, contains so 
much sulphur that the removal of sulphur is one of 
the most difficult problems; washing is not sufficient. 
Some oil is also very rich in‘sulphur. Good coal can 
be obtained at competitive S isi from Australia and 
Utah, and even from the Eastern States, because the 
large lumber shipments from the Pacific slopes create a 
demand for return freight. No particular carbonising 
process is recommended, but the future gas, it is 
believed, will probably be of higher specific gravity 
and of lower calorific value than the present oil gas. 
In spite of the difference ia density, it would be feasible 
to distribute mixed oil gas and carburetted water gas, 
and the gases could be generated, at the desired 
calorific value of 500 or 550 B.Th.U., with a specific 
gravity varying over an appreciable range. Refine- 
ment of the gas for liquid by-products would probably 
be less economical than delivery of the gas in its 
original state. Shale oils, it is considered, might be 
washed for gas-enriching materials, and this problem 
is to be attacked experimentally. 


WuitwortH ScHorarsHips.—The Board of Education 
informs us that Whitworth Senior Scholarships, having 
an annual value of 2501., and tenable for two years, have 
been awarded to Mr. H. L. Haslegrave, student of 
Bradford Technical College, and to Mr. D. A. Wrangham, 
student at Rutherford Technical College, Newcastle-on- 
Tyne. Whitworth Scholarships, having an annual value 
of 125/., and tenable for three years, have been awarded 
to Messrs. L. A. Sansbury, J, V. Tee and W. W. H. Ash, 
of H.M. Dockyard School, Portsmouth ; to Messrs. H. R. 
Mann, and L. F. Scantlebury, of H.M. Dockyard School, 
Devonport ; to Mr. R. W. Corbitt, of Swindon and North 
Wilts Technical Institution ; and to Mr. J. G. Jagger, of 
Manchester College of Technology. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 
in — one ; where none is mentioned the Specification is not 

ated. 
Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in italics. 


Ci of Specifications may be obtained at the Patent Office, Sales 
cents § 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 


advertisement of the acceptance of a Complete 

Specification is, in each case, Uppers after the abstract, unless the 
Patent has been sealed, when the word “* Sealed” is igs tyre 

er Fyre may, at any time within two months from the date of 
the advertisement of the mee of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


MINING, METALLURGY AND METAL- 
WORKING. 


251,430. The Stanton [Ironworks Company, 
Limited, Stanton-by-Dale, near Nottingham, and 
J. Lander, Chilwell. Casting Metal Pipes. (4 
Figs.) April 29, 1925.—The invention relates to an 
improved mould for the manufacture of iron pipes cast 
from molten metal by a centrifugal casting process. ‘The 
invention consists in the provision, of a self-centring, 
detachable flange for a mould having detachable flanges, 
and the provision of means co-operating therewith, where- 
by the flange remains concentric during the expansion 
of the mould. The spigot end @ is provided with an end 

late b and a grooved flange ¢ carrying piston ri at d. 

he socket end e¢ of the barrel is provided with a flange f 
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carrying a Pelton wheel holder g. The purposes of the 
iston or grooved flange c carrying piston rings at d is to 
orm a water-tight joint at the end of the jacket sur- 
rounding the mould. The Pelton wheel holder carried 
by the flange f supports the Pelton wheel used to rotate 
the mould. The flanges b and f are held in situ by 
bolts h and ¢ respectively engaging with rings fh! and ¢!, 
Shoulders 7 and * are provided on the flanges b and f 
respectively for engaging with the inner sides of the 
mould. Further shoulders 7 and m are provided respec- 
tively on.the flanges 6 and f to engage with the outer side 
of the mould when the latter has expanded under the 
influence of heat, but which are normally separated there- 
from by a small gap. (Sealed.) 


254,365. A. Hopkinson, Newbould, near Chester- 
field, and B. W. Hewitt, Ecclesfield, near Sheffield. 
Controlling Colliery Corves. (3 Figs.) March 27, 
1925.—The invention relates to devices for controlling 
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colliery corves, and it refers to that type of device in 
which a star wheel is adapted to be engaged by the axles 
of the vehicles and rotated thereby under restraint so 
as to permit a definite number of vehicles to pass. A 
device, embodying the invention, is characterised by a 


star wheel c mounted to rotate on a fixed spindle d and 
having a body or drum portion operating as a cam p 
and an internal structure operating as an element of a 
clutch in co-operation with other elements completing 
the clutch and mounted on the fixed spindle, the star 
wheel c, when engaged by a vehicle axle, rotating on the 
fixed spindle d under the restraint or control of the clutch 
elements until arrested by a spring-controlled lever qg co- 
operating with the cam of the star wheel, means being 
provided for releasing the spring-controlled lever from the 
cam at will. (Sealed.) 


MOTOR ROAD VEHICLES. 


try and J. Dixon, Coventry. Steering Gear. (2 
Figs.) March 27, 1925.—The invention relates to steering 
gear of the kind wherein the worm wheel comprises a 
carrier plate embodying one or more anti-friction elements 
adapted to fulfil the function of worm wheel teeth and 
having their axes at right angles to the vertical plane 
containing the axis of the worm. The invention consists 
in a worm-steering gear of the kind indicated, where- 
in the anti-friction element or elements are mounted 
on a carrier plate with their axes at right angles to the 
vertical plane containing the axis of the worm with which 
they engage, the carrier plate being mounted in adjustable 
bearings. A carrier plate a is mounted upon a spindle b 
whose axis is at right angles to a vertical plane containing 
the axis of the worm c, the spindle 6 being as close as 
possible to the worm ec without interfering with the 
rotation thereof. The carrier plate a bears a conical- 


253,257. ‘The Daimler Company, Limited, Coven- | 











ended anti-friction member d. The conical end of this | 
antifriction element engages the teeth of the worm c| 
without backlash. The spindle 6 is provided with an 
arm h which is coupled to the coupling rod embodied 
in the steering mechanism. Adjustment of the anti- 
friction member in relation to the worm c is provided by 
mounting the carrier plate spindle b in bearings 7, k, the 
outer races of which are longitudinally adjustable. This 
adjustibility of the outer bearing races is attained by | 
carrying the races with a sliding fit within the casing m | 
and by providing castellated caps n, 0 which are screwed | 
within the casing, these caps being secured against move- 
ment after adjustment by tongue pieces p, g, respectively. 
By this means it will be seen that the adjustment of 
the bearings on which the carrier plate a is mounted 
brings into effect simultaneously’ adjustment of the 
element d in relation to the worm c¢ and also of the 
bearings of the element itself. (Sealed.) 


PUMPS. 


253,205. J. Stone and Co., Limited, Deptford, 
H. C. Hodgson, Highgate, London, and A. L. 
Paramor, West Kensington, London. Priming of 
Pumps. (3 Figs.) March 13, 1925.—-The invention 
comprises improvements in and connected with the 
priming of pumps, and particularly centrifugal pumps. 
p is a centrifugal pump driven by a turbine ¢ and having 
a suction s and delivery d. On the vertical driving 
shaft a there is a bevelled friction wheel 6 which is 
engaged by a bevel friction wheel ¢ on a slidable hori- 
zontal shaft e. The shaft eis slidably engaged, but does 
not revolve, with the shaft g of an air exhauster h. The 
suction pipe j of this exhauster is c« ted with the 
delivery d of the centrifugal pump p, and in the exhauster 
suction pipe j there is inserted an automatic valve device 
v, illustrated in detail in Fig. 2. The automatic valve v 
comprises a cylindrical evan closed at the top and | 
bottom by removable covers k and I respectively, the | 
top cover k being formed with a pipe connection m | 
and with a ng orend slide-valve housing », and the | 
bottom cover / being formed externally with a pipe | 
connection o and internally with a ring seating q for a | 
ball-float valve r. Within the ring seating q there is a 
port gi. The slide-valve housing n is formed with a 
vertical bore to act as a slideway for a valve n!, the stem 
of this valve extending through a hole in the bottom of 
the me | n and having attached to it an abutment plate 
ul formed with a spherical cavity presented towards the 
ballr. The slideway is intersected by a duct w extending 
from the top pipe connection m to a lateral socket forma- 
tion 2 on the housing n, in which socket 2 there is 
screwed one end of a bent pipe y, which depends into 
the casing to just below the level of the top of the ball r 
when the latter is seated, as shown. When the pump p 
is at rest, the ball r is seated on the ring ¢ and the piston 
valve nl is in the lower and open ition. When the 

ump p is started, and with it the exhauster h, the 

atter draws air from the main pump p through the 
pipe j and valve v, the passage of air through the port 
q' of the valve casing causing the ball r to roll over from 














its seat and give free passage to such air, the latter passing 


| water level. 


to the outlet connection m by way of the bent pipe y 
and duct w. When the exhauster has withdrawn all 
the air from the main pump 7 so that the latter is primed, 
the water with which the pump @p is now filled passes 
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up the pipe? and into the casing of the valve v, thereby 
causing the ball r to rise in the casing. Before the water 
has reached such a level in this casing as to be able to 
pass to the duct w, the ball r engages the abutment wu! 
and forces the piston-slide valve n! upwards to the closed 
position. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 

253,252. C. H. Armstrong, London, and J. J. 
Lassen, London. Water Level Indicators. (2 Figs.) 
March 26, 1925.—The invention relates to a water level 
alarm and indicator for steam generators of the kind in 
which an electric circuit is controlled by the expansion 
of either of two external thermostatic devices communi- 
cating both with the steam and water spaces of the 
boiler and adapted to operate independently at high or low 
A water level indicator according to this 
invention comprises two separate expansion tubes A, B 
respectively communicating with the normal steam and 
water spaces of the boiler and adapted at their free ends 
to control an electric circuit connected to the alarm and 
also in some cases, if desired, to a visual indicator. The 
open ends of the thermostatic tubes are connected to a 
common chamber C provided with blow-off cocks at one 





or both ends, so that the indicator can be tested and in a 
convenient arrangement this chamber may be mounted 
in the length of, or take the place of, the ordinary water 
gauge. Normally, the tube A is full of steam and the tube 
B full of water, the levers D and E being in the position 
shown. The arrangement of the tubes is such that when 
the water level falls below a predetermined level the 
open end of the tube B is uncovered, so that the tube is 
suddenly filled with steam which causes the tube to 
expand rapidly. The lever E is, consequently, turned on 
its pivot so that the pve H is depressed and the circuit 
completed, thus sounding the horn and lighting the lamp 
illuminating the word “‘ Low”. If, on the other hand, 
the water level rises above the predetermined level, the 
tube A becomes filled with water and rapidly contracts, 
causing the lever D to operate its pin G so as to sound 
the horn and light the lamp illuminating the word 
“High”. (Sealed.) : 
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THE FLORIDA HURRICANE. 
By Rosins FLEMING. 


A VIOLENT hurricane, one of the most severe that 
ever reached the coast of the United States, swept 
over Southern Florida on September 18, 1926, 
leaving disaster in its trail, The hurricane reached 
Miami on the coast near the south-east corner of the 
State early in the morning of September 18, passed 
over the southern end of the peninsula, crossed the 
Gulf of Mexico, reaching Pensacola, in the south- 
west corner of the State on the afternoon of the 
20th. The hurricane, which came with great sud- 
denness, was in two phases, with a lull of 35 minutes 
between them. Four days before it reached Miami 
it appeared about 200 miles north-east of St. Kitts, 
in the West Indies. 

It is not out of place to record here, that, since 
1920, particularly in 1924 and 1925, Southern Florida, 
in the matter of real estate speculation, had become 
one vast insane asylum. Miami, with a population 
of 29,000 in 1920, had increased to 125,000 in 1925. 
Fort Lauderdale, 26 miles north of Miami, had 
increased from 2,500 to 25,000, and other towns in 
similar proportion. A feverish increase in the 
demand for houses and places of business led to 
hasty building construction, some of which was 
flimsy and would give way to any untoward con- 
dition. This should be remembered in considering 
the property loss caused by the hurricane. The loss 
in life was 375. 

InJanuary, 1926, there were in Miami 14 buildings, 
either erected, or being erected, of steel or reinforced 
concrete, 12 to 20 stories in height. In the next few 
months five more were started and were unfinished 
when the storm came. The Miami Building Code 
calls for a live load of 50 Ib. per square foot on the 
floors of office building and permissible stresses are 
based on a unit stress of 16,000 lb. per square inch 
for net tension. The wind load to be assumed is 
‘“‘a horizontal wind pressure in any direction of 
20 lb. for every square foot of exposed surface.” To 
resist the stress due to combined live, dead and wind 
loads a working stress of 24,000 lb. per square inch, 
properly reduced, may be used, provided the sections 
thus obtained are not less than those from live and 
dead loads alone. 

At Miami Beach, a wind velocity of 128 m.p.h. 
was registered. At Miami, the anemometer of the 
Weather Bureau is on top of the three-storey post 
office, and registered a maximum of only 80 m.p.h. 
because of surrounding high buildings. The Bureau 
estimated the maximum velocity to be 115 m.p.h. 
The barometer reached the phenomenal low record 
of 27-61 in., the lowest ever recorded in the United 
States. At Pensacola a wind velocity was reported 
of 120 m.p.h. for a period of 10 minutes and 100 
m.p.h., for the greater part of four hours. The 
highest speed registered was at the rate of 152 
m.p.h., and for a gust lasting 0-4 of a minute the 
wind blew at this rate. It is fair to rate the wind 
at 125m.p.h. The storm was not a tornado. With 
the violent wind there was heavy rain, 8 in. falling 
in eight hours. Such a precipitation is not unusual, 
but accompanied with a wind of 125 m.p.h. it is 
without recorded precedent. In the storm of 
November 30, 1925, 14 in. of rain fell in 14 hours, of 
which 10-1 in. fell in four hours. No great damage 
was done beyond flooded streets and cellars, and 
sometimes first floors. 

The rain during the hurricane was driven nearly 
horizontally, and must have greatly added to the 
impact due to the wind. A problem heretofore 
unconsidered is thus presented to the structural 
engineer. A comparison may be made with the 
force of the stream issuing from the nozzle of a fire 
engine. A 1}-in. nozzle of an ordinary fire engine 
discharges 250 gallons (1 gallon = 231 cub. in.) of 
water per minute, equivalent to a velocity of 
55 m.p.h. If a 1}-in. nozzle is put into service 
under a pressure of 100 lb. per square inch, the 
discharge may be 670 gallons per minute, equivalent 
to a velocity of 83 m.p.h. The actual velocity of an 
indicated wind velocity of 80 m.p.h., according to 

the correction formula of the U.S. Weather Bureau 
18 62-2 m.p.h. ; of an indicated velocity of 100 m.p.h. 
1s 76-1 miles; of 120 m.p.h. is 89-7 miles; and of 
130 m.p.h, is 96-4 miles. A Brazilian specification 
some two or three years ago contained a requirement 


that the calculation of the roof load was to be based 
on a wind speed with rain of 30 m. per second 
(67-1 m.p.h.). The words “ with rain ” were passed 
by without notice. Perhaps they were not really 
as meaningless as it was thought at the time. 

A graphic description of the storm was given by 
Charles L. Mitchell, Meteorologist of the Weather 
Bureau at Washington, which, by the courtesy of 
J. H. Kimball, of the Weather Bureau Station, 
New York City, has been placed at the writer’s 
disposal in the records of the Bureau including the 
Report. In his report, “The Florida Hurricane 
of September 18-20,” Mr. Mitchell writes: ‘‘ The 
intensity of the storm and the wreckage that it left 
cannot be adequately described. The continuous 
roar of the wind, the crash of falling buildings 
flying debris and plate glass; the shriek of fire 
ambulances that rendered assistance until the 
streets became impassible ; the terrifically driven 
rain that came in sheets as dense as fog ; the electric 
flashes from live wires, have left the memory of a 
fearful night in the minds of many thousands that 
were in the storm area.” 

Of particular interest to the designing engineer is 
the behaviour of the many-storied buildings of 
Miami. The structural engineer of the Miami 
department of building inspection writes :—‘‘ Only 
two out of 25 or 30 large buildings in downtown 
Miami were seriously damaged by wind pressure. 
This would seem to indicate that, if properly 
designed and built, the pressure of 20 lb. per square 
foot specified by the Miami building code is sufficient 
for buildings up to 20 stories high. The new code, 
however, will call for an increase in wind pressure 
depending on the height of the building.” A group 
of radio towers near Miami were blown over. The 
storm fell hardest on the poorer classes of communi- 
ties. The State of Florida contains 55,000 square 
miles, about 500 of which were affected by the 


125 automobile camps “of flimsy construction, 
without foundations and covered with canvas, in 
any hard storm subject to damage. The occupants 
numbered, approximately, 18,000, mostly non- 
permanent.” 

Soon after the storm, F. E. Schmitt, a member of 
the Committee on Research of the American 
Society of Civil Engineers and associate editor of 
the Hngineering News Record, proceeded to the 
storm zone with the object of reporting on the 
condition of structures of various types, and to 
suggest how the lessons learned could be applied 
to reduce or eliminate damage under similar condi- 
tions in the future. His report may be found in 





the issues of the Engineering News Record of 
September 30, October 7 and October 14, 1926. 
Some of his generalisations are given. The best- 
built structures resisted the storm either wholly 
or with minor loss. Good construction was not 
dependent on specific materials. Anchorage failed 
very commonly, both in the lifting of roofs and in the 
lifting, rolling over or bodily displacement of houses 
and garages. Parapet walls were blown over or 
torn off in great numbers, Hollow tile and concrete 
block walls other than parapets failed extensively. 
Roofing materials made an unsatisfactory showing. 
Roofs ripped away almost everywhere in whole or 
part. Spanish and mission tile roofs, almost the 
characteristic architectural feature of the region, 
also were nearly everywhere damaged, even when 
fairly well cemented. Window: were blown in 
everywhere, and window destruction was reported 
to have been the first happening in the wrecking of 
many houses. 

Mr. Schmitt quotes approvingly the summary of 
the structural engineer of the Miami department of 
building inspection, one paragraph of which has 
been previously given. Another paragraph reads, 
“Tn residential and ordinary building construction, 
the following points are worth attention :—Wooden 
shutters would prove to be a wonderful safeguard 
to residences. In wood-frame buildings it is 
important to take particular care that the rafters 
are spiked securely to the sidewalls and the ends 
of all partitions are well spiked to the walls, Such 
buildings should also be anchored to their founda- 
tions, and should not have to depend on weight 
alone to resist being turned over or shoved off 





their base. Tile and cement block construction for 


storm. Within this area there were approximately | . 


residences, small stores and apartment buildings 
should be laid up in cement mortar.” 

Of the two damaged high office buildings, the 
17-storey Meyer-Kiser Building, on an area 39 ft. to 
45 ft. wide and 140 ft. long, is badly distorted. At 
the front (south) wall it is bent 20 to 24 in. west- 
ward, and at the rear wall about 8 in. eastward. 
It is also bent backward (north) some 6 in. The 
front wall masonry is gone from the fifth to the 
eleventh floors. The steel frame may prove a total 
loss, but this is not yet determined. The Realty 
Board Building, 32 ft. to 45 ft. wide and 92 ft. long, 
is extensively cracked in walls and partitions, though 
apparently plumb. Both buildings have steel 
frames, thin tile and concrete rib floors, and 8-in. 
hollow tile enclosure walls. They were erected 
during the rush of 1925. The steel plans of both 
are to be reviewed. 

It is too soon to write at length of technical 
features related to the hurricane. More facts must 
be known and a co-operative study taking weeks, 
if not months, must be made. It is gratifying to 
read that two of the engineering associations of 
Florida have begun this work. Mr. Schmitt 
gives hints of results that may be obtained by fur- 
ther study: ‘If engineering design is to make 
structures truly stormproof, it should evidently 
deal with wind as with a dynamic, pulsating 
force. Intermittent or pulsating wind force is 
also suggested by the behaviour of tall smoke- 
stacks and radio towers as compared with that of 
more rigid structures such as buildings or elevated 
tanks. The flexible structures failed, the more 
rigid structures resisted unharmed, though un- 
questionably designed for substantially identical 
wind pressures. Valuable conclusions with 
respect to residential and general building con- 
struction are to be expected from a study of the 
extensive house damage in the Miami territory. 
Racking of two Miami office buildings 
under lateral pressure reveals the manner of action 
of tier buildings, and will yield highly important 
new understanding of lateral resistance. . . . 
Study of the correlation of walls and frames will 
not prove altogether easy. But at all events the 
Miami storm lays down the fundamental fact that 
the wall does function as a resisting web, and 
that we are not at liberty to ignore it. In 
neither of the two racked buildings, even in the 
severely bent and twisted Meyer-Kiser building, is 
there as much as a crack in the floor or ceiling, 
despite the fact that the floor construction was 
a very light composite of tile and concrete. The 
horizontal girder action of the floors, it appears, 
was adequate to transmit the wind pressure to all 
parts of the steel and enclosing walls. Hitherto 
structural engineers have recognised this floor 
action only to a limited degree. But utilising it 
fully, every column of the building can be made to 
share in the wind-resisting action.” 

At Pensacola a rolling-lift bridge was overturned 
by the tide and wind. At the Naval Air Station 
47 of the 237 planes were damaged, 38 beyond re- 
pair; 8 buildings were completely destroyed ; 
all paving, railway tracks and 75 per cent. of the fill at 
three piers were washed out, and wholesale damage 
occurred to roofs, windows, doors and sidings. 
It should be noted that the bulk of damages sus- 
tained by the station was due to the fact that the 
water reached a height of 8°54 ft. above mean 
high tide, and that it contained much wreckage, 
which was propelled with violence against buildings. 

In conclusion, tribute must be paid to the mar- 
vellous recuperative energy shown by the people 
of Florida. Deflation from the boom had set in, 
and the outlook was discouraging. Then came the 
hurricane. The American Red Cross on Septem- 
ber 28 estimated the number of homeless families 
at 15,700. This meant that about 50,000 people 
were without homes. A liberal response was made 
to their appeals, and relief was speedily given to 
sufferers. Free transportation from the hurricane 
area was provided for refugees. But the rehabilita- 
tion to cities and towns must always come in 
great measure from the residents thereof, and in 
Florida it has been remarkable. Mr. 8. Davies 
Warfield, President of the Seaboard Air Line 
Railway, in a statement to the public, written from 





Miami, under date of October 12, says that at 
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Miami, Miami Beach and Coral Gables, there are 
approximately 137 hotels, 1,200 apartment houses, 
10,000 places of business of all kinds, and 35,000 
to 40,000 dwellings. 


| was designed for a pressure of 1,000 Ib. per square 


inch, and for a temperature of 800 deg. F. It 
consisted essentially of 19 thin-walled tubes of 


Of the hotels and apartment | nickel silver, having a total heating surface of about 


houses damaged, all, he says, will be in operation | 19sq. ft. The tubes were spaced apart and insulated 
by December 1 ; of the places of business all but a few | by threading them through holes in discs of uralite 
will be in operation by December 15. ‘‘ Dwellings | and were coupled up so as to form one continuous 
of modern permanent construction withstood the| pipe. The heating was effected by passing the 
storm, sustaining slight or no damage, while build- | current through the wall of this pipe from end to 
ings of flimsy construction were damaged to the |end, no other heat resistances being employed, 


extent of 70 per cent.” 





RECENT EXPERIMENTS ON 
PROPERTIES OF STEAM AT HIGH 
PRESSURES. 


On Monday, November 29, Prof. H. L. Callendar, 
F.R.S., delivered, at a meeting of the Royal Society 
of Arts, the concluding lecture of his course on the 
above subject. 

He proposed, he said, at the outset to describe 
the arrangements made to secure a steady flow 
of steam at uniform temperature and pressure. 
For pressures up to 500 Ib. per square inch, the 
boiler adopted was of a type used for steam cars 
20 years ago. It was represented in Fig. 15, and 
consisted of a mild steel shell with copper fire tubes. 
The fuel used was petrol, which, being free from 
sulphur, had no tendency to cause corrosion of 
the plating. The maximum output was about 
5 lb. of steam per minute. The pumps were motor- 
driven by current supplied by a battery, so that a 
very uniform flow was secured, which could, more- 
over, be varied at will. It was found that the 
** quality ”’ of the steam generated depended on the 
water level, and this was fixed automatically by 
providing a blow-off cock at a suitable height which 
was kept open continuously. An orifice under a 
stated pressure would discharge a greater quantity 
of water than of steam. Hence, if the water level 
rose for any reason above the opening to the blow-off 
cock, a greater weight of fluid was discharged, and 
the proper level automatically restored. Most of 
the irregularities met with in the working of the 
boiler arose from the choking of the fuel jet. The 
worst troubles, however, were due to oxidation of 
the plating. A colloidal form of iron oxide was thus 
produced, which led to “ nuclear” condensation, 
and a turbid condensate. Ultimately, the boiler 
was thrown out of use, owing to local corrosion of 
the tube plate at a point where it was exposed to 
a gas jet, which was used for about 5 minutes at 
the commencement of each experiment. The super- 
heaters at first employed were simple steam pipes, 
which could be easily changed when necessary. 

For higher pressures and temperatures a more 
elaborate type of superheater was used, which was 
represented in Fig. 16. It consisted of a coil of 
steel pipe of }-in. bore and 1-in. external diameter, 
cast into the wall of a heavy cylinder of cast iron. 
The central hole in the casting was traversed by 
cross bars as is indicated in the plan. These 
promoted the transfer of heat. This superheater 
proved to be very convenient in use, and it was 
comparatively cheap. Having embodied in it a 
considerable weight of metal, its thermal capacity 
was high, so that chenges in the condition of the 
steam passed through, occurred slowly and gradu- 
ally. For experiments on steam at very high 
pressures, another boiler was needed. Inquiries 
showed that nothing suitable was on the market. 
Special designs were, however, submitted both by 
German and by English makers, but the prices were 
high, and the patterns proposed would have been 
difficult to clean and maintain. 

It was ultimately decided to heat the boiler elec- 
trically, and to construct i+ in the workshops of the 
physics department of the Imperial College of 
Science. The quantity of electric energy required 
was in general not more than 20 kw., with perhaps 
50 kw. as a maximum. Hence, the cost of the 
electric heating was not prohibitive, whilst it had the 
advantage of easy control, and of silence and cool- 
ness in working, as there was very little external 
heat loss. Moreover, it was easy to reproduce 
stated conditions of working with comparative 
certainty. 

The boiler was of the water-tube type, as repre- 
sented in Fig. 17. The first to be constructed 














jand the whole was finally enclosed in an outer 
| tube of steel fitted with end plates. This design 
|of boiler was very easy to repair, but although 
THE | worked for more than a year, this need never 


arose. At the end of this period, however, a 
“test to destruction’? was made, and failure 
occurred under a pressure of 1,000 Ib. per 
square inch, and at a temperature of 950 deg. C., 
the designed working temperature being as already 
stated, 800 deg. F. The damage done was con- 
fined to a single tube, which opened for an inch or 
two near one end. Theinjury, had it been necessary, 
could have been repaired in half-an-hour. 

A very good and very reliable feed pump was 
secured. It was motor driven with current derived 


| the steam to circulate several times round the con- 


densing tube before it reached the outlet. The con- 
densate issued from the apparatus on the left and was 
subsequently weighed. The cooling water entered 
at the top of the condenser, and flowed first through 
an external jacket separated by a layer of lagging 
from the body of the condenser. On leaving this 
jacket the flow was directed to a central pipe, from 
which the water passed over the inner surface of the 
annular steam pipe. It returned over the outer 
surface of this pipe, and finally escaped by the 
discharge branch indicated in the right-hand top 
corner of the figure. The point of discharge being 
at the highest point of the apparatus, there was 
no danger of an air lock. Spiral baffles not shown 
in the diagram made the water flow round and round 
the surfaces it had to cool. An outer jacket, also 
not shown in the figure, was fed from the same 
source of supply as the main flow of condensing 
water, and thus ensured that the condehser worked 
under uniform conditions in spite of changes in 
the temperature of the laboratory. External heat 
losses, it would be seen, were rendered extremely 
small. The apparatus had, moreover, a small 
thermal capacity, which contributed to the accuracy 





from accumulator cells, and its speed could be 


Super Heater 
Gas-Burner WGa5-Burner 


Fig. 15. 


sage 





Blow-off Throttle 


























t 
(9853 A) “ENGINEERING” 


varied from 3r.p.m. to 60r.p.m. It maintained a flow | 
which was steady within less than 1 per cent., and | 
could, without any sign of distress, supply 5 Ib. | 
of water per minute under a pressure of 5,000 Ib. | 
per square inch. The pump was provided with an | 
“ alleviator,” which, in case of a stoppage in a pipe | 
or at a throttle, relieved the pressure at a pre- 
determined limit. 

The first electric boiler proved so satisfactory 

that a second was made. This had 37 tubes instead 
of 19, and had nearly twice as much heating surface 
as the original. It could, if required, absorb 50 kw. 
of heating energy. In the complete boiler there 
were 80 joints made by hard soldering, and when 
finished, the work proved absolutely tight under 
an hydraulic test of 4,000 Ib. per square inch. One 
of the end plates of the steel casing is repre- 
sented in Fig. 18. A _ ventilation valve was 
fitted at the centre of this plate, the object of which 
was to get rid of the moisture, which might be 
absorbed by the uralite discs to the extent of 20 
per cent. of their weight. In the absence of the 
ventilation provided for, the insulation might have 
been damaged by the wet. The ventilation valve 
was normally kept open, but it would close auto- 
matically should a tube burst, thus raising the 
pressure in the tube space. 
« The steam delivered from the boiler was fil- 
tered before it was passed on to the series of 
throttles described in the preceding lecture. This 
precaution was necessary, since drawn tubing was 
never quite free from scale which, if loosened and 
carried off by the steam, would choke the throttles. 
The temperature of the steam as it left the boiler 
was determined by means of a thermocouple. 

By the methods described a steady current of 
steam of uniform quality was provided, and the 
total heat of this was then measured by passing it 
into a special type of surface condenser, the general 
arrangement of which is shown diagrammatically 
in Fig. 19. This direct measurement of the total 
heat provided a check on the results recorded in 
throttle experiments. The steam, after being 
reduced to about atmospheric pressure by means 
of a succession of throttles, entered the condenser 
on the right, and was directed through an annular 
pipe, the walls of which constituted the condensing 
surfaces. A spiral guide in the annulus compelled 





of the observations made. 
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It was important that the apparatus should be 
able to expand freely, otherwise it might rack itself 
to pieces owing to temperature strains. This 
freedom for expansion had been carefully provided. 
Most of the tubes were perfectly free to expand, 
and on the left-hand side the end plate was a thin 
diaphragm of copper which furnished the elasticity 
here required, and there was a sliding joint between 
the inner surface of the pipe supporting the lagging 
and the flange on the steam pipe. 

It was essential that there should be an entire 
absence of leakage, and that it should be possible 
to test the tightness from time to time. This was 
done by stopping up the steam inlet pipe and putting 
water pressure on the jacket system. If there were 
any leakage, water would drip from the condensate 
outlet. 

Tn one case steam was accidentally turned into 
the apparatus without the cooling water, but no 
damage resulted. 

The temperatures of the ingoing and outgoing 
cooling water were measured to hundredths of a 
degree, and the total temperature rise was about 
50 deg. C., so that the error in temperatures was 
less than one part in 5,000. The total heats of the 
water as it entered and left the apparatus were 
deduced from the experiments of Callendar and 
Barnes. The equation, connecting the total heat of 
steam admitted to the apparatus with the measure- 
ments made, was as follows: 


Hy = % (ho — hy) + He + * 


Here H, denoted the total heat of the steam, and H, 
that of the condensate ; mrepresented the weight of 
steam passed per minute and M the corresponding 
weight of the cooling water, whilst h, and h, were 
the total heats of this cooling water at exit and 
entrance, respectively. X represented the external 
heat lost per minute. 
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Provision was made for turning on and off, by 
the movement of a single lever, the deliveries of 
condensate and cooling water respectively. These 
deliveries were weighed in a balance sensitive to 0-1 
gramme in 10 kg., and 10 kg., was about the usual 
weight of the condensate in an experiment. 

It was found possible to maintain exceedingly 
steady conditions both of temperatures and pressures, 
and the results were in close accord with those 
derived from the throttling experiments, as will be 
seen on reference to Fig. 20. 

In both cases certain anomalous results were 
met with when the pressure was high and the 
superheat low. Thus, in the case of the experiments 
described in the last lecture, in which the external 
heat loss was determined by splitting the supply of 
steam into unequal proportions between two similar 





superheated, but the error involved only became 
serious at high pressures. The phenomena would 
escape detection with the apparatus used in most of 
the experiments on steam made elsewhere, but had 
been disclosed with the simple type of apparatus 
used at South Kensington. 

Proceeding to another matter the lecturer said 
that it had long been recognised that the simple 
type of expression used by Joule and Thomson to 
represent the cooling effect, could not hold good at 
high pressures and small superheats or near the 
critical point. The object of the experiments he 
had described in this course of lectures was to 
determine the difference between the actual proper- 
ties of steam at high pressures, and those deduced 
from the Joule-Thomson expression, which had 
proved to be remarkably accurate at low pressures, 





experiment, and this curve was similar in shape, 
though not in absolute values, to that found by 
himself. Probably the steam had been heated at 
about the same rate in both sets of experiments. 
Knoblauch’s extrapolated curve for 800 Ib. per 
square inch, cut the Callendar experimental curve at 
two points, and was in closer agreement with the 
Joule-Thomson equation. Goodenough’s curve for 
the same pressure differed more, but, considering the 
wide extent of his extrapolation, it was a wonder 
that the deviation was not greater. 

Knoblauch and Hansen had proposed a very 
ingenious but very complicated formula for the 
extrapolation of observations to the critical 
temperature. 

The coefficients used were based on observations 
near the saturation line, which were the least 
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calorimeters, the temperature observed was in some 
cases lower on the side on which the steam flow 
was largest, with the result that the external heat 
loss, as calculated appeared to be negative, an 
obviously impossible phenomenon. Similarly, when 
the total heats were measured directly by the 
condenser method, anomalous results were again 
observed. 

Take, for example, a case in which the steam 
was supplied at a pressure of 1,100 lb. per 
square inch and at a temperature of 580 deg. F. 
When the flow was 4-773 grammes per second, the 
total heat found was 1,212-3 B.Th.U. When the 
flow was reduced to 1-828 grammes per second, the 
total heat, as measured, was 1,215-0 B.Th.U. The 
anomaly appeared to be due to a certain time lag 
in the evaporation of moisture entrained in the 
Steam entering the condenser. It was never met 
with when the pressure was low or when the super- 
heat was high. 

In the example above taken, the large flow took 
about 5 or 6 seconds to pass through the superheater, 
and the smaller flow about three times as long. It 
was probable that the effect in question was always 
present when the steam supply was but slightly 





| Linde-Jacob, and which was at one time adopted 
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the error being not more than 1 in 1,000. With high | 
superheats an equally good agreement was found | 
to hold even with pressures as high as 1,090 Ib. per | 
square inch. When, however, we had a high pressure | 
combined with a low superheat, discrepancies | 
came in. These were in part due, as already indi- 
|cated, to moisture entrained in the steam, but also | 
|in part to the fact that the first approximation | 
| constituted by the Joule-Thomson equation was no | 
longer sufficient with high-pressure steam near its | 
saturation point. The actual deviations were, | 
however, much less than was indicated by the| 
older tables. 

Comparative results were shown in Fig. 20. 
Here the upper curve showed the deviation from 
the Joule-Thomson law of the formula proposed by 





by Stodola, but had now been abandoned by him. 
This curve was an extrapolation based on experi- 
ments made at low pressures. The same data had 
been analysed by Goodenough, with greater regard 
for thermodynamic principles, and this curve had 
also been plotted on the diagram. The deviation from 
the Joule-Thomson equation was, it could be seen, 
much less with the Goodenough curve. Knoblauch’s 








curve for 400-lb. pressure was based directly on 
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reliable of any, and a second and different expression 
had to be used to represent the properties of steam 
below 100 deg. C. Their equation for total heats 
above 100 deg. C. was 

H = 436-13 + 0-3391 T + 0-0000985 T2 

— 29-473 log (T — 256-4) + 46-812 log (T — F) 

— 0-2696 p + 0-000301 p2 + 23-625 log (15-3 + p) 
In this expression F was a function of the pressure p, 
viz., 

eur til 50 6310-3 

F = 588°97 + 0:°37354 p — 18-165 + p 
This equation satisfied the condition that the 
specific heat of steam became infinite at the critical 
point, but beyond this point the value jumped 
to — , an obviously impossible result. It also 
made the total heat of steam, at the critical point, 
equal to —o, whereas the actual value was 
positive and fairly large. It had nevertheless 
been suggested that a formula of this type 
might be safely taken as a basis for estimating 
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the value of experiments made at t high pressures 
and temperatures. 
In spite of its defects the formula gave very 


fair results up to 800 Ib. per square inch, but 





cycle would be 0-3952 and 0-3945. In view of 
the close agreement thus illustrated, it seemed 
worthy of consideration whether there was any 
sufficient reason for adopting complicated empirical 


CoMPARISON OF STEAM TABLES AT HIGH PRESSURES. 


























Marks Stodola. | Callendar. | Knoblauch. Good- New 
and Davis.! | enough. Chart. 
| 

Upper limit of table (Ib. per serge — 7s mt ..| 600 1422 2000 850 800 1200 
Means of extrapolation. . ss at graphic os _ graphic formula — 
1,000 Ib. per square inch absolute 750 deg. F. 

Specific volume (cubic feet per pound) . _ 0-654 0-677 0-625 0-659 0-648 

Adiabatic heat drop to 200 Ib. per square inch, B.Th.U.| 163-8 163-8 166-6 164-7 162-8 162-9 
500 Ib. per square inch absolute 725 deg. F.— 

Specific volume (cubic feet per pound) . 1-402 1-346 1-362 1-318 1-356 1-340 

Adiabatic heat drop to 150 Ib. per square inch, B.Th. U.| 126-4 131-7 132-1 130-5 131-8 131-1 























beyond this limit it was certainly unsatisfactory. 
The values it gave for the total heat at saturation 
were too low, and, as indicated in Fig. 21, became 
wobbly at pressures beyond 1,200 Ib. per square inch. 
It would be seen that the results for saturated 
steam derived from the Joule-Thomson adiabatic 
agreed with the Thiesen curve up to a temperature 
of about 500 deg. C.. 

In practice high-pressure steam was not likely 
to be used with a low superheat, as the result 
would be a large condensation in the turbine 
with consequent additional friction, leakage, and 
wear. Moreover, the saturation line had little 
significance in turbine practice since, owing to 
the rapid expansion, condensation did not com- 
mence till the temperature had fallen some 
50 deg. F. or more below that corresponding to 
the pressure. With a pressure of 1,000 lb. per 
square inch the superheat should be at least 
200 deg. F., and then the Joule-Thomson expression 
became pretty accurate. Indeed, it was very 
accurate at all pressures if the superheat were 
high. It seemed, therefore, to provide a far better 
standard of reference than such very complicated 
empirical formule as that of Knoblauch and 
Hansen. This, moreover, could not be used to 
calculate heat drops, whilst the Joule-Thomson 
expression gave the simple formula 

3 


na —1~ 4-9 (1-()*) 


Some American writers had enlarged on the 
considerable differences found between different 
tables of the properties of steam. Typical examples 
are tabulated above. 

As a matter of fact, in view of the circumstance 
that most of these figures were extrapolations, 
the agreement was really remarkably good. The 
most serious discrepancy was that in the heat 
drop given by the Marks and Davis tables, for 
an expansion from 500 lb. to 150 lb. per square 
inch. These particular tables, however, were 
known to be thermodynamically inconsistent. 
Moreover, though there were considerable differ- 
ences in the absolute values of the total heats, 
as given by Goodenough and those derived from 
the Joule-Thomson formula, there was little 
difference between the heat drops for a given 
range of expansion, and the thermodynamic 
efficiencies also agreed closely. Thus, if steam at 
800 lb. absolute, and at a temperature of 900 deg. F., 
were expanded to 70 lb., then by the Callendar 
formula the heat drop was 270-1 B.Th.U., whilst 
the Goodenough figure was 270-0, although the 
original total heats were 1413-8 according to the 
Callendar tables and 1410-0 according to Good- 
enough. 

If the expansion were carried down to 0-5 Ib. 
per square inch, the Cellendar heat drop was 
576-9 B.Th.U., whilst the Goodenough figure 
was 575-6. The corresponding thermal efficiencies 
on the Rankine cycle were, however, respectively 
0-4081 and 0-4082. The difference in the two 
heat drops arose mainly from the fact that Good- 
enough’s values for the entropy of hot water 
were inconsistent with his total heats. 

As another instance, if steam supplied at 800 lb. 
abs. and at 720 deg. F., were expanded down to 
0-5 lb., the heat drop according to Callendar 
would be 518-6, and 512-6 according to Good- 
enough ; but the thermal efficiencies on the Rankine 





formule for the properties of Fsteam in place of 
the simple types based on{the Joule-Thomson 
expression. 





MAGNESIUM AND ITS ALLOYS. 


ENGINEERS, as a body, are usually very critical 
of the claims put forward in favour of a new material, 
and the practical value of a metal or alloy must be 
established as a result of exhaustive tests before it is 
accepted for general use. The development of 
aluminium and of its alloys, for instance, has been 
exceedingly slow, and it is highly probable that, 
had it not been for the European War and the 
consequent large demand for aircraft, the light 
alloys would not hold the position which they now 
occupy. One of the latest metals to be introduced 
to the engineer is magnesium. It is not by any 
means a new element; in fact, the discovery of 
magnesium preceded that of aluminium, and the 
use of the former in photography and in pyrotechnics 
is too well known to need comment. Magnesium 
was first isolated in the impure state by Sir Humphry 
Davy in 1808; he was able to reduce magnesia at 
a white heat by means of potassium vapour. The 
German chemist Bunsen, was, however, the first 
scientist to produce the metal by the electrolysis of 
fused magnesium chloride, and this method, in its 
essentials, is that employed to-day for the manu- 
facture of the metal on a large scale. 

Alloys into which magnesium enters as a minor 
constituent, such as magnalium, duralumin and 
Y-alloy, have been in the field for some time and 
are familiar to engineers. On the other hand, the 
use of pure magnesium, or of alloys in which magne- 
sium is the major constituent, is of comparatively 
recent introduction. Elektron was probably the 
first magnesium-rich alloy to be used in any quantity. 
It contains some 4 per cent. of zinc, together with 
small quantities of other metals, such as iron and 
copper, and was first produced in Germany some 
years prior to the war. A brief description of this 
alloy and of some of its properties and peculiarities 
were embodied in a paper presented by Mr. S. 
Beckinsale, at the autumn meeting of the Institute 
of Metals, in September, 1921.* The alloy has 
a specific gravity of about 1-78, and is fairly strong ; 
R. R. Moore found that forged Elektron had an 
ultimate strength of 16-3 tons per square inch, an 
elongation of 18 per cent., and a Brinell hardness 
number of 64. It is said to have been used to some 
extent in the manufacture of Zeppelins. The most 
attractive property of magnesium is undoubtedly 
its low specific gravity; this quality opens up 
great possibilities. It makes an obvious appeal to 
the aircraft engineer, and acts as an incentive to the 
metallurgist in his endeavour to overcome various 
defects and weaknesses which are usually associated 
with the material. 

A paper presented by Messrs. W. T. Cook and 
W. RB. D. Jones at the recent meeting of the Institute 
of Metals at Liége gave a brief account of some 
preliminary experiments carried out on the copper- 
magnesium alloys. The results of tensile tests on 
chill-cast material showed that the addition of small 
amounts of copper, to magnesium, was beneficial, 
up to 2 or 3 per cent. An alloy containing 1-88 
per cent of copper, for example, gave an ultimate 
strength value of 9-7 tons per square inch; as com- 
pared with the 7-4 tons obtained from pure chill-cast 





* See ENGINEERING, 1921, vol exii, p. 641. 








magnesium. Generally speaking, however, the 
alloys were found to be comparatively weak and to 
possess little ductility ; the limit of proportionality 
and the impact values were also very low. As the 
title of the contribution implied, however, these 
experiments are only of a preliminary nature, and 
the work is proceeding. The chief interest in this 
paper lies in the method of double melting employed. 
This procedure was again referred to at some length in 
a paper read recently in London before the Royal 
Aeronautical Society, by Mr. W. R. D. Jones. The 
great difficulty experienced in melting magnesium 
is that the metal is chemically very active, especially 
at elevated temperatures. It is capable of dissolving 
large quantities of gases, which come out of solution 
when the metal solidifies, forming large smooth- 
walled gas cavities. 

The melting appparatus employed by Messrs. 
Cook and Jones consists essentially of a forged-steel, 
bottom-pouring crucible having a tight-fitting lid. 
The tap-hole is closed by means of a stopper, the 
projecting handle of which passes through a central 
hole in the lid ; it is maintained in position by means 
of a weight placed on its upper end. A stirrer which 
consists of a horizontal, circular, metal plate, con- 
taining a number of holes, is also fitted; this is 
worked up and down, in a vertical direction, through 
the melt. A mixture of anhydrous magnesium 
chloride and fluoride is used as flux in the proportion 
of from 3 to 4 per cent. of the weight of the metal 
melted. Melting operations are carried out in a 
gas furnace. When the melt is complete, the 
contents of the crucible are well stirred so as to 
mix the metal and flux thoroughly. The gas supply 
is then turned down and the pot allowed to cool 
fairly slowly. When solidification is complete, the 
gas supply is turned full on again, and the metal 
remelted as quickly as possible, without stirring. 
When the melt is completely liquid again, the tem- 
perature of the furnace is reduced somewhat, and 
the pot allowed to remain at rest for a few minutes. 
The crucible is then removed, the stopper raised, 
and the metal poured into the mould placed an inch 
or so below it. Ingots produced by this process 
are stated to be absolutely sound and quite free 
from slag inclusions and gas cavities. The advan- 
tages of bottom pouring are obvious ; the metal does 
not have to pass through a layer of slag and flux 
on teeming, and the tight fitting lid not only pro- 
tects the contents of the crucible from exposure to 
furnace gases, but also prevents loss by oxidation. 

Apart from the data it contains on the founding 
of magnesium alloys, Mr. Jones’ paper gives an 
excellent account of the position occupied by these 
materials in present-day industrial practice. He 
gives some prominence to the magnesium-aluminium 
alloys and states, quite rightly, that this series has 
been studied in some detail by various metallurgists. 
The general conclusion arrived at is that material 
containing some 6 per cent. of aluminium is the most 
advantageous. Alloys of this type which contain 
from 6 to 12 per cent. of aluminium, have been 
exploited by the Dow Chemical Company, of 
Midland, Michigan, U.S.A., under the name “ Dow ” 
metal. A typical sample is stated to possess a 
tensile strength of about 10 tons per square inch, 
a yield point of over 5 tons per square inch, an elon- 
gation, on 2 ins., of 3-5 per cent., and a Brinell 
hardness of between 55 and 75. It is claimed that the 
alloy can be rolled, drawn, drop- forged or heat- 
treated, witha marked improvement in itsmechanical 
properties. In this connection, results from a 6 per 
cent. aluminium alloy, obtained in the course of a 
recent investigation carried out at the National 
Physical Laboratory by Messrs. S. L. Archbutt and 
J. W. Jenkin,* are of interest. After hot rolling, 
the material was found to possess a maximum 
stress value of 183 tons per sq. in., a limit of 
proportionality of 2-4 tons per sq. in., an elongation, 
on 2 ins., of 20 per cent., an Izod impart value of 
4-6, and a Brinell hardness number of 50. The 
yield stress value of the alloy, however, is stated 
to be slight and indefinite. Dow metal has been 
used for the pistons of a Ford motor car with, it 
is said, very satisfactory results. The coefficient 
of linear expansion of the material, over @ 
range from 0 deg. F., to 800 deg. F., is given as 





* See Aeronautical Research Committee Reports and 
Memoranda, No. 1037. 
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CONSTRUCTED BY THE FRASER AND CHALMERS ENGINEERING WORKS, ERITH. 
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0-000028, and it is stated that the alloy shows no 
permanent growth after repeated heating and 
cooling. The main use for which the material is 
advocated is the manufacture of pistons and | 
connecting rods for motor cars, aeroplanes and | 
motor boats. | 








Hoiseck Coat PULVERISER. 


SECTION A.A. 





Fig.33. « 


VIBRATORY SCREEN. 


the chill-cast metal were respectively, 7-4 tons, 
7-0 per cent., and 30. Turning now to a well- 
known physical property of the metal, the use of 
magnesium in flash-light photography has led to 
the belief that the metal will catch fire easily 
when in bulk. As a matter of fact, it is very 


Taking everything into consideration, however, | difficult to ignite magnesium when the metal is 
the opinion is gradually gaining ground that the | in anything but a very finely-divided state. The 
pure unalloyed metal may come into greater | magnesium wire or ribbon of the photographer is 
prominence as a material of construction, than | prepared by a special process. This point was 
its alloys, on account of the fact that its properties | specially emphasised during the discussion on Mr. 
are readily improved by correct forging and heat | Jones’ paper, at the recent meeting of the Royal 
treatment. In the as-cast state the material is| Aeronautical Society. Mr. Jones, moreover, 
coarsely crystalline, and one of the main objects | definitely stated that the metal would not burn 
of adding an alloying element is to refine the grain. | unless its temperature were raised above that of its 
This grain refining may also be accomplished by melting point (651 deg. C.). Special precautions 
correct forging, with the result that the mechanical | must, however, be taken in the machine shop, and 


properties of the metal are equal to those of many 
of its alloys. Mr. Jones stated that a magnesium | 
bar of 99-89 per cent. purity, when forged down from 
a diameter of 2} in. to a diameter of 1 in., gave an 
ultimate strength value of 17-8 tons per square | 
inch, an elongation of 8 per cent. and a Brinell | 
hardness number of 38. Corresponding figures for | 


| filings, saw-cuttings, turnings, drillings, and es- 


pecially finely-divided material, should not be 
allowed to accumulate. 

The capability of a metal or alloy to withstand 
corrosion is always of vital importance. Until 
a few years ago, magnesium was relatively a poor 
material in this respect; it deteriorated rapidly, 


and was subject to excessive pitting owing to the 
presence within it of particles of flux, and slag in- 
clusions. Present-day metal is free from these 
defects, and it may be said that the ability of 
magnesium to withstand corrosion is largely a 
measure of its purity. When exposed to the atmo- 
sphere, like aluminium, it becomes coated with a 
film of hydroxide, which inhibits further deteriora- 
tion. Magnesium is, however, rapidly attacked by 
salt water. The chief mechanical defects of the 
metal and of its alloys are that, generally speaking, 
their notched-bar value, proof stress, and limit of 
proportionality are low. It is possible, however, 
that these weaknesses may be gradually overcome 
by forging, heat treatment, or some other means 
yet to be discovered. Whatever may be said in 
disparagement of magnesium, the basic fact remains 
that the metal has an abnormally low specific 
gravity. If the properties of the material be com- 
pared with those of other metals on a mass-strength 
basis, 7.e., if the tensile strengths, in tons per square 
inch, of various materials, be divided by their 
respective specific gravities, the value or forged 
magnesium is 9, that for forged Y-alloy is 8-1, 
and that for forged nickel steel is 8-0. These 
figures are distinctly interesting, but, on the other 
hand, it is only fair to state that too much import- 
ance should not be attached to what are, after all, 
somewhat arbitrary ratios. The annual world 
production of magnesium metal is at present in the 
neighbourhood of 350 tons. This output is obviously 
insignificant when compared with that of aluminium, 
and, moreover, it furnishes an explanation of the 
high price demanded for magnesium. In this 
connection the selling price of magnesium during 
the past eight years is of interest. According to 
figures, supplied by the Magnesium Company, 
Limited, London, and quoted by Mr. Jones, the 
price of the metal decreased steadily from about 
23s. per lb. in 1918 to about 4s. per lb. in 1926. 
Magnesium-bearing minerals are widely distributed, 
and there is no doubt that if the demand for the 
metal continues to increase, and many metallurgists 
are convinced that it will, the price demanded for 
it will show a corresponding decrease. 





CARDIFF ENGINEERING EXHIBITION. 
(Concluded from page 693.) 

CoNTINUING our account of this recent exhibi- 
tion, we may now refer to the exhibits of Messrs. 
Fraser and Chalmers Engineering Works, Erith. 
This firm showed a new portable conveyor for 
handling coal, coke, sand, gravel, or such-like 
materials as are stored in bulk, as well as 
pulverisers and other plant. 

One of the pulverisers for coal was of the Fraser 
and Chalmers-Bettington pattern, intended for 
boilers fired on the unit system. This pulveriser 
is of the impact type with an impeller consisting of 
two discs of mild steel about 14 in. apart on the shaft. 
The impeller carries at its periphery a number of 
T-shaped beaters of manganese steel, swinging on 
pivots between the plates formed by bolts which pass 
through them and through the long arm of the T. 
The sides of the discs are fitted with blades to form a 
fan. These draw in air at the centre, and deliver the 
coal dust made by the beaters into the delivery volute 
of the casing, whence the mixture of air and dust 
passes into a separator, which is a large chamber 
of conical form having internal baffles. The 
velocity of the stream of coal dust and air is reduced 
on entering the separator, with the result that only 
the fine dust is carried on to the burners, the larger 
particles falling to the bottom, whence they are 
returned to the impeller casing. This casing is 
lined with manganese steel bars of saw-tooth type, 
just clear of the swinging beaters. The new coal is 
fed into the casing by a screw feed having a 
variable adjustment. 

Another pulveriser shown was of a newer pattern 
and is used by Messrs. Fraser and Chalmers for the 
Holbeck pulverised coal system, a central system 
in which the pulverised fuel is delivered to a bunker 
common to several boilers and not direct to the 
burners. We illustrate this in Figs. 28 to 31. As 
will be seen from Fig. 28, the pulveriser proper is of 
the roller type. The roller head is overhung, and is 





held in place on the driving shaft by a nut and 
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Figs. 34 To 39. 


lock nut, tightened against the conical end of the 
shaft. A cover, held in place by a locking bar at 
the bottom having tightening screws, and provided 
with a single tightening screw at the top, gives ready 
access to the roller head and the grinding ring in 
which it revolves. The grinding ring is renewable, 
and is carried in an outer conical ring to facilitate 
removal. Both rings are held in place by four bolts 
and dogs, shown in Fig. 28, and two hook bolts, shown 
in Fig. 30. The roller head is a steel casting of some- 
what unusual shape, and is made with recesses to 
carry the four rollers. Slots are formed in the sides 
of these recesses to accommodate the trunnions of 
the rollers, which are, of course, free to move radially 


outwards, pressure on the grinding surface being | 


obtained by centrifugal force. As the roller head is 
overhung and must be truly concentric with the 
grinding ring, the shaft is provided with means for 
keeping it properly aligned. This is effected by 
carrying the inner bearing upon two wedge plates 
having adjusting screws, the bearing itself being also 
provided with lateral adjustment. This construc- 
tion is clearly shown in Fig. 31. The outer bearing, 
which is provided with four thrust rings, has also 
lateral adjustment, as shown in the same figure ; it 
is also capable of being adjusted longitudinally, as 
indicated in Fig. 28. The remaining parts of the 
mill consist of a ratchet and screw feeder gear, 
driven from the main shaft, and a large separator of 
an approximately diamond-shaped outline. The sepa- 
rator is provided with a fan, and contains baffles. 
The raw coal is introduced bythe feeder at one side 
of the base of the separator, and the resulting dust 
is carried by the fan draught up into the separator, 
whereby an action similar to that described above in 
connection with the Bettington pulveriser occurs, the 
particles over a specified size being automatically 
returned to the mill. The coal-laden air is carried in 
pipes to the coal storage bunker. Here the coal is 
allowed to separate out, and the air is returned once 
more to the mill through the fan. 

The Fraser and Chalmers Works also showed one 
of their standard vibrator screens. This we illustrate 


in Figs. 32 and 33. The example exhibited was a 
machine with two screen surfaces 4 ft. square. 
The two-surface pattern does not, however, represent 
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Fies. 40 to 42. Conveyor ROLLERS: 
THE New Conveyor Co., Lrp. 


the invariable practice, as the machine can be 
arranged with one or three surfaces also, and will 
operate efficiently with wire screen cloths ranging 
from } in mesh to 60 mesh. The most suitable 
inclination of the screen during working is about 
15 deg. to the horizontal. The frame is a simple 
structure of channel iron tied together with gussets 
andangle cleats. Asteel-plate hopper is attached to 
the under side. Vibration is imparted to the screen 
by the reciprocating motion of a tappet rod, which is 
attached to the centre of a strip of plate immediately 
below the screen and extending for its full width. 
The tappet derives its motion from a rocker arm 
carrying a roller in contact with an eight-toothed 
cam, which rotates in an oil bath at about 200 
r.p.m. About 1,600 pulsations per minute are thus 
given tothe screen. A buffer spring connected with 
the tappet rod provides a means of adjusting the 
strength of the pulsations. The vibrator mech- 





anism is enclosed in a cast-iron casing and is dust- 
proof. The power required is about 1 h.p. The screen 
cloths can be tightened or slackened as desired by 
means of adjusting screws. 


The new portable conveyor exhibited by Messrs. 
Fraser and Chalmers Engineering Works, is illus- 
trated in Figs. 34 and 39, annexed. Perhaps,the 
most characteristic feature of this is the main 
frame. This is of semi-circular pressed section 
with the convex side uppermost. It is stiffened 
longitudinally by flanging the lower edges out- 
wards and has cross-ties at suitable intervals. 
The advantages of this form of structure, in 
addition to its relative lightness, are, that it is 
self-cleaning, as no overflow from the belt can 
accumulate on the rounded surface, and also that 
its width protects the returning conveyor belt. 
It is fitted with a wedge-shaped steel boot at the 
point at which the material is fed to it; this effec- 
tually protects the tail pulley and its bearings. The 
conveyor belt is 16 in. wide, of three-ply rubber, 
covered with cotton duck. The belt of the conveyor 
on the stand was fitted with metal cleats 1 in. high, 
5 in. long, 15 in. pitch, but we understand that 
rubber cleats could be fitted for handling materials 
likely to be damaged by the metal ones. The belt is 
troughed, and does not require a skirt board, 
though when material of over 4 in. cube is to be 
handled, a guard angle is fitted above the belt to 
prevent large pieces rolling off. The troughing 
rollers are of the three-pulley type and are of cast 
iron. The head pulley is flat, as are the return idlers, 
of which there are three. As shown in Fig. 36, the 
conveyor belt can be operated by an electric motor 
through a chain drive, while in Fig. 34 a petrol- 
paraffin engine is fitted. When the formeris adopted 
a speed of 1,450 r.p.m. is required and when the 
latter, 750r.p.m. These speeds of drive give a speed 
to the belt of 200 ft. per minute, at which rate one 
ton per minute can be handled, provided, of course, 
that the material can be placed on the belt suffi- 
ciently rapidly. The power required is 3 h.p. for 
20 ft., 25 ft., and 30 ft. conveyors, and 5 h.p. for the 
largest size, viz., 35 ft. In the 30 ft. and 35 ft. sizes 
the engine or motor is arranged underneath the 
conveyor and not above as shown in the figures. 
If bales, or packages are to be handled, flat belts 
can be arranged for, while the undercarriage can 





be modified should a horizontal, portable conveyor be 
required. 
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Fies. 43 anp 44. THe SaAvERMAN Excavator; Mr. E. F. SarGEant. 


The most noticeable feature on the stand of | can elevate the load to the height required by the 


Messrs, The New Conveyor Company, Limited, 
Smethwick, was a section of a three-roller deep 
troughing idler with return idler underneath. The 
characteristic feature of the arrangement, which is 





wagons, hopper, or spoil pile, and discharge it 
automatically. The whole of these operations is 
done by the one machine, worked by one man. The 
arrangement has the additional advantage that 


shown in Figs. 40 to 42, is the simplicity of the method | it can dig from pits filled with water, this work 


by which the centre pulley is supported and the ease 
with which it can be installed and removed. The 
spindle is fixed, and the pulley rotates round it upon 
ball bearings, the inner race being a push fit on the 
spindle. The outer race is a tighter fit in the pulley 
end and is prevented from moving longitudinally 
by a sunk screw and washers, between which felt 
rings are placed to prevent the entrance of dust 
and dirt. The two bearings are connected by a tube 
screwed into the end castings, through the centre 
of which the spindle passes. This constitutes the 
oil passage to both of them, a hole }-in. in diameter 
being drilled in the tube, which is closed by a small 
screwed plug. A hole in line with this in the pulley 
shell affords access when it is necessary, usually 
at long intervals, to fill the tube with oil. The 
conveyor belt is easily lifted up to allow the hole in 
the shell to be reached. The ends of the spindles are 
made with two flat surfaces, and these engage with 
slots in the bracket castings as shown in Figs. 41 
and 42. The pulleys are merely dropped into place, 
the weight of the belt and material holding them 
down. The return idlers are constructed in a similar 
manner to the middle troughing idler. Other forms 
of conveyor were exhibited, of which perhaps the 
most noteworthy feature was the workmanship of 
the spiral conveyors. 

A very ingenious excavating appliance represented 
only by a working model and some photographs, 
was the Sauerman excavator, exhibited by the 
British licensee, Mr. E. F. Sargeant, Skelton, York. 
We illustrate this in Figs. 43 and 44, the first of 
which shows the arrangement of the excavating 
bucket and chains, while the second shows the 
cableway equipment. The cableway is not a rope 
maintained always at the same level, but is arranged 
so that it can be slackened, or tightened, simul- 
taneously with the operation of the bucket. The 
utility of this will be apparent. On breaking new 
ground, say, for a sand or gravel pit, the bucket 





being hitherto largely done by heavier appa- 
ratus such as grab excavators or dredgers. The 
cable is, as shown in Fig. 43, attached at one end 


|to a mast of suitable height, and at the other is 


anchored, after passing over a trestle. The span 
may be anything from 300 ft. to 1,500 ft. The 
height of the mast naturally bears some relation to 
the span, together with the depth of excavation and 
height of lift of the spoil. The appliance is, for ex- 
ample, quite effective when the depth of the pit is 
about one-third of the total operating span. A total 
lift of 200 ft. is not uncommon. The bucket can be 
supplied in sizes of from 4 cub. yard, up to 34 cub. 
yards, 

All the operations are performed by means of a 
two-drum two-speed friction winch. The slack cable 
is not itself wound in, but is lowered and raised 
by tackle, one part of which is attached to the 
mast, and the other to the slack cable. The hauling 
rope for the bucket passes over a single sleeve block 
at the top of the tower. The excavating bucket is, 
as will be seen from Fig. 44, open-ended, and 
dumps by tipping, a method eminently satis- 
factory in cableway work, thus avoiding such devices 
as doors opened by trigger mechanisms which are 
apt to give trouble. The method of suspension of 
the bucket from the trolley running on the cable 
will be clear from Fig. 44, but the tipping 
device needs a little explanation. The hauling 
cable is attached to a yoke carrying a plain 
pulley, to which yoke the bucket is also attached by 
the arrangement of chains shown. Over the plain 
pulley is passed a chain connected at one end to the 
back of the bucket, and at the other to a small 
single-wheel trolley running on the cableway. 
When the full bucket is being hauled in, the pull 
on the hauling cable is transmitted direct to the 
bucket trolley, while the tipping trolley is merely 
dragged along the cableway without putting any 
appreciable tension on the tipping chain. If, 


need only make a shallow excavation, but as the | however, the tipping trolley is held in place on the 
work proceeds and the pit deepens, the slack cable- | cableway, tension is immediately put on the tipping 
way allows the bucket to come up to its work. | chain, the pull coming on the sheave lying in its bight, | the cooling water for the auxiliary condenser. The 
By tightening the cable the bucket may be lifted | and it is hauled in, relative to the bucket, at double latent heat of the steam in both the jets is therefore 
up at any point as desired. Further, the cableway' the speed at which the bucket is itself travelling.! saved. A single-phase transformer for an output 
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Fie. 45. Eszector Air Pump; Messrs. C. A. 
Parsons AND Co., Lrp. 


The result is that the bucket is tilted forward by 
this tightening of the tipping chain, and dumping 
takes place. The checking of the tipping trolley 
can, it is clear, be made to occur at any point along 
the cableway by attaching a stop to the latter. After 
dumping the bucket is run back by gravity, being 
lowered by slacking the cableway, and checked 
when the correct position is reached by the hauling 
cable. It is clear that the area excavated will be 
circular if the anchorage only is moved, and the 
centre mast merely rotated. This is the method 
adopted in an installation at Brimsdown, photo- 
graphs of which were shown on the stand, an area 
of about a quarter of a circle of 700 ft. radius 
having already been worked out. In this plant the 
material is dumped into a tall screening tower 
running on a circular railway track with the mast 
asthe centre. By moving the mast in any par- 
ticular plant to suitable positions material can be 
excavated from a rectangular area. Photographs 
were also shown of the Sauerman Power Scraper. 
which is an apparatus of somewhat similar design 
for handling material in large storage dumps or 
bunkers, such as coal. The material may be levelled 
or reclaimed as required. 

Messrs. C. A. Parsons and Company, Limited, 
Newcastle-upon-Tyne, to whose pioneer work in the 
methods of obtaining a high degree of vacuum 
engineers are so much indebted, show their latest 
design of steam jet operated ejector air pump. A 
photograph of this is reproduced in Fig. 45, and 
the first impression gained is one of compactness. 
A vertical casting roughly D-shaped in section, 
contains both an auxiliary condenser and a feed 
water heater. To the flat side of the casing are 
attached the ejector pumps. These are two in 
number, the first is a primary steam jet which 
operates in connection with the auxiliary condenser 
as usual, while the other, the secondary steam 
jet, exhausts into the feed water heater. The 
vacuum is thus of a very high order and is very 
readily controlled. When used in connection with 
a surface condenser, the main condensate is used as 
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of 270 kv.-a. at 40 cycles with a voltage ratio 
5,500/508 was also shown by this firm. It exhibited 
careful design in the arrangement of its numerous oil 
channels, and the clamping of the winding against 
short-circuit forces. Of interest along with the 
examples of steel rotor blades rolled integrally with 
their roots by the Company’s recently perfected 
process, was an example of an earlier Parsons machine 
still in working order. This was a }-kw. direct- 
coupled, turbo-dynamo, built over 30 years ago. 
It runs at a speed of 9,000 r.p.m. A split parabolic 
ellipse reflector mounted to reflect two beams at 
any angle to one another also exhibited, is specially 
suitable for navigation in rivers or canals, where 
it is important to pick up banks at night. 

Measuring instruments of various kinds were 
well represented, though for the most part they 
were of well known types. At the stand of Messrs. 

ivershed and Vignoles Limited, Chiswick, W.4, 
however, several new pieces of apparatus were on 
view. Of these we illustrate an operation recorder, in 
Fig. 46. This instrument was originally designed for 
use in power stations in order to record what parti- 
cular switches were open or shut, or what machines 
were running, in the sub-stations. It is, however, 
useful in a much wider field, such as on textile 
machinery, and signalling apparatus for instance, or 
on an electric locomotive for recording the periods of 
stoppage and the application of the brake. It is to 
be understood that the instrument is in no sense 
quantitative. In order to effect a simultaneous 
record of that character it is necessary to combine 
it with other apparatus. Such a combination 
is shown in Fig. 46, where the chart on the right-hand 
side is recording the movements of an ammeter 
pointer. 

The chart on the left-hand side is that for 
the operation recorder, and is divided into twenty 
spaces with a centre line in each. A pen, of the Mur- 
day type, draws an even line, as the chart rotates, 
half way between the centre line and the division 
line between the intervals. When a stoppage or 
reversal of the mechanism to be recorded takes place, 
the pen crosses the centre line abruptly and continues 
its trace on the other side of it. As will be seen 
the pens are closely spaced. The whole record of 
twenty indications can be made on a chart 6 in. wide. 
Two other units are made, one with twelve pens, 
which uses a chart 3} in. wide, and one with seven 
pens which can be arranged, if required, to record 
upon the quantitative chart. Combinations of these 
units are possible for larger numbers than twenty. 
The pens are suspended from arms in stirrups, 
and each is provided with an ebonite handle 
for ease in removal for filling or cleaning. The 
inking capacity per pen is sufficient to cover a chart 
65 ft. long, moving at the rate of 1 in. per hour, 
without refilling. Each pen is independent of 
the others and is actuated by its own solenoid. The 
forty terminals thus required are seen on the top 
of the casing, which can be made either portable 
or for switchboard attachment. The coils being 
independent, either alternating or direct current 
of any voltage desired, and to the extent of two am- 
peres, may be used in the same box. The coils can 
be re-wound if a change is desired in either voltage 
or current, without returning them to the makers, 
and as they are readily removed and interchangeable 
the sequence on the chart may be varied as required. 
Of the other instruments shown, the earth continuity 
tester designed for the use of mining officials, was 
described in ENGINEERING, Vol. cxx, page 699, 
and Vol. cxix, page 751. 

Electrical plant was shown in considerable variety 
but was, on the whole, distinguished by only minor 
modifications of well-known types. Messrs. The 
Electric Construction Company, Limited, Ingersoll 
House, Kingsway, W.C.2, exhibited a 250 brake 
horse-power 3,300-volt, three-phase, 50-period, 
slip-ring type induction motor, having a neat 
arrangement whereby short-circuiting and brush 
lifting is effected by one movement of a lever. 
This lever is carried clear of the protective casting 
of the slip-rings, so that it can be operated from 
below, if necessary, by rods or chains. A 5 brake 
horse-power, 400-volts, three-phase, 50-periods, 


squirrel-cage-type induction motor, with a speed 
of 1,455 r.p.m., was shown in which the rotor 
windings were die-cast in special metal, all the end 


SUB-STATION RECORDER 


CONSTRUCTED BY MESSRS. EVERSHED AND 


Fra. 


rings and bars being cast solid. This method of 
construction is adopted to get rid of the trouble 
so frequently experienced in squirrel-cage motors 
from bad connections between the end rings and the 
rotor bars. This motor was of the protected type, 
and the examples shown generally were appliances 
for use in fiery mines. 

Examples were shown of the firm’s plate-type vent 
for colliery motors and switchgear. This vent consists 
of a number of rings of thin sheet steel, the central 
hole being about one-third of the external diameter 
of the ring. The ring, between the central hole 
and the edge, is perforated with a narrow slot in the 
middle of its width, the slot being concentric with 
the central hole, and being interrupted by -solid 
metal at definite intervals to hold what are virtually 
two rings together. The plates are threaded on studs 
screwed in the motor or control casing and are 
separated vertically by thin washers. All are 
held in position by a cup-shaped cap, which is 
also threaded on to the studs and extends almost 
to the bottom of the pile, so that the opening is 
limited to a small ring. Any gas generated in the 
apparatus to which the vent is fitted passes upthrough 
the central hole and spreads outwards between the 
numerous plates. About half-way across the plates 
the streams of gas flow into the chamber formed by 
the slots and the enlargement of area checks the 
velocity ; from this space the gas again splits up into 
numerous thin streams and escapes in a cooled 
condition to the atmosphere between the outer 
strips of the plates. 

Messrs. the British Steel Piling Company, Limited, 
Westminster, S.W.1, showed two instructive models 
of pile-driving equipments. 
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engine shaft. Tilting is effected by levers at the 
front end, a U-shaped frame connecting the trun- 
nions and carrying the centre pivot round which 
the drum rotates. The journals have completely- 
enclosed ball bearings. The action of the drum is 
as follows. There are fixed blades which carry 
the materials upwards and spill them over at one 
side in a cascade, the bottom of which is caught 
by the following blades. This ploughing through 
of the falling material results in thorough mixture. 
The drum is large enough to contain 3 cub. ft. of 
wet concrete, and the machine can deliver this 
quantity per minute. The capacity for unmixed 
material is 54 cub. ft. It is, however, in the engine 
that most interest centres. This is a horizontal 
single-cylinder petrol engine with a consumption 
of about half a gallon of petrol per working day. 
Actually the engine is covered with a stout steel 
casing with suitable doors for access to all parts. 
The casing was removed from the machine shown 
in Fig. 47. 

The engine is peculiar in having a reciprocating 
magneto, and a trip action governor. The former 
is shown in Fig. 48. The square box from which 
the spark wire is led, readily distinguishable 
in the figure, contains a pair of vertical cores 
wound with suitable coils. Across the top of the 
cores lies a group of flat magnets. An armature 
bridges the cores at their lower ends with which 
it is kept in contact by the spring at the left-hand 
side, acting through the bell-crank lever, as well 
as by the magnetic attraction of the cores them- 
selves. The sudden removal of the armature 
results in the creation of a current in the coils, and 


One of these was of a| from this momentary current the spark is obtained. 





timber frame carrying a McKienan-Terry double-| Usually about 3-in. movement of the armature 
acting hammer, with either steam or compressed air | is sufficient, and this is so rapidly accomplished 
as the motive power. The range of sizes for these | that the armature lies on ‘the cores about 95 per 
hammers is given as from 145 Ib. to 13,185 Ib. The | cent. of the time. The means by which the arma- 
other model showed the plant used for driving the | ture is pulled back against the spring resistance 
company’s “ Vibro” concrete piles. This system | will be quite clear from Fig. 48, the trip finger 
was described and illustrated in ENGINEERING, | bearing on the bell-crank being given a reciprocating 
vol. exxi, page 251. An _ interesting concrete | motion either by an eccentric, or a cam, the device 
mixer was also shown by the British Steel Piling | used depending upon the size of engine. The 
Company, of which we reproduce a photograph in| exact depth of engagement of the trip finger and 
Fig. 47. This is known as the No. 3 “ Wonder” | the bell-crank arm is determined by the adjusting 
concrete mixer. As will be seen, it is mounted, | screw shown, the other function of which is to 
complete with its engine, on a light frame, with | push off the trip finger and allow the armature to 
road wheels, and yoke pole to the swivelling|go back. Governing is effected by depressing the 
front carriage. The figure shows clearly the | finger so that it misses the arm altogether and the 
method of rotation from the chain drive’ on the | armature is not pulled down. The governor is of 
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the centrifugal type attached to the flywheel and, 
when the armature is not tripped due to excessive 
speed, also operates on the valves, the exhaust 
valve being held open till the speed decreases. The 
timing of the spark is accomplished in an ingenious 
manner. The trip finger is not solid with the reci- 
procating part but slides in it like a door bolt, and 
against a compression spring. The first part of 
the movement of the trip finger consists of the 
compression of this spring, which continues until 
the end of the finger remote from the bell-crank 
is solidly up against the reciprocating part. This 
is represented in Fig. 48 by a roller, and the small 
space between it and the end of the finger represents 
the amount allowed for the compression of: the 
spring. 

The narrow part hanging down between the two 
latter parts is the advance lever. When hanging 
downwards, as shown in the figure, the distance the 
tinger can move and the spring can be compressed 
before tripping, is clearly less and the spark is 
advanced for running. When this lever is swung up 
out of the way the travel and compression distance 
is longer, and the spark is retarded for starting. The 
use of the spring also gives a very positive and 
sharp action at the moment of disengagement. 
The butterfly-shaped part on the armature is the 
bracket carrying a breaker for the coil circuits. 
This is merely a simple pair of contacts so adjusted 
that they open by the downward movement of the 
armature just before the finger slips off the bell 
crank arm and allows the armature to close. The 
magneto gives a good spark and seems to be un- 
likely to get out of order. The engine starts up 
promptly and the governor appears to operate 
promptly and effectively. The machine is made in 
several other sizes besides the one illustrated, that 
is, with an output of 4, 5, and 7 cub. ft., and } to 
2 cub. yds. 

Most of the mining apparatus exhibited was con- 
nected either with the winning of coal or its sub- 
sequent treatment, but one stand at least dealt with 
the preliminary operations. This was the stand of 
Messrs. The FrancoisCementation Company, Limited, 











ENGINEERING 


47, 


Bentley Works, Doncaster, on which the main 
feature was a large sectional model of the sinking of 
a pit shaft through water-bearing measures by the 
cementation process. At the bottom was to be 
seen the plug of ground which was _ isolated 
from the strata by a ring of pipes injecting the 
cement. This plug may be anything from 15 to 
30 yards deep. Above it was a length of excavated 
shaft lined with wooden shuttering. This forms the 
working space. Higher up was the reinforcing framing 
in various stages of completion from the bottom up. 
This is constructed as follows :—The shaft is lined 
with thin iron sheets riveted to angle iron frames. 
This iron lining is hung from the top, and has an 
annular space of 2 in. between it and the shaft. 
The heavy reinforcing bars are arranged in horizontal 
rings with vertical bars running across them, the 
whole being secured by rods radiating from the 
angle irons joining the sheets. The annulus 
between the sheets and the ground is filled with 
clean, washed pebbles, and the finished length of 
reinforcing bars is then covered with solid concrete. 
When this concrete is properly set, the annulus 
is pumped full of cement; any water which has 
flowed into it during the operation of concreting 
is drawn off by a ring of pipes at the bottom of the 
section above the wooden shuttering. The firm also 
showed the surface material, Betonac. This is a 
metallic compound which, when mixed with a suitable 
cement, makes a surface not only waterproof, but 
resistant against oils, fats and many acids and 
alkalis. It is stated to be dustless and non-slippery. 

A working model of the “ Draper” Hydraulic 
Separator on the stand of Messrs. Sheppard and Sons, 
Ltd., Bridgend, Glamorgan, created considerable 
interest by the precise way in which it separated 
materials of different specific gravities. This 
apparatus was described and _ illustrated in 
ENGINEERING, vol. cxiii, page 684, but an account 
of a test may be of interest. Two coals, a bituminous 
variety and a “ steam coal” were selected and the 
specific gravities were accurately ascertained as 
being 1-27 and 1-33, respectively. They were 
reduced to particles of about 7 in. cube, and equal 
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quantities placed in the apparatus. The mixture 
was separated into a part consisting of 56 per cent. 
of the whole, with a specific gravity of 1-28, and a 
| part of 44 per cent. with a specific gravity of 1-34. 
| The usual difference in specific gravity between coal 
and shale is anything between 0-8 and 1-0, and, as 
| the original difference between the specific gravities 
| of the two coals tested was only 0-06, it would 
appear that the method has a very large margin of 
| sensitiveness. , 

Another interesting piece of apparatus, demon- 
| strated by a model, was a water-cooling tower on 
|the stand of Messrs. Film Cooling Towers (1925), 
| Limited, 124, Chancery-lane, W.C.2. As the size of 
| electric and other undertakings grow, the problem 
| of dealing effectively with the exhaust steam becomes 
{more and more difficult to solve, particularly in 
areas where there are no rivers of adequate volume. 
The amount of space occupied by the ordinary 
cooling tower is a serious consideration, and the cost 
of its concrete catch-pond heavy, so that any design 
conducive to a reduction in these costs is of some 
importance. The ‘essential feature of the Film 
system is that the water is made to flow down 
wooden laths arranged in zig-zag fashion vertically. 
Watching the actual demonstration on the stand on 
a full-size section, it was quite clear that the water 
flows not only down the upper surface of the laths, 
but down the under surface and sides as well. The 
| film is thin and the cooling surface large, while the 
|regular arrangement of the laths results in the 
formation of large chambers into which the air 
can penetrate. The importance of this is seen 
when it is realised that use is made of the principle of 
the older towers to form screens to deflect the wind 
in the film cooling towers. In the older towers the 
water drops in the form of a spray or rain upon 
hurdles arranged in various ways, and the artificial 
rains thus made forms an obstruction to the proper 
circulation of the air. For the deflection of the air 
currents in the film-cooling towers, the old spray 
arrangement may be put in, ey., in the form of 
a strip down the centre. 

Electrical apparatus adapted for use in collieries 
was conspicuous on many stands, and, although it 
is impossible to give an account of the several 
appliances, it may be of interest to record briefly 
some features of what was shown by those firms not 
already mentioned. Messrs. A. Reyrolle and 
Company, Limited, Hebburn-on-Tyne, had, amongst 
smaller items, a draw-out gate-end switch of 100 
amperes capacity up to 660 volts three-phase. This 
was on a low pedestal. A non-draw-out gate-end 
switch with mechanically-interlocked 60-ampere 
three-pin and earth-pin was shown as having received 
the first certificate for flame-proofness at Sheffield 
| University. The New Switchgear Construction 
| Company, Limited, of Sutton, were showing a 6,600 
| draw-out truck-type cubicle, with a very complete 
| system of safety interlocks. Messrs. The Hewittic 
| Electric Company, Limited, Walton-on-Thames, 
had an interesting collection of mercury and 
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other lamps for medical and photographic purposes, 
and two 75-kw. rectifier cubicles, while on the same 
stand Messrs. The Hackbridge Electric Construction 
Company, Limited, Walton-on-Thames, showed a 
100-kv.-a. three-phase, mining-type transformer 
tank, and an 825-kv.-a., 50-cycle, rotary converter 
transformer. Messrs. The English Electric Com- 
pany, Limited, Kingsway, W.C.2, also exhibited 
transformers, as well as switchgear, motors and 
parts of steam turbines, while Messrs. The General 
Electric Company, Limited, Kingsway, W.C.2, 
showed switches, motors, motor-driven winches and 
lifts. 

The remainder of the stands were devoted to 
boiler mountings, feed-water treatment appliances, 
rock drills, belting and fasteners, oils, small tools, 
measuring and recording instruments of various 
kinds, lifting appliances, engine packings, and so 
forth, many of which have been noticed in the 
columns of ENGINEERING on previous occasions. 








THE USE OF PULVERISED SMOKELESS 
FUEL IN BOILER FIRING. 


WA creat number of different methods have been 
resorted to, with greater or less success, to effect the 
low-temperature carbonisation of suitable coals and, 
at the same time, retain many of the valuable oil and 
other by-products which the original fuel contains. 
Many of the more promising methods we have referred 
to from time to time in ENGINEERING, and have 
given results obtained in tests with them in actual 
plants. For instance, in March, 1922 (ENGINEERING, 
vol. exiii, page 347), we described the work done by 
Messrs. Harald Nielsen and Bryan Laing, of Sensible 
Heat Distillation, Limited, of 100, Victoria-street, 
London, 8.W.1, in developing the L and N process. 
In this system, a partial distillation of coal is effected 
in a rotary retort by the use of the sensible heat con- 
tained in producer gas. The plant used consists of 
an ordinary gas producer, the hot gas from which is 
passed down through an inclined rotary retort and 
comes into intimate contact with the coal it contains. 
The gas is not burned in the process, its excess heat 
alone, due to high temperature, being used in driving 
off the hydrocarbons from the coal. In the process, 
these products are carried away with the producer 
gas, which leaves the retort comparatively cool and 
of greater calorific value than it was at entrance. 
From the mixture, the valuable ammonia, tar and 
oils may be extracted by the customary methods, 
and the gas is then available for heating or power 
production purposes. After the’ operation, a solid 
residual fuel is left in the retort, which is an excellent 
fuel for the gas producer. In the process, very valuable 
by-products are recovered and the smokeless fuel left 
can be used for domestic or other heating purposes. 
In the article on producer gas for furnace work, to 
which reference has already beer made, a description 
will be found of the L and N process and the resulting 
yields of the different products, while an actual plant 
made for the Carbon Products Company in India is 
illustrated. Having thus dealt with the system of 
carbonisation, we are now concerned with a develop- 
ment which has been demonstrated to be a practical 
success, viz., the burning of the residual smokeless fuel 
in boiler furnaces after pulverisation. 

Demonstrations were recently made with this fuel 
at the works of Messrs. Clarke, Chapman and Co., 
Limited, at Gateshead-on-Tyne, with a water-tube 
boiler of the Woodeson type, provided with a suitable 
furnace for the burnirg of pulverised fuel. The lay- 
out of the plant and the design of the boiler are 
illustrated in Figs. 1 and 2 on Plate XLIV with this 
week’s issue. The boiler used has an evaporative capa- 
city of 40,000 to 50,000 lb. per hour at a pressure of 
250 lb. per square inch. Its heating surface amounts 
to 5,200 sq. ft., and it is designed for a normal steam 
pressure of 250 lb. per square inch. In this boiler 
there are the customary six drums, connected in pairs 
by banks of tubes. Between the first and second 
sets of tubes, the superheater is located, a position 
suitable for the maintenance of a long life, as the gases 
lose considerable heat in passing through the water- 
containing tubes in front of it. In the Woodeson 
boiler, the drums are pressed to form a flat face for 
the accommodation of one bank of tubes, the others 
being run into thedrums radially. In the front of the 
boiler is located the pulveriser, below the coal bunker 
and dryer. In this design of plant it is arranged that 
some of the water contents of the fuel are driven off 
before the coal falls into the pulveriser for crushing. 
The fuel used, the semi-coal produced at Barnsley by 
Sensible Heat Distillation, Limited, is raised to the 
bunkers by a bucket type elevator, which can be seen 
in the top of Fig. 2. Leaving for the moment the con- 
sideration of the design of the pulveriser, it may be said 
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that the powdered coal is carried up by air blast to the 
inner nozzle of the burner at the top of the furnace, 
and there mixes with the secondary air driven through 
the annular space surrounding the nozzle by a separate 


fan. In the tests everything proved highly successful, 
the results obtained being :— 
Feed water temperature. .. deg. F. 112 
Steam pressure. ... ...lbs, per sq. in. 218 
Superheated steam temperature. deg. F. 537 
Actual water evaporated in a period of 
2 hours’ observation. ans lb. 56,000 
Equivalent from and at 212 deg. F., lb. 69,300 
Fuel used in observed period of 2 hours. 
lb. 7,550 
Evaporation, actual. lb. perlb.offuel 7°45 


Evaporation from and at 212 deg. F, 
Ib. per Ib. of fuel 9-2 
Calorific value of fuel. B.Th.U. per Ib. 10,670 
Efficiency, per cent. nee se 8895 
In the period of the test observations, the boiler, 
having been run for an extended period before any 
readings were taken, the flue temperatures, draught and 


carbon-dioxide contents of the flue gas were also taken.) 


These were :— 
Flue gas temperature of escaping gas, ‘7 
deg. F. 390 
Carbon dioxide. average percentage 16-5 
Draught in flue. in, water gauge... 0°25 


It should be noted that the 5,200 sq. ft. of heating 
surface, referred to above, is that of the actual boiler 
surface, the first section of the boiler being in use as 
an economiser, If the surface of the latter be added, 
the total amounts to 7,600 sq. ft. As will be evident 
from the study of the figures in the table, the results 
obtained with the semi-coal were quite satisfactory. 
It is of interest to note that from each ton of the 
original coal used to produce this semi-coal, there was 
obtained 19-5 gallons of crude oil, of which 25 per cent. 
was good lubricating oil, and 7,000 cub. ft. of gas of a 
calorific value of 485 B.Th.U. per cubic foot. After 
treatment, 72-5 per cent. of the original weight of fuel 
remained as semi-coal, 9-05 per cent. had been taken 
away as oil, 11-7 per cent. was removed as gas, and the 
remainder as liquor. ‘ 
Considering now the pulveriser, reference may be 
made to Figs. 3 to 7 Plate XLIV, which give particulars 
of the set used in the original tests. This turbo- 
pulveriser consists essentially of a fuel feeder and dis- 
tributor, a set of pulverisers arranged in stages, and a 
fan for the delivery of the powdered product. As shown 
in Figs. 3 and 4, the pulveriser was driven by an 
electric motor. The fuel is fed through a rotating table 
feed and control system to the pulveriser compartments 
arranged in series, where the action of powdering 
is accomplished by impact only. As is seen from the 
section, Fig. 7, there is ample clearance between the 
beater tips and the liner. Centrifugal force tends to 
throw the particles of coal against the inner periphery 
of the casing, where a draught of air through the 
machine carries it towards the fan. For each stage of 
pulverisation, it is arranged that the centrifugal force 
is maintained at some constant value, which, however, 
is made smaller for each stage as the particles become 
more minute. At all times the air supply is under 
control and variable at will, and thus the degree of 
fineness of the particles carried away may be regulated 
to suit the requirements. At the end of the series of 
pulveriser stages, the fan, Fig. 6, is mounted on the 
same shaft. This fan serves to carry away the fuel 
and its associated air in a stream, and supplies the nozzle 
of the burner through a vertical pipe rising in front 
of the boiler and then carried horizontally to the nozzle. 
Continuous investigation with pulverisers of the type 
described has led Mr. Woodeson to design a new sinyle- 
stage machine, illustrated in Figs.8 to 12 on Plate XLIV. 
In this, hot air is introduced directly into the pulveriser, 
which thus serves the double purpose of drier and 
pulveriser. This machine is a very simple structure, 
consisting, as it does, of nothing more than a cylindrical 
casing in which is centred a single disc, having remove- 
able beaters made of manganese steel mounted upon 
it. In the assembly, the fan for the creation of the 
draught of air is placed between the pulveriser and its 
motor. This arrangement gives easy access to the 
pulveriser, for the inspection or replacement of the 
beaters, by the disconnection of a single pipe and the 
removal of the bolts which lock the hinged door on the 
casing. The powdered fuel thrown up into the varying- 
sectioned trunking above the pulveriser is carried away 
by the fan and delivered to the burners. Any tramp 
iron that may pass in with the fuel to the pulveriser 
is dropped into the well shown at the foot of the 
chamber in Fig. 11, and is thus prevented from 
causing continued injurious actions, without the 
necessity for magnetic separators. No less than 80 per 
cent. of the powdered fuel produced will pass through 
a sieve of 180 mesh, the larger particles falling back into 
the pulveriser for further treatment. Tests show that 
the power consumption of such a pulveriser unit is 
14 kw. hours for every ton of coal treated, if the fuel 
contains 15 per cent. of moisture. Secondary air for 
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the combustion is supplied by a separate fan to the 
annular space surrounding the burner nozzle. This 
machine, used with various low-grade fuels on the test 
boiler previously referred to, has given complete satis- 
faction when the air supply to the pulveriser is main- 
tained at 500 deg. F. or more for the drying process, 
which is conducted at the same time as the pulverisation. 


NOTES ON NEW BOOKS. 


THE year 1926 has been marked in New Zealand 
mining history by the holding of a Dominion Mining 
Conference at Dunedin, N.Z., in February last, the 
previous conference of a like nature having been held 
no less than 35~years ago, when it formed part of the 
official programme of the New Zealand and South Seas 
Exhibition of 1889-90. The 1926 conference was 
organised independently, the conception originating 
with Professor Waters, who was made hon. secretary ; 
Professor James Park, whose name is known amongst 
mining engineers throughout the Empire, was appointed 
President. A record of the conference has been recently 
published in the form of a well-bound volume entitled, 
“* Proceedings, Papers, Remits and Discussions of the 
Dominion Mining Conference, 1926” (Dunedin: The 
Otago Daily Times and Witness Newspapers Company, 
Limited), Twenty-three papers were contributed 
dealing with petroleum, coal, gold, iron, clay, &c., 
and covering various aspects of mining, such as geology 
and occurrence of oils and minerals, prospecting for 
new deposits, electrification of plant, dredging for 
mining education, legislation, &c. Professor 
Park contributed a paper in which he reviewed the 
position of the world’s oil-shale industry and drew 
attention to the rapid depletion of natural oil. In the 
course of time, he pointed out, as supplies decreased, 
a point would be reached when shale-oil could be 
marketed at a profit. Meanwhile, new sources of 
possible oil supply were being investigated at great cost 
in many parts of the world. A detailed geological 
survey of New Zealand by the Dominion Government 
was advocated, Mr. William R. Smyth contributed a 
paper,the main object of which was to direct attention 
to the vast beds of auriferous conglomerate contained in 
a series of basins extending from Blue Spur towards 
the sea coast near Glenore. Everything pointed, he said, 
to these deposits offering scope and opportunity for 
the remunerative investment of capital to develop 
what are undoubtedly the largest alluvial mining 
propositions at present known at Otago. Mr. John R. 
Leggo contributed an interesting paper on big blasts 
with well-drill holes and tunnelling, for dealing with 
large quantities of ore in open-work mining, and of 
rock in quarrying. An account of the Californian 
dredge—a type new to New Zealand—of the Rimu 
Gold Dredging Company, which is the most powerful 
in operation in the Dominion, was given by Mr. 
J. F. Downey. The cost of this dredge, erected and 
ready for work, was about 100,000. In a further 
paper on prospecting and the revival of metal 
mining in New Zealand, Mr. Downey observed that, 
although the Geological Survey had already done 
much valuable work, only about one-seventh of the 
country had as yet been examined in detail, and 
among the parts not yet surveyed were some of those 
in which the early prospector found it most difficult to 
carry on his investigations. Further, prospecting had 
hitherto been usually carried out for gold only, and 
other minerals would, in most cases, be entirely over- 
looked or ignored. It could not be claimed, therefore, 
with any degree of honesty, that the mining possibilities 
of the Dominion had been exhausted. 








There are many, both amateur and professional, 
who turn to science, rather than to art or literature, 
as a hobby or a recreation. Many of these are in- 
terested in mechanics, and although the activities of 
perhaps a large proportion may have been drawn off 
for the moment by the fascinations of wireless tele- 
phony, it is likely that many will later return to their 
earlier interest. As Senatore Marconi pointed out in 
his recent James Forrest Lecture, not as much is known 
about wireless as was at one time supposed, and it is 
certain that the average dabbler in wireless matters 
has but the vaguest knowledge of what he is really 
doing. This necessary limitation imposes a handicap 
on the intellectual enjoyment of the subject, and 
emphasises the claims of mechanics as an interest in 
which the non-expert may expect to come to a realisa- 
tion of underlying principles, and to relate his own 
activities to the basic facts of the subject. Mechanics 
covers such a wide field that there is no likelihood of 
any average worker exhausting his subject. He can 
always find something new. A part of the field having 
its own special interests, but which is perhaps not 
cultivated by any great number of people, is suggested 
by a recent small work by Mr. Francis J. Butter 
entitled “Locks and Lockmaking” [London: Sir 


Isaac Pitman and Sons, Limited]. The design of Jocks 
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forms a fascinating branch of mechanics, and readers 
of Mr. Butter’s book will find themselves taken over 
the field from ancient Egyptian locks to the latest 
developments of devices for bank safes and vaults. The 
book, the price of which is 3s., is not in any way speci- 
fically addressed to amateur mechanics, but it is well 
suited to them, as it gives enough detailed information, 
in a simple way, to enable them to understand the 
action of almost any lock they are likely to come across. 
It is not suggested, however, that the book is likely 
to be of value only to the amateur mechanic. Anyone 
interested in mechanism will find much in it to please 
him, while many engineers whose work lies in quite 
other spheres will find it both easy to read and informa- 
tive. Although perhaps most engineers have a roughly 
accurate knowledge of such important types of lock 
as the Chubb, or lever, and the Yale, or pin-tumbler 
type, the detailed information about them and about 
their relation to other types, such as the Barron and 
Bramah, which is given by Mr. Butter, may form a 
real contribution to their knowledge of mechanisms. 





Very nearly the same limits which were adopted 
in a book by Mr. R. H. Palmer on foundry practice 
recently reviewed in these columns, are observed in 
one of the latest additions to the ‘‘ Encyclopédie 
Léauté”’ series of technological publicatioas, which 
takes the form of a convenient little work of 256 
pages filled with information. This is entitled 
** Les Progrés de la Fonderie; Moulage et Fusion, 
Paris: Masson et Cie; Gauthier Villars et Cie, price 
22 francs (3s. 8d.). It is by M. C. Derulle, and has a 
preface by Dr. Leon Guillet. Naturally, the book deals 
with the subject of foundry moulding and melting 
practice from the French point of view, and, as most 
foundrymen are aware, French foundry practice ranks 
very high. The subject of the mechanical analysis and 
preparation of foundry sands is very fully dealt with, 
and the sections devoted to hand and machine moulding 
—the latter is the more commonly employed, and 
admirably developed in French foundries—are written 
carefully, and are full of hints which British foundries 
might do worse than adopt. What renders M. Derulle’s 
little book more especially useful is that steel foundry 
operations are described in greater detail than is usual 
in books of this class. Acid and basic open-hearth and 
Bessemer foundry practice are dealt with, and there is a 
chapter on the electric steel furnace, and even on the 
high-frequency inductioa furnace for non-ferrous metals, 
which is particularly useful as showing how wide a 
choice the steel foundryman now has for the selection 
of his molten materials. French books generally con- 
tain a fair number of misprints, but this work is freer 
than usual from such defects, although it is curious to 
find M. Bonvillain’s name spelt wrongly. This is but 
a small matter and not likely to lead to confusion. 
We have no hesitation in saying that M. Derulle’s 
book is the best of its size we have ever seen and 
far better than many much larger works. It should 
certainly be translated, for it is just the kind of 
nos book that moulders and apprentices are in 
need of. 





The various instruction books issued for the use of 
H.M. Forces are generally both clear and compre- 
hensive. Since, moreover, they may on occasion 
have to be used by absolute tyros, very little prior 
knowledge either of methods or instruments is assumed 
at the outset. These characteristics are reproduced in 
the “ Text-Book of Topographical Surveying,” of which 
a third edition has just been issued, at 15s. net, by 
H.M. Stationery Office. In this connection it is only 
fair to remark that, as prices go nowadays, the book 
appears to be remarkably cheap, and it ought un- 
doubtedly to find many purchasers in other than 
purely military circles. The work is edited by Col. Sir 
Charles Close, F.R.S., and by Colonel Winterbotham, 
D.S.0. The new sections deal mainly with surveys 
made by means of aerial photography, with the use 
of wireless telegraphy for fixing longitudes, and with 
the prismatic astrolabe, which is now the standard 
instrument adopted by the Navy for determining 
accurately local time and latitudes by observing 
when selected reference stars attain a certain altitude. 
Since Greenwich time is now obtained with great 
accuracy by means of wireless signals, improved 
methods of fixing local time were highly desirable. 
With the prismatic astrolabe, local time, true to 
about one-quarter of a second, can be determined by 
observations extending over some two hours only. 
Both the theoretical and descriptive portions of the 
book are lucidly written, and, in addition to numerous 
tables, a@ number of model forms for recording and 
reducing observations are included in the text. 





It is frequently said that neither the sailor nor the 
shipbuilder understand one another’s difficulties, which 
is the principal reason for the friction which is constantly 





arising between the two, both in the Navy and Merchant 
Service. There is a good deal of truth in this, and the 
handbook which Mr. A. G. Hardy has written, “ From 
Slip to Sea,” published by Messrs. James Brown and 
Sons, of Glasgow, at 10s. 6d. net, although elementary 
in many respects, should help to remove the difficulty 
on one side at least. We have had books intended for 
boys which are supposed to explain how a ship is built 
and launched, but this is the first occasion on which 
anybody has attempted to follow the entire process of 
shipbuilding from the very beginning until the ship 
is delivered to her owner, and not only describing the 
various processes, but also explaining the reasons 
for them in some detail. It is not by any means 
a simple subject to tackle, for it is very easy to be 
either too sketchy or too detailed, but in this book the 
author appears to have acted with great discretion. 
He employs non-technical language and illustrates his 
points excellently with a number of admirably clear 
sketches and foot-notes. Best of all, he has taken real 
pains over the index, so that there is little or no excuse 
for any reader to go astray in the book. The plans of 
various typical ships in the appendix are excellent. He 
begins by giving a good deal of information concerning 
the metals used in shipbuilding, and goes on to the 
lay-out of a shipyard. Then come the various stages in 
the construction of a ship in order, and after this the 
trials and the characteristics of the finished vessel. 
He omits very little in the subject which he has elected 
to explain, and, although individuals might perhaps like 
to see certain points dealt with more fully, this, after 
all, is largely a matter of personal taste. It is impos- 
sible to say that the author has left any ground 
uncovered. It is only natural,to ask the purpose of 
such a book, and to whom it will be useful. In the 
first place, it is excellent ground work for any youngster 
who is going in for shipbuilding or marine engineering 
work, and will serve as a handbook which he will find 
very useful long after he has passed the elementary 
stages, when he will still want to look up a good deal 
which, for some reason or other, he has skimmed over 
lightly in his studies. It is also likely to be useful to 
any Merchant Service officer studying for his higher 
tickets, for he will find here practically all the informa- 
tion that he is likely to want in his examinations and 
not coming within the sphere of his ordinary work. 
Lastly, the book might well be read by numbers of 
enthusiastic amateurs, particularly politicians, who 
show a strong inclination to interfere with the ship- 
building industry and its labour, without having proper 
knowledge to work on. The author is supposed to 
confine himself to the construction of a ship, but he 
contrives to work in a good deal of extra information. 
This is not Mr. Hardy’s first book by any means, but 
it is the most generally satisfactory from all points of 
view, and deserves the highest praise. 


THe MovuLpINac AND VULCANISATION OF RUBBER 
ArticLEs.—Most moulded rubber articles are now 
produced from unvulcanised components, which are 
shaped and assembled, and then passed into the mould 
for the final shaping and simultaneous vulcanisation. 
The peculiar properties of rubber introduce special 
difficulties into these operations with which Mr. H. Will- 
shaw dealt at a meeting of the Chemical Engineering Group 
of the Society of Chemical Industry on November 10. 
Unvulecanised rubber contains very small air cells which 
would make the vulcanised product very porous if strong 
pressure were not applied during the vulcanisation 
to disperse the pores. The unvulcanised rubber is 
practically incompressible, but it expands when heated 
unless constrained by pressure. The temperature and time 
of vulcanisation, which ranges from a few minutes to 
some hours, must be controlled very carefully ; but rubber 
is a bad conductor of heat, so that thermostats embedded 
in the article at different spots show considerable lag. 
This is one of the additional reasons why accelerators 
like zinc xanthate, which shorten the vulcanisation 
period and allow of working at relatively low tem- 
peratures, are so much in demand. At the ordinary 
vulcanisation temperature, 115 deg. C., the steel of 
the moulds and apparatus is liable to be attacked by 
the sulphur; the steel shells of autoclaves do not last 
more than three years. Steel castings are more economical 
than steel forgings, and they are lighter and take a 
better surface finish than the iron castings previously 
used. The autoclave pressure vessels are designed for 
steam pressures of 100 lb. and hydraulic pressures up 
to 2,260 lb. per square inch. Individual vulcanisers may 
work with or without hydraulic compression. In the 
vertical type of the former, the two mould halves are 
bolted together against a steam chest.; in the latter 
the upper of the two steam chests is hinged. Mr. 
Willshaw expressed a preference for the former type, 
which can be made almost automatic in operation. 
In the case of rubber balls, inflation during vulcanisation 
is produced by the aid of gases, such as ammonia, and 
the pressure has to be reduced by cooling before the 
mould can be opened. It is interesting that bakelite 
and similar products are moulded in presses of the 
same construction as for rubber, though the material is 
applied in the form of a dry powder. Bakelite, being a 
fair conductor of heat, its moulding takes only a minute, 
but the material contracts by 25 per cent. under high 
pressure. 





THE REMODELLING OF CHARING 
CROSS AND CANNON - STREET 
STATIONS.* 

By Grorece Extson, O.B.E., M.Inst.C.E. 

THE remodelling of these two terminal stations was 
mainly due to the necessity for longer platforms and 
for providing for the working of electric instead of 
steam trains, consequent upon the electrification of 
the Eastern Section of the Southern Railway. The 
stoppage of the working of traffic to Charing Cross via 
Cannon-street also gave an opportunity for simplifying 
the rail connections. As the proposed works rendered 
necessary an entire reconstruction of the signalling 
apparatus, a system of light signalling and power- 
operated points was installed. 

The remodelling of Charing Cross station is first 
dealt with, and, as the working of this station is bound 
up with the question of the strength of the river bridge 
at Charing Cross, the stresses in that structure were 
fully investigated. The measures which were taken 
before the electrification to relieve the old portion of 
the structure are mentioned, and also the effect thereon 
of the change to electrified working ; it is also shown 
that, with the latter, the live load is substantially less 
than that for which the bridge was originally designed. 
A description is given of the platforms as remodelled, 
and of the permanent-way approaches to the station, 
and reference is made to the facilities which have been 
provided for mixed steam and electric train working, 
and to the alterations which have been made to the 
tracks between Chaving Cross and Cannon-street 
bridges. 

At Cannon-street station the employment of elec- 
tricity rendered certain engine sidings, coal-stages, 
a turntable, and similar locomotive facilities redundant. 
In the re-arrangement of the station a much simplified 
system of permanent way has been laid down, resulting 
in a saving of 24 sets of points as compared with the 
old design. A weak area of Cannon-street bridge, which 
had not previously been dealt with, was strengthened 
by the insertion of an additional girder 140 ft. long, 
in the fan end span of the bridge. A description of 
the permanent-way materials used is given, and the 
form of construction of the platform walls and plat- 
forms is dealt with. 

Signalling.—The new signalling is worked on the 
all-electric power system with colour-light signals, 
the area between Borough Market Junction, Cannon- 
street, and Charing Cross being divided into automatic 
and semi-automatic block sections. A description is 
given of the signal-frames and of the small light 
repeaters therein. Illuminated track-circuit diagrams 
are provided in each of the signal-boxes in the area, 
by means of which signalmen can see the condition of 
the line as regards traffic; storage batteries for use 
in emergency, in case of a failure of electric current, 
have also been installed. 

An advantage of the four-aspect colour-light signals, 
as compared with the three-aspect, is that drivers are 
enabled to control the speed of trains with greater 
flexibility. The provisions made to avoid inconvenience 
and delay to the traffic in the case of a light going out, 
the working of the track-circuits and the measures 
taken to allow of the use of the same rail for alterna- 
ting-current track-circuit current, and as a negative 
return for'direct-current traction current, are explained. 
The track circuits automatically control the light signal 
aspects and the electric locks on the facing-point 
levers, and, as a result of the installation of the eight 
automatic block-sections which have been provided 
between Waterloo Junction and Metropolitan Junction, 
two signal-boxes were dispensed with. 

Execution of Work.—The alterations were carried 
out in the following order: (1) Metropolitan Junction, 
(2) the southern end of Charing Cross bridge, (3) Char- 
ing Cross station, and (4) Cannon-street station. 
The first portion of the work was carried out under 
ordinary ‘‘ possessions,” but, at Charing Cross station, 
the alterations were of such a character that the old 
mechanical signal-frame had to be entirely disconnected, 
and the various permanent-way connections worked 
from a temporary frame pending the construction of 
the new signal-box and frame on the site of the 
original one. 

The work at Cannon-street was, however, much more 
extensive, and the reasons governing the decision which 
was arrived at to close the station for a short period 
are given in detail. Since the old lay-out was designed 
for steam working, and would be unsuitable for electric 
working, and since the new lay-out for electric working 
was also unsuited for steam working, considerable 
traffic difficulties would have arisen if it had been 
attempted to carry out the work piecemeal, and, in 
addition, the construction of a temporary signal-cabin 
with a frame of 70 levers would also have been 





* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesday, December 14, 1926, 
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necessary. Further, owing to the complicated form of 
the permanent way, a very considerable time would 
have elapsed if the work of remodelling had been | 
undertaken under ordinary permanent-way “ posses- | 
sions.” On the other hand, considerable advantages | 
were gained in the carrying out of the work by closing | 
the station, and, in the long run. the public were put | 
to the least inconvenience. 

An important factor in determining the temporary | 
closing of the station was that the new lay-out involved | 
entirely new paths into and out of the station, and also | 
entirely new signalling, and it was imperative that 
trial working for a certain period should be done so 
as to get both signalmen and train-drivers used to 
the new conditions. To reduce the time of closing the 
station to a minimum, the whole of the permanent-way 
work was laid down previously on a vacant piece of land 
at New Cross Gate, and completely fitted up with all | 
connections, point lockin, point machines, conductor- 
rails, cables, &c., thus affording an opportunity for a 
complete rehearsal of the operations which would 
subsequently have to be done at the site. 

The measures taken to determine accurately the 
alignment of the new permanent way in its temporary 
position, so as to ensure its satisfactory reconstruction 
at Cannon-street, are described, and it is pointed out 
that the result of these precautions was to render it 
possible to re-erect the whole of the complicated mass 
of permanent way and appurtenances at the site 
without any cutting of rails or other materials which, 
in the ordinary course, absorbs considerable time. 
It was arranged that Cannon-street station should be 
closed from Saturday, June 5, until Monday, June 28, 
for the complete demolition of the old permanent way, 
signal-cabin and apparatus, and the installation of 
the new work. This period also included a margin for 
testing and tuning up the signalling plant and for 
trial trips of electric trains. 

A full description is given of the manner in which 
the work was carried out. The dismantling of the 
work in its temporary position at New Cross Gate, 
was done in such a way as to reduce the work of finally 
refixing to a minimum. The permanent way was laid 
at the site by two separate gangs operating simulta- 
neously, and the employment of steam cranes was an 
important factor. Signal fitters followed on the work 
of the permanent-way men, so thai no time should be 
lost, with the result that the whole of the permanent 
way was relaid, re-ballasted and adjusted, and the 
whole of the signalling work practically completed in 
14 days. The operations involved the removal of 7,600 
tons of material and the reinstatement of about 8,000 
tons, and in all about 1,000 men were engaged. 





New TELEPHONE EXCHANGE aT BIRKENHEAD.—A new 
manual telephone exchange at Upton, Birkenhead, in 
the Liverpool telephone area, has recently been put 
into service by the G.P.O. The equipment, which 
is of the No. 10 C.B. type, was manufactured and in- 
stalled for the Post Office, by the Automatic Tele- 

hone Manufacturing Company, Limited, Strowger 
Works, Liverpool. The decision to instal manual 
equipment in this instance was controlled by the fact 
that the main Liverpool area has not yet been converted 
to automatic working, although a comprehensive scheme 
which will enable this to be accomplished is in course 
of preparation by the Post Office Engineering Depart- 
ment. The switchroom equipment at the new Upton 
exchange comprises six two-panel switchboard sections 
and a cable-turning section, affording accommodation 
for six operators in all. There is also a one-position 
supervisor’s desk. Auxiliary equipment in the appa- 
ratus room comprises a main and intermediate distri- 
buting frame; a two-bay relay and meter rack; a 
special apparatus rack; a repeating coil and condenser 
rack; a test case; and a fuse board and fuse alarm 
mounting board. The present equipment of the new 
exchange is for approximately 300 subscribers. 





ELectricity In StepNEy, Lonpon, E.—The report on 
the work of the electricity supply undertaking of the 
London Metropolitan Borough of Stepney, for the year 
ending March 31, 1926, states that a further 10,000 kw. 
turbo-generator has been brought into commission during 
the year, bringing the total plant installed up to 42,000 kw. 
Notwithstanding the continued depression in the trade of 
the country, the sale of current in Stepney increased by no 
less than 3,397,395 units, a figure well in excess of that for 
the previous year. Against this, however, must be set a 
reduction in the sales in reciprocal supplies to other 
undertakings. The 1,939 new service connections, 
established during the year, to the Council’s mains, 
exceeded the total for any previous year. The most 
impressive indication of the recent rapid growth of the 
undertaking is shown by the fact that, while the services 
connected during the 22 years ending March, 1922, 
numbered 5,123, those connected during the four years 
ending March, 1926, totalled 6,335. During the year 
under review, the gross sales reached 45,037,107 units, 
producing a gross revenue of over 259,286/., and yielding 
a gross profit of over 116,231/., and a surplus of 29,446/. 
Capital expenditure to the extent of 168,305/. was added 
during the year, in respect of the new coaling station, 
progress on new plant at Limehouse, large extensions 
of feeders and distributing mains, and the house services 
and meters provided during the year. 
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ARMOUR-PIERCING PROJECTILES. 


Some interesting information in reference to the 
competition between shells and armour was given by 
Sir Robert Hadfield in the course of the discussion on the 
paper by Monsieur L. Baclé, dealing with the History 
of Armour Plating, which was recently presented to 
the British Section of the Société des Ingénieurs Civils 
de France, and of which we give some account elsewhere 
in this issue. 

Sir Robert said that Messrs. Hadfields, Limited, of 
Sheffield, had, for some years, been engaged in pro- 
ducing armour-piercing projectiles which would satis- 
factorily perforate armour plates of all kinds, including 
those of the modern hard-faced type in the production 
of which Monsieur Baclé had played such an important 
part. During the War, Sir Robert said, he had seen 
thousands of rounds fired from small and large guns, 
including the monster 18-in. projectile, against hard- 
faced armour plates up to 16 in. in thickness. He was 
one of the very few individuals who had seen the 18 in. 
gun fire its projectile, weighing 3,300 lb., at armour 
plate from 14 in. to 16 in.in thickness. It was probable 
that this big gun aboard the British gunboats used in 
the Channel never struck any armour during the War. 

Not long ago, his firm was able, in trials made outside 
England, to send their armour-piercing projectiles of 
16-in. calibre, of considerable bursting capacity, 
unbroken through hard-faced armour plates of the 
latest type, of thicknesses up to 14 in. and even 
more. These were not merely normal trials, but were 
with hard-faced armour inclined at 10, 15, 20 and even 
up to 30 deg. Some of the 16-in. projectiles were fired 
with no less than 70,000 foot-tons of energy. In war- 
fare this figure would be still higher. Fig. 1, above, 
shows one of Messrs. Hadfields’ 16-in. armour-piercing 
projectiles, supplied to a foreign government, which 
perforated a hard-faced armour plate about 134 in. 
in thickness. The effect produced on the armour- 
plate is shown in Fig. 2. Another interesting result was 
obtained in 1891 when one of the firm’s 6-in. projectiles 
was fired through a 9-in. compound armour-plate and, 
being'uninjured, was re-ground, fired a second time, and 
again penetrated uninjured another 9-in. compound 
plate. This 6-in. projectile was again ground up and 
fired a third time against a hard-faced armour plate, 
and as it possessed no cap in those days, the point was 
broken off and the projectile disrupted. 

The historical information given by Monsieur Baclé 
was most interesting and validable. Although scientific 
progress had no bounds, yet, as regarded the resistance 
offered by hard-faced armour, the limit seemed to 
have been reached; not that improvements were not 
effected, but advance in the resistance of armour was 
necessarily and immediately followed by improvements 
in the manufacture of the projectiles attacking such 
armour, as evidenced by the case of the 16-in. shell 
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already referred to. The armour-plate makers of 
Great Britain, as of the Continent of America, had 
claimed to have produced impenetrable armour. On 
the other hand, the projectile maker claimed that no 
armour was produced which he could not perforate. 
In one sense both statements were correct. For 
example, first-class modern armour could not be per- 
forated except by the use of the cap placed on the 
projectile. Although attempts were made during 
the War by several of the combatants to devise 
means which would de-cap the projectile before it 
arrived at the armour-plate protecting the ships, or at 
the gun shields, Sir Robert believed that these efforts 
had not been very successful and that the capped 
armour-piercing projectile still held its own. 





ELECTRO-MAGNETIC ALTERNATING- 
STRESS TESTING MACHINE. 


OnE of the difficulties encountered in comparing 
the resistance of materials to alternating stresses is 
the time occupied in carrying out the necessary tests. 
Usually, several millions of stress repetitions or reversals 
are required to produce failure, involving some days or 
weeks of continuous running at ordinary speeds, and 
as it is generally inconvenient, and often quite impractic- 
able to wait so long for the results, efforts have been 
made to obtain the required data rapidly by employing 
special testing methods. One such method for use in 
alternating-bending tests, with specimens of the 
rotating-cantilever type, due to Mr. H. Gough, of 
the National Physical Laboratory, was illustrated and 
described in our issue of September 8, 1922, on 
page 291. We now propose to deal with a machine 
of the electro-magnetic type for carrying out alternating 
tensile and compression tests at the rate of 500 cycles 
per second, so that complete tests can be carried out 
in a few hours. The machine, however, also enables 
the fatigue limit to be determined approximately in a 
few minutes. 

The machine, which we illustrate in Figs. 1, 2 and 3, 
on this page, is made by Messrs. Carl Schenck, of 
Darmstadt, and the agents for it in this country are 
Messrs. C. F. R. Giesler, Limited, 58c, Gray’s Inn-road, 
London, W.C.1. Fig. 1 shows the appearance of the 
machine, and the scale on the left of the illustration 
indicates its dimensions. Its construction, however, 
is shown by the section reproduced in Fig. 2, while 
the form of the specimen and the method of holding 
it, are illustrated in Fig. 3. From Figs. 1 and 2, it 
will be seen that the machine comprises a circular 
bedplate, resting, without any foundation bolts, on a 
concrete foundation, with an intervening pad of cork 
to reduce vibration. A short, turned cylindrical 
column, cast in one with the bedplate, carries an electro- 
magnet, the armature of which is connected to the 
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body of the magnet by two concentric tubes of chrome- 
nickel steel, screwed together at their lower ends so 
that the outer tube will be extended and the inner tube 
compressed when the armature is drawn towards the 
magnet. A flexible metallic diaphragm is fitted 
between the armature and the top of the column to 
keep the former central, and screwed on to the top 
of the armature is a casting carrying the grips for the 
lower end of the specimen. The upper end of the latter 
is held in similar grips in a transverse yoke, to which 
is attached a cylindrical weight, of about 500 kg., sur- 
rounding the central column, the weight being sup- 
ported by four springs bearing on the bedplate: two 
of the springs referred to can be seen in Fig. 1. Roller- 
bearing guides, shown in Fig. 2, are fitted in the column 
Pa that the movement of the weight is truly 
axial. 

A moment’s consideration will show that the arma- 
ture and its connections are capable of vibration in a 
longitudinal direction under the control of the two 
concentric tubes, which act as springs, and that the 
frequency of the vibrations will be governed by the 
mass of the moving parts and the elastic properties 
of the tubes. Actually, the parts are so designed that 
the natural frequency is 500 cycles per second, and by 
supplying the windings of the electro-magnet with an 
alternating current of this frequency, a steady vibra- 
tion of the above-mentioned frequency can be main- 
tained. These vibrations are transmitted as tensile 
and compressive forces through the specimen to the 
spring-supported weight surrounding the central 
column, the maximum stresses produced varying from 
1 to 150 kg. per sq. mm. on the standard specimen, 
the cylindrical portion: of which is 5 mm. in diameter 
and 50 mm. in length. 

The 590-cycle alternating-current required is pro- 
duced by a generator driven by a synchronous motor 
connected to the supply mains, and the voltage of the 
generator is regulated to vary the strength of the 
magnetic impulses and, consequently, the load on the 
specimen. A second generator, also coupled to the 
synchronous motor, supplies continuous current to a 
polarising winding on the electro-magnet, a choking 
coil being provided in the circuit to damp out the 
fluctuations induced by the alternating current. Both 
the armature and the magnet poles are carefully 
laminated to reduce the iron losses, which would other- 
wise be heavy owing to the high frequency employed. 
It will also be obvious that the power factor of the 
alternating-current system would be very low if special 
arrangements were not made to improve it. For this 
reason, a battery of condensers is provided in the 





alternating-current circuit, and the condensers are also 
used to tune the circuit to the working frequency of | 
00 cycles per second. 


To return to the mechanical arrangements, it may 
be mentioned that. the extension of the spring tubes 
amounts to 2 mm. for a load of 1,000 kg., but as they 
are only stressed to about 1,000 kg. per square centi- 
metre at the maximum load, there is no risk of them 
failing by fatigue. It will be understood, of course, 
that the spring effect of the specimen will alter the 
natural frequency of the system, although the effect is 
but slight since the spring tubes are about 20 times as 
strong as the specimen. When the latter is of steel, 
the frequency would be increased by about 2 per cent., 
but, to compensate for this, weights, in the form of 
nuts, are added to the upper part of the armature, as 
indicated in Fig. 2. To facilitate the insertion and 
removal of the specimens, the cylindrical weight can 
be raised by means of the handwheel shown on the right 
of Figs. 1 and 2. From the latter illustration it will be 
seen that the handwheel spindle carries two helical 
wheels, which gear with corresponding wheels on vertical 
screws working in nuts in the base plate. In two longi- 
tudinal holes in the cylindrical weight, rods surrounded 
by helical springs are fitted, the springs being attached 
to the weight at their lower ends and to the rods at 
their upper ends. The lower ends of the rods rest on the 
screws above referred to, so that by raising the screws 
the weight will be lifted. The arrangement, it should 
be mentioned, also provides a means for applying a 
static tensile or compressive load to the specimen, 
the load so applied being indicated by a pointer fixed to 
the upper end of one of the rods and projecting through 
a slot in the weight, on which a suitable scale is fitted. 
The pointer and scale can be seen on the right of Fig. 2. 

The method of fixing the specimen will be clear from 
Fig. 3, but it should perhaps be explained that the 
screw and handwheel shown are provided for pushing 
out the upper jaws to release the specimen. It will 
be obvious that exact centralisation of the latter is 
essential, and, for this reason, the upper jaws are carried 
by a pair of eccentric conical sleeves, which can be 
rotated and locked in position, a special gauge being 
provided to facilitate the operation. Another point 
that should be mentioned is that the specimen is oil 
cooled during the test, in order to keep the temperature 
constant at about 30 deg. C. It will be seen, from 
Figs. 2 and 3, that the specimen is enclosed in a chamber, 
provided with inlet and outlet connections for the oil, 
which is circulated by a pump supplied with the 
machine. The chamber, which is split longitudinally, 
fits into grooves in the specimen holder at the upper end 
and has a joint made by a rubber ring at the lower end. 
The provision of oil cooling is necessary, as considerable 
heat is produced in the specimen as it approaches the 
fatigue limit, and the tempera* ‘2, of course, affects 
the endurance. The temperature is measured by a 
thermocouple in contact with the specimen, and the 
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oil pump is put into operation as soon as the thermo- 
couple indicator shows that the temperature has 
commenced to rise. The temperature rise, we may add, 
is used as a basis of a rough preliminary test by which 
the appropriate stress range may be determined 
approximately in a few minutes. 

The working of the machine is controlled from a 
central switchboard in the form of a desk, the various 
instruments and control switches being mounted in 
convenient positions on a vertical panel forming the 
back of the desk. It will be understood that, owing to 
the high frequency, the load on the specimen cannot be 
determined directly. Hooke’s law however, is assumed 
to hold up to the fatigue limit, and, on this assumption, 
the stress is proportional to the extension and inversely 
proportional to the length of the specimen; the area 
does not affect the stress. The extension of the 
specimen, however, is equal to the amplitude of the 
vibration of the armature, since the upper end of the 
specimen, owing to the inertia of the cylindrical weight 
to which it is connected, is stationary. The amplitude 
of the vibrations is measured by an electro-magnetic 
device operated by the armature and electrically 
connected to a precision voltmeter mounted on the 
switchboard desk, and from the readings of this 
instrument the stress can be determined. As previously 
stated, the magnitude of the stress can be varied by 
regulating the alternating-current potential applied 
to the magnet windings. The endurance capacity of 
the specimen, at any given stress, is proportional to the 
power absorbed, which is measured by a precision 
wattmeter, the power required to run the machine light 
being subtracted from the reading. This measurement 
is of considerable value in comparing materials, serving 
to determine the fatigue limit approximately in a test 
occupying only a few minutes; the fatigue limit is 
reached as soon as the power absorbed begins to rise 
rapidly. 

The usual method of carrying out a test, however, 
depends on the fact that a specimen which has resisted 
2 million stress reversals will usually resist a further 
10 million reversals without fracture. It is, therefore, 
sufficient to determine the maximum stress range for 
which the material will resist 2 million reversals, and 
this is done by running the specimen for an hour at a 
given stress and increasing the stress by, say, 2 kg. per 
square millimetre at hourly intervals until failure occurs 
within the hour. This usually takes place after three 
or four tests, and if it is then desired to see whether the 
stress range determined can be actually sustained for 
10 million reversals or more, a long-period test, extend- 
ing over, say, 10 hours, can be carried out on another 
specimen. Long-period tests can be made at night, as, 
in such tests, the machine requires no attention. It is 
automatically stopped when the specimen fractures. 
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the number of stress reversals being recorded. In 
conclusion, it may be mentioned that as the machine 
makes considerable noise in operation, it is enclosed in 
a sound-proof chamber having upholstered walls about 
8 in. thick, on a light wood frame, and covered with 
artificial leather on both sides. 
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TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained, on application to the Department at the above 
address, the reference number given below being quoted 
in each case :—The Inspector-General, Egyptian Irriga- 
tion Service in the Sudan,. Khartoum, invites tenders for 
the supply of an oil tank required for the Upper White 
Nile Division, Tenders to be presented by January 31, 
1927. Local representation is essential. (Ref. No. AX 
3949, )—The Municipal Council of Johannesburg is calling 
for tenders, to reach Johannesburg by January 13, 1927, 
for the supply of ten miles of 4/0 S8.W.G. (0-4-in. diam.) 
round section hard-drawn copper trolley wire. (Contract 
No. 725.) Local representation is in practice essential. 
A copy of the specification, conditions of contract, &c., 
may be seen on application to Room 47. (Ref. No. AX 
3938).—There are two separate calls for tenders by the 
South African Railways and Harbours, the specifications 
and drawings for both of whic can be seen on applica- 
tion to Room 50:—(1) The supply and delivery of 
10 first-class main line saloon 2oaches, type C.23, with 


wheels and axles complete. (Tender No. 858.) Local 
representation is in practice essential. Tenders to 
reach Johannesburg by January 20, 1927. (Ref. No. 


AX 3939.) (2) The supply of locomotive, carriage and 
wagon springs. (Tender No. 929.) Tenders to reach 
Johannesburg by January 13, 1927. (Ref. No. AX 3937). 
—The New Zealand Government Railways are calling 
for tenders, to be presented by February 14, 1927, for 
switchgear, armoured cable and accessories, motor 
generator sets, filament lamps, and reflectors. (Ref. 
No. BX 3078).—The Mechanical Department, Ministry 
of Public Works, Cairo, are calling for tenders, to be pre- 
sented by January 10, 1927, for electrical generating 
plant required by the Survey Department, Gizeh, Cairo. 
(Ref. No. BX 3079.) For particulars of the last two 


tenders, firms should apply to Room 382. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLesBRouGH, Wednesday. 


The Cleveland Iron Trade.—Prompt prices of Cleveland 
pig-iron have become difficult to fix. Sellers have very 
little to offer, and consumers needing immediate supplies 
have still to pay high figures to cover their requirements, 
but few customers are now compelled to do so, and 
they are consequently placing orders for delivery over 
periods next year at much below rates that have been 
ruling for early supply. For January—February, No. 1 
is 878. 6d.; No. 3 g.m.b., 858.; No. 4 foundry, 84s. ; 
and No. 4 forge, 83s.; while for delivery further ahead 
contracts have been made at half-a-crown below these 
figures. Several blast-furnaces are being rekindled this 
week, but this will not increase supply for the market, 
as the output of the furnaces which are being re-started 
is to be absorbed at producers’ own steel works. 


Hematite.—Transactions in East Coast hematite iron 
are almost unheard of. Makers have only off grades to 
offer, and are disinclined to fix values of ordinary market- 
able qualities for delivery when iron is again being 
made for the market, but merchants are more venture- 
some, and mention 90s. as the forward figure for mixed 
numbers. 


Foreign Ore.—Existing conditions do not admit of 
transactions of moment being put through in imported 
ores. Sellers will only quote on a freight basis, and 
buyers are markedly disinclined to agree to such stipula- 
tions. In addition, consumers have large stocks, and 
considerable quantities of ore to accept against old 
contracts. 


Coke.—Coke quotations are falling, but are still too 
high to meet the views of users. On early account 
good blast-furnace descriptions are reported obtainable 
at 30s., and the forward quotation is 25s. 


Manufactured Iron and Steel.—Prices of nearly all 
descriptions of finished iron and steel tend upward, 
and iron bars have been advanced 10s., but galvanised 
sheets have been reduced 5s. Common iron bars are 
121. 5s. ; best bars, 127. 15s. ; double best bars, 131. 5s. ; 
and galvanised corrugated sheets, 171. 


Iron and Steel Imports to the Tees.—Interesting 
statistics issued this week by the Tees Conservancy 
Commission show that during October and November 
imports of iron and steel to the Tees, comprising pig-iron, 
bars, billets, blooms, slabs, plates, angles, rails, sheets 
and joists from Holland, Belgium, France, Norway, 
Sweden, India, Germany and coastwise, totalled 89,598 
tons, as compared with 32,628 tons for the same months 
a year ago, and 14,855 tons for the corresponding pre- 
war period of 1913. 

Shipments of Iron and Steel_—November shipments of 
iron and steel from the Tees totalled only 17,459 tons, 
composed of 1,141 tons of pig-iron, 2,896 tons of manu- 


factured iron, and 13,422 tons of steel. Of the pig-iron 
loaded, 906 tons went to foreign ports and 235 tons 
went coastwise; of the manufactured iron cleared, 


2,152 tons went abroad and 744 tons coastwise ; and of 
the steel shipped, 9,661 tons went overseas and 3,761 tons 
coastwise. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Restrictions imposed for the purpose 
of conserving supplies of coal for this country were raised 
at midnight and enabled colliery owners and exporters 
to guarantee deliveries. The foreign export of coke and 
anthracite coal is still prohibited except under permit. 
Shippers who had been waiting to charter boats, but were 
not prepared to take the risk of not securing full cargoes 
are now taking up tonnage, but business remains on 
comparatively slow lines owing to the uncertainty in 
respect to probable outputs, which vary, according to the 
amount of repair work necessary at the pits. Prospective 
buyers too are holding off, expecting a further reduction 
in prices as outputs increase. Current values are on the 
basis of 32s. 6d. to 33s. for best Admiralty large, with 
seconds round 30s., and smalls from 17s. 6d. to 24s., 
according to quality. Coal loading operations have been 
recommenced, and in the past week vessels sailed with 
36,730 tons of Welsh coal for foreign ports, which repre- 
sents the first cargoes for seven months. This total, 
however, compares with a pre-strike weekly quantity 
of 451,990 tons. Of last week’s shipments 29,900 tons 
were despatched from Cardiff, and 6,830 tons from New- 
port, of which 12,900 tons went to Italy, 4,800 tons 
to the Argentine and 4,500 tons to France. Imports of 
foreign coal amounted to 54,410, tons of which 36,790 
tons came from the United States, 2,830 tons from 
Holland, 2,660 tons from Belgium, 8,640 tons from 
South Africa, and 3,490 tons from Spain. 


Shipping Values.—An idea of the very serious 
slump which has taken place in shipping values is given by 
the report of the Llewellyn Shipping Co. Ltd., Cardiff, 
for the year ending June 30 last. The directors report 
a loss of 3,948], and state that ‘‘the shipping depression 
now in evidence for five years past, showed no improve- 
ment when the period covered by the report commenced, 
and it was still impossible to trade vessels at a profit. 
Under the circumstances the directors, after grave 
consideration, decided to dispose of the whole of the 
fleet, and the steamers were sold between December 
and February, realising 144,800/. against a book value of 
680,259/., the differc:. of 535,459/., a capital loss, being 
added to the profit a2... loss account, making a total of 
618, 1420,” 











NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—In the steel trade of Scotland 
there has so far been little movement, but preparations are 
now well advanced for an early resumption of opera- 
tions. The cost of fuel is the dominating factor, and, 
until it comes down a bit further, a general restart is not 
likely, but there is a tendency on the part of the coal 
merchants to bring it nearer to the price deemed necessary 
by consumers for their requirements. In this connection 
it is not a matter of profit which disturbs the consumers, 
but rather the fact that they do not want to start up 
their works with the knowledge that every ton turned 
out means a certain loss, Things will gradually sort 
themselves out, but meantime the outlook is a little 
uncertain. Inquiries during the past week have been 
rather better, and from the moment supplies of steel 
material become available a steady run is anticipated. 
The increased number of fresh contracts reported in 
the shipbuilding industry lately will mean an enhanced 
demand for ships’ plates, etc., and more active conditions 
in the steel works, when these orders are placed. The 
black sheet trade is still good and fresh inquiries ,are 
coming along freely. With the-close of the miners’ 
strike and the reopening of the works which have been 
closed for some months, there is more inclination on the 
part of buyers to re-enter the market, and the Spring 
shipments are likely to be well up to the average. Prices 
all round continue firm, and the following are the current 
minimum market quotations; but business cannot be 
guaranteed at these prices as sellers demand more in most 
cases :—Boiler plates, 11/7. per ton ; ship plates, 8/. 7s. 6d. 
per ton ; sections, 7/, 17s. 6d. to 8/. per ton; and sheets 
under + to }in., 127. to 132. per ton, all delivered Glas- 
gow stations. With regard to the re-opening of the local 
steel works the matter was discussed at a meeting of the 
Scottish Steel Makers’ Association yesterday (Tuesday) 
when, on account of the prevailing uncertainty, it was 
resolved to give the subject further consideration at 
another meeting. 


Malleable-Iron Trade.—In the West of Scotland malle- 
able iron trade an increased number of works are now 
in operation, and the output of re-rolled steel bars is again 
much larger. The manufacture of bar iron is still very 
limited. Firm prices rule with ‘‘Crown”’ bars still 
called 127. per ton, delivered Glasgow stations—the fixed 
minimum is 111, 15s. per ton. 


Scottish Pig-Iron Trade.—The situation in connection 
with the Scottish pig-iron trade has so far shown little 
change, but active preparations are now going on for the 
relighting of a number of the blast-furnaces. It is 
probable that several of these will be in operation shortly. 
At present the demand for foundry iron and hematite 
is good and any supplies available are commanding high 
prices. For forward lots the demand is good and stiff 
quotations are named by producers as a safeguard, but 
it is diffleult to know how prices will go when production 
is general. Foundry iron, for delivery after the resump- 
tion, is called 92s. 6d. to 95s. per ton for No. 3 ; and 97s. 6d. 
to 100s. per ton for No. 1, both on trucks at makers’ 
yards, 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, December 4, consisted of only four tons which 
went overseas. In the corresponding week of last year 
the figures were 273 tons overseas and 20 tons coastwise, 
making a total of 293 tons in all. 





CoaL HANDLING PLANT AT THE Gas LIGHT AND CoKE 
Company’s BECKTON Works: ErratuM.—On page 651 
ante, in the description of the idlers used in the belt 
conveyors at the Beckton works, it was stated that the 
idler bearings were of the Timken type. On this point, 
however, our information was not correct. The bearings, 
though of the roller type, were not of the Timken 
design. 





THE MrinERAL WEALTH OF TuNIsIA.—It is stated in a 
recent issue of L’Hcho des Mines et de la Metallurgie that. 
the minerals extracted in the North African province, 
Tunisia, during 1925, included the following :—-Phos- 
phates, 2,691,000 metric tons ; iron ore, 723,000 metric 
tons; lead ore, 36,863 metric tons; zinc ore, 18,656 
metric tons; manganese ore, 1,802 metric tons, and 
copper ore, 75 metric tons. Tunisian lead ores contain 
from 50 to 75 per cent. of the metal, and zinc ores from 
30 to 55 per cent. of zine, 





TRAINING CENTRE FOR APPRENTICES IN THE GAS 
INpUSsTRY.—Watson House, a new technical training 
centre for apprentices of the Gas Light and Coke 
Company, was opened at Battersea recently by Sir George 
Hume, J.P., M.P., Chairman of the London County 
Council. The establishment is named after Dr. David 
Milne Watson, M.A., D.L., governor of the company, who 
has made a life study of the problems of technical training 
for boys who cannot afford a premium, either of money or 
of education, but who come into the gas industry straight 
from school. The boy apprentices have hitherto been 
in somewhat cramped quarters at Westminster, and it is 
hoped that the transfer to new and enlarged premises will 
result in the boys obtaining a better practical and scientific 
training than they have received up to the present. 
Arrangements will also be made for the training of fitters 
and assistant fitters for work on consumers’ premises. The 
Gas Light and Coke Company have, in the past, found 
their education schemes, which are worked in close 
co-operation with the Education Department of the 
London County Council, to be an unqualified success. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—While working conditions in some of 
the steel-product departments have slightly improved, 
the bulk of employers are still more or less marking time 
until quotations in the basic sections become more settled 
and there is better pros of steady deliveries. The 
quantity of steel available from | sources has not 
greatly increased, and cannot do so until the big steel- 
melting plants resume operations. Some of these, having 
suspended production at the outset of the coal stoppage, 
have in reserve considerable tonnages of pig iron, but 
before they decide to re-light furnaces they wish to be 
certain of renewimg stocks at reasonable rates. It seems 
unlikely that any move in this direction will be made 
before the new year. Meanwhile, electric furnace instal- 
lations are doing something towards restoring the 
deficiency from open-hearth plants, though the difference 
in relative capacity leaves a big margin unsatisfied. 
Bar-iron supplies have improved with the restarting of 
district works. The discharge of outstanding contracts 
is assisted by fuel deliveries under contracts fixed before 
May. The heavy engineering departments are still 
badly in need of suitable materials, but in several direc- 
tions brighter prospects are prophesied, provided costs 
can be kept within economic limits. Inquiries are circu- 
lating from the British Admiralty for small tools, and 
Colonial purchases are fairly large, but engineers are 
limiting orders until there are definite prospects of 
placing production on a wider basis. Spades and shovels, 
automobile-tool kits, and railway-carriage fittings are 
active lines. 


South- Yorkshire Coal Trade.—Coalowners and mer- 
chants are experiencing many difficulties and anxieties 
in their efforts to restore conditions more approaching 
the normal, At some collieries, the wagon shortage has 
produced chaotic results. Colliery managements complain 
bitterly that while pits are more or less standing on this 
account, common user trucks are being employed in large 
numbers for unloading foreign coal at the ports. Three 
pits belonging to one concern in the Sheffield district have 
stood idle for twe <’ays. On the other hand, even where 
trucks are available in limited number there is such a 
dearth of deraand for industrial purposes that it has been 
necessary to restrict outputs, the explanation being that 
the big consuming trades are awaiting lower prices. 
Quotations for all classes of fuel accordingly vary from 
day to day at the pithead and at depots. Best housecoal 
has declined by about 1. a ton during the last ten days. 
The current average retail is 37. to 31. 5s. per ton. Further 
reductions, in the neighbourhood of 5s. to 108. per ton, are 
expected this week. 








BERYLLIUM: Errata.—Mr. A. C. Vivian draws atten- 
tion to a few mistakes in our notice of his paper on 
‘* Beryllium,’ which appeared on pages 673 and 674 of 
our issue of November 26. The electrolyte is fed with a 
mixture of fluorides, melted and cast as mentioned, and 
not with sticks of BeF,NaF prepared in the way we 
stated. The furnace produces beryllium at the rate of 
10 (not 70) grammes per hour, and the cathode metal 
contains not more than 0-07 per cent. each of carbon 
and iron when the usual precautions are taken. 





KEIGHLEY ASSOCIATION OF ENGINEERS.—An essay 
competition has recently been organised by the Keighley 
Association of Engineers, and gold medals will be awarded 
to the authors of the two best essays on an engineering 
subject. Competitors, who must be members of the 
Association, are at liberty to choose their own subject 
and this need not cover a wide field. The essay may take 
the form of a description of some problems arising in 
connection with a piece of engineering work, or it may 
deal with some interesting method of carrying out a 
certain undertaking with the tooling equipment available. 
Papers should be between 1,000 and 2,000 words in 
length ; they should be lodged at the rooms of the 
Association, North-street, by January 21, 1927, signed 
with a nom de plume. A sealed envelope bearing the 
nom de plume and containing the full name and address of 
the competitor should accompany the paper. Further 
particulars may be obtained from the Secretary, Keighley 
Association of Engineers, Arcade Chambers, North- 
street, Keighley. 





British InpDusTRIES Farr, BIRMINGHAM, 1927.— 
Remarkable testimony to the value of the British 
Industries Fair, in opening up new markets to British 
manufacturers, was contained in reports considered at a 
recent meeting of the Birmingham Fair management 
committee. The executive of the Birmingham section 
stated that, up to November 9 last, the stand space 
applied for and allotted in the forthcoming fair in 
February was 25,000 sq. ft. in excess of the total space 
occupied by the 1926 trade display in that city. It was 
satisfactory to note that, not only had the 1926 exhibitors 
decided, practically as a complete body, to show again 
in the following year, but no less than 40 per cent. of 
them had made application for increased space. Many 
exhibitors, in renewing their arrangements for the coming 
fair, had made direct reference to the excellent results 
achieved by their previous displays in Birmingham. 
Six sections, in particular, would show notable develop- 
ments in the coming fair. These were: hardware, tool 
steels and edge tools, building construction, and engineer- 
ing and electrical plant. Furthermore, it was already a 
question whether the extensions now being made to the 
permanent exhibition buildings, yielding some 120,000 
square feet of additional floor space, would be adequate to 
meet the requirements for next year’s fair. 


NOTICES OF MEETINGS. 





Tue InstiTuTION oF WatEeR ENGINEERS.—To-day, 
at 10.30 a.m., at the Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Water Supply Finance,” by 
Mr. A. Kenyon. ‘‘ Recent Developments in the 
Design and Application of Centrifugal Pumps,” by 
Mr. J. P. Hallam. ‘‘ Repair Works in Connection with 
the Belmont Reservoir of the Bolton Corporation,” by 
Mr. J. K. Swales. ‘‘'The History of an Artesian Bore- 
hole,” by E. J. Silcock. 

Tue InstrruTion or MECHANICAL ENGINEERS.— 
To-night, at 6 p.m., at Storey’s-gate, S.W.1., General 
Meeting. The Fifth Report of the Marine Oil-Engine 
Trials Committee. Monday, December 13, at 7 p.m., 
Graduates’ Section. ‘‘ Payment by Results,” by Mr. E. 
H. Lewis. 

Tue InstTiITUTION OF ELECTRICAL ENGINEERS : LONDON 
SrupeEnts’ Section.—To-night, at 6.15 p.m., at Savoy- 
place, Victoria-embankment, W.C.2. ‘‘ Automatic Tele- 
phony,” by Mr. F. I. Ray. 

THe Junior .INstItTuTION oF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette. 
‘** 4 Method of Measuring Temperatures in the Cylinders 
of Internal-Combustion Engines,” by Mr. C. E, Foster. 
Friday, December 17, at 7.30 p.m. Ordinary Meeting. 
‘** Progress Methods Employed in a Large Mass Produc- 
tion Motor Works,”’ by Mr. H. D. Glover. 


Tue Institution or ENGINEERING INsPECTION.— 
To-night, at 7.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ Portable Steel Structures 
of Large Span,” by Major H. N. Wylie. 


THe Institution or MUNICIPAL AND CouNtTY 
ENGINEERS: SoutH-WeEsTERN DuistrRict.—Saturday, 
December 11, at 2.15 p.m., at the Vestry Hall, Dawlish. 
‘“Twenty Years in an Urban District,” by Mr. S. F. C. 
Churchward. 

Tue Mrnine Institute or ScorLanp.—Saturday, 
December 11, at 3 p.m., at the Royal Technical College, 
George-street, Glasgow. ‘‘ Coal Cutting by Machinery 
and Conveyors in Scottish Mines,”’ by Mr. G. L. Kerr. 
“The Problem of In-bye Transport,” by Mr. D. C. 
Gemmell. ‘‘ Miners’ Nyst. us,” by Dr. F. Fergus. 
‘Mineral Boring,’’ by Mr. A. Kyle. 


THe NortH oF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS: GrRapvuatTEs’ SEcTION.— 
Saturday, December 11, at 3 p.m., at Neville Hall, 
Newcastle-upon-Tyne. Joint Meeting with the Graduates’ 
Section of the North-East Coast Institution of Engineers 
and Shipbuilders, the Institution of Electrical Engineers, 
the North of England Institute of Mining and Mechanical 
| Engineers. Joint Discussion on ‘‘ The Production and 
Transport of Coal by Machinery.” 

Tue Institute or British FOUNDRYMEN: NEw- 
CASTLE AND District BRANCH.—Saturday, December 11. 
at 6.15 p.m., at Neville Hall, Newcastle-upon-Tyne, 
‘“The Manufacture of Iron Castings for Petrol Engines,” 
by Mr. W. J. Molineux. 

Tue InstiruTE OF British FOUNDRYMEN: BIRMING- 
HAM, COVENTRY AND West MIDLANDS BRANCH.—Satur- 
day, December 11, at 6.30 p.m., at the Engineers’ Club, 
13, Waterloo-street, Birmingham. ‘‘ Oil, Sand, and Motor 
Castings,” by Mr. W. West. 

Tue Instirute or British FouNDRYMEN: LANCA- 
SHIRE BRANCH, JUNIOR SECTION.—Saturday, December 
1l, at 7 p.m., at the College of Technology, Sackville- 
street, Manchester. ‘‘ Cast Iron in Engineering,” by 
Mr. E. L. Rhead. 

Tue Hutt Association or ENGINEERS.—Saturday, 
December 11, at 7.15 p.m., at the Technical College, 
Park-street, Hull. ‘*‘ Hydro-Electrical Developments,” 
by Professor F. C. Lea. 


THE Socrety or ENGINEERS.—Monday, December 13, 
at 5.45 p.m., at the Geological Society, Burlington House, 
Piccadilly, W.1. ‘‘ The Economic Proportions and the 
Stresses in a Solid Masonry Dam or ‘Buttress Subjected 
to Water Pressure Acting on an Inclined Face,’ by 
Professor F. H. Hummel. 


Tue Institute or TRANSPORT: MIDLAND LOCAL 
Section.—Monday, December 13, at 6 p.m., at the 
Queen’s Hotel, Birmingham. ‘‘ Road Passenger Vehiele 
Design,’”’ by Mr. F. A. Boyce. 


THE INSTITUTE OF METALS : ScorrisH LocaL SEcTION. 
—Monday, December 13, at 7.30 p.m., at the Institution 
of Engineers and Shipbuilder8 in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘‘ Protective Coating of Metals”: 
‘* Fescolising,’”” by Mr. C. H. Faris; “‘ Calorising,” by 
Mr. N. C. Marples; ‘‘ Chromium Plating,’’ by Mr. E. A. 
Ollard. 

THE Ramway Cius.—Monday, December 13, at 
7.30 p.m., at 25, Tothill-street, 8.W.1. ‘The Under- 
ground Railways,” by Mr. W. H. R. Dawson. 

Tue INSTITUTION OF THE RUBBER INDUSTRY.—Mon- 
day, December 13, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W.1. Sales Section. ‘* Co-Operative 
Advertising,”’ by Mr. W. F. V. Cox. . 


THE Roya InstrtuTIoN.—Tuesday, December 14, at 
5.15 p.m., at 21, Albemarle-street, W.1. “ The Imperfect 
Crystallisation of Common Things” (Lecture IV), by 
Sir William Bragg. 

THe INSTITUTION OF PETROLEUM TECHNOLOGISTS.— 
Tuesday, December 14, at 5.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘ A Contribution 
to the Study of the Origin of Petroleum. The Berginisa- 
tion of Fish Liver Oils and Other Bodies,” by Dr. W. R 
Ormandy, Mr. E. C. Craven, Professor I. M. Heilbron 
and Mr. H. J. Channon. 








| Tre Instrrotion or Civin ENGINEERS.—Tuesday, 
| December 14, at 6 p.m., at Great George-street, S.W.1. 
| Ordinary Meeting. ‘'The Remodelling of Charing Cross 
and Cannon-street Stations,” by Mr. George Ellson. 
Wednesday, December 15, at 6.30 p.m. Students’ Meet- 
ing. ‘Some Applications and Advantages of Town 
Gas,”’ by Mr. J. G. Kimber. 

Tue Institute or Mariwe EnarIneers.—Tuesday, 
December 14, at 6.30 p.m., at 85/88 The Minories, Tower 
Hill, E.1, Presidential Address by the Rt. Hon. Lord 
Kylsant of Carmarthen. 

THe Instirorion or AUTOMOBILE ENGINEERS: 
Coventry CentRE.—Tuesday, December 14, at 7.30 p.m., 
at the Works of Armstrong-Siddeley Motors, Limited, 
Parkside, Coventry. Lecture: ‘‘ The L.G.O.C. Methods 
of Repairing Motor ’Buses,”’ by Mr. G. Rushton. 

THE SHEFFIELD METALLURGICAL AssocraATION.—Tues- 
day, December 14, at 7.30 p.m., at 198, West-street, 
Sheffield. “Blast Furnace Gas and its Uses,” by 
Mr. T. P. Colclough. 

THE Socrety or Guass TEcHNoLOoGy.—Wednesday, 
December 15, at 2.30 p.m., at University College, Gower- 
street, W.C.1. ‘‘ Some Corrosion and Erosion Phenomena 
and their Bearing on the Macrostructure of Refractories,”’ 
by Mr. J. F. Hyslop, Mr. R. Gumm and Mr. H. Biggs. 
‘*A Note on the X-Ray Patterns of Mullite and Silli- 
manite,” by Mr. J. F. Hyslop and Mr. H. P. Rooksby. 
‘‘Further Note on Sillimanite as a Glass Works Re- 
fractory,”” by Professor W. E. S. Turner, D.Se. ‘‘ The 
Viscous Properties of Glass,” by Mr. V. H. Stott, M.Sc. 
“The Effect of Cullet on the Melting of Glass,” by 
Professor W. E. S. Turner, D.Sc. “The Design of 
Parison Moulds,” by Dr. 8. English. 

THE Royat Metroro.oaicaL Socrety.— Wednesday, 
December 15, at 5 p.m., at 49, Cromwell-road, South 
Kensington, §8.W.7. ‘‘Some Meteorological Observa- 
tions made at Sea,”’ by Mr. N. K. Johnson, M.Sc. ‘‘ Some 
Measurements of Temperatures near the Surface in 
Various Kinds of Soils,” by Mr. N. K. Johnson, M.Sce., 
and Mr, E. L. Davies, M.Se. ‘‘ Investigation on the 
Behaviour of Hair Hygrometers,”’ by Mr. A. N. Puri. 

THE NEWCOMEN Socrety.—Wednesday, December 15, 
at 5.30 p.m., at Prince Henry’s Room, 17, Fleet-street, 
E.C.4.  ‘‘ Christofer Polhem, ‘The Archimedes of the 
North,’ ”’ by Mr. J. G. A. Rhodin. ‘‘ Marten Triewald and 
the First Steam Engine in Sweden,” by Mr. A. Waerland. 

THe Instrrure or TrRANsPoRT: NortTH WESTERN 
Loca SEction.—Wednesday, December 15, at 6.30 p.m., 
at the Midland Hotel, Manchester. ** Commercial 
Flying,” by Capt. F. L. Barnard. 

THe Institution or AUTOMOBILE ENGINEERS: 
MANCHESTER CENTRE.—Wednesday, December 15, at 
7 p.m., at the Engineers’ Club, Albert-square, Man- 
chester. ‘* Radiator Design,’”’ by Mr. F. Randle. 

THE Institution oF Locomotive ENGINEERS-— 
Lonpon.—Wednesday, December 15, at 7 p.m., at the 
Engineers’ Club, Coventry-street, W.1. ‘‘ Modern Loco- 
motive Superheating,”’ by Mr. H. E. Geer. 

Tue Nortu-East Coast INstiruTion OF ENGINEERS 
AND SHIPBUILDERS: GRADUATES SECTION.—-Wednesday, 
December 15, at 7.15 p.m., at Bolbec Hall, Newcastle- 
upon-Tyne. ‘‘Some Problems of the Locomotive,’’ by 
Mr. L. P. Tappin. 

Tue Iystirution or Civit ENGINEERS: YORKSHIRE 
Assoctration.—Wednesday, December 15, at 7.30 p.m., 
at the Grand Hotel, Sheffield. ‘‘ New Works, &c., on 
French Railways,” by Mr. C. J. Chaplin. 

THe INstiruTIoN or PRoDUCcTION ENGINEERS.— 
Wednesday, December 15, at 7.30 p.m., at the Society 
of Motor Manufacturers and Traders, 83, Pall Mall, 
8.W.1. ‘The Conservation of Human Effort in In- 
dustry,’’ by Mr. E. C. Gordon England, 

Tue Royat Society or Arts.— Wednesday, December 
15, at 8 p.m., at John-street, Adelphi, W.C.2. ‘* Some 
Aspects of the Chemical Industry,” by Mr. W. J. U. 
Woolcock. 

Tse Institution oF ELectrricAL ENGINEERS.— 
Thursday, December 16, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. ‘‘ Notes on the 60,000-volt 
Underground Network of the Union d’Electricité,’’ by 
Col. E. Mercier. 

THe Royat AgxRonAvuticAL Socrety.—Thursday, 
December 16, at 6.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ The Training of Aircraft 
Apprentices,” by Wing-Commander C. D. Breeze. 

THe InstiruTion OF MECHANICAL ENGINEERS: 
Miptanp Brancu.—Thursday, December 16, at 7 p.m., 
at the Mining Institute, Birmingham. Thomas Hawksley 
Lecture: “ Elasticity and Plasticity,” by Professor 
E. G. Coker. : 

Tue Institute or Merats: BrrmMincHam LocaAL 
Section.—Thursday, December 16, at 7 p.m., at the 
Engineers’ Club, Waterloo-street, Birmingham. Joint 
Meeting with the Birmingham Metallurgical Society, 
and the Staffordshire Iron and Steel Institute. 
Hardening,” by Dr. W. Rosenhain. 

THe InstitTuTION OF MECHANICAL ENGINEERS: 
NortH-WESTERN Brancu.—Thursday, December 16, at 
7.15 p.m., at the Engineers’ Club, Albert-square, Man- 
chester. ‘‘ Electric Locomotives: A Method cf Classi- 
fying, Analysing and Comparing their Characteristics,” 
by Mr. T. A. F. Stone. 

THe InstTITUTION OF MECHANICAL ENGINEERS: 
YorxsHirE Brancu.—Thursday, December 16, at 
7.30 p.m., at the Hotel Metropole, Leeds. Chairman’s 
Address. ‘‘ Efficiency,” by Mr. J. H. Barker. 


MEETING CANCELLED. 
Tue Society or TECHNICAL ENGINEERS.—Wednesday, 
December 15, at 7.30 p.m. 
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PLATE XLIV. 





USE WITH PULVERISED SMOKELESS FUEL. 


MAN 4np CO. LIMITED, ENGINEERS, GATESHEAD-ON-TYNE. 


Descriptiqn, see Page 720.) 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of ou ad. 
the fact that the above is our SOLE ADDRESS, 
er a - agg on —— oo this 
nd any othe bea: 
somewhat similar titles. p- e =e 


TELEGRAPHIC | ‘“‘ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 


DECc. Io, 














For the United Kingdom _.................... £3 5 0 
For Canada— 
Thin paper copies .................0.0... £218 6 
Thick paper copies .................... £3 3 0 
For all other places abroad— 
Thin paper copies ..............0......... £3 3 0 
Thick paper copies..............0......... £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
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THE OPTICAL INDICATOR. 


Ix commenting upon the admirable symposium 
on engine indicators, which was discussed at three 
successive meetings of The Institution of Mechanical 
Engineers in 1923, we ventured to state that it was 
regrettable that the discussion centred to a great 
extent round the pencil indicator. The value of the 
work done by such investigators as Watson, 
Hopkinson, and Burstall with the optical indicator 
has never been seriously disputed, but these and 
other investigators have put on record that they 
encountered various difficulties which tended to 
militate against the accuracy of the results obtained, 
and more attention might well have been given to 
these difficulties at the meetings. As is well known, 
the Watson indicator is of the diaphragm type, 
while those developed by Hopkinson and Burstall 
both embody a piston mechanism.. Both forms of 
instrument are subject to defects, but the general 
body of opinion appears to favour the piston type. 
The only instruments embodying a diaphragm 
which appear to be still in use are modifications of the 
Watson, of which the Watson-Dalby is probably the 
best known. The advantages of the diaphragm are 
obvious, in that the pressure-recording mechanism 
can be made lighter than the corresponding piston 
mechanism, and both leakage of the gases and piston 
friction are eliminated. The disadvantages are by 
no means so easy to summarise. It is generally 
accepted, however, that the diaphragms are subject 
to hysteresis effects, that they tend to creep in their 
mountings, and that they seldom give a true linear 
scale. They are also decidedly more fragile than 
the corresponding piston. 

The optical indicator has always been essentially 
a laboratory instrument, and before entering upon 
the defects in detail, it will not be out of place to 
discuss its broad limitations. The most important 
of these is probably the speed at which it can be 
successfully operated. It is doubtful whether, with 
even the best instruments, the diagrams obtained at 
speeds higher than 1,500 r.p.m. have any real value, 
and it may be taken as certain that no optical 











727 


indicator in existence is capable of recording the 
pressure changes in a modern petrol engine running 
at speeds of four thousand or more revolutions per 
minute. This at once rules out the instrument for 
routine tests by many engine manufacturers, but does 
not necessarily seriously detract from its value as a 
research instrument, as many of the results obtained 
on an engine at relatively low speeds afford a clue 
to its probable behaviour at higher rates of revolu- 
tion. Apart from this limitation, we believe that the 
designers of the instruments would be the first to 
admit that a degree of skill is required in its use 
which is not likely to be available outside a research 
laboratory. 

We have already briefly referred to defects which 
exist in the instrument itself, and to these must be 
added those which appear inseparable from its 
mounting on the engine. A connection has to be 
made between the cylinder combustion space and the 
underside of the diaphragm or piston, and the 
passage so formed introduces the possibility of 
lag in the pressure rise, of resonance effects, and of 
a difference between the maximum pressure in the 
cylinder and that recorded by the indicator due to 
wiredrawing effects. A further point arises in the 
phasing of the stroke-recording mechanism with the 
engine piston. If, as is the case in most modern 
indicators, a separate stroke mirror is employed, it is 
difficult to ensure that this reaches the end of its 
stroke at the same instant as the engine piston, and 
it is still more uncertain whether this relationship is 
retained at different running speeds of the engine. 

In view of the recent development of the Farn- 
borough type of indicator, which was fully described 
in the symposium to which we have referred, the 
question naturally arises as to whether any advan- 
tage is to be gained by further experimental work 
with the optical indicator. The Farnborough 
instrument is admittedly more accurate, and is free 
from the majority of the defects to which reference 
has been made, together with others of less impor- 
tance. On the other hand, it is an averaging 
instrument over a large number of cycles, and 
therefore fails to give information as to the mode 
of combustion in individual explosions. Failing the 
development of an instrument which will combine 
the advantages of both types, therefore, it still 
appears that there is a useful field of application for 
the optical indicator, and that further information 
on its defects and limitations is desirable. For this 
reason, a paper read on Tuesday last by Professor 
Morgan and Mr. Rubbra, before the Institution of 
Automobile Engineers, is of great value. The 
paper was entitled “The Optical Indicator as a 
Means of examining Combustion in Explosion 
Engines,” and, as it is mainly devoted to the eluci- 
dation of errors arising from phase-setting, diaphragm 
phenomena and connecting-pipe effects, it is, 
we believe, one of the most important papers on 
the optical indicator so far published. 

The investigation undertaken by these two 
workers was concerned with the combustion of 
gaseous mixtures in an actual engine, as distinct 
from open-tube and closed-vessel experiments. 
The Watson-Dalby indicator was selected for the 
work, and information was particularly sought on 
the development of lag between the occurrence of the 
spark and the first perceptible pressure change due 
to combustion ; on the rate of heat liberation at 
any instant after the occurrence of the spark, 
and on the effect of detonation. As regards the 
latter, examination was made of its effect in 
producing large pressure changes in time, short in 
comparison with the natural period of the spring 
mechanism of the indicator, and also of its effect 
in producing high-period pressure waves in the 
cylinder. As we have already stated, the bulk of 
the paper was devoted to an analysis of the defects in 
the indicator and its associated mechanism, and it is 
with these that we are concerned at the moment. 

The observed phenomena associated with phase 
lag and with the indicator connection are common 
to all types of indicator, and are therefore of more 
general importance, but those associated with the 
diaphragm are of considerable interest, as diaphragm 
indicators have been employed in more than one 
recent investigation. In the earlier experiments 
corrugated diaphragms were used, but the authors 
found that a change of diaphragm resulted in 
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a variation of the value of phase lag for a given speed. 
The change was apparently due to the varying capa- 
cities of the diaphragm chamber, arising from the 
differences in contour of the diaphragms. used, and 


it was therefore decided to study the effect of | pipe 


different chamber capacities on lag. This was 
effected by packing out the diaphragm, which was 
made flat in this case to ensure accuracy. It was 
found that by altering the thickness of the spacing 
ring from 5 to 40 thousandths of an inch the lag 
increased from about 10 deg. to 17 deg. It is 
evident that this effect will occur while the engine is 
running, as the deflection of the diaphragm will 
change the capacity of the chamber. As it is 
more difficult to obtain a constant chamber capacity 
with a corrugated diaphragm, and it is also more 
difficult to reduce the capacity to a minimum in this 
case, flat diaphragms were exclusively employed 
throughout the later experiments. The object of 
previous investigators in employing a corrugated 
diaphragm was to obtain an evenly divided pressure 
scale, but, as the correct form of contour to produce 
this effect does not appear to be capable of mathe- 
matical computation, and apparently varies with the 
thickness of the diaphragm, a variable scale has, in 
fact, proved necessary in most cases. This is not 
difficult to obtain experimentally. The employment 
of a flat diaphragm, as advocated by the authors, 
appears to possess marked advantages. In investi- 
gating the well-known creep effect, the authors were 
finally led to adopt a diaphragm to which a steel ring 
was welded. The diaphragms were welded round 
the outer rim only, and the clamping surfaces were 
chamfered so that the pressure was confined to 
a narrow ring round the inside edge. This arrange- 
ment was found completely to cure the slipping 
trouble. ‘The usual method of cooling the diaphragm 
was abandoned in favour of a water spray directed 
upon the under-side. The water was mixed with 
air by adopting the injector principle, and the 
opinion was expressed by the authors that cooling 
on these lines is essential to effective heat dissi- 
pation. It is only fair to point out, however, that 
Watson did not employ this method in his work. 
The latter is generally regarded as classical, and, 
as pointed out by one of the speakers during the 
discussion in another connection, the results were 
probably accurate within a small percentage of 
error. The material employed for the diaphragms 
in the authors’ work was not stated, but as fracture 
of this part has given considerable trouble in other 
investigations, it may be mentioned that another 
speaker in the discussion stated that a steel with a 
1-26 per cent. silicon content had been found to 
stand up well in indicators fitted to an aero engine. 
The importance of accurate phase setting has 
only recently been realised. Hitherto the method 
usually adopted to synchronise the pressure mirror 
with the engine piston has been to retard the ignition, 
and to regard the setting as sufficiently accurate if 
the portion of the expansion line recorded before 
ignition has taken place coincided with the com- 
pression line. It is, however, doubtful whether an 
angular error of a degree or so can be detected by 
this means, and it has been, shown that an error of 
these dimensions has a serious effect on the area of 
the diagram, and therefore on the I.H.P. recorded. 
The method of phase setting adopted by the authors 
was to set the indicator and engine approximately 
) deg. out of phase by means of the phase gear. 
The piston was then brought up to in-centre and 
the light spot adjusted by the phase gear to the 
mid centre of its travel, and the point marked. The 
engine crank was then turned through 180 deg., 
and if the new position of the spot did not coincide 
with the mark, the phase gear was again adjusted 
until coincidence occurred. Additiona! checks were 
made, upon which space does not permit of our 
entering. It has already been stated that phase lag 
was found to be dependant upon the capacity of 
the diaphragm chamber. In addition, it was 
found that gas friction in the connecting tube had 
a very appreciable effect. The authors estimate 


that, in a particular case, the gas velocity in the tube 
at the point of entry to the diaphragm chamber would 
be 350 ft. per second, and as the fluid friction and 
inertia effect of the gas in the chamber varies as the 
square of this velocity, these factors will contribute 
very appreciably to the total value of the phase lag, 





and will also effect the maximum pressure recorded. 
The gas velocity may be reduced by either decreasing 
the volume of the diaphragm chamber, or by 
increasing the cross sectional area of the connecting 
ipe. 
These defects have, of course, attracted the 
attention of other investigators. We believe that 
Professor Hopkinson demonstrated that by merely 
altering the length and shape of the connecting pipe, 
wide variations could be produced in the diagram. 
The chamber has usually been made as small as 
possible, and the length of the connecting pipe 
reduced to a minimum, but a wide difference 
of opinion exists as to the correct bore of the 
pipe. In the case of Dr. Watson’s work, a pipe 
having a bore of less than }-in. was employed, and 
in some cases the area was further reduced by the 
introduction of a coil of wire to break up the waves. 
On the other hand, as we pointed out in discussing 
the symposium, such a recognised authority as 
Professor Burstall regards a bore of about 3-in. as 
desirable. The present authors explain their reasons 
for employing a small bore pipe, and a corresponding 
statement from those who favour the larger bore 
would be of great interest. 

It has not been possible in the space at our 
disposal to refer to many of the minor points raised 
by Professor Morgan and Mr. Rubbra, or to touch 
upon other interesting questions outside the scope 
of their paper. There is one point in connection 
with the optical indicator to which, however, we 
may draw attention in conclusion. At the con- 
clusion of the series of meetings of the Institution 
of Mechanical Engineers, to which we have several 
times referred, the chairman stated that the late 
Captain Sankey had expressed a desire for assistance 
in the selection of an indicator to be used by the 
Marine Oil-Engine Trials Committee. So far as 
we know, no optical indicator has been developed 
specifically for Diesel work, but as the difficulties 
to which reference has been made only become 
acute at higher speeds than those normally attained 
by this type of engine, it would appear that a 
suitably modified optical indicator would be practi- 
cally ideal for the work in question. 





ARMOUR PLATE AND STEEL 
MANUFACTURE. 

TuE development of armour plate has notably 
and naturally been associated with a corresponding 
development of the projectile it has to resist, and of 
the guns by which they are propelled. Each gain 
in the qualities of the protective material has been 
followed by a similar or superior improvement in 
the projectile, and the gun has been called on to 
make a corresponding advance in order to take 
advantage of the increased resistance of the pro- 
jectile. Such, at least, has been the interrelation 
of the steps by which the several elements of defence 
and destruction have been evolved, though the order 
in which they occurred was determined by the 
progress of research. Most of them were procured 
by gaining some fresh knowledge of the pro- 
perties of steel, and a metallurgist turned schoolman 
might sharpen his wits by trying to assign to these 
several munitions their respective shares in perfect- 
ing the qualities of the metal. The one circumstance 
on which there can be no debate is that the know- 
ledge acquired for the purposes of the arts of war has 
enured magnificently to the purposes of peace. 
Metallurgists have not only beaten their swords to 
ploughshares, but have given their civil industry 
the benefit of the vast wealth of knowledge that 
they had acquired for the purposes of war. In 
celebrating the triumphs of armourers and artillery- 
men in advancing the arts of peace, it would be hard 
to say which branch of their craft has contributed 
most to the change. Any one, indeed, of the prin- 
cipal munitions may be chosen as a type of the rest, 
and its share must by implication be of the same 
order as that of the others. 

Reflections such as these are suggested by @ paper 
on the history of armour plating read by Monsieur 
L. Baclé, the present President of the Société des 
Ingénieurs Civils de France, to the British Section 





of that body. The foundation of that Section in 1919 
was sometimes thought to have had the primary 
object of introducing to British engineers the progress | 


that had been made in France in branches of en- 
gineering practice to which French engineers had 
given special attention, such, for instance, as that of 
reinforced concrete. It was not long, however, 
before it became apparent that the branch was 
intended to have a wider scope, and to promote a 
more comprehensive co-operation between British 
and French members of the profession. This 
intention could not have been reiterated in a more 
acceptable form than the communication to the 
British Section of a paper, by the distinguished 
president of the parent society, on a class of work 
in which engineers and metallurgists of each country 
have been associated with intimacy and success. 
At the present time, Monsieur Baclé says, the pro- 
duction of armour plate has ceased completely in 
France, and certainly his statement that in England 
it has dropped appreciably is no exaggeration. His 
own eminent: connection with that manufacture 
doubtless is the natural reason why he selected it as 
the munition of war of which the development has 
paid toll to the general science and art of metallurgy, 
and provided the means of enlarging the scope of 
the arts of peace. Taking armour plate as typical 
of correlated munitions, his hearers will have felt 
that his claims on its behalf were justified, and will 
have agreed that the present suspension of its 
manufacture is an appropriate occasion for contem- 
plating its influence on steel metallurgy in general. 

In the interesting introduction to his paper 
Monsieur Baclé began the history of naval armour 
at a far earlier date than most of his hearers may 
have expected. On the authority of Strabo, he 
stated that as far back as the third Punic war the 
Carthaginians had some 300 vessels protected by 
wrought-iron plates. In the twelfth century the 
Normans armoured some parts of their ships. The 
knights of St. John of Jerusalem fitted out armoured 
galleons for the siege of Tunis, and the Venetians 
used similar vessels in the fourteenth century. 
While, however, warships had no mechanical means 
of propulsion, it was only exceptionally that they 
would accept the handicap on navigation inseparable 
from the weight of armour, and, even when steam 
power had become available, it required the progress 
made by artillery in the first half of the last century 
to launch the use of armour on the course of increas- 
ing development it has since followed. It was, in 
fact, the invention of explosive shells by General 
Paixhans early last century that made the ultimate 
necessity evident, but even then it was not till the 
demands of the Crimean War led the French to 
build five floating batteries fitted with 4}-in. armour- 
plating that their success induced the French 
Admiralty to lay down in 1858 the iron frigate 
La Gloire, with a protective belt 4 in. thick at the 
water line. It is about this date that the history of 
modern armour plating begins. An account of its 
progress up to 1911 was given in a paper by Mr. C. E. 
Ellis read at the Jubilee Meeting of the Society of 
Naval Arckitects,* and Monsieur Baclé presented 
an independent review of that period, and extended 
his narrative up to the present date. 

The paper paid tribute to the part played by 
British metallurgists in this progress, and reference 
was made repeatedly to their individual achieve- 
ments. It was natural, however, that the author’s 
attention should have been directed primarily to 
the work of his own countrymen, and, indeed, he 
admitted that one of his objects was to show the 
large share taken by France in the advance that had 
been made. Occasionally he appeared to overlook a 
detail of what happened on this side of the water. 
He cited, for instance, the 21-75 in. armour of the 
Amiral Duperré as the maximum that had been 
reached, without mentioning the 24 in. of the 
Inflexible ; though, indeed, the latter was made 
in two 12-in. plates. No Englishman will grudge 
him, however, the legitimate pride with which he 
praised the great men and the great works of his 
country ; and the details he gave, which were by no 
means confined to French productions, will be 
read with the more interest because some of them 
are not generally known to British engineers. 
Summing up the stages of the development of armour 
plate by reference to the relative thickness of 
wrought iron necessary to give the same resistance, 
he stated that a plate made by the most modern 
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processes gave a resistance equivalent to that | 


Thus, would it be economical and practicable to heat 


of an iron plate more than two and a-half times | whole squares of houses from one apparatus at a 


as thick. This figure is comparable with that given 
by Mr. Ellis for Krupp plates tested towards the 


end of the last century; and it seems, therefore, | tised in Canada ? 


| time ? 
j automatic regulation in domestic heating as prac- 


Further, could not greater use be made of 


He deplored the low general 


that the advance during the present century, as | efficiency of boiler plants in this country and the 


measured by this test, is not great, compared with 
that of the previous 40 years, in, which French 
metallurgists played a conspicuous part. Of more 
interest was the recital of the various methods by 
which competing armour makers of different 
nations endeavoured to equal or improve on the 
results obtained by Harvey, and those obtained by 
Krupp through his differential heat-treatment of 
a nickel-chrome steel. Perhaps the most remark- 
able was the production by Monsieur Jules Marrel 
at the Rive-de-Gier works of an alloy steel with 
more nickel and less chromium than Krupp’s, in 
which he succeeded in obtaining a finely granular 
texture in the outer part—though at a sacrifice of 
hardness as compared with the Krupp plate—and 
a fibrous texture in the inner part by a homo- 
geneous heat treatment. ; 

It is, however, not so much in the results obtained 
on armour plates as in the constant accession of 
metallurgical knowledge by which these results 
were reached that the industry served the purpose 
of civil manufacture. As Monsieur Baclé remarked, 
the whole manufacture has assumed a precise and 
scientific character, which has brought the material 
factors of the process under a control comparable 
with that of a laboratory. Most steel-using indus- 
tries have benefited by the resulting improvements 
in the qualities of steel. Still more remarkably, 
the actual existence of automobiles and aeroplanes, 
with the speeds that are obtained to-day, is largely 
the result of researches that were made through the 
direct demands of war. So far as these needs 
consisted of armour plate, they developed and have 
now come to a standstill in an amazingly short 
time; within the lifetime, in fact, of many a 
vigorous man. But inso far as the manufacture may 
be credited with having shared in the work of 
bringing steel-making to its present stage, it has 
left a notable legacy to civil industry. 





THE INSTITUTION OF FUEL 
TECHNOLOGY. 


THE autumn meeting of the Institution of Fuel 
Technology was held in the hall of the Institution 
of Mechanical Engineers, Storey’s Gate, on Tuesday 
and Wednesday of this week. On the first day the 
president, Sir Alfred Mond, P.C., M.P., delivered 
his presidential address to a considerable gathering. 


PRESIDENTIAL ADDRESS. 


In alluding to the fact that the meeting was the 
first one of the Institution, and expressing his grati- 
fication at occupying the chair, Sir Alfred Mond said 
that, sensing the feeling for co-operation in the 
matter, of those most closely associated with the 
problems of fuel economy, he had taken it upon 
himself, as president of both that Institution and of 
the Institution of Fuel Economy Engineers, to put 
forward certain concrete proposals to the Councils 
of both bodies regarding fusion. These proposals 
included a suggestion that a new title for the com- 
bined Institution should be adopted by a Joint 
Council representing both of them ; that the member- 
ship of the new Institution should be of four classes, 
including a class of Fellow, to be limited at the 
discretion of the Council to be appointed ; and that 
the composition of the new Council should, in the 
first instance, be determined by a joint meeting of 
the president, vice-presidents, and chairmen of both 
Institutions. He was pleased to be able to an- 
nounce that these proposals had been accepted in 
principle by the Councils of both Institutions and 
only formal ratification was required before an 
organisation, united on a mutually satisfactory basis, 
came into being. Proceeding, the general subject 
of fuel economy, Sir Alfred said, fell into three main 
divisions, viz., fuel economy as it was practised to-day, 
what it might be from the extended use of electricity, 
and as it might be influenced by future developments 
in the present use of fuels, and new uses for fuels. 
He thought that there was an abundance of problems 
awaiting solution even in apparently trivial matters. 





| haphazard buying of fuel for them and also for 


metallurgical processes. In the latter, for example, 
the fuel consumed in blast furnaces was of greater 
importance than that used for power. More 
determination and courage was required in the 
scrapping of old plant. Even a new system of 
accounting might be needed. Research was wanted. 
We were hampered by formule and _ illusion, 
especially in matters of finance. One of the 
difficulties with regard to the extended use of 
electricity would be the dislike of manufacturers 
to having their power under the control of an 
external organisation. The uses of electricity were 
only just beginning to be realised and this might 
have far-reaching effects. For example, in the city 
of Toronto, with a population of 600,000, the demand 
for current to heat flat irons on the recognised 
domestic washing day required another 10,000 h.p. 
at the station. It must not be thought that the 
lack of large sources of water power in Great Britain 
was necessarily prohibitive of cheap current. At 
Buffalo. current was produced as cheaply from 
pulverised fuel as at Niagara from water power, 
taking depreciation and all other factors into 
account. Gas was used to a much greater extent in 
this country than was commonly believed. He had 
spent a great part of his life in connection with gas 
enterprises, and could say that the technical diffi- 
culties predicted when he started actually gave no 
trouble at all and, in fact, did not exist. Gas and 
electricity were not antagonistic, but comple- 
mentary. He was optimistic with regard to future 
supplies of oil from domestic sources, and was no 
believer in the periodic scares about the exhaustion 
of natural fuels. He had been asked what a fuel 
technologist was, and what was the use of fuel 
technology. He would reply that the problems 
concerning combustion, facing us now in every 
rapidly expanding field, needed a different type of 
man from him with which people had been content 
in the past, and the study of fuel technology would 
produce him. He concluded his remarks by a 
tribute to the modern workman, whom he considered 
highly skilled and dependable. There were, in his 
view, no abler engineers and chemists than those in 
this country, and the leaders of industry were quite 
as capable as those abroad. He looked forward to 
the future with confidence. 

Sir W. J. Larke in proposing a vote of thanks to 
the President, said that he considered the address 
would provide subjects for many future papers 
should these run short. He thought their President 
was the kind of optimist who found an opportunity 
in every difficulty, and he hoped the new Institution 
would follow on the same lines. Personally he 
realised the imperative nature of the study of fuel 
technology seeing that fuel formed 30 per cent. to 
40 per cent. of the cost in the iron and steel industry. 
He hoped there would be closer co-operation in the 
future between all fuel users. They had lately 
discovered, for example, that the fuel problems 
facing the glass manufacturer were almost identical 
with those of the iron and steel trade, and good must 
arise from co-ordination in every possible direction. 

A vote of thanks having been passed, the Presi- 
dent resigned the chair to Sir W. J. Larke, having 
to leave to keep another engagement. 


MopeERN Practice in Gas MANUFACTURE. 


Mr. Thomas Hardie, M.Inst.C.E., then read a 
paper on ‘“‘Some Phases of Modern Practice in 
Gas Manufacture.” Commencing by quoting the 
Board of Trade returns of the raw materials used in 
gas making in Britain during the, year 1925, when 
over 17-03 million tons of coal and 61-38 million 
gallons of oil were consumed, Mr. Hardie pointed out 
that according to the Coal Commission Report of 
March last, the total coal used by all gas undertakings 
was 9-2 per cent. of the coal used for all’ purposes 
in Great Britain. This large quantity demanded 
economical handling, and the object of the paper 
was to show what economies had been effected in 
manufacturing processes. Carbonisation was highly 


efficient from the thermal point of view, not more 
than 5 per cent. of the original heat energy being 
lost. The heat value of the products sold from a 
gas works was also high, being from 75 per cent. 
to 85 per cent. of the heat energy of the coal treated. 
Modern methods of heating the retorts were 
described by the author, and the problems of the 
conservation of the remaining heat energy of the 
gases after passing over the retorts was classed 
under four heads. Of these the first, radiation and 
convection from the retort bench, were dealt with by 
greater attention to heat insulation. The second 
source of loss, namely, the sensible heat of the waste 
combustion gases leaving the retort chambers was, 
until a few years ago, only partially conserved by 
using it to heat the secondary air by means of a 
recuperator. Waste gas boilers were now generally 
used, the final temperature of the waste gases being 
reduced to 200 deg. to 250 deg. C. A specially- 
designed horizontal fire-tube boiler with a fan 
draught had been evolved and showed a thermal 
efficiency of 60 to 75 per cent. The evaporation 
obtained from this type of boiler varied from 1‘8 to 
4-5 lb. of steam per lb. of fuel consumed in the 
producer depending upon design of setting. These 
were gross amounts and did not allow for the steam 
used by the fan. Expressed as a proportion of the 
energy in the producer fuel the heat in the gross 
steam, varied from 15 per cent. to 45 per cent. 

The third source of loss, the sensible heat of the 
volatile products leaving the retorts was, for the 
most part usefully recovered in many gasworks by 
using the gas-cooling water for heating boiler feed 
water. The fourth source of loss, namely the sensible 
heat of the hot coke leaving the retorts, was more 
difficult to deal with. The most successful system 
technically was the Sulzer method now being tried 
at Rotterdam, where, it was stated, 400 lb. of 
steam per ton of coke carbonised had been generated. 
In vertical retorts the loss from this source was not 
so great as in horizontal retorts. After describing 
several designs of both types, Mr. Hardie dealt 
with the production of carburetted water gas, and 
detailed the modern methods of heat economy by 
means of waste gas boilers, while in another section 
he dealt with the steam requirements of gasworks and 
how they could be reduced. The paper concluded 
with a description of the application of waste heat 
recovery by the authors company, Messrs. The Gas 
Light and Coke Company. The first installation of 
a waste heat boiler in the country on a carburetted 
water gas plant was fitted by the Gas Light and 
Coke Company in 1919. Since then 46 boilers had 
been put in hand of which 40 were at work. 
Waste heat boilers on retort settings were first 
fitted in 1923. There were now, Mr. Hardie said, 
26 at work, and 11 in course of erection. When 
the total of 83 waste gas boilers were all at work the 
steam produced by them would amount to 4,000 tons 
per day, which would release, for sale to the public, 
600 to 700 tons of fuel daily. Mr. Hardie’s contribu- 
tion concluded with reference to several suggested 
lines of action for future economies in the use of the 
steam thus produced. 

Dr. M. W. Travers, F.R.S., opened the dis- 
cussion. Mr. Hardie, he said, had given an excel- 
lent summary of the industry from the engineers’ 
point of view. The chemists claimed a knowledge 
of combustion, and of what went on inside the 
retorts, but the engineers provided the means of 
effecting the operations. The need for close co- 
operation would be thus realised. He thought that 
the gas industry had not progressed much until 
recently, because it was easier to make gas than to 
generate electricity, and the start of the industry 
had been too easy. Electricity had really developed 
as a result of constant research. Similar conditions 
were required for gas. Not very much was known 
about water gas ; for instance, another 10 per cent. 
output might, he thought, be obtained. That 
should not be dealt with as a chemical problem 
only, though gas making was the greatest chemical 
industry. 

Mr. George M. Helps followed with criticism 
directed to the gas industry as a whole rather than 
to Mr. Hardie’s paper. He held that a statement 
made in the paper that the waste heat from the 
settings, leaving at 1,000 deg. C., contained energy 





equal to 50 per cent. to 60 per cent. of the original 





fuel, simply indicated that there was excessive 
production of heat in the first place. He submitted 
that these losses were unnecessarily incurred, and 
that a mistake was made in applying heat to a retort 
containing coal in a setting which was open to the 
atmosphere. Gas making should take place in 
closed vessels without chimneys, when the surplus 
heat would be passed on directly to raise the tem- 
perature of the carbonising coal, and an efficiency 
of over 85 per cent. would be reached. He referred 
to a modified form of producer in which a high 
column of coal was superimposed on the active or 
gas-producing portion. Mr. Helps supported his 
arguments by some figures of the cost of production 
and advocated the sale of gas of about 280 B.Th.U. 
per cubic foot which he contended could be com- 
pletely consumed at low pressures with a purer 
atmosphere. Rich gas of 500 B.Th.U. required a 
pressure of something like 40 in. of water at the 
nipple to give the highest flame temperature such 
as that required in a domestic gas fire, instead of 
the 2 in. pressure usually supplied. 

The meeting at this point adjourned for lunch, 
and on resuming the chair was taken by Sir- Philip 
Dawson. 

The discussion of Mr. Hardie’s paper was con- 
tinued by other speakers, among whom Mr. H. 
Nielson described some results obtained from low 
temperature gasification, while Mr. H. M. Ridge 
said he could hardly agree with Mr. Hardie about 
the desirability of installing waste heat boilers. 
He had got very good results on a certain furnace 
in which the temperature of the issuing gases had 
been reduced to 270 deg. C. by means of a recupera- 
tor. Had he to do that job again he would increase 
the size of the recuperator and reduce the gases 
to not more than 220 deg. C. The hot air so pro- 
vided gave a higher flame temperature and better 
results. 

Replying to the discussion, Mr. Hardie said 
they had made great strides in the production 
of carburetted water gas in the last few years, 
and were still experimenting. He found himself 
unable to agree with Mr. Helps’ statement about 
a plant producing gas and having an efficiency 
of 85 per cent. Vertical retorts and carburetted 
water-gas plants could operate at 75 per cent., 
but he knew of no total gasification plant with 
anything like the figure stated. The point as 
to the low quality gas was outside the scope of 
the paper. They rather wanted to reduce the 
quantity of tar produced than otherwise, and 
when working with a recuperator, the amount 
of waste heat that could be returned to a setting 
depended upon the amount of air required. This 
might sometimes cause loss. Gas makers had 
long been looking for a complete gasification plant, 
and would be ready to welcome one when it came 
along in perfected form. 

On the motion of Sir Philip Dawson, Mr. Hardie 
was cordially thanked for his paper. 


THE ComBustION OF SoLip CARBON. 

The Secretary of the Institution of Fuel Tech- 
nology, Mr. Edgar C, Evans, was then called upon 
to read a paper entitled. ‘* The Combustion of 
Solid Carbon,” by Professor R. T. Haslam, of the 
University of Massachusetts, U.S.A. 

Professor Haslam’s paper opened with an account 
of the carbon dioxide and carbon monoxide theories, 
and of the work by which they are supported. 
The ‘‘ carbon-complex ” theory was next discussed 
with an analysis of Langmuir’s work and hypothesis. 
The weight of evidence seemed to favour the theory 
that the mechanism of combustion of solid carbon 
at furnace temperatures was (1) the union of 
oxygen from the air with the hot carbon to form 
a physico-chemical complex CxOy, and (2) the 
breaking down of this complex into CO., which 
was later, in some cases, reduced to CO, the amount 
of reduction depending upon the conditions. The 
second part of the paper dealt with the rate of 
combustion of solid carbon. After establishing the 
presence of a dead film of gas on the surface of 
hot carbon, through which the oxygen of the air 
must pass before it could react, the statement 
was made that the rate of combustion at high 
temperatures would depend solely upon the rate 
at which oxygen could pass by diffusion through 
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the film to the surface of the carbon. A study 
of various investigations by the United States Bureau 
of Mines, and several independent workers, supported 
this. In an ordinary hand-fired grate it would 
appear that the oxygen was all consumed at the 
same distance above the grate except in the cases 
of lignite, which broke up into very fine particles 
in the furnace. Consequently the rate of combustion 
was almost directly proportional to the amount of 
primary air introduced through the ashpit and 
dependent on the draught. Thus the capacity 
of a furnace, as far as the grate was concerned, 
was limited only by the draught obtainable. The 
distillation of the volatile matter of coal should 
take place in an oxidising atmosphere. This was 
impossible with the ordinary hand-fired furnace, 
since oxygen could not pass through more than 
3 in. to 5 in. of incandescent fuel. With pulverised 
fuel it was important to increase the turbulence 
of the gases within the furnace, as this caused an 
increased relative motion of the gases past the 
carbon particles, which decreased the thickness of 
the surface film and so increased the rate of oxygen 
diffusion. The reason for differences in the behaviour 
of cokes of equal size in blast furnaces, &c., during 
combustion should be looked for in physical or 
chemical properties other than its combustibility 
with oxygen. 

Mr. J. H. Byrom opened the discussion by 
remarking that the whole subject was important, 
but work on it was difficult as there were so many 
variables. There might be half a dozen types of 
charcoal, for instance. The variables were even 
worse in the case of coke when oxides and sulphides 
might play a part catalytically as well as chemically. 
Laboratory experiments, however carefully they 
copied full-scale methods, could not really reproduce 
them. ars 
Dr. J. H. Jones said they were interested at the 
Fuel Research Station in that part of the paper 
dealing with the diffusion of oxygen into cuke. 
They had started to investigate the reaction between 
CO, and coke many years ago. They had deter- 
mined the velocity of reaction. Considerable 
differences existed between cokes. It was interest- 
ing to note the effects of increasing temperatures on 
the reactivity of coke. 

Dr. W. R. Garner gave an interesting demonstra- 
tion on the blackboard of the theory of diffusion, in 
the course of which he stated that all of the atoms 
on the carbon surface were not the same, 10 per cent. 
of them being very active indeed. 

The Secretary, in summing up, regretted that 
the author was not present to deal with points 
arising from the discussion. He paid a tribute to 
Dr. Jones’s work, and referred to some of his own 
experiences with regard to blast-furnace coke. 

The meeting was then adjourned until Wednesday 
morning. A report of the proceedings on that day 
will be given in our issue of next week. In the 
evening on Tuesday the first dinner of the Institution 
was held at the Hotel Cecil, London. The president, 
the Right Hon. Sir Alfred Mond, Bt., M.P., was in 
the chair. The principal guest of the evening was 
Colonel Lane-Fox, H.M. Minister of Mines, who, in 
proposing the toast of the Institution, stated that 
the public in general were looking to this association 
for the solution of three of the most pressing and 
vital problems of to-day, namely, that of a cheerful 
domestic grate, a smokeless atmosphere, and the 
independence of this country of foreign oil supplies. 
General co-operation, concentration of knowledge 
and practical experience were essential he said, and 
he hoped that this Institution would bring these 
together. Politics had proved fultile in the coal 
industry, and it remained now with science, and 
science alone, to solve this most difficult and 
national problem. Sir Alfred Mond, replying, said 
that the wasteful use of coal to-day was a crime, 
but he thought that by means of pulverised fuel a 
solution was well on the way. The Electricity Bill 
was another step forward, but the public must be 
patient as only experience could show its advantages. 
The problem of National Defence, he said, was most 
vital, as the Navy, Army and Air Force all depended 
for their very existence on fuel of all kinds, making 
independence of foreign countries absolutely 
essential, 


(To be continued.) 


THE CENTENARY OF UNIVERSITY 
COLLEGE, LONDON. 


Dvurine the current session, the centenary of the 
laying of the foundation stone of the University 
College, in Gower-street, London, will be celebrated, 
and to enable the work of the College to be continued 
on an even more effective and extensive scale than 
has been possible in the past, a College Centenary 
Committee has been formed, under the patronage 
of H.R.H. Prince Arthur of Connaught, for the 
purpose of raising a sum of 500,0007. This sum is 
required for the construction and completion of 
buildings and equipment, the endowment of chairs 
in various faculties, and for the reconstruction and 
endowment of libraries. It includes, however, two 
comparatively small items of expenditure which 
our readers, especially those who have received 
their early training at the College, will regard with 
particular sympathy. The first of these is a sum of 
18,0007. required for the completion of the equip- 
ment of the engineering laboratories. It may be 
remembered that in 1919, an appeal was made for 
a sum of 100,000/. for new engineering laboratories 
at the College. Of this sum, 52,0007. has been 
received to date, and a considerable part of the pro- 
gramme of reconstruction and equipment has been 
carried out. and brought into use by Professor E. G. 
Coker, F.R.S., and the College staff. The item 
previously mentioned, however, is still required for 
the completion of the equipment. In addition, a 
sum of 30,000/. is urgently needed for the endowment 
of the Chair of Civil and Mechanical Engineering, 
which is, at present, without endowment. 

Many of our readers are doubtless aware of the 
fact that the University College, London, was a 
pioneer in the laboratory teaching of engineering, 
the system, which has since become almost universal, 
having been introduced there by Sir Alexander B. W. 
Kennedy, LL.D., F.R.S., during his tenure of the 
Engineering Professorship from 1874 to 1889. For 
this reason, the Centenary Committee have deemed 
it fitting that Sir Alexander’s name should be 
associated with the Chair, which will consequently 
be known as the Kennedy Chair of Civil and Mechani- 
cal Engineering. We are confident that the appeal 
now issued will meet with a ready response from 
all who realise that the provision of adequate 
facilities for the training of engineers is essential 
if this country is to maintain or improve its position 
among the engineering and manufacturing nations 
of the world. As announced in our issue of the 
26th ultimo, on page 663, the Engineering Society 
of the College organised an exhibition and soirée 
which was open to the public on Friday and Saturday 
of last week, the proceeds being devoted to the 
Centenary Appeal Fund. The Honorary Secretary 
of the Fund is Dr. Walter Seton, and the Treasurer 
of the Engineering Section is Sir Ernest Moir, 
Bart., M.Inst.C.E. 





LABOUR AND THE FUTURE. 

A FUNDAMENTAL principle of mechanical art is 
that for a given effect the merit of a design varies 
inversely with its complication. The inventor 
who uses the fewest and simplest constructional 
elements is in a higher class than one who attains 
an equal result by a less simple mechanism. The 
first test an engineer applies instinctively to 
a design is that it should make the most of its 
material, and it is by no accident that the greatest 
inventions have always been among the simplest. 
The rule, however, is not limited to the mechanical 
arts, and its application to them seems to be only 
a special case of a quite general law, which extends 
even to the fine arts and to others, such as rhetoric, 
that are less fine. The designer or the artist may 
indeed allow himself any degree of complication 
he chooses. but he does so at his peril. From him 
that hath much, much shall be expected. His 
work as a designer will be the less useful, as an 
artist the less beautiful, by every complication he 
uses without a proportionate gain in his result. 

The more various the activities in which this 
principle is tested, the more general will its applica- 
tion be found to be. From time to time one art or 
another may disregard it, but in the long run it 





inevitably prevails, The one branch of human 
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affairs that seemsto have lost sight of it, is that which 
seeks to regulate social and economic relations. 
The multiplication of mechanism for such purposes 
seems, indeed, to have arrived at the point at which 
the mechanism is sometimes regarded as an end 
in itself, to which even the purposes for which it is 
designed may be sacrificed. It is worth while to 
consider how universally throughout other activities 
mechanism is regarded as a tax, to be levied and 
paid only for at least an equivalent advantage, in 
order to realise that the practice of accumulating 
mechanisms on to social life differs from the general 
rule of all other activities. The latest example of 
such a mechanism is the so-called ‘national ” 
regulation that was adopted a very few years ago 
in the coal-mining industry. Its present failure is 
an appropriate occasion for considering in what 
way the country may be protected in future against 
a calamity similar to that in which it has been in- 
volved, through the prolonged insistence on national 
settlements. : 

The terms of a large number of district settlements 
show that the essential reason for which the strike 
was continued was to safeguard the mechanism by 
which any agreement should be subject to the 
approval of the few persons who controlled the 
Miners’ Federation. For the large majority of 
collieries, questions of wages and hours proved easy 
to adjust, once the men or their District Associations 
had resumed their freedom to negotiate on them ; 
but the fit of such adjustments had to be such as 
suited the circumstances of the districts in question, 
and not to a Procrustean standard that was unsuit- 
able to most of them. If the individuals who 
composed the dominating party in the Federation 
were justified in capturing the control of that body, 
and in applying its powers to their own avowedly 
non-industrial purposes, they certainly cannot be 
blamed for making the use of it that they did. 
The Government had, in effect, invited them to 
do so; not, indeed, in words, but in the more 
convincing form of actions. The grant of the 
subsidy with the hope that it would allow the 
leopard time to change its spots, the wholesale 
acceptance of the Coal Commission’s report, 
the repeated interference in support of the Fed- 
eration’s claim to oversee, and, if it chose, 
override, district agreements, were equivalent to 
admissions that the Government would stand 
by the rulers of the Federation in their attempt 
to control the industry. Doubtless it must be 
admitted that either of the other political parties 
would have done as much, or more, if they had had 
the chance ; and the disastrous result of this attempt 
to regulate an industry on political principles should 
now induce those who are more concerned with the 
living and prosperity of the country than with 
conciliating industrial politicians, to come together 
and concert means for preventing the recurrence 
of the calamity. There is no more use nor reason 
in blaming the misleaders of the Federation for 
what they have done, than in blaming a fox for 
dining off goose when he can get it, and certainly 
less justice, for the fox was never invited to help 
himself as these gentlemen have been. But it is 
quite clear that those who have succeeded in apply- 
ing what their friends could wring from poverty- 
stricken Russian miners to purposes ruinous to 
British prosperity will not cease from troubling 
so long as the same means are open to them for 
attacking it. It is unreasonable and unjust to 
reproach them, because they have acted after 
their political kind, but it would be immeasurably 
foolish to leave matters so organised that they can 
gratify their instincts again in the same way. 

The fundamental weakness of the position of 
most industrial workers is their relation to their 
trade unions. Most men feel little attraction to 
the politics of these bodies, and in order to use the 
union powers for militant purposesagainstemployers, 
the dominant spirits of the movement arranged 
that in practice these powers should be centralised 
in small executives, a matter that was not difficult 
when account was taken of the inertia of the 
average member. The most influential members 
of the movement were, however, ultimately found 
not among workmen at all, but in an intelligentsia 
composed of ex-civil servants, lawyers and members 
of other professions or no professions, who saw in 





the trade mark “‘ Labour ”’ an asset of considerable 
value for promoting their own political ends. By 
their help, trade unions were granted statutory 
privileges which, little by little, gave their 
executives powers that in effect enabled them to 
override their own members and, in important 
respects, the common law as well. If the existence 
of these privileges had been confined in practice 
to genuinely industrial leaders, they might certainly 
have occasioned friction with employers from 
time to time, but the good sense of leaders without 
political axes to grind would soon have taught 
them to make no unreasonable use of these powers, 
and industry might have been carried on effectively 
and harmoniously. The privileges, however, were 
never intended for the uncontrolled use of industrial 
trade unionists, but for those by whose scheming 
they had been obtained ; and, as a fact, a sufficient 
majority of the adherents of the intelligentsia got 
possession of the executive posts in the movement to 
enable them to perpetrate the general strike. This 
event furnished final and conclusive evidence of the 
dangers towhich industrial trade unionists areexposed 
by the present trade union privileges, and the organis- 
ations that have been built up under cover of them. 
They provide the non-industrial trade unionists with 
a power they could not otherwise have obtained. 

The present organisation of trade unions is 
framed on the assumption that the natural enemies 
of workmen are employers, against whom at the 
date when unions were founded and organised the 
political franchise offered the men little defence. 
At the present time the fallacy of this doctrine is 
recognised generally by all sound economists in 
both branches of industry, and the alterations 
made in the franchise during recent years have 
given industrial workers a preponderant share in 
the electorate, if they care to use it. The trade 
union privileges, so far as they concern industrial 
unionists, serve, therefore, merely to duplicate 
powers that without fear of constraint they can 
exercise as effectively at the polls ; but they remain 
as an armament for the political purposes of .the 
non-industrial unionist, which, when he can cap- 
ture them, he will exercise against the indus- 
trial unionist and the rest of the country. The true 
distinction of classes in the industrial life of the 
present day is not between masters and men, but 
between those in either group who respect economical 
law and those who defy it. Within the first group, 
indeed, there may be diversity of interest ; but it 
lies not often, nor so much, between those who are 
engaged in the same enterprise as between those 
who depend on different trades. Rightly under- 
stood and handled with candour and sincerity, these 
differences are not irreconcilable, for on their just 
conciliation depend the most fundamental interests 
of all industry. 

Meanwhile, the most urgent need for industry is 
to collect those for whom it has a genuine and para- 
mount interest into one camp, and to return to the 
franchise bank the golden trade union privileges, 
which are so irresistible a temptation to honest 
political thieves. It is the industrial trade-unionist 
leaders who should take the first steps to disclaim 
this Pandora’s box. Their clients are now in such 
a position that by exercising their franchise they can 
obtain, at any time, all they can justly claim, and 
they have no need to protect their claims by keeping 
a loaded weapon in the house, which, events have 
shown, may too readily go off of its own accord or 
be turned against themselves. The trade union 
movement has had an eminent past. It is estab- 
lished firmly among the industrial institutions of the 
country, and should be able to be of constantly 
increasing advantage to industry in the future. Its 
present need is to be freed from the damnosa 
hereditas of the privileges that the intrigues of 
its parasitic intelligentsia procured ostensibly on 
its behalf, but really for their own political interests. 
Many honoured names were associated with trade 
unions in their early days, whose struggles and 
achievements now excite the sympathy and admira- 
tion of men in all branches of industry. An equally 
honoured place is reserved for the industrial leaders 
who to-day, by demanding the abrogation of privi- 
leges that can do nothing but harm to the genuine 
trade-union movement, will help to restore the 
freedom of trade unionists. 
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ENGINEERING LECTURES AT THE 
SCIENCE MUSEUM. 
TO THE Eprror OF ENGINEERING. 


Str,—It is one of my occasional Saturday afternoon 
occupations to visit South Kensington, stroll around the 
galleries of the Science Museum, and attend the lectures 
given there. 

These lectures, whether on scientific subjects or 
engineering subjects, are always dealt with in a manner 
adapted to an audience composed of all sorts and 
conditions of persons, and it is a pity we do not have 
more of them. What I want to call your attention to, 
however, is that, during a lecture on my last visit, we 
had a double entertainment—a lecture and concert 
combined, both excellent in quality, but my sympathy 
was all with the lecturer who, finding himself, as it 
were, attacked on the flank, beat a hasty retreat to 
another gallery. 

Many of us are devoted to both engineering and 
music, but we do not want them together, and I should 
think it would be much better if they were kept 
separate at our Science Museum. 

Yours truly, 
Jonn L. 
St. Stephens House, Westminster. 
December 7, 1926. 

[The concert referred to by our correspondent was 
doubtless produced by the loud speaker recently in- 
stalled in the Electrical Section of the Museum, and used 
at intervals to reproduce the programmes broadcast 
from the London station of the British Broadcasting 
Company. The present position of this instrument, and 
its power, is such that it can be heard throughout the 
galleries where interesting and useful lectures are 
delivered by the Official Guide Lecturer, Engineer 
Captain E. C. Smith, O.B.E., R.N., who necessarily 
must illustrate his remarks by reference to the exhibits 
displayed in this part of the Museum. As these 
lectures are greatly appreciated by a considerable body 
of the public and by students, to whom they are 
especially valuable, it seems highly regrettable that 
they should be disturbed, and the attention of the 
lecturer’s audience detracted by the simultaneous 
provision of a popular form of entertainment, altogether, 
we consider, inappropriate to the surroundings. The 
loud speaker itself is probably one of the most perfect 
so far constructed, but the museum is primarily intended 
for instruction and not entertainment. The lectures 
are given to make the treasures housed at South 
Kensington of still greater educative value, and, to our 
mind, this should be given the first consideration. If 
it is essential to demonstrate this loud speaker in 
service, the instrument should undoubtedly, we think, 
be transferred to some position where it would not 
disturb those members of the public who visit the 
museum to avail themselves of the educative facilities 
provided, or it should at least be kept silent while the 
official lectures are in progress.—ED.E.] 


BRUNTON. 





THE AGE HARDENING OF “Y”’ 
ALLOY. 
THe Eprror or ENGINEERING. 

Str,—With reference to the note in your issue of 
November 12, page 605, on the above subject, the 
experience of this Corporation with the heat treatment 
of this alloy may be of interest. 

In daily production of heat-treated air-cooled 
cylinder-head, piston, and other castings, we are 
averaging 34,000 lb. per square inch ultimate strength, 
and over 100 Brinell on sand cast to size test bars. 
The heat treatment, which is due to Mr. Samuel Daniels, 
Metals Section, McCook Field, Dayton, Ohio, is as 
follows :— 


Heat 1 hour at 950 deg. F., + 15 deg., in an electric 
furnace. 

Quench in boiling water. 

Age 1 hour at 450 deg. F, 


These figures, I think, indicate the excellent results 
obtainable with accelerated age hardening of sand- 
cast Y alloy in commercial production. 
Yours truly, 
S. D. Heron, 
Wright Aeronautical Corporation. 
Paterson, N.J., U.S.A., November 24, 1926. 





ImpeRIAL CotLteEGe DinNER.—The annual dinner of 
the Imperial College of Science and Technology will be 
held at the Hotel Cecil, London, W.C.2, on Monday 
next at 7.30 p.m. The chair will be taken by Sir Thomas 
H. Holland, Rector of the College, and the list of speakers 
includes Sir Alfred Mond, Mr. Prideaux, Sir John Cadman, 
and Sir Sefton Brancker. 
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THE SMITHFIELD SHOW. 


LiKE the policeman’s, the farmer’s life is not a 
happy one. He is told by economists that salvation 
lies in the mechanicalisation of his industry, but this 
will not help him in combating the vagaries of the 
weather or disease among his crops or livestock. 
Even in those branches of his work in which mech- 
anical appliances are of real value, it is seldom 
pointed out that the farmer is in an unenviable 
position as compared with workers in other indus- 
tries. 

Agricultural appliances, such as mowers or 
binders, are only required for a few weeks in each 
year, and, although more continuous employment 
can be found for power generators, even in this case 
the machine is probably idle more than half its time. 
It is greatly to the credit of the farmer, therefore, 
that he has shown himself willing to take full advan- 
tage of advances in engineering practice. Even a 
decade or so ago, agricultural implements, although 
of festive appearance, were notorious for their 
unmechanical design. They were frequently made 
of low-grade materials, and even when no breakage 
occurred, were so lightly constructed that distortion 
of the frame led to misalignment of the bearings, 
with consequent excessive draught. The protection 
afforded to the bearings was also so crude that water 
and grit frequently penetrated to the working 
surfaces in wet weather. It is only fair to say that 





twenty-sixth of the series, and, as in former years, 
includes exhibits of both livestock and mechanical 
appliances. 

As it has now been held in the Royal Agri- 
cultural Hall for sixty-four successive years, there 
are obviously strong grounds for retaining this 
location, but the building is hardly large enough 
to enable full justice to be done to the exhibits. 

















Fie. 5. Encntosrp-TyPr Pararrin ENGINE 
Messrs. CrossLtEy Bros., Liurrep. 





to the interests of its members, but it is a little 
difficult to understand why light and medium vans 
should not be exhibited, as there is a large market 
for vehicles of this type amongst the farming 
interests. 

Since we have drawn particular attention to 
recent improvements in agricultural appliances, we 
may fittingly commence our description of the 
exhibits by a reference to the new binder shown on 
the stand of Messrs. Ruston and Hornsby, Limited, 
of Lincoln. The firm has been making agricultural 
machinery for many years, and their first binder, 
introduced in 1884, carried off the first prize in a 
competition in that year open to firms throughout 
the world. It is interesting to note that the 
principles embodied in this early machine are to a 
large extent retained in the present model, but that 
the method of construction is entirely different. 
The outstanding features of the new machine are the 
rigidity of the main structure, and the extensive 
employment of ball and roller bearings, character- 
istics which result in an exceedingly light draught. 
We illustrate the binder in Figs. 1 to 4, page 726. 
The main frame is shown in Fig. 3, and it will be 
observed that it is a box structure built up of angle 
iron and gusset plates, the riveting being performed 
hydraulically. The elevator frame is bolted to the 
main frame, as shown in Fig. 2, and the whole 
assembly forms a strong, yet light, triangulated 
structure. The main wheel, which is shown 





























Fie, 6. Two-Stroxe Hot-BuLts ENGINE 


; Messrs. MARSHALL, 
Sons AND Co., Lirrep. 


Fia. 7. 


WeEARN’s AuTOMATIO DRIVE; ASSOCIATED 


MANUFACTURERS’ ComPpANy (LONDON), LimitTED. 


these defects were chiefly to be found in cheap | The live stock and implements form a somewhat inti- ; withdrawn from the binder in Fig. 4, is made up 


machines of foreign manufacture. At the time, | 
British makers were severely criticised for their | 
refusal to lower the quality of their products to a | 
point at which they could compete with imported | 
appliances, but the soundness of their policy is now | 
being vindicated by an increasing demand for | 
machines of high quality. The improvement which | 
has taken place in both British and foreign machines | 
in the last few years is remarkable, and suggests | 
that, evén in cases where the machine is idle for | 
much the greater part of its life, the farmer has | 
found that an instrument of good quality is a sound | 
investment. 

The high quality in design, workmanship, and | 
material achieved by the leading manufacturers of 
agricultural machines is brought out by the exhibits 
at the Smithfield Club Cattle Show, which opened at | 
the Agricultural Hall on Monday last, and closes | 
to-day. The exhibition is the one hundred and! 


mate mixture, and the atmosphere, although possibly 
congenial to farmers, leaves much to be desired 
from the point of view of other visitors. We 
remarked upon the heterogeneous nature of the 
exhibits when describing the previous show, and 
this catholicity is fully maintained upon the present 
occasion. 

The products shown include practically every 
conceivable farm appliance, together with engines 
of various types, which appear too large to have 
any application in this direction. It might have 
been anticipated that as there is no commercial- 
vehicle exhibition at Olympia this year, the show 
would have been regarded as a suitable occasion on 
which to put the latest developments before the 
public. Actually, however, the exhibits in this 
class are confined to five steam wagons by the leading 
makers. The Society of Motor Manufacturers and 
Traders has given ample proof that it is fully alive 





| the shaft in Fig. 4, is keyed to the central axle. 


with flat spokes, having a central flute and riveted to 
a pressed-steel tyre. The hollow spindle on which it is 
mounted is carried on a central axle terminating in 
a spur wheel at each end. These wheels engage 
with the teeth cut inside the two quadrants shown 
in Fig. 3. 

The worm wheel, which can be seen on the end of 
The 
worm shaft is brought to the side of the frame, and 
terminates in a squared end. By placing a handle 
on the latter, the arrangement described enables the 
main wheel to be racked up inside the main frame 
for road transport purposes. The main wheel is 
provided with self-cleaning biting irons. The spindle 
on which it is mounted is carried in roller bearings, 
and a thrust ball-race is also provided to eliminate 
excessive friction, due to either natural side draught 
or to hillside working. One of the roller races and 
the thrust race can be seen in Fig. 4. 
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The first-motion spindle, which is visible in 
position in the frame in Fig. 2, is driven by chain 
from the sprocket bolted to the main wheel. It 
will be observed from Fig. 4 that this sprocket is 
mounted in such a way that the drive is taken by 
three pins carried in the spokes of the main wheel, 
instead of by a key in the boss of the latter. The 
second-motion spindle, which terminates in a crank 
for actuating the cutter bar, is partially visible 
behind the main frame in Fig. 2, but the bevel wheels 
which transmit the motion from one shaft to the 
other cannot be seen. Both the first and second- 
motion shafts are carried on roller bearings, and are 
fitted with ball races to take the thrust of the bevels. 
The drive to the rollers for the main platform and 
lower elevator canvases can be followed from Fig. 1. 
The chain sprocket visible in the right-hand bottom 
corner of this illustration is carried on an extension 
of the first-motion shaft. Following the chain 
round in a clockwise direction, it passes in succession 
over an adjustable jockey pulley, the driving 
sprocket for the platform roller, a fixed jockey pulley, 
the sprocket for the lower elevator canvas drive, 
and finally the sprocket for the sheafing and binding 
mechanism. The drive for the floating elevator and 
for the reel is on the other side of the machine, and 
can be seen in Fig. 2. It will be noticed in this view 
that the elevator roller spindle, which is driven by 
the back elevator chain in the manner described, 
is extended to carry a spur and bevel wheel. The 
former engages with a train which terminates in a 
spur wheel driving the floating elevator roller, and 
the bevel drives an inclined shaft which transmits 
the motion to a second vertical shaft having the 
reel-driving bevels at the top. The vertical shaft 
has been removed in the illustration, but the 
universal joint above the bottom bevels, to which it 
is connected, can be clearly seen. All the sprocket 
wheels driven by the back elevator chain are 
provided with roller bearings, as also are both 
ends of the inside platform roller and every detail 
where friction might cause increased draught. 

The upper elevator rollers float at all four corners, 
and the arrangement is claimed to deal satisfactorily 
with the heaviest and most tangled crops. The 
machine is equipped with the usual canvas 
stretchers, the method of operating that for the 
platform canvas being shown in Fig. 4. It is 
hardly necessary to describe these in detail, neither 
is it possible to deal with the knotting apparatus 
without an extensive series of drawings. It must 
suffice to say that the knotter has been improved, 
and is now a thorough engineering job in keeping 
with the rest of the machine. A word may be 
said in conclusion about the travelling wheels. 
One of these, with its axle, is shown detached in 
Fig. 2. The axle is a steel tube, to which the 
brackets shown are attached, and one of these 
‘engages with a slot inside the main frame, while 
the other locks over a shoe fastened to the outer 
member. No tools are, therefore, necessary for 
either mounting or dismounting the road wheels, 
and it is not necessary to remove the connecting 
rod for this purpose. 

Although agricultural implements for use on the 
field are highly specialised, only minor modifications 
are necessary to render a standard form of power 
unit suitable for farm use. On this account, 
practically all the leading engine makers market 
agricultural models, and we counted 20 different 
engines in this class amongst the exhibits at the 
show. As such engines, in all probability, will 
only be used intermittently, economy in fuel is 
not of primary importance, but the fact that the 
labour available for taking charge of the engine 
is generally untrained renders it important that a 
minimum of skill should be required for either 
running or maintenance. 

The majority of the engines exhibited were in 
the small power class, utilising paraffin as a fuel, 
and included air and water-cooled models operating 
on the two-stroke and four-stroke cycles. Many of 
these engines have been described in our columns 
from time to time, but we have not previously 
dealt with the enclosed-type engine shown by 
Messrs. Crossley Brothers, Limited, Elstow Engin- 
eering Works, Bedford, as this has only recently 
been introduced. This engine, of which a photo- 
graph is reproduced in Fig. 5, on the opposite page, 





may fairly be taken as typifying the best practice in 
its class, although it is sold at a strictly competitive 
figure. As will be clear from the illustration, the 
engine is of the horizontal type, with a totally- 
enclosed crankcase. It operates on the four-stroke 
cycle, and the valve gear is of simple and robust 
construction. The magneto is driven from the 
crankshaft by enclosed gearing, the spindle of the 
intermediate wheel being carried through the 
casing to drive an external cam. The cam roller 
is mounted on a rocker arm, which transmits 
the motion to a single spring-loaded valve rod. 
The latter can be seen in the illustration terminating 
on the valve rocker. The intermediate wheel also 
serves to drive the governor shaft, which is carried 
through the casing in the same way as the cam- 
shaft. The governor is of the usual centrifugal 
type, operating a butterfly throttle. The engine 
is started up on petrol, and after being turned over 
to paraffin, draws its supply from the bedplate, 
which thus serves as the main fuel-storage tank. 
The cylinder is normally hopper cooled, as shown 
in the illustration. In cases where the engine is 
required for continuous running, however, either 
radiator or tank-cooling may be fitted without 
making any alteration. The upper face of the 
hopper is machined and tapped to take a connecting 
flange, and provision is similarly made for mounting 
a fan if a radiator is required to be fitted. The 
whole of the engine lubrication is effected by an 
oil-thrower disc mounted on the crankshaft. This 
dips into the sump and throws the oil at the top 
into a trough, from which it is conveyed by suitable 
passages to the main bearings. A passage in the 
end of one of the bearings allows the oil to fall 
on to a second disc, with a turned-in rim, mounted 
on the crankshaft. From the rim, the oil is delivered 
by centrifugal force to a passage leading to the 
big end, and on leaving the latter the oil is finally 
sprayed on to the small end and over the cylinder 
walls. 

Larger engines are shown by Messrs. Ruston and 
Hornsby, Limited, Messrs. Blackstone and Co., 
Limited, Messrs. Tangyes, Limited, and Messrs. 
Marshall, Sons and Co., Limited All these have 
been previously described in our columns, with the 
exception of the hot-bulb engine shown by the 
latter firm, whose address is Britannia Ironworks, 
Gainsborough. This engine forms one of a range 
working on the two-stroke cycle, which has much to 
commend it for farm work on account of the absence 
of valves and the associated operating mechanism. 
Another advantage for farm work is that the engines 
will run on a low-grade fuel, which may be stored in 
farm buildings without the danger associated with 
petrol. The range of sizes varies from 30 to 300 
b.h.p., the larger being suitable for country flour 
mills, and other works where considerable power 
is necessary. Engines developing from 30 to 50 
b.h.p. are made as single-cylinder units, a photo- 
graph of a typical unit as exhibited at the show 
being reproduced in Fig. 6. Starting is effected 
by blow lamps in the usual way, and the 
vaporiser is proportioned to maintain the combustion 
temperature at all loads. No water injection is 
required under any circumstances. The construc- 
tion of the engine hardly requires comment, as it 
follows the standard practice of the firm, which must 
be well known to the majority of our readers. The 
engine will work satisfactorily on most of the 
crude, refined, or residual oils, the best results 
being obtained with fuels from 0-85 to 0-9 specific 
gravity, having a calorific value not less than 19,000 
B.Th.U. per lb. Under these circumstances, the fuel 
consumption at full load is less than half a pint per 
brake horse-power per hour. 

Space does not permit of our describing the bulk 
of the exhibits in any detail; neither would there 
be any advantage in our doing so, as the majority 
of these have been on the market for many years. 
Among the few novelties, an automatic belt-tension- 
ing device was noticeable, and we may conclude our 
account of the show by a reference to this device. 
It is known as Wearn’s Automatic Drive, and was 
shown on the stand of the Associated Manufacturers’ 
Company (London) Limited, 72-80, Mansell-street, 
E.1. The upper spur wheel, as shown in Fig. 7, 
is pinned to the shaft of the driven machine. 
The driving belt passes over the pulley shown at the 





bottom of the illustration. The smaller pinion engag- 
ing with the large spur wheel is keyed to the pulley 
shaft, and as this shaft is carried in a bracket which 
is free to float about the upper spur-wheel centre, 
the tendency of the drive is to cause the smaller 
spur wheel to travel round the larger. This move- 
ment is, of course, opposed by the belt, which is 
therefore always maintained at a degree of tension 
proportional to the resistance to the drive. A friction 
clutch is fitted inside the pulley, and is operated by 
the screw with a knurled head shown on the right- 
hand end of the pulley spindle. The device thus 
combines a clutch, a reduction gear, and an auto- 
matic belt-tensioning mechanism. The gear ratio 
is 9 to 1, and the pulley diameter is 5 in. 


NOTE. 


Tar NortH-WESTERN BRANCH OF THE INSTITUTION 
or MECHANICAL ENGINEERS. 

The description of the engineer’s work in the 
world to be found in the charter of our senior 
institution was interpreted in an unusual manner 
by the Right Hon. Lord Cozens-Hardy when 
speaking recently in Manchester. The occasion 
was the annual dinner of the North-Western Branch 
of the Institution of Mechanical Engineers, held 
on Thursday, the 2nd inst., at the Engineers’ 
Club. The well-known words we refer to are 
commonly taken to apply to natural forces of an 
inanimate character. Lord Cozens-Hardy, how- 
ever, not inappropriately at the present juncture, 
applied the term to what elsewhere comes under 
the style of the unruly wills and affections of 
sinful men. The engineer, he said, had shown 
an ability to control which extended beyond the 
common interpretation of the phrase, and had 
made possible the solution of industrial difficulties 
without resort to such a disastrous . development 
as had been witnessed recently in the coal trade. 
He thought that the time had come for a general 
conference to be called on the subject, to see if it 
were not possible to arrive at a basis of operation 
which would render such dislocation impossible. 
Lord Cozens-Hardy, as the principal guest of 
the evening, spoke to the toast of the Institution, 
reply being made in a pleasant speech by Mr. W. 
Reavell, the Institution’s President. Mr. Reavell 
laid stress upon the development of the North- 
Western Branch, by far the largest of the provincial 
sections of the body, and the oldest but one. The 
branch is an extremely energetic one, and has 
becn fortunate in many ways. It is, of course, 
centred in one of our greatest industrial areas, 
in which engineering takes first rank. It has had 
a succession of excellent chairmen, and in Professor 
Dempster Smith an indefatigable hon. secretary. 
Professor Dempster Smith’s new duties at the 
University have, we understand, now made it 
necessary for him to resign the honorary post 
which he has filled in so acceptable a way to his 
fellow members. The toast of “The Guests ” 
was proposed happily by Mr. Harold Massey, 
and replied to by Mr. E. D. Simon, M.P., and 
Captain R.S. Hilton. The toast of the Chairman was 
in the hands of Mr. Daniel Adamson, being replied 
to by Mr. Cecil Bentham, who presided on the 
occasion, and has been Chairman of the section 
for the past twelve months, 








PERSONAL.—The registered offices of the British Cast 
Iron Research Association, hitherto at 75, New-street, 
Birmingham, together with the laboratory at 56, Guild- 
ford-street, Birmingham, have now been removed to 
24, St. Paul’s-square, Birmingham. 





Conrracts.—Messrs. Vickers Limited, Broadway, 
Westminster, have received an order from the British 
Admiralty for the construction of three submarines.— 
Messrs. John Kirkaldy, Limited, have received an order 
for the evaporating and distilling machinery for the new 
Australian cruisers Australia and Canberra. Similar 
installations have recently been completed for H.M. 
cruisers Berwick, Cornwall, and Cumberland, and also for 
the battleships Nelson and Rodney.—The Hamworthy 
Engineering Company, Limited, 74, Victoria-street, 
Westminster, S.W.1, have received a further order for 
one of their 100-cub. ft. engine-driven compressor sets 
for use by the Egyptian Government, this set being 
similar to one supplied about two years ago.—The 
Polish Government have ordered three mine-laying 
submarines from La Société des Ateliers et Chantiers 
de la Loire, La Société des Chantiers et Ateliers Augustin 
Normand and La Société des Chantiers Navals Frangais, 
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ACCORDING to the Riga correspondent of The Times, 
Mr. Cook told the Congress of Red International Trade 
Unions that he hoped during his fortnight’s stay in 
Moscow to arrange for the formation of an Anglo- 
Russian Miners’ Committee, which would hold its 
first Conference early in the New Year. Through its 
instrumentality would be organised a new International 
to take the place of the present International Federa- 
tion of Miners, which was, he declared, ‘‘ useless and too 
rotten for restoration.”” That Mr. Cook and _ his 
associates in the Miners’ Federation of Great Britain 
intend, if possible, to re-organise the opposition here 
to the terms on which the miners are now working is, 
of course, certain. What degree of success, if any, 
will attend their efforts it is not easy, at the moment, 
to say, as both the Federation itself and the various 
units that compose it are more or less in a state of flux. 
The breakaway from the Federation which began in 
Notts has spread to Derbyshire and may, before long, 
affect other midland areas. In South Wales, the Taff 
Merthyr independent movement is also spreading, and 
there are clear signs of disaffection on a small scale 
elsewhere. In view of these occurrences, and their 
possibilities, Mr. Cook and his friends may possibly be 
of less effective use to Moscow, in its attacks on the 
International Federation of Trade Unions and the 
various other sectional Internationals, than they appear 
to expect to be. The independent sectional organisa- 
tions which are being developed in this country may, 
of course, come to nothing as other movements of the 
same character’ have done. But even if they do, the 
result can hardly be of service to the projectors of a new 
Miners’ International of the Moscow type, for the only 
condition on which the local movements are likely 
voluntarily to disappear is a re-organisation of the 
Miners’ Federation of Great Britain, with the ex- 
tremist element represented, in the higher. places, at 
its true value, 

A Bill has recently been drafted by the Polish 
Ministry of Labour and Social Welfare, and will shortly 
be issued as a Legislative Decree in virtue of the plenary 
powers vested in the Government, providing that in 
such districts or as regards such classes of industrial 
undertakings as are specified by the Minister of Labour, 
employers, when engaging workers, must have recourse 
to the services of a public employment exchange. 
Employers guilty of engaging workers without pre- 
viously complying with this provision will be liable to 
fine. The Bill has been subjected to vigorous criticism 
in industrial circles, and certain of the newspapers 
intimate that every effort will be made by employers 
to prevent its promulgation as a Decree. 

At its annual meeting in Denver, Colorado, the 
American Bar Association dealt with, among other 
matters, the question of how best to prevent the 
occurrence of strikes and lockouts. ‘The proposal was 
put forward that employers’ and workers’ organisa- 
tions should agree between themselves to submit all 
disputes to arbitration, the form and personnel of the 
tribunal likewise being settled by agreement, and that 
the awards of such tribunal should be made legally 
valid. Such a method, it was argued, would be in 
line with recent developments in the field of concilia- 
tion and arbitration, in particular, with a statute already 
enacted by Congress providing for the settlement of 
commercial disputes by essentially similar means, and 
the recently adopted Parker-Watson Act dealing with 
railway disputes, which also provides for voluntary 
arbitration arrangements arrived at in advance of 
disputes and for legal effect being given to the awards 
so made. It was further pointed out that both trade 
unions and employers would stand to gain by this 
means: employers would be more inclined to have 
recourse to collective bargaining, and there would be 
fuller guarantee than at present that the terms of an 
award would be kept. 


For a number of reasons the American Bar Associa- 
tion preferred this method to that of setting up an 
industrial court. The chief of these reasons were that 
both employers and employed were for the most part 
opposed to compulsion, so that «ny measure framed 
on such lines would be exceedingly difficult to apply : 
that compulsory enforcement of an award on unwilling 
parties when these parties sometimes numbered many 
thousands of men was a practical impossibility ; and 
that industrial disputes are usually more satisfactorily 
dealt with on a practical, rather than a purely legal, 
basis. As was pointed out, the position in the United 
States is complicated by reason of the division of 
legislative powers between the Federal and the State 
governments. The Bar Association considered, how- 


ever, that although the States have jurisdiction in 
this matter, “the Federal Government may enact 
statutes for the settlement of industrial disputes apply- 
ing to interstate railroads and interstate carriers, and 
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to industries where labour disturbances are likely to 
result in serious and direct interference with inter- 
state commerce. This will be the case with basic 
industries which operate in very large units or with 
employees belonging to a national labour organisa- 
tion.” 


According to Industrial and Labour Information, 
the organ of the International Labour Office, a collec- 
tive agreeement concluded between the Norwegian 
Engineers’ Union and the Shipowners’ Federation for 
the period March 1, 1926, to February 1, 1927, with 
automatic renewal unless denounced, lays down, 
among other provisions, that engineers are entitled 
to 14 days’ holiday with pay after a year’s service, 
four weeks after two years’ service and seven weeks 
after three years’ service. 





The Ministry of Labour states that, on November 29, 
1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,496,100, of whom 1,170,600 were men, 36,900 
boys, 251,400 women, and 37,200 girls. Of the total 
number, 78,600 men, 200 boys, and 800 women were 
“persons normally in casual employment.” On 
November 22, 1926, the number of unemployed persons 
was 1,514,733, of whom 1,182,240 were men, 38,141 
boys, 256,418 women, and 37,934 girls; and on Novem- 
ber 30, 1925, it was 1,165,275, of whom 937,434 were 
men, 29,131 boys, 172,582 women, and 26,128 girls. 
The total of 1,496,100, on November 29, does not 
include persons who ceased work in the coal-mining 
industry on account of the dispute, and who, at the 
date of the return, remained unentitled to unemploy- 
ment benefit under the Trade Dispute disqualification. 





At a conference in London last week of representatives 
of all the unions (including the National Union of 
Railwaymen), which have members employed in 
railway workshops, agreement was reached regarding 
the negotiating machinery which it is proposed to set 
up to deal with questions of wages and working condi- 
tions. A number of the craft unions had accepted the 
draft agreement. but the N.U.R. had rejected it 
mainly because of the provision in it that matters in 
dispute should be referred to the Industrial Court. It 
was understood, when last week’s meeting ended, 
that while the N.U.R. Executive were not, at the 
moment, able to overcome the difficulty created by 
the rejection by their delegate conference of the 
Industrial Court proposal, they intended to: take steps 
to have the decision reviewed. There is every likeli- 
hood, therefore, that within a short time the scheme 
will be approved in its entirety by all the organisations 
concerned. 

Until a day or two ago, the railway systems of 
Canada were threatened with serious trouble over a 
question of wages. ‘The unions demanded a 6 per cent. 
increase in wages, but after prolonged negotiations 
between the presidents of the two systems and repre- 
sentatives of the men, they agreed to accept appreciably 
less. In a statement issued after the settlement, the 
leaders of the unions said :—** The settlement involves 
varying percentages of increases to the classes con- 
cerned, and by no means concedes what the employees 
feel they are entitled to. The multiplicity of duties 
they are called upon to perform, and the fact that 
the hazards to which they are subjected are greater 
because of climatic conditions than those of the 
employees on the railways to the south, justify the 
demands for higher pay. They are, however, not 
unmindful of the calamity and suffering that would 
have been occasioned if the strike went into effect, and 
out of consideration for the public in general, they have 
agreed to compromise rather than to cause dislocation 
of the transportation services and the serious conse- 
quences which would inevitably follow a strike at this 
time.” 

The report of the Associated Blacksmiths’, Forge 
and Smithy Workers’ Society for the third quarter of 
the current year shows a further increase in the number 
of members returned as totally unemployed. The 
total is 3,414, an increase of 501 as compared with the 
figures for the second quarter. The percentage is 
32, the highest yet recorded in the history of the 
organisation. In addition, short time, once a temporary 
arrangement, has been permanent in many firms during 
the past two years. Members of the society so em- 
ployed are, under the rules, exempted from payment of 
contributions, unless earning more than 75 per cent. of 
the district rate, yet are entitled to participate in all 
benefits. The Society’s income has, as a consequence, 
declined to the extent of 40 per cent. from the figure 
relating to the corresponding period of 1925. No 
other society makes similar provision, and steps are 
being taken, Mr. Lorimer, the general secretary, says, 
which, while not ungenerous to all such members, will 
help the organisation’s finances. All members will 
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now have to pay a pro rata contribution for each day 
they are employed. The trade union income for the 
past quarter was 3,4601. 6s. 7d., and the expenditure 
5,809. 138. 54d. 

Alluding to the new Provisions for Avoiding Disputes 
which have been agreed to by the Shipbuilding 
Employers’ Federation and the Federation of Engine- 
ering and Shipbuilding Trades, Mr. Lorimer says that 
the agreement is a considerable improvement on its 
predecessor. The time taken to exhaust the procedure 
is considerably shortened, and, with the local Court, the 
retrospective payments, and the independent chairman, 
it should, he claims, provide the members with 
means to protect their interests without resorting 
to the lock-out or strike. Steps are being taken by the 
employers, Mr. Lorimer goes on to say, to induce the 
shipyard trades which are outside the Federation, to 
become parties to the agreement. He expresses the 
hope that the effort will be successful, and the way be 
cleared to that extent for consideration of the proposal 
that, in future, fluctuations in wages should be regulated 
with knowledge on both sides and in accordance with 
the state of the industry. The shipbuilding employers 
know, he adds, that their workers’ wages are on the 
average lower than those of comparable workers in 
other industries, and that with a resumption of work 
by the miners, the prospects in the industry are better 
than for many years. Such prosperity must be 
shared, he declares, by their employees. 


Acting on the instructions of the Annual General 
Council, the Management Committee of the General 
Federation of Trade Unions has appointed a sub- 
committee to investigate the causes of, and the possible 
remedies for, unemployment. Mr. R. F. Harrod, M.A.. 
Student of Christ Church, Oxford, and Lecturer 
on Economics and Financial Subjects to the University 
and Mr. H. C. B. Mynors, B.A., Fellow and Lecturer on 
Economics at Corpus Christi, Cambridge, are acting 
with the members of the Management Committee 
whose intention it is to make the inquiry as thorough 
and as useful as possible. The hope is expressed in the 
introduction to a questionnaire, which is being circulated 
by Mr. Appleton, that every social worker, official or 
otherwise, will ‘‘ co-operate in this effort to understand 
and state the causes of an evil which appears to recur 
with increasing intensity and to leave after-effects 
which grow in seriousness.” 








The Yorkshire Miners’ Association have decided, it 
is understood, to contest the ruling of the Chief Insur- 
ance Officer in London on an interesting point which has 
been raised in the Doncaster area. Two thousand 
miners who had not been absorbed by the local collieries 
claimed, but were denied, unemployment benefit, the 
Chief Officer ruling that the position at each colliery 
must be determined separately, and that the stoppage 
of work due to the dispute must be held to continue 
until there was a full resumption. ‘If this is not the 
case, and the reasons are that places are in disrepair 
or flooded because of the prolonged stoppage, we must 
delay claims,’ he said, ‘ until repairs are effected or 
the pits de-watered. We must know exactly in each case 
why work is not available.” 





The special conference of executive representatives, to 
receive a report from the General Council of the Trades 
Union Congress on the calling off of the General Strike, 
and to discuss the whole of the circumstances arising 
out of the stoppage, has been provisionally fixed for the 
second week in January. The actual date will be 
arranged to suit the convenience of the Executive 
Committee of the Miners’ Federation. The expectation 
seems to be that the meeting will be a rather lively 
one. 

The General Council of the Trades Union Congress 
has approved the scheme of the Trades Councils Joint 
Consultative Committee, establishing federations of 
trade councils in certain areas, and the necessary steps 
are being taken to make the details known at specially 
convened conferences. ‘The objects of the new organisa- 
tions are: (1) To act as centres of communication for 
aftiliated trades councils, and to supervise and co-ordi- 
nate the activities of the constituent trade councils. 
(2) To assist in the organisation of new trades councils 
where necessary, and to afford such support as may be 
possible to those councils in their areas which are 
unable to function effectively. (3) To work in con- 
junction with trades councils and the Trades Councils 
Joint Consultative Committee, in instituting such 
improvements in organisation as may from time to 
time be found desirable, and to render assistance 
to trades councils to obtain 100 per cent. affiliation of 
trade union branches. Geographically the federations 
will cover six areas in “representative zones” in 
England and Wales, which are again divided into divi- 
sions and administrative federations. 
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SURFACE-GRINDING MACHINES WITH 
MAGNETIC TABLES. 


Ir is sometimes difficult to obtain a finish free 
from surface marks when using large surface-grinding 
machines, owing to the size of the area of the wheel in 
contact with the work. To overcome this difficulty, 
& new type of machine manufactured by the Naxos- 
Union A.G., of Frankfurt, is provided with means 
for slightly tilting the head carrying the wheel, thus 
reducing the surface of contact when a particularly 
high finish is required. The machine is made in three 
sizes, having table diameters of 29}, 39} and 59 in., 
respectively. The corresponding maximum horizontal 
tanges of the table are 133, 20, and 32} in., and the 
maximum heights of work admissible 10} in., 132 in., 
and 21} in. Two views of the machine, with a 394-in. 
table, are given in Figs. 1 and 2 on this page, and 
& photograph of the largest size of machine is re- 
produced in Fig. 3. The three different sizes are 





practically identical except in dimensions, the only 
difference of any importance being that the largest 
has a power-operated table traverse. The description 
which follows applies particularly to the machine shown 
in Figs. 1 and 2, but is applicable to the two others, 
subject to slight variations in the control gear. It will 
be observed from Fig. 1 that the column carrying the 
slide for the grinding head is a particularly rigid box 
casting. It rests on three points, each of which is 
adjustable for height, so that it can be tilted through 
a small angle in any desired direction. The head of 
one of the adjusting screws can be seen above the lug 
at the base of the upright in the figure. The screws 
are provided with a collar, having a graduated scale 
round the circumference, to facilitate accurate adjust- 
ment. It will be evident that the arrangement permits 
of slight taper grinding in addition to the use already 
referred to, and that it will also be advantageous in 
certain classes of filleted work. 

The machine has been designed purely as a self- 








 contatihd unit, rendering it possible to incorporate 


all the electrical fittings as integral parts of the tool. 
The control gear for the spindle motor is mounted on 
the back of the door visible on the side of the column 
in Fig. 1, and the switches are arranged so that they are 
automatically opened, rendering the board dead, on 
the opening of the door. The armature of the spindle 
motor is wound on the spindle itself, the whole moving 
as one unit, and thus eliminating the necessity for a 
sliding splined shaft, with the attendant possibility of 
vibration on the splines. The spindle is hardened and 
runs in adjustable bronze bearings of large dimensions, 
the thrust being taken on a ball race. The motor can 
be supplied for either D.C. or A.C. circuits, the horse- 
power rating for the three sizes of machine being 
respectively 25, 30 and 55. Each motor is designed for 
a short-period overload of 50 per cent. The spindle 
can be fitted with either a complete grinding wheel or 
a segmental ring. 

The table is fitted with a magnetic clutch, the poles 
being exceptionally close together to obtain a good 
grip on thin work. The chuck can be supplied suitable 
for either 110 volt or 220-volt D.C. circuits. The motor 
for driving the table is mounted on the end of the 
machine, and can be seen at the extreme right in Fig. 1. 
A spur wheel on the motor spindle engages with a 
larger wheel on the gear-box shaft, to which it can be 
coupled by means of a clutch. There is a clutch 
operating lever at each end of the table, the two levers 
being coupled together by a rod, as shown in Fig. 1. 
The gear-box has a range of six speeds. It will be 
noticed in Fig. 1 that there are two levers above the 
gear-box. By moving the right-hand lever, any one 
of three speeds may be engaged, and each of these 
may be doubled by moving the left-hand lever. From 
the gear-box the drive is taken to a shaft running 
parallel with, and below, the table. This shaft carries 
a sliding worm which engages with a worm wheel 
mounted on the table below the chuck. The six table 
speeds range between 7} and 40 r.p.m. for the smallest, 
5 and 30 r.p.m. for the intermediate, and 3 and 18 r.p.m. 
for the largest machine. For putting on and taking 
off the work, the table can be traversed clear of the 
head, the mechanism for this purpose consisting of the 
usual rack and pinion gear. The star wheel for rotating 
the pinion can be seen in Fig. 1. As already mentioned, 
power operation for this movement is provided in the 
case of the largest machine. This is not intended for 
use as a traverse during the grinding operation under 
ordinary circumstances, as the wheel is of sufficient 
diameter to cover the work from the centre to the 
circumference of the table. For the same reason, the 
table is not provided with a cross-traverse. When 
using the machine for parallel grinding with the head 
tilted, it would of course be necessary to employ the 
table traverse. 

The grinding head is raised or lowered by the motor 
which operates the table, the mechanism being of the 
usual nut and vertical-screw type. The quick power 
traverse, for setting up, is engaged by the horizontal 
lever on the face of the gear-box, and beside this lever 
there is a handwheel for the hand traverse, as shown in 
Fig. 1. Immediately behind the handwheel there is 
an inching lever for fine adjustments when the wheel 
is close to the work. The inching lever is normally 
held back by a spring, but on pulling it forward a 
projection on the lever engages with one of a series of 
slots in a boss on the handwheel, after which the 
movement of the handwheel can be controlled with 
great accuracy. The power feed is operated by 
engaging a pawl with a rachet on the handwheel 
spindle, means being provided for varying the effective 
travel of the pawl, and for throwing it out of action 
after the handwheel has revolved a predetermined 
amount. The feed can be regulated by the finest 
graduations desired, between 0-0001 in. and 0-004 in. 
per revolution of the table. The automatic knock-off 
can be set for any desired total feed up to jy-inch. — 

The machine is provided with a diamond trueing device 
operated by the lever visible above the wheel casing in 
Fig. 1. For wet grinding, a centrifugal pump is 
connected to a tank in the bed, the tank being fitted 
with a number of strainers. The slides and running 
parts of the machine are protected from dirt and the 
table is provided with effective splash guards. These 
are shown with the front one removed in Figs. 1 and 2. 
The end guards are held in the closed position by 
springs, and open automatically, by means of a simple 
pin and cam arrangement, when the table is moved to 
the left. The same movement automatically cuts off 
the water supply. The controls, including the switch- 
gear, are within easy reach of the operator, and the 
hand movements are so geared that, in spite of the 
somewhat massive proportions of the table and head, 
the various adjustments can be effected very easily. 
The net weights of the three sizes of machine are 4}, 7, 
and 15 tons, and the largest occupies a floor space of 
6 ft. 8 in. by 13 ft. 4 in. The British concessionaires 
for the grinders are Messrs. the Selson Engineering 
Co., Ltd., 26-28, Charles-street, Hatton Garden, E.C.1. 
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THE PROGRESS OF MARINE 
ENGINEERING. * 


Enorneer Vicz-Apmirat Str Henry Oram, in his 
Presidential Address to the Institution in 1909, reviewed 
the progress made in nava] engineering to that date 
and indicated some possibilities then in sight, while 
holders of the office in later years have also brought to 
notice current developments and changes in marine 
engineering practice. I purpose to continue the 
narrative of marine engineering progress with particular 
reference to naval practice. 

The demands for increased speeds in all classes of 
ships have been insistent during the period under 
review, and the greatly augmented engine powers 
which they entail have been attended by increasing 
demands in the fighting and defensive equipment of 
the ships. For evident reasons the sizes of warships 
must be kept within reasonable bounds and, observing 
that every ton of weight carried in a ship requires 
in the form of hull, engine power and fuel on an average 
about three tons of weight to accommodate and propel 
it, it will be clear that the increase in speed and fighting 
equipment entail the increasing need to use material 
to greater advantage. In other words, the machinery, 
for example, must continue to develop a unit of power 
on a smaller weight. In itself the possible advance to 
be attained in this way is insufficient to give the 
desired results, and the fuel economy must also continue 
to improve in order that the steaming endurance may 
be maintained, while permitting of a reduction in the 
weight of fuel carried, or alternatively a larger endur- 
ance on the same weight offuel. Further, the trend of 
the design must be to reduce the man power required to 
operate and maintain the machinery ; thereby accom- 
modation is set free to permit of the augmentation of 
the personnel required to operate the amplified fighting 
equipment, 

A measure of the progress attained in 10 years is 
indicated broadly by the comparison of H.M.S. Lion, 
referred to in my predecessor’s address, and H.M.S. 
Hood. The comparison marks the transition from coal 
to oil, from direct-driven turbines to geared turbines, 
and from the large tube water-tube boiler to the small 
tube water-tube boiler. The horse-power of Hood, 
both in the aggregate and unit, is double that of Lion, 
and is provided for on an equal floor space and on an 
equal machinery weight. The engine room complement 
in Hood is one-half that of the Lion. Thus, in 10 
years, each ton of machinery weight and each square 
foot of machinery space, were made to do double duty, 
while each man replaced four who were necessary to 
operate the earlier design. 

The reduction in weight, space and complement is in 
the main attributable to the change from coal to oil, 
but the small tube boiler and the large boiler units 
possible with this type also contribute to the advance, 
as does also, in respect to space, the geared turbine, 
observing also that the geared design contributes to the 
attainment of a higher ship speed on the given horse- 
power by virtue of the improved propulsive efficiency 
which attends the lower speed of revolution of the 
propellers. The influence of the type of fuel and the 
large boiler units is particularly striking in the case of 
the Torpedo Boat Destroyer class of vessel, in which are 
fitted boiler units having a heating surface of 8,000 sq. ft. 
and evaporating water at the rate of 18 1b. per square 
foot of heating surface per hour. Here installations of 
27,000 s.h.p. are produced for a total machinery weight 
including water of 33 lb. per s.h.p., and they operate at 
sea with a total engine room complement of 28. 

The problems connected with the use of oil fuel had 
been solved to a sufficient extent in 1907 to permit of 
its more extended application when the occasion arose. 
This satisfactory state of affairs was the result of steady 
and patient experimental work which had proceeded in 
naval establishments, since the closing years of the 
nineteenth century. That work proceeded from the 
scanty experience available at that time through all 
the possible means of atomisation by means of steam, 
air and oi] pressure until an efficient system of the last- 
named type was evolved and which remains in use, The 
experimental work has continued to meet the increasing 
requirements for greater outputs in new designs, and to 
improve the durability of the furnace appliances which 
were in the early days liable te unduly rapid wear and 
tear. At the same timegthe possibilities of what, at 
first sight, appeared obstinate fuels were explored and 
the data gained was used to very great advantage in 
extending the field of fuel supplies for naval purposes 

This application of oil fuel to naval purposes affords 
a striking example of the necessity for independent 
research in cases where the needs are peculiar to the 
naval service or are, at the moment, in advance of the 
requirements for commercial or other work. The 
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great advantages of oil fuel being once clearly appre- 
ciated, every effort was directed to harness it to our 
requirements in order to be able to make full use of 
it by the time supplies were stabilised. It remains 
to the lasting credit of the engineer officers concerned 
in the development that the technical difficulties were 
solved and their technical skill] and pertinacity in the 
face of repeated setbacks is deserving of being put on 
record. By their efforts the British naval installations 
were several years ahead of those of rival powers in 
this respect at the outbreak of war. Oil fuel has per- 
mitted of the development of boiler units in sizes quite 
impracticable with hand-fired boilers, and has exer- 
cised a secondary favourable reaction on the design 
problem. Boiler units of 10,000 shaft horse-power are 
common naval practice to-day, and they contribute 
in an important degree to the saving in weight, space 
and complement to which reference has been made. 

The most important change in the propelling 
machinery during the period under review has been 
the introduction of mechanical gearing. As is well 
known, the requirements of the propeller and the 
turbine in a marine design are in general in conflict, 
and, in the general case, the speed of revolution adopted 
in the case of a direct-driven turbine design represents 
a compromise under which neither the best performance 
of the turbine nor the propeller is realised. This was 
particularly the case in the T.B.D. class in which the 
propeller efficiency was, in some designs, seriously 
compromised by the high revolutions necessary in the 
interests of the engine weights. At the same time 
it was becoming evident, with the increasing size and 
speeds of the larger ships, that the very high engine 
powers required on a single shaft would lead to turbine 
units of greatly increased size. Although the direct- 
driven turbine designs of lower power had given very 
little trouble on service, the prospect of very large units 
was viewed with some apprehension in view of the 
possibility of distortion due to irregular expansion 
and the effect thereof on the reliability, having in view 
the relatively fine turbine clearances, which ecoriomy 
in performance entails. These facts, coupled with 
consideration for the propeller efficiency induced the 
Admiralty to follow with close interest Sir Charles 
Parsons’ early experiments on mechanical gearing in 
mercantile designs, and to arrange for an early trial 
of the system. After experience in two T.B.D.’s of 
the partially geared type, two T.B.D.’s of the 1913 
programme were arranged to be fitted with all-geared 
turbines, and these vessels came on service at the out- 
break of war after satisfactory trials. The trials fully 
confirmed the promise in improvement, showing in 
comparison with sister vessels an improved speed and 
an increase in distance steamed per ton of fuel of 14 
per cent. at full speed with the boilers forced at lesser 
rates, An even more striking gain was revealed at 
cruising speeds where the distance steamed per ton of 
fuel increased by some 70 per cent., this being due in 
part to the use of cruising stages to which the all- 
geared designs lend themselves more readily than in 
the larger direct-driven designs, The machinery 
weight was sensibly the same as in the sister vessels 
referred to, the extra weight entailed by the turbines 
and gearing being set off by a saving in boiler weight 
which the improved turbine consumption permitted. 

Quickened by the greatly increased construction 
entailed by the war, the application of the geared 
design to all classes of ships was rapid, and by the end 
of the war installations aggregating 5,000,000 shaft 
horse-power were on service afloat, ranging from the P. 
boat of 3,500 h.p. to the cruisers of 90,000 h.p. and in- 
cluding steam-propelled submarines. 

The use of mechanical gearing has fulfilled essential 
purposes in the development of naval machinery. It 
has permitted a reversion to the propeller efficiencies 
which were necessarily sacrificed in varying degree on 
the occasion of the introduction of the turbine, while 
occasioning no net increase in machinery weight. 
The case of the T.B.D. class may be quoted in which 
this figure was increased from 40 per cent. in the worst 
cases with very fast running direct-driven propellers 
to about 60 per cent. It has yielded an improvement 
in fuel economy and particularly so at cruising speeds ; 
thereby the steaming endurance has been sensibly 
increased, It has permitted of the considerable aug- 
mentation of power per shaft entailed by the higher 
speeds demanded in large ships while employing 
turbines of reasonable size; thereby the reliability is 
improved, and the problems arising in the use of 
increased steam temperatures and pressures have been 
simplified. 

The alternative systems of transmission of power by 
hydraulic and electrical means have not been favour- 
ably regarded in this country. The former system, 
in the shape of the Féttinger transmission gear, deve- 
loped in Germany just prior to the war, was not ex- 
tensively used, but a somewhat similar device has been 
introduced recently for use in merchant ships in associa- 
tion with geared oil engines, this being, however, a 
flexible transmission device rather than a means of 





reducing the engine speed, which also permits of the 
engine running with the ship at rest. 

The electrical transmission system has only been 
fitted in isolated installations for mercantile work in 
this country, in association with oil engines in one 
design, but it has found considerable use in the U.S.A. 
where it is employed in all battleships of the U.S. Navy 
completed since the closing years of the war. This 
important development has been the subject of con- 
siderable discussion, and its relative merits in comparison 
with mechanical gearing have been fully ventilated in 
the technical press and elsewhere. There is no doubt 
that the electrical system as fitted in the U.S. ships 
is a proved engineering proposition, and that it has 
given satisfactory service under peace conditions. In 
comparison with mechanically geared installations the 
design entails increased machinery weight, and under 
war conditions it is considered likely to be less econo- 
mica] in fuel, and exposed to greater risks of breakdown 
ordisablement, On these grounds and notwithstanding 
advantages in some directions, the system has been 
considered on balance to be less suited to our naval 
purpose than mechanical gearing, observing further 
that in any case mechanical gearing has heen found to 
be necessary in the lighter classes of war vessel in all 
the principal navies to meet the more severe restrictions 
in machinery weight which operate in these designs. 

An electrical transmission system in association with 
heavy oil engines as the source of power has, however, 
been fitted in H.M.S. Adventure for use at cruising 
speeds for the purpose of obtaining a large radius of 
action at low speeds. This plant is separate from 
the main steam-driven propelling machinery and will 
not be in use at speeds higher than cruising speeds. 

Tn the earlier address it was mentioned that the use 
of superheated steam had been re-introduced into the 
Naval Service after a lapse of some 40 years, with the 
object of improving the economy of the reciprocating 
engines which otherwise had attained apparently their 
economic zenith. These designs, however, proved to be 
the last of their type, and thereafter the turbine held 
the field. Superheated designs were fitted in certain 
designs of T.B.D.’s and in several cruisers from 1912 
in association with Brown Curtis turbines, and gave 
satisfactory and durable service, but otherwise the need 
for standardisation and rapid production during the 
war period did not permit of any extension of the 
principle to other classes of ships. The development 
of the all-geared turbine was, however, tending to 
facilitate the use of superheat in the large designs, 
in so far as the smaller turbines would be less likely to 
suffer from the effects of distortion under high tempera- 
ture differences, and the supply of castings in the special 
materials could be assured with greater certainty. The 
question was accordingly re-opened towards the close 
of the war, and reviewed in the light of naval nceds 
and the considerable experience then available in 
shore practice. 

The naval problem in respect to superheat differs 
from the commercial or mercantile marine problem. 
The naval vessel steams for the greater proportion 
of its service at cruising speed, and while economy 
in fuel at high speed is essential, it is also necessary 
that good economy shall be realised at cruising speed 
in order that fuel may be conserved and a large steaming 
endurance obtained on a given fuel stowage. Under 
cruising conditions only a portion of the boiler installa- 
tion is in use, and on grounds of reduced wear and tear 
and fuel economy the plant in use is operated at a 
relatively low output. Accordingly, it is necessary 
that the design of superheater should be such that a 
reasonable degree of superheat will be attained under 
these low power boiler working conditions. Thereby, 
the additional weight and complication attending the 
use of superheaters is used to the greatest advantage. 

Separately fired superheaters are out of the question 
on account of the additional weight and space that 
would be entailed. The usual designs of superheaters 
in use at that time provided in general for the increased 
temperature being given to the steam at the position 
where the funnel gases left the generator system, and 
in such designs the superheat attained at low outputs 
of the boiler is inappreciable. In any case and, especi- 
ally in the naval designs where the further exploitation 
of the waste heat in the funnel gases by feed or air 
heating has hitherto been rendered inpracticable by 
the design restrictions, such a system, while convenient 
in many respects, is open to objection on fundamental 
design principles in that a given weight of material is 
not used to the best advantage. 

On the other hand, the placing of the superheater 
element in its logical position in the gas circuit is not 
without its difficulties, and experimental work was 
necessary to determine how the conflicting require- 
ments, namely, a remunerative degree of superheat 
at low outputs and a safe and durable design at full 
outputs, could best be met. — 

It has been found practicable to devise a design in 
which as much as 70 per cent. of the maximum super- 
heat is realised with the boiler working at one-fifth 
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output. Exhaustive shop trials of boilers of this 
type providing an evaporation sufficient for 10,000 
s.h.p. have been carried out with satisfactory results, 
and boiler efficiences of 80 per cent. and 72 per cent. 
respectively have been obtained when burning fuel at 
rates of 0-2 lb. and 1-0 Ib. of oil fuel per sy. ft. of 
total heating surface per hour. The boilers referred to 
are the usual three drum small tube type as modified 
for the application of superheat, which, as already 
mentioned, are not associated with any devices for 
tapping the waste heat in the funnel gases after leaving 
the generator system. Some difficulties, not altogether 
unanticipated, have arisen in regard to the materials 
employed for the superheater support and fittings 
external to the pressure system, but they have been 
surmounted by the employment of the special heat- 
resisting materials. 

It is now over 30 years ago that the use of the water- 
tube boiler became general for all classes of warships. 
Many types have been used in the interim, as is generally 
known, but in recent years the three-drum type with 
smal] tubes of from 14 in. to 1} in. external diameter 
has been exclusively employed, this type being best 
suited to meet the needs for the relatively large boiler 
units and reduced machinery weights entailed by modern 
warship developments. It need hardly be said that 
the quality of the tubes is a matter of first importance. 
At one time, foreign steels were considered necessary 
by the manufacturers to produce tubes to meet the 
Admiralty requirements and tests, but it is gratifying 
to record that during recent years the desired results 
have been obtained from British-produced steel. 

The specification provides for seamless tubes to be 
finished by a cold drawing process to ensure a smooth 
surface inside and outside, and importance is attached 
to the observance of this condition from the aspect 
of the improved durability of the tubes which experience 
shows is thereby attained. Importance too is attached 
to the annealing of the tubes after the drawing process, 
and also after any work involving bending during the 
boiler shop processes. After receipt ai the boiler- 
makers’ works the tubes are electro-zinced externally, 
and this process affords a means of ensuring entire 
freedom from surface defects as well as a protection 
against corrosion during the erection oi the plant. 
Finally, each tube is water-tested internally to a 
pressure of 2,500 lb. per square inch. 

Given pure feed and proper use of the feed-heating 
appliances, the life of boiler tubes of the small tube 
water-tube boiler, which range in thickness from 0- 14 
in. to 0-128 in., is found to average about 10 years 
under peace time conditions. Apart from occasional 
cases of tube distortion, which are always found to be 
due to improper operation, e.g., shortage of feed water 
or the presence of oil, the need for tube renewal arises 
in general from loca] thinning due to internal corrosion. 
In isolated cases the tubes have been found to develop 
circumferential grooving in the way of bends, and 
while the cause of this defect is still somewhat obscure, 


the evidence tends to show that defects of this type are | 
| AMSTERDAM, 1927.—At a meeting, which took place in 


initiated by improper processes during manufacture, and 
are avoidable. Cases of external corrosion of tubes on 
occasion give rise to the need for partial re-tubing. The 
action arises from damp soot being allowed to accumu- 
late in certain parts of the tube nest, but, given ade- 
quate and convenient means for removing such deposits 
and proper supervision, defects of this nature need 
not arise. 

The life given above is based upon the experience 
with ships now onservice. In vessels under construction, 
however, the introduction of the closed feed circuit 
and of high temperature feed heaters, together with 
the improved immunity trom condenser tube corrosion, 
which are promised by the wider knowledge of the 
underlying causes and by the more resistant condenser 
tube materials now becoming available, is likely to 
increase considerably the life. 

As regards the other pressure parts of the water-tube 
boiler, it may be said, with one important exception, 
that the difficulties in maintenance and upkeep have 
been appreciably less than with the cylindrical boiler 
earlier fitted. This follows from the simple and uniform 
form of the drums and receivers and the uniformity of 
temperature throughout the system which attends 
the positive and active circulation, and gives good 
workmanship initially, leakage of joints is practically 
non-existent. The exception referred to is the so-called 
D water pockets which were fitted for many years 
in connection with the three-drum type of small tube 
water-tube boiler. In this design the relative configu- 
ration of a thick tube plate and a relatively thin wrapper 
plate is such that the stress induced under changes of 
internal pressure and temperature is concentrated in 
the neighbourhood of the junction and may lead, in 


the course of time, to cracking and ultimate failure | 


of the wrapper plate. Although the design had been 
fitted for a period of over 20 years, the possibility of 
this weakness leading to serious lack of strength only 
became apparent immediately prior to the war, and its 
development was accelerated under the severe running 


conditions imposed by a long, continued war, leading 
to some anxiety during the war period. It was found 
possible, however, as experience was accumulated, to 
predict very closely the life of a defective pocket by 
close examination of cores trepanned from the plate 
under suspicion, and by timely repairs and reinforce- 
ment the availability for service of the vessels concerned 
were not unduly affected. In alllater designs, however, 
the D pocket was replaced by circular pockets, and this 
is now the general practice. The change entails 
additional weight, both in the form of metal and water 
content, but this addition must be accepted in the inter- 
ests of durability. 

The weight of the brickwork lining of an oil-fired 
boiler furnace constitutes a not unappreciable proportion 
of the total boiler weight, and efforts are being con- 
tinually directed to secure lighter bricks, consistent 
with maintaining the required standard of durability 
in resisting the severe temperature conditions on service 
and of robustness to withstand transport and handling. 
Satisfactory bricks are at present available which meet 
the requirements on a weight of 126 lbs. per cubic foot. 

The subject of boilers can hardly be dismissed 
without some reference to the question of higher 
steam pressures. 
the further economy required would ultimately entail 
higher steam pressures. By reason of the lesser 
material difficulties and the considerable gains in 
economy definitely established in shore practice, 
it has been logical, however, to proceed first towards 
higher temperatures rather than higher pressures, 
although on thermodynamic grounds the latter course 
heralds a nearer approach to the ideal cycle in so far 
as a greater proportion of the heat is received at a 
higher average temperature. It has been kept in 
view, moreover, that the actual gain in economy in 
the case of the use of superheated steam is greater 
than that indicated by thermodynamic considerations 
alone, this being attributable to the improved internal 
economy which follows, popularly speaking, from 
the improved average quality of the steam throughout 
the turbine. The tendency may be for the reverse 
to apply in the case of the move towards higher 
pressures, especially in cases similar to the naval 
case where re-heating is not readily attainable. Also 
the change is necessarily attended by a slight reduction 
in boiler efficiency if the funnel gases cannot be 
usefully employed further after leaving the steam 
generator. In consequence, the net gain in economy 
from increase of pressure alone may be expected to 
be relatively small, and would not generally warrant 
acceptance of the many practical difficulties attending 
the application to any appreciable extent unti] means 
can be found to provide, without excessive compli- 
cation or additional weight or space, for using the 
higher pressures to the fullest advantage. 


(To be continued.) 











INTERNATIONAL CONGRESS FOR TESTING MATERIALS 





Zurich on September 18 last, under the auspices of the 
| Dutch and Swiss associations for testing materials, it was 
| decided to hold an International Congress for Testing 
Materials in Amsterdam in September, 1927. The 
organising committee now inform us that the Congress 
will open on September 12 and will close on September 17. 
The proceedings will be divided into three main sections, 
the first of which will comprise the mechanical and 
physical properties of metals; the second will include 
cement, concrete, building and road-making materials ; 
and the third, oils, rubber, wood, and miscellaneous 
material. The organising committee has issued a 
general invitation for contributions to the proceedings. 
A detailed programme will be issued in due course. 
Further particulars regarding the Congress may be 
obtained on application to the Congress Office, Valekenier- 
straat 2, Amsterdam, Holland. 








British STANDARDS FOR ELECTRICAL MACHINERY. 
In order that the British specification for the electrical 
performance of industrial electrical motors and genera- 
tors with class ‘‘ A” insulation, may agree in form with 
that recommended by the International Electrotechnical 
Commission, a revised edition of the B.E.S.A. Publica- 
tion No. 168 has been issued, arrangement being the 
main object, as the specification only contains definitions 
relating to the performance of the machine on test at 
rated load. Originally published in 1923, the issue is 
a part of the series to replace publication No. 72—1917. 
The scope of the present issue, No. 168—1926, is set out 
in the first section of the publication, The remaining 
twelve subdivided sections deal with such headings as 
definitions, types of enclosure of machines, classes of 
rating, commutation, high voltage tests, &c. At the 
end of the pamphlet are five appendices, in the second 
of which information is given, in a more convenient 
form, regarding the service conditions suitable for 
machines at their rated loads, and the allowable sustained 
overloads under various conditions of cooling air. Others 
deal with temperature measurements, the classification 
of insulating materials, &c. A sixth appendix is under 
consideration relating to terminal markings. Copies 
may be obtained from the Association’s Publications 
Department, 28, Victoria-street, London, S.W.1. Price 
ls, 2d. post free. 





It has been well appreciated that: 





THE LAUNCH OF THE AIRPLANE- 
CARRIER U.S.S. ‘“‘ LEXINGTON.’’* 
By S. W. WAKEMAN. 


On April 7, 1925, the Airplane Carrier Saratoga was 
successfully launched from the ways of the New York 
Shipbuilding Corporation, at Camden, N.J. This 
launch has been described in a paper read before the 
Society on November 12 and 13, 1925, by E. H. Rigg.t 
The airplane carrier Lexington, now under construction 
for the United States Navy, was launched from the 
Fore River Plant of the Bethlehem Shipbuilding Cor- 
poration at Quincy, Massachusetts, on Saturday, 
October 3, 1925. The Lexington and Saratoga are 
sister ships, but on account of differences in the 
launching calculations and arrangements, the problems 
which had to be solved at the Fore River Plant, and the 
methods of solution used were different from anything 
ever tried in this country before. It was impossible 
to refer to data which could be applied directly to the 
launching arrangements. Watching the speed of 
the Saratoga, as she dropped from the end of the ways, 
brought clearly to mind the enormous amount of 
energy to be absorbed in stopping the Lexington. In 
addition, the long distance the Saratoga travelled, in 
spite of the anchors dropped from her bow and the 
slewing lines and anchors used, aided in revealing the 
real problem ahead of us at the Fore River Plant, 
where available deep water space was small, making 
it necessary completely to stop the Lexington in 200 ft. 
from the end of the ground-ways. 

The Lexington is the largest ship in weight ever 
launched in this country; and only two heavier 
vessels have ever been launched in the world, these 
being transatlantic liners. Her general dimensions 
are as follows :— 


Length over all __.... sats ... 888 ft. 
Length between perpendiculars .... 850 ft. 
Breadth, moulded at bulge .. 105 ft. 3} in. 
Breadth, moulded at flying deck 105 ft. 8 in. 


Depth, moulded to flying deck at 

centre... es ae 74 ft. 3 in. 

Launching weight of ship, long tons 25,517 

Launching weight of ship and cradle, 

long tons .... oe ac ... 26,897 

The preliminary history of the launching calculations 
for the Lexington is practically the same as for the 
Saratoga and has been given by Mr. Rigg in his last 
year’s paper; but, as in the case of the Saratoga, 
the Lexington also presented several special problems. 
These may be listed as follows : 

Cambered Ways.—The rise and fall of the tide at 
Quincy averages about 10 ft., but in order to insure a 
depth of water over the end of the ways which would 
keep the way-end pressures low without unduly extend- 
ing the ways, it was decided that the ground-ways 
should be cambered instead of straight. The cambered 
ways also had the advantage of being raised the slight 
amount necessary to clear the lower portion of the 
concrete foundation, while at the same time the height 
of the forward end was not excessive (Fig. 1.) 

Way-end Pressure.—As in the case of the Saratoga, 
the problem of way-end pressure was very important. 
The maximum pressure for the Lexington, however, 
was less than a third of that for the Saratoga, so that 
less additional strengthening of the ship was required. 
Extra rivets were placed in the longitudinals over the 
ways so as to relieve the shearing stresses in way of the 
maximum way-end pressure, and steel internal shoring 
was also fitted in this region. The curve of way-end 
pressure is given in Fig. 2. 

Snubbing and Checking.—The biggest problem en- 
countered during the preliminary work of launching 
was how to snub the Lexington at the proper time and 
make her stop at a distance of 200 ft. from the way- 
ends to the forward perpendicular. Owing to the 
outboard conditions at the Fore River Plant, it was 
necessary to dredge a berth into which to launch 
the Lexington. The dredged area gave a clear run of 
1,395 ft. from the way-ends, and as the water-line 
length for the Lexington is 850 ft., only 545 ft. clearance 
was available under any condition. 

It was decided to drag piles of chain along the 
ground, also to fit a wooden mask over the after end 
of the cradle, and to lock the propellers positively 
so that certain resistance might be obtained from them. 
It was planned to stop the ship with her bow 200 ft. 
from the way-ends by the use of these chain cable 
drags on each side, and to connect these by wire rope 
to strong steel pads and removable pins on the ships’ 
sides in way of the middle half deck. The first obstacle 
encountered was the true coefficient of resistance of 
each chain drag, using its weight as a basis for com- 
parison. It was found that published data on this 
item were very limited. Where chain drags had been 





* Paper read at the meeting of the Society of Naval 
Architects and Marine Engineers of America, New York, 
November 11 and 12, 1926. Abridged. 

+ See ENGINEERING, Vol. cxxi, page 56, (Jan. 8, 1926.) 
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U.S.S. ‘ LEXINGTON.” 


THE LAUNCH OF THE AIRPLANE CARRIER 








Fie. 6. Drag Ropsrs as Frnatty Larp Down, SHOWING 
Drags Nos. 1 anv 1}. 


Fie. 5. Carn Drags, Port Smpz, Looxine Art 
From No. 10. 


coefficient of friction averaged about 0:4, while the 
pile was turning over, and about 0-7 afterwards. The 
graphical records showed that the, pile. turned over 
| practically without shock. ; 
Further study of the ground conditions beneath 
the ship showed that the concrete bed-logs forming 
| @ part of the slip foundations were partly above ground 
| as well as partly in the path that the chain drags would 
|take in their movement down the ways. Conse- 
| quently it was feared that the chain drags might pile 
up against these concrete bed-logs and result in the 
breaking of the wire rope drag lines. Two solutions 
| were possible for overcoming this difficulty, one being 
to fill in the spaces between the bed-logs so that their 
| upper surface would be buried to a certain depth, 
| and the other being to cut off the outer ends of the 
| bed-logs and fill in the hole caused by their removal. 
; | Because of these considerations, a second group of 
Deck Stringer Angle. | teste was undertaken, the idea being to use Ror 
| weights, as well as to ascertain the coefficient of fric- 
| tion of the chain drags over the filled-in type of ground 
| contemplated for the slip-way. A special roadway was 
| constructed of broken stone and gravel well tamped 
|down. Then a pile of chain cable in the shape of a 
| horseshoe, with the bight away from the direction of 
| pull, was laid down. A wire rope hauling line was 
| fastened to the bight of the cliain and this led to a 
| special car attached to two locomotives. On this 
| car was located a 30-ton dynamometer. 
A load of chain of about 35 long tons was used for 
| the No. 1 test. This was dragged until the two loco- 
motives were held to a full stop. Readings were then 
|taken, and the maximum drag resistance was com- 









‘DRAG ROPE PAD, 
PIN RELEASING DEVICE,AND 
ATTACHMENT OF DRAG ROPES 
TO SHIP. 




































8 Double Wood Block: 


Steel Pin, 
5% Dia. 0% long Well Greased: 


Outside Plating of Ship. 




















| puted as 70,900 lb. This divided by the total weight, 








: | gave a coefficient of 89-75 per cent. Two other drag 

ee Sethe were made with the resulting coefficients of 91-84 

’ |and 97:05 per cent. The mean of the three tests 

Splice. | gave a frictional resistance of 92-88 per cent. of the 

Forward |drag weight. These figures will vary for different 

yi ag “ENGINEERING” | ground conditions, but when coarse gravel is encoun- 


used abroad, the factor of actual resistance varied |of the individual drag would be obtained. In our | tered and the great wave of ground which piles up in 
anywhere from 45 to 65 per cent. of the weight of | experiments we reached a maximum speed of about front of the chain is considered, it is not surprising 
the drag. We decided to experiment with these | 12 m.p.h., and we found that it took about 1? seconds | that these large frictional coefficients were obtained. 
drags. | to turn the chain pile over. During the launch the third to sixth drag units on each 
At an estimated speed of 25 ft. per second, the amount | Chain-Drag Experiments.—At an early date it was | side plowed down to a depth of about 18 in. below the 
of kinetic energy developed with a launching weight of | realised that the coefficient of friction of the chain | normal surface level. The dynamometer was built at 
26,897 tons figured out to be 261,360 foot-tons, and as| drags was rather an uncertain quantity, especially | this plant and was capable of recording any pull that 
it was not considered advisable to attempt to do any | since it depended primarily upon the condition of the the two yard locomotives could exert. The mechanical 
checking by means of chain drags until the forward | ground over which they were hauled. Accordingly, a | engineering department of the Massachusetts Institute 
end of the cradle was within 60 ft. of the end of the ways, | preliminary series of tests was made in order to deter- | of Technology helped us in connection with the cali- 
the problem became one of absorbing practically this | mine this coefficient as well as to observe the action | bration of the dynamometer springs. 
amount of energy in 330-5 ft. travel. When the subject | of the drag while turning over. Five runs were made,| Arrangement of Drags and Lines.—The general 
of wire rope was taken up with the Roebling Company, | one with a drag weight of 20,780 lb., and four with a | arrangement of the chain drags and drag-lines used 
it was found that it would be necessary for us to use a | drag weight of 15,920 Ib. of 24-in. chain. The piles | in checking the travel of the ship is clearly shown in 
rope 8 in. in circumference, specially made, with a| were laid in the form of a horseshoe with the bow/| Figs. 3 and 4. Total weight of the chain drags was 
breaking strength of 250 short tons. The longest Wire | facing away from the direction of the pull, and the | 1,400 long tons, or something over 3,100,000 Ib., half 
cable used was 1,000 ft. long and weighed approxi-| hauling line was led to a 4-ton spring dynamometer | of this amount being placed on each side of the ship. 
mately 5 tons; the shortest was 600 ft. long, and located upon a special type of flat car. The flat car |The chain cable used for this purpose was arranged in 
weighed approximately 3 tons. | was hauled by one of the yard locomotives. The | twelve U-shaped piles on each side of the ship, the 
It was decided to lay the chain down in the form | ground over which the chain was hauled consisted of | curved portion of the U being placed forward so as to 
of a horseshoe so that, as these drags came into action, | clay covered with cinders. From the results of these | enable each chain pile to turn over or pull through 
the effect would be to raise the wire rope, and then | tests, which were conducted at hauling speeds varying | without the tremendous shock which would occur if 
to turn the pile of chain over before the full effect | from 5 to 10 ft. per second, it was found that the| the whole load were accelerated instantly from no . 
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velocity to a velocity of over 20 ft. per second. The | piles to the ship was studied in advance by means of | was desirable to have the tricing lines break in a 


weight of the chain in the various drags was varied | 
from 25 tons in the first two drags to 80 tons in the | 
last four, the idea being that the smaller drags would 

come into action while the velocity of the ship was rela- 

tively high, and the larger and heavier weights would 

move only after the ship’s velocity has been somewhat 

reduced, thus greatly lessening the load applied to the 

wire rope and to the ship’s structure. 

The chain drags were connected to special forged 
pads placed along the ship’s side, in way of the middle 
half fase by means of ten wire rope drag-lines on each 
side. The wire rope used for this purpose was of 
black, special strength plow steel, consisting of 6 by 
37 wires, having a diameter of 2% in., and tested to 
a breaking strength of about 500,000 lb. It withstood 
the tremendous stresses in every way. A wire rope 
strap of the same diameter was placed around the 
U-shaped end of each pile, as shown in Fig. 5, and lashed 
to prevent its slipping off sideways. Each end of the 
strap was provided with a loop into which the bow 
of the connecting shackle was inserted and the shackle 
pin was inserted in the loop at the end of the dragline. 
The tested strength of the eye-splice in these ropes 
was 400,000 lb. 

Chain drags Nos. 1 and 1}, and 2 and 2}, on each 
side, were connected together by wire rope pendants, 
33 ft. long, and were provided with but one drag-line 








Fia. 11. 


for each pair of drags, as shown in Fig. 6. 


Draa Ropes ForRwArD, Port SIDE. 


a half-block model. This model was made to a scale 
of one-sixteenth of an inch to a foot, and a runway 
representing the ground-ways was provided for it, so 
that it could be slid down by hand and the conditions 
existing at any point in its travel examined in detail. 
The 8-in. wire rope drag-lines were represented by 
strong strings, the 2}-in. manila tricing lines by light 
thread, and the chain piles by lead weights. The 


| drag-lines were attached to the model at locations 


corresponding to the position of the pads on the ship’s 
side; the tricing lines or stops were attached to the 
model’s side and to the drag-lines so as to support 
them in exactly the same way as was contemplated 
for the ship; and the lead weights were placed on the 
runway structure in positions corresponding to the 
location of the chain piles on the ground. As the 
model was moved down the ways, each drag-line came 
taut between the drag weight and the aftermost tricing 
line, or stop, which supported it; and when the pull 
was sufficient the thread tricing line broke, releasing 
the drag-line at that point and passing the pull along 
to the next tricing line, which also broke in turn as 
the pull became sufficiently strong. 

While this is a simple operation for one drag-line 
and one weight, the complexity of the system increases 
very rapidly as the number of lines and weights in- 
creases; and when, as in the case of the Lexington, 


Fig. 12. 


| Systematic way so that, as each line came into action, 
|it would not be interfered with by any of the lines 
| supposed to follow it. For example, in case the stops 
supporting the after bight of the No. 3 drag-line broke 
before the stops supporting the No. 2. or No. 1 lines, 
then the bight of the No. 3 line would fall to the ground 
and perhaps be in the way of both No. 2 and No. 1 
lines and become tangled with them. This problem was 
given considerable study ; and the arrangement which 
finally proved satisfactory and was adopted is shown in 
Fig. 4. 

At first thought it would seem that the weights would 
all move in a fore-and-aft straight line; but this will 
be true only when the transverse distance between the 
starboard and port weights is the same as the transverse 
distance between the corresponding pads on the ship. 
For the Lexington, the width of the ship in way of any 
of the pads was less than the transverse distance 
between centres of the chain drags, so that as the ship 
moved aft the weights moved aft and slightly inboard 
in a curve. The amount of inboard movement was 
studied in advance by means of the model, and any 
portions of the concrete bed-logs of the foundation of 
the building ways which were found to be in the way of 
the chain drags were cut away. 

Laying of Drag-Lines on Chain Piles.—As can be 
seen from Fig. 4, each drag-line was led aft a sufficient 
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This | ten lines and ten drags are used on one side of the ship | distance to take up its length and was then carried 


arrangement was adopted in order to reduce the com- | it is practically impossible to work out a satisfactory | forward from its aftermost rope stop and secured to its 
plexity of the system by cutting out two drag-lines on | arrangement in advance on paper, and a model is a| chain pile. Considerable study was given to the 
each side of the ship. The remaining piles of chain | great aid in the solution of the problem. One of the | question as to the best location for that portion of the 
had their individual lines. The attachment of the | most important items in the arrangement of the lines | drag-lines leading forward from their aftermost stops 
wire ropes to the pads on the ship’s side is clearly | and drags was the fact that the latter should come into | to their chain drags. It was desirable, of course, to 
shown by Figs. 7 to 10 and Fig. 12. It will be seen | action successively instead of all at once, so that the | lead these lines clear of the chain piles, so that as any 
that the pins in these pads were inserted in loops| ship would not be subjected to any undue strain; | one pile turned over end for end in starting down the 
provided in the ends of the drag-lines, and were so | furthermore, the lines and drags had to be so arranged | ways, it would not land on top of any of the lines leading 
arranged that they could be released from the pad | that no weight should start before the one ahead of it|to the weights immediately following it, and thus 
when the ship was afloat by hauling from above. joe climb up on top of it. | seriously interfere with their operation and perhaps 
The drag ropes were draped along the ship’s side,| In order to prevent the wire rope drag-lines them- | result in breaking some of the drag-lines. 
being triced up at about 40-ft. intervals by means of | selves from fouling each other, it was necessary that| Several methods for keeping the lines clear of the 
2}-in. manila rope stops. Each drag-line was pro- | each line should act clear of the next line coming into} chain piles were studied, but had to be given up on 
vided with a separate stop at each of these intervals, | action; for instance, with No. 1 weight starting first,| account of their complications and disadvantages. 
the complete arrangement of ropes as finally adopted | No. 1 drag-line must function without fouling No. 2 | Consideration was first given to placing the drag-lines 
being that shown in Fig. 3. The position of the chain | drag-line ; and so on through the whole ten lines. The | well inboard of the chain piles and fastening them by 
piles on the ground before and after movement is given | complete arrangement of drag-lines is given in Fig. 3; | means of manila stops to heavy eye-bolts placed in the 
on Fig. 4. The drawing for the latter positions was | and details of the arrangement adopted are also shown | concrete bed-logs which formed a part of the building 
made from actual measurements of the chain piles, and|in Figs. 6 and 11. The first drag-line to come into | slip foundation. 
shows very clearly the various shapes taken by the | action was kept outboard of the other succeeding} With this arrangement, as any drag turns over in 
piles in pulling through and in travelling down the | lines along the side of the ship, and, as shown in Fig. 11, | travelling aft, it will probably keep clear of the line 
ways. | was also placed below the other lines; that is to say, | leading to the drag just behind it. On the other hand, 
To be on the safe side, the drag and distance calcu- | No. 1 line was placed below and outboard of No. 2 line ;| the lines are led out of their natural vertical plane ; 
lations were finally based on a coeffidient of drag resist- | No. 2 line was placed below and outboard of No. 3,| and that when the manila stops to the eye-bolts in 
ance to weight of 65 per cent. it was also arranged|and so on. Each drag-line, with its tricing lines,|the concrete break, there will be a serious tendency 


that the first drag should come into action while the | therefore formed a sort of layer in a nearly vertical 
cradle still overlapped the ground-ways for a distance | fore-and-aft plane, No. 1 layer being outboard with 
of 60 ft., the estimated velocity of the ship at this| its after end coming into action first, the other layers 
instant being about 22-4 ft. per second. The actual | being arranged inboard of this and in numerical order. 
performance gave a velocity when the first drag started | This arrangement was studied by means of the model, 
of 20-7 ft. per second, and the coefficient of drag | and the lines were found to clear themselves in a satis- 
resistance to weight worked out about 83 per cent. | factory manner, as the model was moved down the 
as an average. This factor, together with the water! ways. Even the spiral twists thrown into the line 
resistance of the ship, cradle, mask, fixed propellers, and | by the movement of the ship were quickly and easily 
the friction of the grease, caused the Lexington to stop | straightened out before any kinking of the lines could 


for the line to whip outboard and cause confusion of 
the entire system. Also, if the stops in way of a chain 
pile were to break before that pile is turned over, 
evidently the line might whip into the path of the 
up-ending pile and fouling, and breakage might result. 
This tendency of the lines to whip out was clearly 
demonstrated in the tests made with the small half- 
block model already mentioned ; and this arrangement 
was, therefore, discarded. Other methods, such as 
| suspending this part of the drag-lines above the chain 





with her bow 138-5 ft. from the end of the ways. | take place. | piles by means of additional rope stops attached to the 
Model for Arrangement of Drag-Lines.—The arrange-| The arrangement at the extreme after end of the ship | ship, and also that of carrying them on some form of 


ment of the wire rope drag-lines connecting the chain | was a difficult problem on account of the fact that it | elevated structure supported by the crane towers, 
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were given consideration, but were given up on account 
of complications and lack of the necessary space. 

From actual tests made on the ship, in which that 
part of a drag-line leading forward from the aftermost 
manila stop was hauled on by means of a winch and 
purchase until the stop broke, it was found that the 
wire rope drag-line lifted off the ground for a distance 
of about 140 ft. forward before the manila stop broke. 
These tests therefore demonstrated that, if the drag- 
lines were laid on top of the chain piles in their own 
natural vertical plane, they would probably lift them- 
selves clear of the up-ending weights and there would 
be less confusion in their action, and less liability of 
fouling with the chain piles. Tests on small bundles 
of brass chain were also made, in which one of the 
bundles in turning over was allowed to land on the 
drag-line attached to the weight immediately behind. 
These tests also showed that the lines would probably 
clear themselves if placed on top of the piles of chain. 
The arrangement finally adopted is clearly shown in 
Fig. 6, which shows the lines as laid on top of chain 
piles Nos. 1 and 1} on the port side. The view is taken 
looking forward, and the 10 lines are laid in numerical 
order, starting with No. 1 outboard, and ending with 
No. 10 inboard. 

(To be continued.) 





CATALOGUES. 


Reamers.—We have received from Messrs. Samuel 
Osborne and Co., Limited, Sheffield, a price list of 
reamers made of Mushet high-speed steel. 


Worm Gearing.—Messrs. David Brown and Sons 
(Hudd.), Limited, Lockwood, Huddersfield, have sent us 
a reprint of an article on technical calculations for worm- 
gear design. 


Locomotives.—The Rhein-Schelde Engineering Com- 
pany, Aix-la-Chapelle, have sent us leaf catalogues of 
their benzol and steam shunting locomotives and loco- 
motive cranes, 


Electricity Meters.—A new edition of their catalogue of 
alternating-current meters for household service, has 
been issued by Messrs. British Insulated Cables, Limited, 
Prescot, Lancs. 


Safety Valves.—We have r eceived from Messrs. J. 
Hopkinson and Co., Limited, Huddersfield, a folded card 
illustrating their spring safety. valves with Platnam 
valves and seats. 


Bookbinding Machinery.—A catalogue of Brehmer 
machines for stapling, stitching, sewing, folding, &c, 
is to hand from Messrs. R. Hurner, Limited, 121 
Rosebery-avenue, London, E.C.1. 


Steel.—Messrs. Edgar Allen and Co., Limited, Sheffield, 
have issued a further enlarged edition of their steel 
book, for reference by buyers, giving prices of high-speed 
steel cutters, reamers, and other tools. 


Ebonite.—A catalogue of standard sections of ebonite, 
received from Messrs. Siemens Brothers and Co., Limited, 
Woolwich, London, S.E.18, contains much useful informa- 
tion on the properties and manipulation of this material. 


Oil Engines.—Messrs. Marshall Sons and Co., Limited, 
Gainsborough, have sent us a card illustrating their two- 
cycle oil engines, made in sizes developing from 8 to 25h.p. 
in the horizontal type, and from 30 to 450 h.p. in the 
vertical type. 


Hand Pumps.—Messrs. Joshua Rae and Sons, Limited, 
Collingwood-street, Liverpool, have sent us a catalogue 
of their Senger pump, which is specially adapted for 
emptying barrels, drums, &c., and transferring the 
contents to fixed tanks, or tanks mounted on vehicles. 


Dredgers.—A large amount of information on the 
subject of grab-bucket dredgers is given in a catalogue 
received from Messrs, Priestman Brothers, Limited, Hull, 
who introduced this type of dredger, and have supplied 
a@ great number, including many special forms, 


Vaives.—A catalogue showing a number of applications 
of the Ismailia flap valve is to hand from the patentee, 
Mr. E. C. Bowden-Smith, 17, Victoria-street, London, 
8.W.1. The standard sizes are supplied by Messrs. J. 
Stone and Co., Limited ,.Deptford, London, 8.E.14. 


Tool Steels.—Messrs. Sir W. G. Armstrong, Whitworth 
and Co., Limited, Openshaw, Manchester, have issued 
a catalogue of their high-speed and other tool steels, 
giving full technical particulars and illustrations of 
heavy cutting work done with turning tools and taps. 


Brazing Material—A brazing material for joining 
iron, copper, brass and aluminium, is described in circulars 
received from Messrs. Russell and Company, 114, 
Cheapside, London, E.C.2. It is made in six variations 
ed special metals or purposes, and is used without a 

ux. 


Electric Furnaces.—Messrs, Automatic and Electric 
Furnaces, Limited, 175, Farringdon-road, London, E.C.1, 
have sent us a new catalogue of Wild-Barfield high- 
temperature furnaces for the heat treatment of high-speed 
steel and other purposes requiring temperatures up to 
1,400 deg. C. 


Hand-Power Machines.—Several hand machines driven 
through a flexible shaft, with tools for drilling, grinding, 
milling, screw driving, and other simple operations, are 
shown in a catalogue received from Messrs. S. H. Morden 
and Co., Limited, 18, Dartmouth-street, Westminster, 
London, S.W.1. 








Power Transmission.—New catalogues have reached us 
from Messrs. Crofts (Engineers), Limited, Thornbury, 
Bradford, dealing with ball and roller bearings in a 
variety of housings suitable for general factory use, silent- 
drive reduction gears for electric motors, and belt- 
tensioning devices, 

Electric-Lighting Accessories.—Catalogues dealing with 
stage lighting, dispersive enamelled-steel reflectors for 
direct lighting, and tumbler switches, and a revised 
list of prices for lighting supplies, are to hand from the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2. 


Saws.—Catalogues of metal-sawing machines, saw- 
sharpening machines and saw blades, are to hand from 
Messrs. Danced G. Herbert, Limited, Levenshulme, 
Manchester. The machines include several of the usual 
hacksaw type, as well as others for cutting gates off 
castings, for severing rails, wheel tyres and other special 
purposes. 

Conveyors.—Many examples of elevating and conveying 
plant are shown in a catalogue received from the 
Chadderton Conveyor Company, Limited, Fletcher-street, 
Radcliffe, Manchester, who design and construct such 
plant to suit the special conditions of warehouses and 
factories. Most of the installations illustrated deal 
with boxes, barrels, or packages. 


Oil Engines.—Oil engines for stationary service, in 
capacities up to 300 brake horse-power, are described in 
a catalogue issued by Messrs. Plenty and Son, Limited, 
Newbury, a full specification and illustrations of the 
separate parts being given. The engines are of the two- 
stroke cycle type, and have from one to six cylinders 
developing 30 h.p, or 50 h.p. per cylinder. 


Road-Making Machinery.—A range of . machines 
covering the operations of rolling, scarifying, stone- 
breaking, concrete and asphalte preparation, &c., for 
road-making and repairing, has been issued by Messrs. 
John Birch and Co., Limited, 2, London Wall-buildinvs, 
London, E.C.2. This catalogue will be especially useful 
to engineers abroad who require complete outfits to 
suit special conditions. 


Gas Heater for Water.—A gas-heated geyser capable 
of supplying hot water through fixed connections for 
domestic purposes, is described in a catalogue issued by 
Messrs. Ewart and Son, Limited, 350, Euston-road, 
London, N.W.1. The apparatus is so designed that 
the turning on and off 6f the tap where the hot water 
is required, controls the gas supply at any time when 
a pilot light is burning. A list of porcelain enamelled 
bath fittings accompanied the catalogue. 





THE CONSTRUCTION OF A LONDON TuBE Ratway.— 
We have received from the Underground Electric Rail- 
way Company of London, Limited, 55, Broadway, 
London, 8.W.1, an illustrated brochure dealing with the 
lay-out and construction of a tube railway. A well- 
written account is given of how these railways are 
planned, and how the route of the line is first surveyed 
on the surface, and the measurements subsequently 
carried below ground by means of vertical shafts, thus 
enabling the engineers to tunnel through the clay, from 
point to point, with great accuracy. A series of 
excellent illustrations is included. Another interesting 
feature is a supplement giving an account of the origin 
of the tube railways, together with the date of inaugura- 
tion of each section, the total mileage, and the names of 
the undertakings controlling the various lines. The bro- 
chure, which has been specially prepared for instructional 
purposes, treats of the subject authoritatively and in 
non-technical language. It may be obtained on appli- 
cation to the commercial manager of the company, at 
the address given above. 





STANDARD SPECIFICATION FOR PipE FLANGES FOR 
Lanp Usr.—A new set of British standard tables of pipe 
flanges for land use, for working pressures up to 450 lb. 
- square inch, has just been published by the British 

ngineering Standards Association as a revision of the 
original issue of 1904. In the last few years, the original 
tables of standards have been found to be inadequate, as a 
result of the higher pressures of modern practice, and 
consequently a table for 450 lb. per square inch has been 
added to this new edition, the publication number of 
which is No. 10, Part 2—1926. As a result of the 
practical experience gained since the first issue, this new 
set of tables contains several material modifications. 
For example, the ranges of steam pressure are now divided 
up into nine tables, lettered from “‘ D ” to “‘ P ” inclusive, 
the original idea of one table for them all having been 
found to be inconvenient. Some of the figures for the 
limiting working pressures have been increased to meet 
modern requirements, and a table for a working pressure 
of 100 lb. per square inch has been added. Changes in 
the flange diameters or bolt-circle diameters have only 
been necessary in the 4 and # in. nominal sizes of the 
250-lb. and 350-lb. standards. The main portion of the 
publication is devoted to the nine tables above referred to, 
which are divided into two sections, the first of which 
includes tables ‘“‘D” to ‘‘K” under the heading of 
Flanges for Pipes, Valves and Fittings; the rest come 
under Special Weld-On Flanges for Pipe Lines. At the 
beginning of the issue is a foreword stating the reasons for 
the revision and modifications; then follow notes on 
bolts, test pressures, sizes of es, &c. At the end are 
two appendices, the first of which is Table 4 of the 1904 
edition for short bends and tees of cast metal, while the 
other gives the metric equivalents of dimensions in 
British standard tables of pipe flanges. Copies of the 
above specification may be obtained from the B.E.S.A., 
Publications Department, 28, Victoria-street, London, 
S.W.1., price ls. 2d., post free. 





ORE FLOTATION. 


Tue development of ore flotation makes it clear 
that the common, and still largely accepted, explana- 
tion of the separation of ore by the addition of oil, and 
sometimes certain chemicals, to the slurry, rests on a 
very weak basis. At first, the processes were described 
as oil flotation; now the term chemical flotation is 
more customary. In 1925, about 82,000,000 lb. of 
reagents were used in the United States for the treat- 
ment of ores, sulphuric acid representing half the total 
amount of chemicals. The heavy crude oils formerly 
favoured have been almost completely discarded, and 
acid chemicals themselves are being replaced by alkaline 
reagents. The real nature of flotation is still obscure, 
and the processes are certainly complex, being both of a 
chemical and physical nature. Flotation, however, 
continues to develop rapidly. Many firms treat 98 per 
cent. and more of their minerals by flotation, and the 
amount of reagents needed is steadily being reduced, 
thanks largely to the studies by the United States 
Bureau of Mines at their Experimental Station in Salt 
Lake City, the University of Utah, the American 
Cyanamid Company, and the many firms concerned 
in the industry. 

In the United States, according to the Investi- 
gation Report No. 2,777 of the Bureau of Mines, 
93 companies milled, in 1925, 59,000,000 tons of 
ores, concentrating 2,100,000 tons by ordinary gravity 
methods and 45,490,000 tons by flotation, and pro- 
duced from the latter 2,790,000 tons of concentrates 
by the use, as stated, of nearly 82,000,000 lb. of 
reagents at the rate of 1-795 lb. per ton of ore, against 
4-286 lb. in 1923. Much of the acid used is actually 
employed rather in the conditioning of the slurry than in 
flotation ; even for this, lime and soda ash are coming 
more to the front as cheaper and more easily produced 
and stored than acid. Pine oil, refined tar oils, 
reconstructed oils, hardwood creosotes, and xanthates 
remain, next to sulphuric acid, the most important 
reagents at the present time. The concentration ratio 
was 16-3 in 1925, against 19-6 in 1924, and 17-7 
in 1923; that is to say, 16-3 tons of ore gave by 
flotation 1 ton of concentrates. Cyanide and sulphates 
of zinc and copper are used as decelerating or depress- 
ing agents; by their use, and with the further help 
of oil, minerals like galena, sphalerite and pyrites 
(the sulphides of lead, zinc and iron), which would 
all rise with oil, can be separated. The separation 
of copper sulphide from these other sulphides is more 
difficult, but flotation is being applied in this direction 
with success. 





Tue Junror InstiTuTIon oF ENGINEERS.—The Council 
of the Junior Institution of Engineers has informed us 
that it has been decided to make the following awards : 
The Institution Gold Medal to Mr. J. Wolstenholme, for 
his paper “‘ The Commercial Side of Foundry Work ” ; 
The Vickers Gold Medal and Prize to Mr. A. N. Moon, for 
his paper, ‘“‘ Comfort in Railway Travel from the Point of 
View of the Engineer ” ; The Institution Silver Medal to 
Mr. E. le L. Lamb, for his paper “‘ Electricity in Mining,” ; 
The Silver Medal for the Sheffield Section to Mr. E. C. 
Snelgrove, for his paper ‘‘ The Treatment of Water for 
the Use of Municipalities’; the Silver Medal for the 
Midland section to Mr. G. H. Willett, for his paper, 
‘* Pipework—Its Manufacture and Layout”; the 
Silver Medal for the N.W. section to Mr. G. H. Ayres, 
for his paper ‘‘ Roller Bearings, with Particular Reference 
to Taper Roller Bearings ” ; the Silver Medal for the N.E. 
section to Mr. J. W. Palmer, for his paper “* Design of 
Jigs and Fixtures,” ; the Durham Bursary to Mr. W. A. 
Sallis, for his paper, “‘ The Strowger System of Automatic 
Telephony ’’; and the Past-Secretary Dunn Medal for 
informal Tunanesien to Mr. F. W. Webb, for his lecture, 
“ Paint Spraying.” 


Triat Trip or THe §.8. “Luanparr Castiz.”—On 
Thursday, November 25, successful trials were carried 
out of the large twin-screw passenger steamer Llandaff 
Castle, which has been built for the Union Castle Mail 
Steamship Company, Limited, and wasrecently launched 
from the South Yard of Messrs. Workman, Clark and 
Co., Limited, Belfast, The vessel has been designed for 

assenger service between Great Britain and South and 

ast Africa, and is of the shade-deck type with bridge, 
forecastle, promenade and boat decksabove. She has a 
gross tonnage of over 10,000, a length of 490 ft., a 
breadth of 62 ft., and a depth of 42 ft. 6in. First-class 
passengers, to the number of 224, are accommodated in 
staterooms arranged amidships on the upper, shade, and 
promenade decks, whilst 186 third-class passengers are 
accommodated in staterooms on the upper deck. The 
cargo holds are built on the wide-spaced pillar and girder 
principle, which gives a minimum amount of obstruction 
in dealing with large consignments. The after ’tween 
decks and hold are insulated and refrigerated for fruit 
and other cargoes. The propelling machinery, also con- 
structed by Messrs. Workman, Clark, consists of two sets 
of quadruple-expansion engines, balanced on the Yarrow, 
Schlick and Tweedy system, and capable of developing over 
6,000 ih.p. Steam is supplied by three double and two 
single-ended cylindrical multitubular boilers. The electric 
power is generated by three dynamos, which supply 
the current for the lighting of the ship, for the wireless- 
telegraphy apparatus and for driving various auxiliary 
motors, ventilating fans and refrigerating machinery. 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 


SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. | 


The number of views given in the Specification Drawings is stated 
. each — ; where none is mentioned the Specification is not 
tliustrated. 


Where inventions are communicated from abroad, the Names, &c., | 


of the communicators are given in italics. 
ies of Specifications may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform “tier of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed" is appended. 

day peer may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 

give notice at the Patent Office of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


MACHINE AND OTHER TOOLS, 
SHAFTIN &c. 


254,863. Pease and Partners, Limited, Darling- | 


ton, and E. E. Cockersoll, Ferryhill. Pneumatic 
Hammers. (4 Figs.) June 20, 1925.—The invention 
has for its object to provide means for preventing the 
reciprocating hammering, riveting, caulking, chipping or 
other tool actuated by the reciprocating plunger of the 
appliance from being accidentally detached from the 
barrel thereof. The tool retainer consists of a sleeve 1 


Figt ® 








(254,863) 


of an internal diameter to fit closely the barrel of the 
pneumatic appliance with which it is to be used, the 
front end of the sleeve having an inwardly turned 
flange la to surround the reciprocating tool 4, and form 
a stop for the collar or flange 4a formed thereon, and the 
rearward portion of the sleeve being slotted longitudinally 
and provided with means whereby such slotted portion 
of the sleeve can be clamped tightly around the barrel 
of the pneumatic appliance. (Accepted July 21, 1926.) 


MINING, METALLURGY AND METAL- 
WORKING. 
255,187. Sir A. Herbert, Dunley Manor, near 


Whitchurch, and C. E. Blyth, Stockton, near 
Rugby. Coal-Pulverising Machines. (3 Figs.) 


May 16, 1925.—The invention relates to coal-pulverising | Thi 


machines of the kind in which a stream of air passing 
through the machine carries the finely-powdered coal 
in suspension, whilst means are provided to return 
to the pulverising chamber such particles of coal as 
have not attained a sufficient degree of fineness. 
According to the invention, in the exit from the 








(255,187) 


pulverising chamber 2, constituted by a_ central 
aperture 10 around its shaft, there is employed a 
rejector device constituted by one or more rotating 


radially-arranged strikers 11, directly or indirectly 
mounted upon the shaft, and adapted to traverse the 
outgoing stream, and to throw back into the pulverising 
mechanism the heavier particles of coal. The strikers 
form a simple, strong, and easily-renewable rejector 
device, requiring comparatively little power to operate 
them, whilst their position renders them very effective. 
(Accepted July 28, 1926.) 

254,810. A. G. Downing, Stockton-on-Tees, and 
H. N. Downing, Stockton-on-Tees. Moulding and 
Casting Metal Bodies. (2 Figs.) April 9, 1925.—The 
invention relates to the moulding and casting of hollow 
metal bodies. A base component in the form of a cast 


iron or steel plate a, is furnished centrally with a vent 4, | 
and with grooves c, cin its upper surface, merged together | 


to constitute a continuous groove. ‘The position of the 
grooves c, ¢ is such as to conform to the contour of the 
open end of the box which is to be cast. The grooves 
ec, c are filled with sand or loam so that when the bog is 
being cast the metal thereof will only come in contact 
with the sand or loam in the grooves and will not touch 
the metal of the plate a. The grooves c, ¢ may be slightly 
wider than the thickness of the walls of the box which is 
being cast thereon. The core consists of a rigid cellular 


member, constituted by a perforated box-like struc- 
ture e, and of sand f which is disposed over the structure 
and fashioned to the desired shape of the core, the thick- 
ness of sand f being only sufficient to stand up to its work 
during the casting process, and at the same time allow 
air to percolate through it into the perforated box-like 
structure e. The box-like structure e is open at the 


aq and is permanently secured in position to the 
| metal base plate a, The box-like structure e is positioned 
| upon the base plate a with its open bottom disposed over 
| the vent ¢, or vents, therein. The perforated box-like 
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structure e may be built up of metal plates 7, 7 having 
holes therein, the plates 7, ¢ being fastened together at the 
top of the structure by bolts and angle-pieces. (Accepted 
July 21, 1926.) 


MOTOR ROAD VEHICLES. 


254,414. Alvis Car and Engineering Company, 
Limited, Coventry, and G. T. Smith-Clarke, 
Coventry. Axle Suspension. (4 Figs.) April 8, 
1925.—The invention relates to the suspension and 
mounting of the front axles of motor vehicles in which the 
drive is transmitted through the front wheels. The axle 2 
is connected with the chassis frame 3 at each side by a 
leaf spring 4 arranged low down, and above this is a 
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radius rod 5 also connecting the axle with the frame. 
is rod is in two parts and is telescopic. During 
driving, this radius rod 5 is extended and the axle 
thereby rocked in the manner required, due to the forward 
pull of the axle. During braking the backward thrust 
of the axle causes the latter to rock about its spring 
attachments, shortening the radius rods and tilting 
the swivel pin in the required manner. (Accepted, 
July 14, 1926.) 


| 254,829. The Eagle Engineering Company, 
| Limited, Warwick, and W. A. Woodward, Redhill. 
| Chassis. (5 Figs.) May 2, 1925.—The invention has 
| for its object the provision of means whereby standard 
types of motor vehicles are adapted to carry heavier 
|or bulkier loads, and with a better distribution of the 
|load than is possible with normal construction without 
| at the same time necessitating any lengthening of the 
|frame members of the vehicle, and without materially 
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3 to a point near the upper end of the drum 8, the passage 
9 communicating at its lower end with the delivery 
branch 10 of the oil pump, and at its upper end with the 
interior of the drum 8 downward passage for oil 
issuing from the passage 9 is afforded by a skirt 12 secured 
| to the drum 8 and surrounding the spindle 3. A central 
| passage 13 formed in the spindle 3, extends from a point 
| near the top of the drum 8 to the upper end of the spindle 








3, where it is closed by a plug 14. Ports in the wall of the 
spindle 3, in conjunction with ports above the skirt 12, 
lead from the interior of the drum 8 to the passage 13, 
and ports in the wall of the spindle lead from the passage 
13 to an annular space 18 between the spindle 3 and a 
casing 19 surrounding the spindle, the lower part of which 
casing encloses the drum. A discharge pipe 20 leads 
from the space 18. (Accepted May 19, 1926.) 


254,804. Shell-Mex, Limited, London, and 
J. Lawson, London. Kerbside Pumps. (6 Figs.) 
April 9, 1925.—The invention relates to casings suitable 
for use with kerbside pumps, and particularly to appara- 
tus of the type in which containers, from which measured 
quantities of liquid are delivered, are provided with 
means through which the inflowing or outflowing liquid 
can be observed. _ 1 is a cylindrical base, mounted upon 
which are vertical frame members 2, each provided at 
each edge with a groove. Slidably mounted in the 
grooves of the frame members 2 at one side of the 
machine, are shutters 4, 5. The shutter 4 is provided at 
the bottom, on the inside thereof, with a lug which is 
adapted to engage a stop located on the outside of the 
base 1, at the topthereof. The shutter 4 is also provided, 
on the outside at the top, with a lug adapted to be engaged 
by a lug on the lower end of the shutter 5. The shutter 5 
is also provided at the top with a catch. 11 is a handle 
by means of which the shutter 5 can be raised or lowered. 
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limpairing the tractability of the vehicle as a whole. | 
|The invention consists of a road vehicle of the kind | 
;employing an auxiliary frame 11, having a hinged | 
connection to a motor vehicle 6 in advance of the rear | 
| axle thereof, wherein the auxiliary frame 11 is supported | 
on a pair of wheels 15 mounted on a common axle, | 
| the wheels being located as close to the rear axle of 
the motor vehicle as the rear axle will conveniently | 
permit without fouling the wheels. (Accepted July 21, | 
1926.) 
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PUMPS. 


251,761. Albion Motor Car Company, Limited, 
Scotstoun, and J. D. Parkes, Scotstoun. Pump. 
(2 Figs). April 25, 1925.—The invention relates to a 
component of a system of forced lubrication, comprising 
an oil pump and a centrifugal separator in the form of a 
compact unit, which, when introduced in the system, 
will efficiently perform the operation of pumping and of 
cleaning the oil, removing therefrom the very fine solid 
matter which escapes the strainer. The oil pump proper 
comprises intermeshing gear wheels 1, 2, of which the 

wheel 1 is splined to the lower end of a rotary spindle 

, to the upper end of which is splined a skew gear wheel 4 
in mesh with a skew pinion 5 on a driving shaft 6. The 
separator proper comprises a separating chamber formed 
by a drum 8 secured to and enclosing the lower part of 
the spindle 3. The spindle 3 is formed with a central 
passage 9, which extends from the lower end of the spindle 
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On the opposite side of the apparatus, there is provided 
an extension piece la which forms a prolongation of the 
base 1 and is secured to the frame members 2, the shaj 
of the extension being similar to the shutter 4. Slidably 
mounted in the grooves of the frame members 2 is a 
shutter 12, which is provided, on its inner side at the 
bottom, with a lug adapted to butt against a lug at the 
top of the extension la. The lug also serves as an abut- 
ment for a catch provided at the top of the shutter 12. 
16 is a handle by means of which the shutter 12 can be 
raised or lowered. In operation, in order to close the 
casing, the shutter 5 is raised by the handle 11. When the 
lug on the lower end of the shutter 5 meets the lug on 
the top of the shutter 4, the shutter 4 is raised thereby, 
until the shutters 4 and 5 are in the position shown in 
Fig. 2. The shutter 12 is raised by the handle 16 to the 
position shown in Fig. 2. When in this position, the 
shutters 5 and 12 are automatically held by a catch. 
(Accepted July 21, 1926.) 
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THE OVERSTRAINING OF STEEL | sidered, and the material used by Sir Alex. Kennedy 


BY BENDING. 


By Prorzssor James Murr, D.Sc., M.A., and | 


Davip Brinig, B.Sc. 


will be taken by way of example. This material 
yielded, under direct pull, at a stress f, (Fig. 1) of 
about 44,000 lb. per square inch, when the elastic 
extension was about 0-014 in. on a 10-in. length, 


IN a paper by Sir Alex. B. W. Kennedy, F.R.S.,| or 0-14 per cent. No note seems to have been 
published in ENGINEERING on June 15, 1923, refer- | made of the amount by which the material stretched 


ence is made to experiments performed 35 years 
earlier, and new experiments are described, showing 


of bending, a much higher value is obtained than 
that given by the material when subjected to a 
simple tensile or compressive test. 


at the yield-point (without increase of stress)— 


la very important property of the material—but 
how the calculated maximum stress at the yield-point | it is probable that this yield at the yield-point would 
observed in a bending test depends on the shape|be about 2 per cent.* Under compression this 
of the cross-section of the steel beams used. If! material would give a yield-point, as well defined 
the maximum stress in the material, when a yield-|as the tension yield-point, at the same stress 
point is observed in bending, be calculated from the | 44,000 Ib. per square inch, and it would contract 
applied bending moment, using the ordinary theory | 2 per cent. at that stress.t 


It is important to remember the manner in which 
yield takes place at a yield-point. Suppose 


For example, | A BC D (Fig. 1) represents a slice of material sub- 
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the ratio of the yield-point stress, calculated from 
a bending test, to the yield-point stress found by 
direct pull, is given by Sir Alex. Kennedy as 1-98 
for a bar of square section placed on edge, 1-55 
for a certain rectangular bar, and so on. This 
exaltation of the yield-point is accounted for in a 
general way (in the paper referred to) by supposing 
the less-stressed material to give support to the more 
stressed. Thus, in the case of the square section 
placed on edge, the proportion of less-stressed 
material (material near the neutral axis) to more- 
stressed material is large, so the exaltation of the 
yield-point is large. It will be shown, however, 
in what follows, that this increase in yield-point is 
merely apparent; some material in the outside 
fibres of a bent beam yields when the stress, as 
calculated by the elementary theory of bending, 
reaches the yield-point stress as given by a simple 
tensile test, but there is then a new distribution of 
stress which necessitates modification of the elemen- 


tary theory. 
The properties of steel as revealed by a simple 
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| jected to yield-point stress f, and suppose yielding 
|starts at some point P. A very small portion of 
| material at P becomes incapable of withstanding 
| the stress f until it has stretched 2 per cent. (as the 
result of shearing along planes at, say, 45 deg.) 
| A very tiny portion of material at P will first yield 
(by 2 per cent.), the long fibres AP, BP, contracting 
elastically by amounts so small that no appreciable 
change results in the stress f along AB. The’ 
yielding at P will, however, cause a redistribution of 
stress in the material surrounding P, such that 
particles adjoining P will temporarily be subjected 
to rather greater stress than f, so these adjoining 
particles will yield (by 2 per cent.), and the action 
will be transmitted piecemeal throughout the 
material. 

Reference may be made here to a paper on 
“The Transition from the Elastic to the Plastic 
State in Mild Steel,’ by Messrs. Robertson and 
Cook,{ which was transmitted in 1913 to the Royal 
Society by Professor J. E. Petavel, F.R.S. In 
this paper experiments are described, in which the 
pull applied to a tension specimen was automatically 





* 1 to 4 per cent. is recorded for various steels in a 
paper on “ The Overstraining of Iron by Tension and 
Compression,” by J. Muir, Proc. Roy. Soc., vol. 77, 
page 280, 1906. 





tension or compression test should first be con-| 


t Loc. cit., page 284. 








t Proc. Roy. Soc., vol. 88, page 462, 1913. 





reduced as the specimen yielded, with the result 
that a reduction of about 25 per cent. (17 to 36 per 
cent.) was found possible in the total pull applied, 
without stopping the yield which had started at the 
yield-point. This was interpreted by the authors 
to mean that a stress 25 per cent. below the yield- 
point stress was required to keep the material 
yielding, when in the transition state between 6 
and c, Fig. 1, so that the stress-strain diagram should 
be represented by the dotted line b0’c’c. But this 
interpretation is probably wrong—the authors 
have ignored the piecemeal character of the yielding. 
At any instant of time during yield the amount of 
material in the transition stage is excessively small, 
nearly all the material is either in the original 
elastic condition or in the fully 2 per cent. stretched 
condition ; and it is not difficult to picture a 25 per 
cent. reduction in the total load giving a varying 
distribution of stress with a peak value, equal to f, 
at points where the material is yielding, provided 
allowance be made for the fact that both material 
which has stretched its 2 per cent., and material 
in the original elastic condition may be under less 
stress than /. 

Now consider a rectangular rod subjected to the 
bending produced by a pure couple. The couple 
may be increased until the outer layers of material 
are subjected to yield-point stress f, then at some 
point P or P’ (Fig. 2) a tiny portion of material 
yields 2 per cent. (2 per cent. extension if at P on 
the convex side, 2 per cent. contraction if at P’ 
on the concave side). This yielding will spread 
piecemeal across the surface and inwards towards 
the centre of the beam. If the surface of a beam, 
which has been bent even a small way beyond 
yield-point stress in the outer fibres, be carefully 
examined, many concave wrinkles can be observed 
running diagonally at various angles across the 
upper convex surface, and many similar but convex 
wrinkles on the lower concave surface. A photo- 
graph of these wrinkles, which should perhaps be 
described as Liiders’ lines,* produced by bending, is 
shown in Fig. 3. In the earlier stages of the over- 
strain, the large central depth of entirely elastic 
material compels the beam as a whole to retain 
approximately its circular shape, and the over- 
strained material is regularly distributed across the 
whole length of the outer fibres between the points 
of support. But for great overstrain, the over- 
strained material may continue to grow at a position 
nearer one support than the other, the shape of the 
beam may become like that of a whale’s back, and 
finally the beam yields completely at the highest 
portion of the whale-backed curve. With very 
great overstrain, the wrinkles (except on the vertical 
sides of the beam) disappear, the surfaces becoming 
smooth again as all the material there is then in the 
overstrained condition. 

A rough estimate of the amount of overstrained 
material present at any stage during overstrain may 
be made as follows. Suppose the applied couple 
has been increased until some material has become 
overstrained in all layers beyond y, (Fig. 2). The 
distribution of stress across the section may be as 
illustrated by OABB’ (with a similar figure for 
compression below). The strain at y, may be taken 
to be the elastic strain at the yield-point (all the 
material up to y;, is elastic)—0-14 per cent. accord- 
ing to Fig. 1—while outside y, the strain is partly 
2 per cent. and partly 0-14 percent. Take the case 
= . and say that the average strain at the 
outside fibre is double the yield-point strain at y,, 
viz., 0-28 per cent. This is not quite accurate as a 
representation of the distribution of strain, but it is 
sufficiently accurate for the question in hand. 
If L, is the length of elastic material in the outermost 
fibre and L, the length of material there which has 
stretched 2 per cent., then 


la ( hay +e(1+ 55) = (Ia + Ie) ( 


*+ 00 
giving L, about ,',th of the total length between 
supports. Coming in from the outermost fibres of 
material, smaller and smaller proportions of over- 


strained material will exist, until at y; = 4 from 
the neutral axis the material is entirely elastic. 


0-28 
25 
* 500) 





* Liiders’ observations were made as long ago as 1860, 
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There is thus only about th of the material of 
the outer half of the beam overstrained, and the 
whole central half of the beam is entirely elastic 
material. Even in a beam which has completely 
yielded there is a large amount of unstrained elastic 
material in all layers of the beam. 

To return to the consideration of the experiments 


| 
knife edges were lubricated, and the deflections | direct tension experiments, values for A = A, + A, 


the knife-edges. 
by plotting couple against deflection. 
Fig. 4, was obtained entirely by calculation. 


Curve }, 
A 


described in Sir Alex. Kennedy’s paper, the stress | simple tensile test of the material employed gave 
in the outer fibres is calculated in that paper by the |a well-defined yield-point at f= 16-5 tons per 


ordinary formula for the bending of beams, viz. 
(see Fig. 2) :— 


Bending 


moment, (A) 


day 1 
Gu2) fysa. gull 
[fo ya tt 


where f! is the stress in outermost fibres (assumed | 
elastic) and I is the second moment of the cross- | ¥* 


section area. But if the applied couple G is larger 
than required to bring the outer fibres to yield- 


| square inch or 37,000 lb. per square inch, with a 
permanent extension at the yield-point of 2 per 
cent., and a value for Young’s modulus E = 31-1 x 
10° lb. per square inch. From the ordinary elastic 
theory of bending the couple required to produce 








2 
ield-point stress in the outermost fibres is of ; : 
jand the deflection a is then Z Le q These 


point stress f, then this formula must be replaced | Values give point (1) of curve (6). The other points 


by 


d 


d 
f.dA.y. 
¥1 


Ly.8A.y+2 (B) 


vi 


o=2(" | 
0 


For the case of a rectangular beam (26 x 2d) 


: : 4 A 
equation A becomes G = gf'bd* and equation 


(B) becomes 
=2 2 ne 
G=2fb (2 L ) 


If we assume that the yield-point observed in a 
bending test, occurs when the couple G is large 
enough to make y, very small, then, neglecting 
“ the yielding stress f! calculated by the wrong 
formula A, is 1-5 times the actual yield-point stress 
f. Sir Alex. Kennedy finds by experiments with 
rectangular bars, 1-37 to 1-58 for this ratio. Simi- 
larly, for the case of his beam of square section 
placed on edge, equations A and B give the ratio 


fo 9 
“») 


equal to 
got by experiment. 
circular cross-section the ratio 


These ratios, 1-5, 2, 1-7 for square on side, 
square-on edge and circle respectively, were given 
by W. H. Thorpe in a letter to ENGINEERING of 
date June 29, 1923, but Thorpe’s assumption that 
‘the material is stressed well beyond the yield-point 
in tension and compression right up to the neutral 
axis,’ is unnecessary. A beam has yielded largely 
when the over-strained material represented by the 
little wedges at P and P’, in Fig. 2, has reached 
the neutral axis; and this occurs while there is 
still a large amount of material in the original 
unstrained elastic condition, the remainder of the 
material being stressed just beyond the yield-point 
and no more. 

It is probably impossible to develop a theory 
which would give the deflection of a beam subjected 
to an over-straining couple, owing to the casual 
manner in which the overstrained material, repre- 
sented by the little wedges P and P’, of Fig. 2, 
will form and grow. It is, perhaps, not even 
necessary that the stress distribution should remain 
of the form illustrated by OABB’, in Fig. 2. Under 
a given couple a wedge might grow deeper than it 
ought to, B’ being lowered ; in which case the stress 
in the outermost fibre would be reduced, B going 
closer to A. In order, however, to get some com- 
parison between theory and experiment, the stress 
distribution may be supposed to remain in accor- 
dance with OABB’ [that is, the applied over- 
straining couple G may be taken to be 2fb (d? — 


wn") for the case of a rectangular beam], and 


) 
deflections can be calculate for an entirely elastic 
beam of depth 2y, with stress f on its outermost 
fibres. The actual deflections of the whole beam 
(depth 2d) will be less than these calculated values, 
due to the constraint of the mixture of elastic and 
overstrained material between the ordinates d 
and ¥). 

Several experiments were performed, of which 
the following is typical :—A beam of well-annealed 
mild steel (0-19 per cent. carbon), carefully machined 
to breadth 2b = 0-347 in. and depth 2d = 0-250 in., 
was placed on supports at distance apart 2L = 5in., 
and a couple G was applied in the manner illus- 
trated by the inset diagram in Fig.4. The rounded 


In the case of a beam of 


£ 


| 2. 
- 18 37 or 1-70. 


of this curve are obtained by substituting various 


values for y, in the equations G = 2fb (#—%') 
fi? 

2En . The 
and experiment is satisfactory; the experimental 
deflections are rather less than the calculated 
ones, in accordance with expectation. 

It should perhaps be noted that the value for 
Young’s modulus given by the bending experi- 
ments agreed exactly with the value given by the 
pure tension test, but that the bending experiments 
(curve (a)) always showed a decided departure 
from Hooke’s law before the yield-point of the 
material was reached in the outermost fibres. But 
it is scarcely to be expected that the assumptions 
made in the elementary theory of elastic bending, 
with regard to the freedom of longitudinal fila- 
ments to contract laterally, the anti-elastic curva- 


= agreement between theory 





which agrees well with the 1-98 | 


ture of the beam being neglected, and with regard 
to the application of imaginary ‘“‘ body forces,” 
should hold right up tothe yield point of the material. 
In order to obtain a theoretical curve to compare 
with the experimental curves given in ENGINEERING 
to illustrate Sir Alex. Kennedy’s paper, an interest- 
ing problem arose. The curve given in that paper 
for the case of a rectangular beam, depth 2d 
= 1} in., breadth 2b = } in., was for central load- 
ing, between supports 24 in. apart. The bending 
moment thus varied along the length of the bar, 
the distribution of stress being as illustrated by the 
various figures such as OABB’ on the inset diagram 
of Fig. 5. The beam may thus be considered in 
two parts, a central portion where some overstrained 
material exists in the outer layers, and the end por- 
tions which consist of entirely elastic material. 
The deflection due to the central portion will be 
somewhat less than A, obtained by assuming that 
the curvature at any point is fixed by the interior 
entirely elastic material (of depth 2y,). The 
deflection A, due to the elastic ends of the beam 
may be got from the ordinary elastic theory of 
bending. Details of the mathematics which are of 
some length, need not be given, the method is quite 
straightforward, and of a type familiar to degree | 
students of engineering. The result is as follows :-— 


oral 3 /3WL )»/ 3WL 
4 = o7EWw2 |!— 3 ipo?) MV 3- apoae 
_3WwL 


- (ipa) ] 
4fb x) 
_ UPR, _3Ww 
sThw? |*~ ° V/s Toa 
But Sir Alex. Kennedy plots deflection against a 
fictitious stress (say f,) in the outermost fibre, got 
by applying the ordinary elastic theory of bending. 
3W 


L 
Shae * hence 


Ag 





This stress f, is equal to 


as = oY [1-9 (4-1) a/s— 28 
“9 
A - EM, (4-3/3— 28) 


Taking the approximate dimensions given above 
for the rectangular beam used by Sir Alex. Kennedy 
and the values f = 44,000 lbs. per square inch, 


|with Special Reference to German Practice.” 








E = 30-4 x 108 Ibs. per square inch found by his 


produced by increasing couples were measured by | were calculated from the above equations for various 


observing (with telescope and scale) the tilt of | 
little mirrors M,M, placed, as illustrated, inside | 
Curve a, Fig. 4, was obtained | 


values of f, and the results plotted to give curve 
(6) of Fig. 5. Curve (a) of Fig. 5 has been copied 
from the figure in ENGINEERING showing the 
results of Sir Alex. Kennedy’s bending experi- 
ments. The marked increase in Young’s modulus 
shown by the bending experiment (32-5 by 108 Ib. 
per square inch by measurements from the graph 
instead of 30-4 by 10° lbs. per square inch) is 
difficult to account for except by some fault in the 
bending experiment ; but otherwise the agreement 
between curves (a) and (b) is exceedingly good. 
The experimental deflections are rather less than 
the calculated as they ought to be. It may be 
pointed out that a more exact agreement might 
be expected between theory and experiment, in 
the case of central loading than in the case of 
bending by pure couple, since the mixture of over- 
strained and elastic material in the outer layer 
only affects the part A, of the total deflection plotted 
in curve (6) Fig. 5. 





THE INSTITUTION OF FUEL 
TECHNOLOGY. 
(Concluded from page 730.) 

On reassembling on the morning of Wednesday, 
the 8th inst., the Institution of Fuel Technology 
commenced its proceedings with the consideration 
of a paper by Sir Richard Redmayne, entitled “‘ The 
Occurrence, Working, and Treatment of Brown Coals 
Sir 
William Larke, who occupied the chair, said that in 
the absence of Sir Richard Redmayne, the paper 
would be read by Dr. M. W. Travers. 


Brown Coat IN GERMANY. 


The author said that lignites or brown coals, 
varied considerably in different parts of the world, 
but two characteristics were fairly constant, viz., 
high moisture and high volatile hydrocarbon content. 
The calorific value was low. The peculiar structure 
of brown coal enabled it to be handled easily when 
containing as much as 50 to 60 per cent. of moisture. 
Immense quantities of brown coal existed in Austra- 
lia, New Zealand, India and Canada, the thick beds 
of the Latrobe Valley, Victoria, being the most 
remarkable in the world. In Europe the chief depo- 
sits of brown coal were in Germany and Austria. 
The brown coal fields of Germany as a whole served 
as fuel bases, but the deposits of Central Germany 
were remarkable as having served also as the base 
for an important chemical industry since the middle 
of last century, the low-temperature carbonisation of 
brown coal having been successfully carried on from 
that period. The deposits were worked either 
‘“‘opencast,” or from shafts, depending upon the 
thickness of the overburden. Generally it paid to 
remove overburden up to a thickness of three times 
that of the underlying deposit of brown coal. The 
fuel was used on the site in large power stations, 
and in several industries. For transport, the coal was 
dried and pressed into briquettes, this process con- 
stituting one of the most important industries in 
Germany. The semi-coke resulting from carboni- 
sation was too fragile for transport over long distance, 
but the process was practiced for the sake of the 
valuable by-products obtained. A distillation pro- 
cess was used to obtain a form of bitumen known as 
montan wax. Used for cable wax, polishes, gramo- 
phone records, &c., it sold for 221. 10s. per ton 
in the raw state, and 871. 10s. per ton when bleached. 
The bitumen was treated with a mixture of benzol and 
alcohol raised to as high a temperature as possible, 
the coal having been previously dried to a moisture 
content of 13 to 15 per cent. in horizontal revolving 
or vertical stationary dryers. The apparatus 
consisted of cylindrical extractors, with removable 
covers, into which the coal was loaded and stills 
for the separation of the bitumen, with condensers for 
the recovery of the spirit. The bitumen was run off 
into shallow-trays to solidify, while the solid residue 
was discharged on to a conveyor belt which carried 
it to the boiler plant. 

The low-temperature carbonisation process was 
started about eighty years ago for the production of 
lamp oil and a retort invented about 1865-1870 
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was still in use. This was a vertical chamber about 
5 or 6 ft. in internal diameter and 33 to 35 ft. high. 
This was composed of 4 in. firebricks. Outside it 
was a second concentric brick cylinder. The 
annular space was only a few inches wide, and was 
divided by horizontal diaphragms with holes on 
diametrically opposite sides in alternate partitions. 
This formed the flue, the path of the gases. Inside 
the retort proper was a smaller iron cylinder with 
a free annular space between it and the brick wall, 
of 3} in. for the fuel. This inner cylinder was 
formed of a vertical series of shallow conical rings, 
the general construction taking the form of circular 
louvres. The brown coal was heaped over the top 
of the retort, and by its mass served as the top seal. 
The coal found its way down the space between 
the conical rings and the retort wall, the gas being 
drawn off from the central space where it collected, 


passing through the louvre spaces. The coke con-, 


tained 25 per cent. of moisture, but needed complete 
soaking in water to prevent spontaneous combustion. 
It was used in special household stoves. In most of 
the brown coal carbonisation plants, the gases were 
stripped and the light oil recovered precisely as in 
benzol recovery plants, though a vacuum distillation 
process also existed. 

The products recoverable from the brown coal 
were water, unfortunately difficult to dispose of 
owing to its poisonous nature and offensive smell ; 
semi-coke, which was sold for fuel at 10s. to 12s. 
per ton; paraffin wax, extracted from the tar, the 
untreated tar being valued at 3/. to 31. 15s. a ton; 
and light oil, which, when washed with sulphuric 
acid, was used as motor spirit blended with benzol, 
its value being about 75 per cent. of that of motor 
benzol. The tar distillation processes did not show 
any novel method or apparatus. The usual frac- 
tions were taken from the tar, and the acids were 
generally removed by treating them with caustic 
soda or other strong alkali. The statistics were 
remarkable from the fact that they indicated the 
employment of a small number of men in an in- 
dustry of considerable size. 

In proposing a vote of thanks to Sir Richard 
Redmayne and Dr. Travers, Sir William Larke 
referred to the use of brown coals in power plants. 
He had been much impressed with the great 
power stations at the Fortuna mines where the raw 
lignite was transported in wagons of a capacity of 
about 1 cubic yard direct from the mines to the 
boilers. The grates were inclined at about 60 deg. 
and were self-cleaning. He believed the grate area 
was about seven times that usual with bituminous 
coal, and would be glad of further particulars of 
this plant. 

Sir Philip Dawson opened the discussion. The 
loss, he said, of certain black coal areas to Germany 
had stimulated development of the brown coalfields, 
and the work now being done in the way of briquet- 
ting, distillation, and the production of electricity 
from the raw coal was most impressive. He had 
taken great interest in it and studied it on the spot. 
Near Cologne there were two large power stations, 
Fortuna 1 and Fortuna 2, and on another coalfield 
a large power station of 60,000 kw. capacity, 
German rating. In short, 40 percent. of the current 
generated in Germany to-day was derived from 
brown coal. A good deal of thought had been given 
to the question of the advisability of erecting the 
stations on the coalfields, where the condensing 
plants would be inefficient, or of placing them near 
a water supply and transporting the coal. Calcula- 
tions had shown that the former course was the more 
economical, and the power stations were erected on 
the brown coalfields. Here the coal was loaded 
direct into trucks, which were weighed and sent 
either to the boiler bunkers or to the coal stores. 
The current was thus produced at a very low rate 
and could be transmitted to a great distance. There 
were three large stations in Saxony at which 100,000 
kw. was produced and transmitted to Berlin, a 
distance of nearly 100 miles. Here they were con- 
nected up with the first half of the new superstation 
of 500,000 kw. The same principle, he thought, 
might be successfully operated in Great Britain. 
For example, there were large dumps of waste fuel 
in different parts of the country, such as those used 
to advantage, he believed, by the municipality of 
Birmingham during the recent strike. It was 





possible that, with the passing of the Electricity 
Bill, the question of the erection of power stations 
on coalfields might arise. It was true that the 
efficiency of the plant might be adversely affected 
by the use of cooling towers and the low calorific 
value of the refuse fuel, but the coal could be 
pulverised and would not need special grates. It 
was, at any rate, of higher calorific value than the 
German brown coal and did not contain so much 
moisture. Germany had found the plan financially 
possible, despite the lack of condensing water. 

Sir Philip Dawson then went on to say that, 
as he would not be able to be present in the after- 
noon, he would like to make a few comments on the 
subject of low-temperature carbonisation, which 
would be discussed then. We had, he said, certain 
coals in this country very suitable for distillation. 
There were, for instance, in Scotland large dumps 
from the mines, analyses of which showed a yield of 
20 to 30 gallons of oil per ton. These dumps 
were to be had at present almost for the asking. 
Cannel coal existed in large quantities ; indeed, its 
presence as bands in ordinary coal at times rendered 
the mining of the latter unprofitable as it involved 
separation of the two kinds. Yet cannel coal in 
its raw state as it came from the mines could yield 
80 gallons of oil per ton. Interesting schemes were 
on foot. Plants were ready for use in Scotland for 
the production of oil and gas of high calorific value. 
The latter it was proposed to pump into gas com- 
panies’ mains, effecting economies and enabling the 
companies to shut down producers. 

‘Distillation plants were also being erected in 
England on a large number of systems, and expe- 
rience would show which was the best to adopt. 
Hitherto the work on low-temperature distillation 
had been somewhat of a gamble, attempts being 
made without any previous experience. In Ger- 
many, on the other hand, considerable sums had 
been expended on experimental plant by such firms 
as Thyssen and Krupp. He was an advocate of 
low-temperature carbonisation. When lately, in the 
Ruhr, he had been informed that a certain large 
works was pumping its excess gas a distance of 
70 miles and selling it to municipal authorities. We 
were much more favourably situated than Germany 
as regards facilities for distribution of gas. 

Mr. H. Nielsen said that, while endorsing Sir 
Richard Redmayne’s statement as to the extent of 
the brown coal resources of the British Empire in 
general, he would like to correct the.data given 
as far as it concerned the Latrobe Valley, Victoria, 
which was given as being 50 miles long. The 
thickness of the coal, given as 781 ft. in a depth of 
1,000 ft. from the surface, was actually confined to 
the Maryvale—Morwell basin, where within an area 
of three square miles no less than 1,500 million tons 
of coal had been proved to exist. In one block of 
430 acres, bores sunk under Government supervision 
to 1,019 ft. revealed the existence of seams of coal, 
one of which has a gross thickness of 439 ft., while 
the proved reserves ran to 400,000,000 tons. The 
moisture contents calculated by official analyses of 
the Victorian Government, taken during the boring 
operations, averaged about 30 per cent. His own 
experiments indicated a somewhat higher figure, 
viz., 35 per cent. to 40 per cent. Owing to clay 
strata above and below the seams of coal, this 
moisture was far less than that of the lignites of 
Germany. The Morwell type of brown coal had 
the advantage of possessing an ash content of only 
3 per cent., and was practically free from sulphur. 

When boring in this strange basin, no rock what- 
ever was met with, and the Government geologist was 
of opinion that bed-rock would not be reached until 
a depth of 2,000 ft. was attained. This brown coal 
was particularly suitable for oil distillation and 
subsequent pulverisation of the residue. This 
deposit of admirable fuel readily accessible in the 
British Dominions would form a great asset to the 
Empire. 

He had been able to help the Germans con- 
siderably in this matter of low-temperature distilla- 
tion. That country was ahead of us in the financial 
handling of the problems, but not technically. 
There was an old idea in Germany that if steam were 
generated during distillation it protected the oil, 
and initial drying was not resorted to for fear of 
“cracking.” It had been found, however, that 





pre-drying had not this effect. Sir William Larke’s 
figure of the ratio of the grate areas for brown and 
bituminous coal of 7 to 1 was rather too high ; 
4-5 to 1 was more correct. It would only be a 
matter of time before the coastwise traffic of 
Australia was run on the products of the brown coal 
fields, perhaps in the form of pulverised fuel, 
which would have a calorific value of 900 to 1,000 
B.Th.U. 

Mr. Charles Erith commented on the very great 
variety that existed in lignite. Coal, with 47 per 
cent. moisture, had been fired mechanically, Aus- 
tralian practice conforming to the German practice 
in using step grates. In Canada lignite was burnt 
on stokers. He understood that in the super-power 
station spoken of at Berlin, ordinary bituminous 
coal was being used as it did not pay to transport 
the brown coal there. The problems of utilising 
lignite and of hydro-electric undertakings were 
similar ; in the one case, the station had to be near 
a coalfield, in the other near water. At the same 
time an ordinary modern power station required 
enormous supplies of water. At a power station 
in Chicago the output was 208,000 kw., and the 
engineer had leid down that all turbines employed 
in future additions should not be less than 50,000 kw. 
capacity. That meant that the water required for 
such a power station was more than that needed 
for the whole of the City of Chicago. He believed 
the fuel used at Birmingham required a good deal 
of drying. The pit dumps would hardly be worth 
burning when other coal was available. When 
such fuel was used the efficiency dropped to 60 per 
cent. 

Dr. A. H. Railing said that there was no doubt 
but that the Birmingham Municipal and other 
works had been kept going during the strike with 
refuse material from the pit mouth. This fuel was 
mixed with ordinary slacks in the proportion of 
four parts pit mouth material to one of slack, 
and proved satisfactory. He did not agree with the 
last speaker; the value of these inferior fuels 
depended on the cost of transport of ordinary coal. 
The question of consuming the fuel at the pit mouth 
had not been sufficiently looked into. Too much 
was made of mechanical or thermal efficiency 
taken separately. The matter should be gone into 
on broad lines, taking such things as cost of tran- 
sport into consideration. 

Dr. Dvorkovitz, in giving a short account of 
the use of peat for the production of electricity in 
Moscow, said he had carried out experiments with 
lignite, and found that briquettes of this material 
had a tendency to disintegrate and fall into powder, 
thereby causing loss through grates, &c. There 
was also a tendency with lignite for spontaneous 
combustion to develop in the retort. The best 
coal should be used in the production of gas, &c. 
There was always a certain amount of inferior 
coal, and that, with waste products, could be used 
in pulverised form. 


THE Fitow or FurNACE Gases. 


The next paper was also read by Dr. Travers. 
It was entitled, ‘“‘ The Hydraulic Theory of the Flow 
of Gas in Furnaces,” and was written by Professor 
W. E. Groum-Grjimailo, of the Petrograd Poly- 
technic, having an introduction by Dr. Travers. 
The principle underlying the work of Professor 
Groum-Grjimailo, it was explained, was that the 
semi-permanent current of hot gas or flame, which 
was the incandescent product of combustion, 
behaved in relation to the heavier atmosphere, in a 
manner analogous to that of a liquid such as water, 
flowing downward through a light atmosphere, with 
eddies and currents, but maintaining the general 
direction of movement. With flame the direction was 
upwards and with water, downwards. The validity 
of the general statement was demonstrable by means 
of a model of a furnace with glass sides and im- 
mersed in water to represent the atmosphere. The 
flame could be represented by petrol introduced 
by means of pipes in the normal positions at the 
firebox. An analysis of the conditions under which 
pressure in the furnace was set up by differences in 
density, led to the conclusion that the essential 
factor to produce high efficiency was that the 
flames should fill the furnace and “wash the 
hearth.” 
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That condition implied that the opening to the 
furnace from the fire-box should be at the level of, 
or actually, in the hearth itself. The ideal arrange- 
ment was that the pressure difference should be 
zero at the level of the hearth, and the firing arrange- 
ments should be such that the flame entered the 
furnace under positive pressure, the function of the 
stack being only to remove the cooled products of 
combustion. Looking at the problem as a dynamic 
one instead of a static one, Professor Yesman, of the 
department of hydraulics of the Petrograd Poly- 
technic, had shown that the analogy between a 
stream of hot gases flowing over an inverted bed, and 
a stream of water flowing through a channel was a 
very close one, and that the mathematical treatments 
of the two phenomena were very similar. A diagram 
representing the flow of water over a weir, when 
inverted, represented exactly the flow of hot gas 
under an arch or along a flue. Similarly, as the 
flow of water over the sill at a dam could be delayed 
by changes:in the contour of the sill, so might the 
time during which flame remained in a furnace be 
increased by a corresponding hollowing of the surface 
over which the gas flowed, or to put it more precisely, 
by an arching of the furnace crown in the direction 
of the gas flow. The theory led to the following 
conclusions. Furnaces should be constructed on 
the down draught principle. Descending streams 
of hot gas might be divided uniformly. To equalise 
temperatures in a high furnace, the hot gases should 
ascend around the periphery and descend along the 
axis. The space below the crown was the ideal 
combustion chamber in a furnace. The hearth 
should, when possible, be provided with flues to 
prevent the formation of pockets of cold gas, while 
flues should pass vertically downwards in cases 
where slag did not form. The pressure within a 
furnace with doors or working openings should 
approach zero. The flame should be forced into the 
furnace, and the pull of the chimney should only be 
sufficient to remove the waste gases and to draw 
them through the ports and regenerator. The 
working door and openings should be placed as low 
down as possible and at the same height. In 
designing gas mains, chimney flues, &c., the 
principles of the inverted streams should be 
observed. 

The discussion was opened by Mr. T. W. Hunter, 
who said that he was able to give some particulars 
of a billet-heating furnace at work in Paris, the 
design of which conformed to Professor Groum- 
Grjimailo’s specification. This consisted of a tall 
furnace of square cross section, a few inches wider 
only than the length of the billets, which were 
stacked inside it in a high pile. The billets in 
each layer were separated from one another by 
&@ space, and each layer was laid transversely, 
relative to those above and below it. The result 
was a vertical mass of billets something like the 
chequer-work bricks of a regenerator. The furnace 
being relatively small in cross section, was traversed 
at the bottom by a frame, the joists of which 
passed through holes in the walls, and which 
ran on wheels outside it. This was for the purpose 
of charging the billets, which were 3 ft. long and 
4 in. square in section. A hydraulic ram, with a 
table making a vertical traverse, was also situated 
at the bottom of the furnace and worked between 
the horizontal members of the movable frame. 
This part of the furnace was completed by two 
holes in each of two opposite sides of the furnace. 
Through these were passed a pair of steel joists. 
The pile of billets was carried normally on these 
two joists. 

At stated periods a fresh layer of billets was 
put into the furnace by means of the movable 
frame and arranged in position. The table of 
the hydraulic ram was moved upwards, and took 
the weight of the pile of billets, at which point 
the joists were withdrawn. The ram continued 
its upward movement for the distance of one layer 
of billets, when the joists were inserted and the 
ram was lowered, to permit a fresh layer to be 
charged. There was thus a constant movement 
of the billets in a vertical direction, those on the 
top layer being removed as they came level with 
the hole provided for the purpose, and being slid 
down a chute. The gas ports were in the upper 
part. There was no recuperation, and the tem- 





perature of the leaving gases was 500 deg. C. Two 
men were needed to work the furnace. 

The furnace was also used for reheating strips 
3 ft. long, of from 3 in. to 7 in. wide, and } in. 
to 4 in. thick. These were bound together in 
bundles of 2 in. thick, and arranged in the same 
manner as the billets. Two tons an hour were 
usually put through the furnace, and the bundles 
were withdrawn at the rate of about six per minute. 
The loss of weight by scaling was remarkably low, 
being only 6-8 per cent. A modification of this 
furnace was being erected in the south of France. 

Mr. Bailey was interested in the question of the 
application of Professor Groum-Grjimailo’s system 
to steel re-heating furnaces by the modification of 
existing structures. Furnace builders were, how- 
ever, faced with several practical difficulties such 
as ill-fitting and badly constructed doors. Leakage 
meant relatively cold gas on the furnace bed. 
Some metallurgists were strongly of opinion that 
with flames ‘‘ washing’? the bed of the furnace 
a decrease in output resulted as well as a reduction 
in quality. . 

Dr. Shuichi Yamaguchi, Professor of Mechanical 
Engineering, Kyushu Imperial University, Japan, 
after briefly referring to some experiments he had 
carried out on the path of pulverised fuel flames in 
boiler furnaces, said he had been asked to make 
some remarks about the brown coal of Japan. 
There were some gas-works, but they were not in 
a very flourishing condition, as electricity was pre- 
ferred for lighting, while the use of charcoal for 
heating and cooking was a very deep-seated custom 
likely to persist. It was, however, leading to the 
disappearance of the forests of Japan to a serious 
extent, and it was possible that by the low-tempera- 
ture carbonisation of brown coal, a practical sub- 
stitute for charcoal might be found. Japan had 
hydro-electric plants of about two million kilowatts 
capacity. 

Mr. J. C. Deeley considered the paper had thrown 
a good deal of light on points of design of re-gene- 
rative furnaces which had hitherto been matters of 
speculation. The whole question amounted to 
correct balancing inside the furnace. 

Dr. Saunders considered that the paper showed 
clearly the dominating influence of differences of 
density and illustrated the importance of working 
models. We did not, however, yet know how the 
heat actually passed to the charge. 


Low-TEMPERATURE CARBONISATION OF Bitv- 
MINOUS COALS. 


Mr. Edwards was next called upon to read the 
paper “‘ The Carbonisation of Bituminous Coals at 
Low Temperature,” by Mr. 8S. McEwen. In this, it 
was stated that a great amount of work had already 
been done in connection with low-temperature 
distillation ; Mr. Brownlie had details of 220 different 
processes, dating from 1850. Success demanded the 
co-operation of a number of workers. The claims 
on behalf of low-temperature carbonisation had not 
hitherto been very convincing. The real’ founda- 
tion for united effort would be a present or future 
public demand for the products of the system. 
If the consumption of solid fuel for all purposes 
remained the same, following the adoption of low- 
temperature distillation, the output of coal would 
need to be increased, since to yield 100 tons of car- 
bonised solid fuel would need 125 to 143 tons of coal. 
Coal might be separated by low-temperature 
distillation into products, the collective value of 
which might exceed the cost of the original coal by 
an amount which might vary from 10s. to 15s. per 
ton. Markets for these would have to be discovered 
and established. Low-temperature tars were giving 
promising results in the United States, when used 
for preserving railway sleepers and piles in salt 
water. Dr. Muller, of Germany, stated that the 
primary tar-pitch from this process was equal to 
high-temperature tar-pitch in its properties. It was 
claimed that the creosote oil derived from it was 
one hundred times more toxic and better in every 
way than the high-temperature tar creosotes. As 
motor fuels, high-temperature light oils were excel- 
lent. They contained sufficient paraffins and 
napthenes to prevent freezing in winter and could 
be easily and cheaply produced from the crude light 
oil. The oils also contained natural “ anti-knock ” 





compounds. In attempting to carbonise pulverised 
coal, it was found that the velocities of cold air 
or low-temperature gas which were sufficient to 
maintain coal in suspension in the circuit, proved 
ineffective when the temperature was raised to a 
degree necessary to ensure proper carbonisation, 
and the powdered fuel was deposited. The most 
promising direction of development for low-tempera- 
ture distillation, lay in co-operation with those 
engaged in high-temperature carbonisation, é.g., gas- 
works, so that the solid residues of one might supple- 
ment the gases of the other. This co-operation 
would be assisted by proper classification and 
suitable distribution of the coals from particular 
districts. 

Mr. Worsley commenced the discussion by stating 
that he believed that the difficulties in the way were 
commercial and not technical. The main thing 
to find out was whether the products of low-tempera- 
ture distillation were suitable for present operations 
in industry. 

Mr. P. C. Pope was not sure about the increased 
demand for coal indicated by the consumption of 
125 tons to 143 tons of it to make 100 tons of 
carbonised fuel, as it had been definitely shown in 
experiments in domestic heating that heating value 
similar to that of coal could be obtained with an 
expenditure of semi-coke of 25 per cent. less. He 
considered the most hopeful direction for the use of 
the tar lay in cracking. He could not agree with 
Dr. Muller as to the high quality of low-temperature 
tar pitch. For example, in the one property of 
tensile strength, low-temperature pitch gave 200 lb. 
per square inch ultimate strength, while high- 
temperature vertical-retort pitch showed 300 Ib. 
per square inch, and horizontal-retort pitch 500 1b. 
per square inch. With regard to the use of low- 
grade cheap coal, it would pay to wash it for either 
pulverisation or low-temperature carbonisation. 

Mr. E. H. Cunningham Craig thought that the 
discussion of the question started from the wrang 
end. It was hardly possible to start a big industry 
on ordinary coal, though it might be with certain 
coals. The raw fuel available should be studied, 
whether it would pay better to make gas, oil, semi- 
coke or pulverised semi-coke depended on the place 
where the industry was carried on. Thus it would 
not be possible to transport the two last products 
over long distances on account of the cost of freight. 
There were large quantities of cannel coal that 
would give 60 to 70 gallons of oil per ton, and also 
that would yield 50 gallons with 5 gallons of scrub 
spirit. Even without placing any value on the 
residuals, that would pay all expenses and give a 
handsome profit. The matter was considered during 
the war. The only hope, however, was in the 
co-ordination of work and in large installations. He 
would like to know what low-grade fuel was. He 
thought the industry would get the best start by the 
handling of coals of which it knew the properties. 


Smoke AND Pusiic HEALTH. 


The last paper of the meeting was read by 
Dr. J. S. Owens, his subject being ‘“‘ Smoke and 
Public Health.’ The problem of preventing smoke 
pollution, he said, was difficult by reason of its size, 
over 200,000,000 tons of coal per annum being 
consumed in Great Britain. This entailed the 
deposit of approximately 2,500,000 tons of soot a 
year, of which 500,000 tons were tar. About 
900,000 tons of sulphuric acid were produced from 
domestic fires alone and 2,000,000 or 3,000,000 tons 
from industrial furnaces. The air in cities was 
foulest from smoke during the day. In London the 
cleanest period was from midnight to early morning. 
The total solids deposited per square mile were as 
much as 948 tons per year in some districts. It was 
satisfactory to note that some cities, more especially 
London and Glasgow, had shown considerable 
improvement in recent years. Smoke prevention 
was entirely a technical question, and much good 
would be done by a clear statement, made on the 
authority of fuel technologists, showing the present 
position with regard to it. The author was con- 
vinced that the preliminary step towards smoke 
prevention was smoke measurement, in order to 
make it possible to set up standards of permissible 
smoke for any industry. This was essentially, a 
problem for the fuel technologist. 
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THE ISLE MALIGNE POWER PLANT, QUEBEC. 








Fia. 1. 




















Power Houses INTAKE. 





Fic. 2. TursineE FLoor oF THE Power HOvwsE. 


Professor N. Moss, in commenting on the paper, 
said that in the mining industry they had trouble 
with dust, and the average collier breathed a lot of 
it and yet was markedly free from ill-health. 
Carbon dust was probably not so injurious as silica 
dust. Mr. P. C. Pope remarked that stone dust was 
laid down in British mines in order to prevent 
explosions. Silica dust was undoubtedly dangerous 
to health. 





Royat Arronavutioat Socrety.—The secretary of 
the Royal Aeronautical Society has informed us that 
the Wilbur Wright Memorial Lecture, to be delivered 
next May, will be given by Professor Prandtl, of Géttingen 
University, the well-known authority on aerodynamics. 
The lecture will be delivered in English. 





THE CONSTRUCTION OF THE ISLE 
MALIGNE POWER PLANT, QUEBEC. 


A HYDRO-ELECTRIC power plant has recently been 
completed in the Province of Quebec which is 
believed to be, in point of installed generator capa- 
city, the second largest development of its kind in 
the world. It is one of two stations, which will have 
a combined capacity of well over 1,000,000 h.p., 
some of which will be used for papermaking. 

The present plant is on the Saguenay River, 
which drains Lake St. John. It is known as the 
Isle Maligne Station, and consists of a power house 
in which eight 45,000 h.p. units have been installed, 
and in which space is left for four more of the same 





| capacity. The operating head ranges from 120 ft. 
|to 100 ft., while the second station will operate 
| under a head of about twice that of the first or 
| Isle Maligne station. 

| One feature of the construction methods at 
| Isle Maligne was the remarkable speed with 
| which the work was executed, even in the face 
of very typical Canadian weather. The first coffer- 
dam was begun in January, 1923, and the project 
was ready. to operate in the later part of 1925. 
The work involved placing nearly 500,000 cub. 
yards of concrete in seven spillways and a power 
house having 12 turbine emplacements ; erecting a 
brick and steel power house superstructure, and 
|installing eight 45,000 h.p. turbines with their 
| 30,000 kv.-a. generators; moving some 325,000 cub. 
yards of earth and rock in foundation emplacements 
and tailraces ; building an hydraulic fill dam 600 ft. 
long and 45 ft. high; developing sand pits and 
quarries for ballast and concrete ; building 11 miles 
of permanent railway and 14 miles of standard- 
gauge service railway; providing a camp for 
housing and feeding 1,000 men and finally install. 
ing and removing a construction plant costing over 
1,000,000 dols. 

Nature and the location together placed many 
obstacles in front of the engineer. The site of 
the plant on the upper reaches of the Saguenay 
River is about 150 miles north of the city of 
Quebec. The river drains an area above the site 
of some 30,000 sq. miles. The Lake of St. John 
is situated at an elevation of 310 ft. above the sea, 
and its area varies from 380 to 480 sq. miles accord- 
ing to the season. The corresponding change of 
level is about 17 ft. The site selected for the power 
house is 105 ft. below low water level of the lake. 
The winters are very severe and of long duration, 
and the river is deep and broken with rapids at 
high water, and swift-flowing at all times. The 
distance in a straight line from the power house 
to the farthest site where work was necessary was 
about 6 miles. The location of the main volume 
| of the work was in a rocky gorge, on the island of 
Isle Maligne which separated the stream into two 
channels. There were at the outset no adequate 
means of access, no stream crossings, and no accom- 
modation for working forces. High water occurred 
in June and subsided very’ gradually to low water 
in March of the following year. These conditions 
not only introduced construction difficulties, but 
they made necessary a large undertaking, to prepare 
for actual operations on the permanent structures. 
The development of the attack was therefore the 
first phase of the construction task. This task 
embraced (1) providing access and living quarters, 
and (2) installing plant and operating power. 

The main structure is a power house of the head- 
wall type 722 ft. long. This is well shown in the 
views we give in Figs. 1 to 5 on this page and on 
Plate XLV. Of the three general views, Figs. 3 
to 5, Fig. 3 shows the power house and tail race, 
and the Isle Maligne. On the left is the main 
channel of the river, with concrete plant and rail- 
way on the left bank. In Figs. 4 and 5 one of the 
main spillways is to be seen. This spillway is 
known as No.1. The bridge to be seen in Figs. 3. 
and 4 consists of two 90 ft. spans and one of 220 ft. 
The power house extends across part of the river 
known as the Left Channel flowing round the 
northern side of Isle Maligne. The power house 
intake is shown in Fig. 1. As stated, the power 
house provides for 12 units; the intake flumes are 
double openings measuring 16 ft. by 22 ft. These 
are closed by large butterfly valves, operated by 
electric motors. Fig. 2 is a view inside the power 
house on the turbine floor, the generators being on 
the floor above. The turbine intake passages 
gradually merge into a circle of 22 ft. diameter 
corresponding with the larger end of the turbine 
scrolls. These are of steel plate set in the concrete 
of the power house structure. One of the scrolls 
in the works of the makers, the Allis-Chalmers 
Manufacturing Company, is shown in Fig. 7, page 
749, while the speed ring and runner are shown in 
Figs. 8 and 9, these views also being taken in the 
Allis-Chalmers works. The turbine speed is 112-5 
r.p.m., and the generators have each a capacity of 
30,000 kv.-a. at 80 per cent. power factor and 
13,200 volts. 
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The other works of the installation are seven 
concrete spillways and an earth dam across various 
channels between islands. ll of the spillways have 
ogee faces and vertical backs and carry piers for 
gate emplacements. The earth dam is 20 ft. 
wide and 600 ft. long on top, and is 45 ft. high, 
with slopes of 1 on 3 and 1 on 2-5. The eleven- 
mile railway is of permanent construction, and 
there were minor structures for plant operation 
and current distribution. 

Figs. 4 and 5, as stated, show Spillway No.1. This 
extends at right angles to the power-house, and has 
six bays closed by large gates lifted by electric 
hoisting motors operating nuts on long screws. The 
gates are of the Stoney type, 45 ft. wide by 27 ft. 6 in. 
deep. Stop logs can also be placed in position in 
front of the gates. Spillway No. 4 was the largest 
structure apart from the power-house. This 
spillway is shown during construction, in winter, 
in Fig. 6, Plate XLV. This structure was 
about 2 miles above the power-house site, and ex- 
tends across a branch of the stream known as the 
Right-Channel, on the south-west side of Isle 
Maligne, that is to say, the stream shown on the 
left of the view in Fig. 3, and in the foreground in 
Figs. 4 and 5. The other three spillways are small 
works built across three channels of what is known 
as the Little Discharge, leaving the lake to the 
south of the Grand Discharge on which the power- 
house is situated. 

As the illustrations indicate, the main construc- 
tion work was of concrete, excavation being 
largely in rock. The volumes in round numbers 
were as follows:—Power-house and spillway No. 
1, concrete 300,000 cubic yards and excavation 
280,000 cubic yards, including the tailrace ; spillway 
No. 4, concrete 150,000 cubic yards, and excavation 
25,000 cubic yards; spillway No. 3, concrete 
21,000 cubic yards and excavation 8,000 cubic 
yards ; spillway No. 2, concrete 2,000 cubic yards ; 
and spillways Nos. 5, 6 and 7, about 27,000 cubic 
yards. Spillway No. 1 and the power-house were 
about 1,000 ft. away from the mixing plant, spillway 
No. 2, 2,500 ft. away; spillway No. 3, 4,000 ft. ; 
and spillway No. 4, which could be approached 
from both ends, two miles away on Isle Maligne 
and 2-7 miles distant on Alma Island, the latter 
being the land on the left bank in Fig. 3. These 
distances are all service railway measurements, and 
not bee-line distances. Spillways Nos. 5, 6 and 7, 
by similar measurement, were upward of eight miles 
from the mixing plants. 

The main volume of the work, even with these 
scattered locations, was pretty well concentrated on 
Isle Maligne. The Grand Discharge of the Saguenay 
River north of Alma Island is a deep rocky gorge, 
in which Isle Maligne, itself rugged and precipitous, 
separates the stream into two channels. With 
the volumes, distances and elevations as described, 
the initial tasks, as stated, were to develop access 
and provide living quarters. These were planned 
with the same care as were the permanent struc- 
tures, and fully worked cut before any construction 
was begun. In brief, when the preliminary working 
force went into the field, they knew what railway 
work, including terminals and yards, was to be built, 
and what camp structures were to be put up and 
where. The climate and the stream flow set the 
times when certain construction operations could 
be begun, and must be finished. Delay due to poor 
advance planning was not to be risked. 

The nearest railway was the line to Chicoutimi of 
the Canadian National Railway. A highway of 
fairly good order, but with heavy grades, led from 
Hebertville to St. Joseph D’Alma, crossed the 
Little Discharge and swinging north and east, 
crossed the Grand Discharge about a mile below 
Isle Maligne. St. Joseph D’Alma was the nearest 
village, and is chiefly of irterest in the present 
connection as the location of a paper mill built by 
the Messrs. Price Brothers, well-known paper 
makers of Canada. 

Beyond permitting the haulage of small quantities 
of materials and supplies for the preliminary work 
of the first winter, the highway was of little service. 
The railway which was constructed provided many 
advantages, and formed an integral part of the 
permanent development, providing an outlet for 
any industrial development, such as the paper 


mill at St. Joseph D’ Alma, which was contemplated 
but not built when the water-power project was 
started. It was extended by service tracks to the spill- 
ways and other parts of the work, and served a 
definite purpose as a part of the construction organi- 
sation. From the junction to the power-house, by 
the alignment chosen, was 11 miles, with reason- 
ably easy grades. The track was laid with 70-lb. 
rails. All bridges were built of steel set on concrete 
piers, the longest and most important being that 
already mentioned at Isle Maligne. The yard 
tracks and service lines added about 14 miles to 
the railway system. All the larger structures, with 
the exception of the three small spillways at the head 
of the Little Discharge, were reached by railway. 
These roads were well laid, and had grades which 
made good speeds possible by the heavy trains 
carrying mixed concrete. These service railways 
were laid down in part in 1924 as need for them 
developed, but the permanent branch was put 
through in 1923. 

Railway rolling-stock and power was limited to 
locomotives and cars employed in construction. 
The construction locomotives were 33 and 40-ton 
saddle tanks, with 14,400 lb. and 17,400 Ib. tractive 
power respectively. There were 18 of these loco- 
motives in operation. There were 20 flat cars, of 
80,000 and 100,000 lbs. capacity. The dump cars 
consisted of 36 air-dump 20-cubic yard cars, and 
20 hand-dump cars of six cubic yards capacity. 
Engine and car maintenance was arranged for in 
the job machine shop and blacksmith shop of the 
works. 

Virtually, the 30-mile railway system and the 
camp village formed part of the construction plant, 
but the term plant is here used to include shops 
and equipment specifically performing construction 
operations. These alone represented well over 
one million dollars expenditure. All plant was 
electrically operated, except the locomotive cranes, 
steam shovels, and the railway locomotives. In the 
aggregate, the motor equipment represented about 
5,000 h.p. The distance of the three small dams on 
the Little Discharge resulted in their construction 
being local operations with small outfits. Planning 
of the main plant was concerned chiefly with the 
concrete structures on Isle Maligne, and in a secon- 
dary way with the earth dam on Alma Island. Of 
these structures, the bulk of the work was within 
a railway haul of less than three miles—three- 
fourths of it being within one mile. The earth dam 
being a separate structure, of different nature from 
the others, called logically for independent treat- 
ment. In planning the main plant the chief 
consideration was the best equipment for the 
concrete work, rock excavation, and turbine 
emplacement steelwork. Production and distribu- 
tion of concrete were the dominant plant require- 
ments. Concentration of much of the concrete 
work in the power-house and its connecting spillway 
has been noted. Similarly, the rock excavation 
was concentrated in the power-house emplacement 
and in the tailrace. As the tailrace ledge was of 
granite of a class well suited for concrete, its crushing 
and use for aggregate was obviously economical. 
It was decided to instal a central mixing plant near 
the power house, as this position entailed only a 
short haul for the rock to be crushed and for crushed 








aggregate. With the size of crushing and mixing 
| outfit required for the power-house, its enlargement 
| and the extension of its service to the other concrete 
|dam operations (spillways 2, 3 and 4) naturally 
| followed, and it was in part due to this that the 
| service lines were extended as has been noted, to 
|each spillway. With a maximum haul of 2-7 miles, 
|it was practicable to run a train of mixed concrete 
'to the furthest end of spillway No. 4 in 20 min. 
| Using large batch containers, this time was entirely 
|safe, and, indeed, it gave latitude for some little 
| delay. 

| Following the adoption of a single central plant 
'for producing concrete, conditions required large 
| working units. A fast programme was adopted 
|for the work. The volumes were considerable, and 
| added to this there were certain critical operations, 
| like putting in the first lift of the power-house head 
| wall during the short winter period of low water, 
which demanded great spurts in output. Only by 





very large working units could the necessary speed 





be assured. At the same time, large container units 
resulted in more economical working as regards 
standard-gauge railway haulage to the spillways. 
For these reasons two four-yard mixer units were 
decided upon and all other equipment was planned 
for a corresponding output. 

The primary unit of the crushing plant was a large 
jaw crusher, which delivered to a grizzly, the rejects 
from which then went to a gyrator crusher. This 
crusher and the grizzly delivered their output to a 
42-in. belt conveyor 130 ft. long, which ran to the 
scalping screen, which passed all material under 
2 in. The rejects from the scalping screen were 
sent to four other gyratory crushers. Material 
passed by these crushers and the scalping screen 
went direct on to a second 42-in. belt conveyor, 
some 200 ft. long, reaching to finishing screens at 
the top of the mixer building. Here the screens 
discharged into the two end bins of a row of three, 
the middle bin, reserved for sand, being kept full 
by a derrick and grab from a dump maintained by 
trains from the sand pit, which was something over 
a mile away. A 70,000-bag cement house stocked 
and handled the cement supply. 

Beyond the mixer house was the mixer charging 
floor, and beyond this were the two 4-yard tilting 
mixers. These discharged outside the building 
into 4-yard buckets on standard gauge flat cars. 
The latter were passed by way of the service railways 
to any of the structures, as required. The plant was 
notable for the extent to which manual labour was 
eliminated, except as regards machine attendance. 
But for the fact that the bulk concrete was unloaded 
by hand, there would Rave been only a sequence of 
machine operations from the receipt of the materials 
to the delivery of concrete. An unusual feature was 
the steam heating of the mixing house, so that cold- 
weather hinderances to inside operations were 
minimized, if not entirely eliminated. The same 
plant of two 100-h.p. boilers heated the mixing 
water, and there was a 90 h.p. boiler for heating the 
sand. Travellers were used for placing the concrete, 
each having a frame of 43-5 ft. span and 36 ft. long, 
with a portal clearance of 16 ft., riding on double- 
flanged wheels. Three railway tracks came within 
the radius of the booms, and a locomotive crane could 
pass under the travellers. Two derricks were fitted 
to each, and handled 10 tons at 80 ft. and 20 tons 
at 10 ft. Four travellers were employed. The 
derricks for other concrete operations and other 
work were of the stiff-leg type, with 85 ft. booms, and 
guy derricks with 100 ft. booms, handling 15 tons 
and 20 tons, respectively. Altogether, fifteen large 
derricks were used besides the eight on the travellers. 
Any of these derricks could handle the 4 cubic yard 
bottom-dump concrete buckets. With the plant 
adopted it was thus possible to take materials from 
three standard-gauge tracks and reach to any part of 
the structure with 10-ton loads and most parts with 
20-ton loads. Working on a steel trestle, the travellers 
were able to handle three-quarters of the work at a 
lower level than themselves. They were equivalent 
to eight derrick units working either bunched together 
or scattered, and, having a salvage value of eight 
general service derricks, in addition to the scrap 
value of the carriage, these travellers constituted 
quite a unique plant unit. Without them it is 
probable that the first lift of head wall could not 
have been placed across the river during the low 
water period in the winter of 1923-24. With a small 
outfit of planers, lathes, drills, shears, bolt and pipe 
machines and forges, the machine shop built several 
special flat cars, points and crossings and other 
plant. This shop proved a very useful adjunct in 
assisting to keep down prices or meeting emergency 
requirements. The carpentry shop fitted with band, 
swing and rip saws, a joiner and a planer, and small 
tools, was chiefly occupied on form making. To 
July 1, 1924, in the neighbourhood of 7,000,000 ft., 
b.m. of lumber had been used. Of this amount, 
about 500,000 ft., b.m. were produced by a job 
sawmill. All structural timber was British Columbia 
fir. The sawmill produced only boards and only 
from such logs as might be hauled in on the snow 
in the winter. 

Except for the steam shovels, locomotive cranes, 
and railway locomotives, all construction and shop 
equipment was driven electrically. Messrs. Price 
Brothers, who are connected with the Saguenay 
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power development, have a hydro-electric plant at 
Chicoutimi from which they were in a position to 
furnish very low-priced power. A 40-mile, 44,000- 
volt transmission line was constructed from the 
Chicoutimi plant to Isle Maligne. At the work the 
current was stepped down to 2,300 volts for the 
large motors and to 440 volts for the smaller machines 
and was also distributed in the construction camp. 
Altogether about fifty motors were required, all 
but two or three being alternating current induction 
machines. The larger were 400 h.p. motors. for 
the main crusher and the hydraulic plant, one 
of 350 h.p. for the air compressor, and of 200 h.p. 
for the secondary crusher. The derrick motors were 
all 100 h.p. 

The work was notable for a number of periods of 
rapid progress in what was actually a fast construc- 
tion programme. Work was also uninterruptedly 
carried on all through intensely cold winter weather. 
These two features formed the essential reasons for 
the large plant which has just been described. The 


circumstance has been noted that low water in the | 


Saguenay River is in March, the months of January- 
March being the low-water quarter of the year. 
Within the working time available it was easily 
possible to complete the other separate and much 
smaller units, so the power house was first taken in 
hand. The first task was to lay the site open by 
cofferdamming the channel above and below it. 
The time to place cofferdams across the deep and 
swift flowing Saguenay River rapids obviously was 
in the low-water quarter of the year. Construction 
of the upstream cofferdam was therefore begun in 
January, 1923, and at the same time work was 
started on the connecting railway. The upstream 
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cofferdam was 
completed in 
March and the 
downstream cof- 
ferdam was put 
in in the summer 
of 1923. While 
the railway was 
being carried 
through and the 
plant installed, 
excavation of 
the dam site and 


concreting were 
being carried 
on. These opera- 
tions continued 
until the 1924 
low-water period, when the operation of blocking off 
the channelwith the power house head wall had to be 
completed. During the summer of 1924, work went 
on on the power house and spillways to the point 
where, as winter closed down, water could be turned 
again through the north channel. With the low- 
water period of 1925, the operation of cofferdamming 
the south channel above spillway No. 4 was put 
through. In both these cases, i.e., when closing 
the river for the power-house work gnd for spillway 
No. 4, the cofferdam construction was rushed 
through during the winter at low water. The same 
methods and the type of structure were employéd 
for the power house and spillway cofferdams. The 
og may be seen through the structure itself in 

ig. 6. 

The power house cofferdam work had to be 
done in the low-water period of January-March, 
1924. The stream was deep and swift, so swift, in 
fact, that, despite the intense cold, ice did not form 
and cover the centre of the current. The tempera- 
ture seldom rose above freezing, and for many days 
the mercury registered below zero, sinking fre- 
quently to — 30 deg. F. At the time of this work 
there was no railway connection, and all haulage 
had to be done by sledge on snow roads. In this 
manner the logs and lumber for the dam, and, indeed, 
all materials and supplies required, were brought in. 
The shape of the dam was a V, with the point up- 
stream. It was built of stone-filled log cribs with 
vertical sheeting on the upstream side. The length 
from end to end straight across the stream was 
about 1,100 ft. As originally built, the width 
nowhere exceeded 40 ft., but later the section was 
increased and strengthened by adding 20 ft. in 











preparations for | because of the swift current. 
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| width at deep spots. The sheathing consisted of two 


layers of 1}-in. tonged and grooved boards. The 
river bottom was rocky and very irregular. 

In general, construction followed the usual 
procedure. The structure was carried out from 
each shore by sinking successive cribs. The pro- 
gress made under difficult winter conditions was the 
notable feature. The filling of the cribs closely 
followed the sinking, and in this way a cofferdam of 
17,868 cubic yards was put in in sixty days, ex- 
clusive of sheeting. By means of a brushwood 
boom an ice bridge was encouraged to form across 
the middle channel, which was normally unfrozen 
By this means the 
current was checked and frazile ice allowed to 
collect. 

Except for the three spillways Nos. 5, 6 and 7, on 
the Little Discharge, all concrete was distributed 
from the central mixing plant previously described. 
Four 4-yard buckets were loaded on each flat car, and 
hauled on service railway branches to the various 
operations. The work was continued the year round. 
The methods by which the winter concreting was 
carried out are well illustrated by the building’ of 
block No. 1, or the head wall of the power house. 
By the completion of this block, the river was closed 
to a level above high-water level. As previously 
stated, it was important that this closure should be 
made during the low-water quarter of the year, and 
this was, therefore, the critical operation of the 
second winter’s work. The task involved concreting 
in the depth of winter at a speed fast enough to 
place something over 100,000 cubic yards of con- 
crete before the June floods. Practically the entire 
amount of concrete was put in at below freezing 
temperature and much of it at a temperature below 
zero. No precautions were taken other than to 
deposit the mixture warm and protect it by a 
reasonable amount of blanketing to conserve the 
heat. On the night of February 7, 1924, the mixing 
plant and secondary crusher outfit, with their 
connecting conveyors, were unfortunately burned 
out. The primary crusher plant, however, remained 
intact, as did the lower part of the mixer plant. 
The mixing units proper were quickly put in working 
order again. The concreting of the head wall 
closure of the channel was in progress, and, pending 
the complete restoration of the plant, the mixers 
were quickly put into working condition. Coarse 
aggregate from the primary crusher was hauled 
direct to the mixers, put through them, and used for 
the structure. For the time being all intermediate 
crushing and mixing processes were eliminated. 
The proportions of cement and sand were adjusted 
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to the large aggregate, and, in less than three weeks | 
after the fire, concreting was again in full swing. | 

As regards heating, the main idea was to get the | 
heat into the water and not into the aggregate. A 
considerable amount of experimenting was done on | 
this point, which all indicated that, beyond keeping | 
the sand and stone thawed out, it did not pay to put | 
much heatintothem. Their specific heat, especially | 
that of the sand, is low, and fuel is better expended | 
in heating the, water. Concrete was turned out in 
4 cubic yard batches, carried in 4-yard buckets to 
the work, and deposited promptly. Both the size 
of the batches and of the containers helped to 
conserve the heat. No concrete faults developed 
due to frost in the whole winter’s work. In all the 
concrete work there was very little complex form- 
work as the turbine and motor emplacements and 
the water passages were, for the most part, plate- 
steel units embedded in the concrete. Nearly all 
the form work was made in the shops, leaving only 
its erection for the field carpenters. 

An incident of special and spectacular interest 
was that of the largest blast ever made in Canada. 
This took place on October 27, 1925. Not only was 
this the largest blast ever made in Canada, but was 
perhaps one of the most unique blasts on record, in 
that it constituted an attempt to excavate a ditch 
over 200 ft. in length, 38 ft. deep, and from 100 ft. 
to 150 ft. wide through a hard Gabbro rock. All 
the rock had to be thrown out of the ditch if the 
effort was to be successful. One feature of the whole 
scheme of development at Isle Maligne, which 
placed unusual demands upon the skill of the 
engineers, was the building of a rock-filled dam at a 
certain point to direct the flow of water to the power 
house. An attempt had been made to build this 
dam in the earlier stages of the work, and some 
progress had been made in closing the channel when 
the rapidity of the water flow became so great that 
any further rock which was dumped into the channel 
was washed away. In order to reduce the flow 
sufficiently to allow of completion of the dam, it 
was decided to excavate a diversion canal and so 
reduce the flow through “he natural channel 
sufficiently to permit the dam across the natural 
channel to be built. The length of the diversion 
channel was approximately 520 ft., and its depth 
from 38 ft. to 40 ft... while its width varied 
from 100 ft. to 150 ft. The central 200 ft. were 
taken out in the usual manner, the rock being 
blasted and removed by steam shovels, This left 
at each end a bulkhead approximately 100 ft. in 
length. But, as it was found impracticable to 
take out more rock in the regular manner without 
letting in the water, the contractors decided to blast | 


out the two bulkheads completely and at one time. | 
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No data concerning any similar blast appeared to be 
available, and it is probably unique. 

In the upstream bulkhead, approximately 
14,700 cubic yards of rock, and in the downstream 
end approximately 17,500 cubic yards of rock, had 
to be blasted completely away. In the Grand 
Discharge, the flow reaches a maximum of 225,000 
cub. ft. per second in May or June, and usually a 
minimum of 15,000 cub. ft. per second in April. 
Advantage had to be taken as far as possible of the 
low state in transferring the river from the old 
channel to the new, in which control was arranged 
for by previously constructed piers and stop logs. 
The canal and openings were designed to carry at a 
fixed elevation a flow of 26,000 cub. ft. per second. 
This elevation was one at which, it was calculated, 
the natural channel would be sufficiently unwatered 
for the fill to be possible. The work in connection 
with the canal was planned to be completed for the 
blast on November 1, on which date the flow of the 
river was anticipated to be within a few thousand 
cusecs of that estimated. The shot was actually 
made three days in advance of the date scheduled. 

On account of the space available and the eleva- 
tion of the old river bed at which the canal had to 
begin and end, the design of the canal necessarily 
took a shape which made the upper end, and hence 
the bulkhead to be shot out at that point, narrower 
than the lower end and the bulkhead to be removed 
there. It was decided to cut three tunnels in the 
upstream bulkhead and six tunnels in the down- 
stream bulkhead and to charge these tunnels with 
approximately 6 lb. of explosive per cubic yard 
of rock to be broken, giving due consideration also 
to the weight of the water overlying the yardage to 
be removed. The amount of explosive used in the 
upstream end was 25,800 lb. of 60 per cent. Polar 
Forcite and 68,373 lb. of 35 per cent. Polar Forcite, 
a total of 89,173 lb. of explosive which entirely 
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blasted away 14,700 cub. yards of rock; this ead 
was, therefore, loaded with 6-06 lb. of explosive 
per cubic yard. In the downstream end, 35,800 
lb. of 60 per cent. Polar Forcite and 80,560 Ib. of 
35 per cent. Polar Forcite were used, making a total 
of 116,306 lb. of explosive which entirely broke 
and threw away 17,500 cub. yards of rock ; this end 
was, therefore, loaded with 6-64 lb. of explosive 
per cub. yard. The respective pockets of explosive 
in each tunnel were primed with two No. 8 electric 


| blasting caps and Cordeau Bickford. The Cordeau 


Bickford was protected by a wooden box. The 
electric wire was laid along the side of the box 
and both were carefully covered with sand before 
the remainder of the tunnel was tamped. The 
firing switch was approximately three-quarters of a 
mile away from the blast and amply protected from 
any flying rock ; 440-volt lines were used for firing 
the charge. The time required for preparing the 
tunnels was about two months, and the placing of 
the explosive charges and tamping of the tunnels 
was done in four days with a crew at each tunnel. 
The blast was an entire success, less than 5 per cent. 
of the rock blasted falling back into the canal. 
The canal sides were broken clean and almost 
vertical owing to a number of shearing holes having 
been drilled on the proposed line of break and down 
to grade. These holes also helped to preserve the 
barrier between the natural channel and the canal. 

Another very interesting feature in connection 
with this blast was the means taken to protect 
the concrete piers which had been erected in the 
canal, for the purpose of supporting stoplogs, when 
necessary. These piers were only 160 ft. from one 
bulkhead and 150 ft. from the other bulkhead, so 
that they were about midway between the two 
heavy blasts. To protect them sand was used, 
35,000 cub. yards of it being dumped over the top 
of the piers until the tops Were covered to a depth 
of 8 ft. This method proved very effective, no 
damage being done to the piers by the blast. By 
means of a powerful pump quickly installed, a stream 
of water soon bored a hole through this sand, and as 
soon as this was done the water which had been 
dammed up on the upstream side quickly enlarged 
the opening and washed away the whole accumula- 
tion in about 25 minutes. The dam itself was sub- 
sequently completed, and stop logs were placed 
across the canal so that the water was brought 
under control. 

The plant was constructed by the Duke-Price 
Power Co., under rights granted by the Quebec 
Government to utilise the capacity of the lake 
between low and high water levels. The consulting 
engineer was Mr. William S. Lee, the engineer in 
charge of construction being Mr. F. H. Cothran. 
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of the compartments contain single berths, with lavatory 


SLEEPING CARS FOR THE INTER- | ft! le be 
NATIONAL SLEEPING CAR COM- basin, &c. There are communicating doors between 
PANY. LIMITED | three pairs of these single compartments, so that they 

’ ; | can be used as large double-berth sets if required. The 

Since the war, several orders for rolling-stock have | remaining accommodation consists of four double- 
been completed in this country for the Compagnie Inter- | berth compartments, each pair having a dressing room 
nationale des Wagon-Lits et des Grands Express} between them which is accessible from either. There is 

Européens. Stock built in this way and forming}thus sleeping accommodation for 16 passengers. 

part of the famous Riviera ‘* Blue Train” is illustrated | All the berths can be turned into comfortable seats 

in Figs. 1 to 9 on this and the opposite pages and on | during the day. The general lines and interior 

page 758. - | arrangement of these vehicles is shown by Figs. 1 to 3, 
Fifteen of these coaches have been constructed by | opposite, while Fig. 4, above, shows the appear- 

the Birmingham Railway Carriage & Wagon Company | ance of the completed coach. The general impression 

Limited, Smethwick, Birmingham. The length of these | of the coach on the compartment side, Fig. 4, is one 

coaches, over platforms, is 72 ft. 10 in. (22-2 m.), this of ample window space, the double-berth compartments 

being made up of a body of 67 ft. 3 in. (20-5 m.) long} having three-light windows and the single-berth 
with a vestibule of 2 ft. 9} in. (850 cm.) at each end. | two-light ones. Fig. 1 shows the vehicle from the corri- 

The car contains 12 compartments, reached by doors | dor side, the space being divided into five wide three- 











from a corridor running from vestibule to vestibule ; | light windows and two single-light ones. The bodies | 


end doors separate the vestibulesfromthecorridor. Fight | are of the all-steel type, with a plain roof of semi- 


| elliptical outline. The exterior is finished in blue 
| with gold lining to the latest standard of the Inter- 
| national Sleeping Car Company, Limited. 
The underframe will be described in detail in a later 
| article. The length of the vehicle over the buffers 
is 76 ft. 112 in. (23-452 m.). The bogies have a wheel 
base of 8 ft. 24 in. (2-5 m.) and are spaced 52 ft. 6 in. 
| (16 m.) apart from centre to centre. The height from 
| the rail to the top of the roof is 13 ft. 24 in. (4-025 m.) 
and the width over the cornice 9 ft. 38 in. (2-836 m.) 

As already stated, the body is entirely of steel plate, 
reinforced vertically by pressed steel pillars and hori- 
zontally by rolled-steel sections atthe cant-rail, waist 
and bottom rail. The upper portions of the body!side 
plates are pressed in to form recesses for the window 
mountings. The partitions between the compartments 
are carried up to the roof, and in between them the 
latter is stiffened by intermediate carlines. These are 
of angle section, attached to longitudinal purlins and 
to the cant-rails at the sides. The roof proper is of steel 
plates, the whole being securely riveted to the several 
members described above. Contrary to British practice, 
the vestibule ends are not continuous with the body, 
but are somewhat narrower, the precise shape being 
clear from Fig. 5. These vestibules are of steel, both 
inside and outside, and by using pressed-steel pillars 
| and rails of suitable shape have been made very strong 
| structures. The vestibules have hinged doors for the 
gangways, as well as doors into the corridor, .as 
mentioned above. 

Entrance is gained through side doors in the vesti- 
bules by means of steps having ladder handles. Fig. 5 
shows these details quite well. The boxes projecting 
over the buffers are provided for putting food and 
other materials on the car from the platform without 
opening the vestibule doors. Other cupboards are 
arranged in the ceiling for various staff and service 
purposes. The interior of the vestibules is finished in 
steel panels with mouldings, and painted to match the 
| mahogany of the compartments. 
| The compartments have been finished with great 
attention to detail. Figs. 6 and 7, page 758, show a 
two-berth compartment arranged for sleeping and day 
use, respectively. The woodwork is of dark mahogany 
| with quartered panels inlaid with marqueterie enrich- 
ments and stringing. The ceiling is white with 
mahogany moulds. The upholstery is of blue figured 
velvet, with a carpet to harmonise. A folding seat and 
small table are provided in each of these compartments, 
and parcel racks, luggage-carriers, hooks, clothes nets, 
and such other accessories as bells, ventilator controls, 
and switches, are fitted in convenient positions. On 
the right hand of Figs. 6 and 7 will be seen the door 
leading into the dressing-room, its upper portion being 
fitted with a large mirror. The dressing-room is 
finished in white enamel throughout, and contains a 
large wash-basin, oval mirror, &c. 

The single-berth compartments are illustrated in 
Figs. 8 and 9, page 758, which show the arrangements for 
night and day use, respectively. In these compart- 
ments, the wash-basin is fitted into a mahogany cabinet 
with a hinged lid, forming a table when let down. Above 
this is a toilet cabinet fitted with a mirror inside the 
door. An additional mirror is fitted on the partition, 
and luggage racks, hooks, &c., are provided, as in the 
double-berth compartments. In Fig. 9, the swivelling 
ventilating louvres will be noticed in the upper part 
of the smaller light of the window. The window in 
the larger light can be lowered in the usual manner. 
| The corridor is finished in mahogany, with panels 











to that of the compartments, being of cork covered with 
linoleum, on which is laid a thick pile carpet. On the 
coach side in the corridor, are seven tip-up seats for 
the use of passengers, and at one end a folding seat 
and couch for the attendant are provided. Cupboards 
for linen and auxiliary candle lamps occupy a corre- 
sponding position at the other end. 

At one end of the car there is a lavatory with a 
w.c. and at the other end a w.c. only. These are provided 
with cupboards for the use of the staff and are finished 
in steel, painted white and enamelled. The floors 
are of marbled Induroleum. Hot and cold water are 
Jaid on to every wash-basin in the carriage, and heating 
by hot water is arranged for by copper circulating 
pipes running along the sides close to the floor, both in 
the compartments and corridor, and also above the 
windows in the compartments. The water is normally 
heated by a small coal-fired boiler in a special compart- 
ment at one end of the carriage, access to this being 
obtained from the adjoining vestibule. This boiler is 
shown in the right-hand bottom corner of Fig. 2. Itis 
connected to copper circulating tanks above the lava- 
tory. In case of need, however, the water in the boiler 
can be heated directly by means of steam supplied by 
a Koerting injector from a steam main on the 
under-frame. Another method of heating the corridor 
is provided by low-pressure steam taken from the 
steam main and controlled by a special valve inside 
the carriage. 

The lighting is electric throughout, a Dick’s system 
dynamo with regulator and batteries contained in steel 
boxes on the under-frame, being fitted. The wiring is 
run in insulated conduits, those on the underframe 
being of steel, and those inside the carriage of brass. 
All the lights are controlled from a switchboard in a 
lock-up cabinet at one end of the carriage. There are 
recessed ceiling lights in the compartments, and brackets 
and pendants in the corridor, vestibules, and lavatories. 
Reading lamps and night lights are also fitted to each 
compartment, while for use in the event of a failure of 
the electric current, candle lamps are provided. Ventila- 
tion is effected by means of torpedo extractors in the 
roof and by the glass louvres in the small windows 
of the compartments already alluded to. 


(7'o be continued.) 








THE LATE SIR WILLIAM TILDEN. 


WE regret to announce the death of the veteran 
chemist, Sir William Tilden, D.Sc., F.R.S., who passed 
away, on December 11, at his home, The Oaks, North- 
wood, Middlesex, in his 84th year. When he attended 
the annual meeting of the Chemical Society in March, 
1924, in order to greet his former pupil, Professor 
Wynne, in the presidential chair, he said that it was 
probably his last visit to Burlington House. Failing 
eyesight alone then seemed to have led him to make 
that remark. 

William Augustus Tilden was born in London on 
August 15, 1842, a son of the late Mr. Augustus Tilden. 
Educated at private schools and at Bedford School, he 
became a student of pharmacy and chemistry at the 
Pharmaceutical Society, which appointed him demon- 
strator in chemistry in 1864, and also at the August 
Wilhelm Hofmann’s College of Chemistry in Oxford- 
street, which the Government associated with the 
Royal School of Mines in 1853. Leaving his appoint- 
ment at the Pharmaceutical Society in 1872, he was 
successively science master at Clifton College till 1880, 
professor of chemistry and metallurgy at Mason 
College, Birmingham till 1894, and Sir Edward Thorpe’s 
successor in the chair of chemistry at the Royal College 
of Science till 1909, when he retired with the title of 
Emeritus Professor of Chemistry at the Imperial College 
of Science and Technology and a knighthood. He was 
president of the Institute of Chemistry from 1891 to 
1894, and president of the Chemical Society from 1903 
to 1905. 

His main activity belonged to the past century. 
His work on the specific heat of metals in its relation to 
atomic weight was the subject of his Bakerian lecture 
before the Royal Society in 1900, which awarded him 
the Davy medal in 1908. In the course of his studies 
and researches on terpenes, which include turpentine, he 
obtained, by the action of heat, a liquid isoprene, 
previously obtained only by destructive distillation of 
india rubber, as he described to the Chemical Society in 
1884; this isoprene, by contact with gaseous hydro- 
chloric acid, was partly converted into rubber. This 
statement is taken from Tilden’s book of 1917 on 
Chemical Discovery and Inventions in the Twentieth 
Century. The polymerisation of isoprene into rubber 
had first been effected by Bouchardot in 1878 ; Tilden 
found in 1892 that his isoprene had slowly changed into 
a rubber-like substance, but he had little further share 
in the manufacture of synthetic rubber, which he him- 
self wrote in 1917 need not alarm the rubber planters. 
That, of course, is more pronouncedly the present 
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view, though some 500 patents were taken out 
between 1910 and 1914 on synthetic-rubber processes, 
and the war revived the interest in the problem. Of 
other books by Tilden we mention his Introduction to 
Chemical Philosophy (1876), Practical Chemistry 
(1880), ‘Hints on Teaching Chemistry (1895), and 
Short History of the Progress of Scientific Chemistry. 
The Elements (1910) was a small book in which 
none of the fathers of the disintegration theory were 
mentioned, and his Famous Chemists (1921) (following 
the Life of Sir William Ramsay,” 1918) were a series 
of short sketches beginning with Boyle. Sir 
William’s second wife, and a son by his first wife, 
survive him. 





THE LATE MR. G. T. WALCH. 


Tue sudden death of Mr. George Turner Walch, at 
his chambers, 7, King-street, St. James’s, London, 
8.W.1, on December 11 last, removes from our midst 
a civil engineer who spent most of his active life in 
India, where he was engaged in connection with 
various important public works. Mr. Walch was born 
on April 21, 1838, at Heavitree, Exeter, the fourth 
then surviving, son of the late Major J. W. H. Walch, 
of H.M. 54th Regiment of Foot. In 1842, upon 
his retirement from the Army, after long service 
abroad, chiefly in India, Major Walch emigrated 
with his family to Tasmania (then called Van Diemen’s 
Land), where he had been given a grant of land. Three 
years afterwards, young George Walch was sent back 
to England to be educated ; he was at school at Exeter 
for five years, and also studied under private tutors 
at Sandhurst. Subsequently he returned to Tas- 
mania, and completed his education at the High 
School in Hobart Town. Upon leaving school, he 
joined the Government Survey Department as a 
student, and remained in this capacity for about a year. 
After spending some time with Messrs. Davidson and 
Spong, engineers and architects, he entered the office 
of Mr. Clement Hodgkinson, who was engineer for the 
Melbourne Municipality, and consulting engineer for 
the Melbourne Waterworks (Yan Yean Reservoir), 
and for the Victorian Railways, then only just begun. 

Early in 1861, Mr. Walch was appointed Government 
District Surveyor of the Huon District of Tasmania. 
Towards the end of the same year, however, he relin- 
quished this appointment, and p to India to 
take up the position of assistant engineer in the 
Madras Irrigation and Canal Company, a big under- 
taking for which 1,000,000/. had been raised. In the 
service of this company he quickly rose to the rank of 
executive engineer, but, in 1866, he resigned this 
post and entered the Government Public Works 
Department. In two years’ time he was promoted 
from assistant engineer to executive engineer. In 
1876, he visited, on behalf of the Madras Government, 
the chief navigable rivers and canals of the United 
States of America and Canada; his subsequent report 
received the commendation of the Government. In 
October, 1888, he became Chief Engineer for Irrigation, 
and Joint Secretary to the Government of Madras. 
He held this important post until, by the action of 
the 55 years’ rule, he was obliged to retire on April 21, 
1893. Most of his Government service was spent in 
connection with the great and successful irrigation and 
navigation works of the Godavari, the inception 
of which was due to Sir Arthur Cotton. The 
scheme included the construction of a large number of 
canals, drains, and roads in the Godavari delta area ; 
the main lines of canals were constructed for navigation 
purposes, as well as for the supply of water. The area 
brought under irrigation, when the scheme was com- 
pleted, was nearly 700,000 acres. 

Immediately after retiring from the Government 
service, Mr. Walch was offered, and accepted, the posi- 
tion of chief engineer of Travancore. He resigned 
this post less than a year afterwards, however, as the 
climate suited neither his wife nor himself. He then 
settled down at the hill station of Ootacamund, in the 
Nilgiri Hills, 8. India, where he became a magistrate, 
and served the community in various other capacities. 
He also investigated the question of an improved water 
supply for Ootacamund, and suggested and designed 
the Tiger Hill reservoir and works, which were after- 
wards carried out. Upon the death of his wife, Mr. 
Walch left India, and afterwards travelled extensively 
in many parts of the world. In 1896, he prepared and 
published for the Government The History of the 
Engineering Works of the Godavari Delta; a similar 
work, The History of the Engineering Works of the 
Kistna Delta, was published in 1899. Mr. Walch 
was elected a member of the Institution of Civil 
Engineers on December 7, 1875. 





CaTaLocuEs : ERRaTUM.—We regret that in the notice 
on page 741 of our last: issue of a catalogue of spring 
safety valves, the name of Messrs. Hopkinsons, Limited, 
Huddersfield, was wrongly given as Messrs, J. Hopkinson 





and Co., Limited, the former name of this firm. 


REINFORCED-CONCRETE CONSTRUC- 
TION REGULATIONS FOR LONDON 


Unber the provisions of the L.C.C. (General Powers) 
Act, 1909, the London County Council was empowered 
to make regulations in respect of the construction of 
buildings wholly or partly of reinforced concrete. 
It was stipulated, however, that the Council must give 
to the Institution of Civil Engineers, the Institution 
of Structural Engineers, the Royal Institute of British 
Architects, and the Surveyors’ Institution, notice of 
its intention to apply to the Ministry of Health for 
allowance of any regulations made under the Act. 

Early in 1925, certain proposals for the revision of 
the tions, approved in 1915, were communicated 
by the Council to the four Institutions concerned, and 
a joint committee was appointed by the latter to 
consider these proposals. This, the Reinforced-Concrete 
Joint Committee, comprised Dr. W. C. Unwin, F.R.S., 
and Dr. O. Faber, O.B.E., representing the Institution 
of Civil Engineers ; Messrs. E. 8S. Andrews, and H. J. 
Deane, representing the Institution of Structural 
Engineers; Messrs. H. D. Searles-Wood, and W. H. 
White, representing the Royal Institute of British 
Architects ; and Messrs. P. J. Waldram, and D. Watney, 
representing the Surveyors’ Institution. As a result 
of the Committee’s deliberations, suggestions in 
connection with the proposed revised regulations 
were submitted for the consideration of the London 
County Council in September, 1925. The Council, 
however, subsequently introduced in Parliament the 
L.C.C. (General Powers) Bill, 1926, in which it was 
proposed to extend the powers to issue regulations 
so as to include the conversion of any building or 
part of a building constructed wholly or partly of 
reinforced concrete. The Reinforced-Concrete Joint 
Committee met to discuss the probable effects of the 
proposed Bill. In the opinion of the members of the 
Committee, the scope of the Bill was much too wide ; 
they contended that it would give the London County 
Council almost autocratic powers, against which there 
could be no appeal, not only in all cases in which a 
building was converted in such a manner as to require 
partial reconstruction, but also in those cases in which 
the building merely c hands, no constructional 
work of any description being involved. 

Upon the recommendation of the Committee, the 
Institutions concerned petitioned against the Bill. 
The measure, which was being promoted in the House 
of Lords, was referred to a Standing Committee, 
and the latter heard the evidence in connection with 
the petitions on June 8 last. As a result of the hearing, 
and following upon consultations between members 
of the Committee and the technical officers of the 
London County Council, the revision of various clauses 
of the original Bill was agreed upon. The Council 
indicated their willingness to modify the measure 
in such a way as to remove the whole of the Com- 
mittee’s objections. The purport of the amended 
clauses, as finally drafted, may be briefly summarised 
as follows: (1) The application of the Act is limited 
to that case “ which, in the opinion of the District 
Surveyor, affects or is likely to affect, the stability 
of buildings or the safety of persons occupying or 
resorting to such buildings’; (2) the measure secures 
the right of ap to the Tribunal of Appeal in any 
case of dissatisfaction with the refusal of the Council 
to modify or waive any requirements of any regulations 
made under this section; (3) the Act extends to the 
Institutions. represented on the Committee the right 
enjoyed by them in the 1909 Act, namely, to receive 
notification of an intention of the Councii to apply 
to the Ministry of Health for allowance of new or 
amended regulations; (4) the Act will not apply 
in the case of any erection, alteration, &c., of buildings 
in accordance with the provisions of the London 
Buildings Acts, 1894-1908, and‘any right or privilege 
vested in or enjoyed by any person under these Acts 
will not be prejudiced or taken away. 

The measure received the Royal Assent on August 4 
last, and will come into operation on January 1, 1927. 





GrrypiInec or MerTats (MISCELLANEOUS INDUSTRIES) 
Reeutations, 1925.—The Chief Inspector of Factories 
has recently issued two certificates of exemption relating 
to the use of certain classes of grinding machines. The 
first deals with portable grinding, glazing and buffin 
machines, and specifies that machines without fix 
foundations or suspensions are exempt from the regula- 
tions on the grounds of impracticgbility. The second 
certificate covers precision grinding machines of the 
universal, internal and surface types, and, in these cases, 
the regulation is relaxed which relates to the safe peri- 

heral speeds of abrasive wheels below 8 in. in diameter. 
The exemption in the case of the machines quoted, is 
made on the ground that, owing to the special conditions 
under which such machines are used, the regulations may 
be relaxed without affecting the safety of the persons 
employed. Copies of the certificates, which are num- 
bered 5 and 6, respectively, may be obtained, at the price 
of ld. each, from H.M, Stationery Office, Adastral House, 





Kingsway, W.C. 2. 
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LABOUR NOTES. 


Warittne in The Amalgamated Engineering Union’s 
Monthly Journal for December, Mr. J. T. Brownlie, the 
president, says that, at the beginning of 1926, the mem- 
bership of the organisation was 233,046. In the first 
four months of the year, there was a marked increase, 
the number of new recruits being 6,301, and the prospect 
suggested further progress along the same line. In 
June the figures began to decline, and there has since 
been a steady falling-off owing to the depression in the 
engineering trade, accentuated by the protracted stop- 
page in the mining industry. With the miners’ 
dispute at an end, he is confident that, with a revival 
in trade, there will be, in the near future, a considerable 
increase of membership. “Twelve months ago,” 
Mr. Brownlie goes on to say, “ we were somewhat opti- 
mistic that, in 1926, the engineering operative would 
obtain a national advance in wages; but we regret to 
say that, owing to circumstances over which we had no 
control, our anticipation has not been realised. Never- 
theless, it is gratifying to record the fact that our 
members in various districts have obtained local 
wage advances, the more notable being: Municipal 
Corporations (Manchester and Nelson), 8s. per week ; 
Electricity Supply (No. 10 Area), 6% per cent. on 
current rates; Co-operative Wholesale Society (New- 
castle Branch), 5s. per week ; Ship Repairers (Grimsby), 
2s. 6d. per week; L.N.E.R. (Grimsby), 5s. per week.”’ 





According to Mr. Brownlie, there are significant 
indications of a general revival in trade. The motor 
car industry, has, he says, obtained large orders for 
automobiles, and several shipbuilding firms have booked 
orders for new ships. The light and heavy tool manu- 
facturers are confident that, with industrial peace, 
orders which have been in suspense for some time will 
be definitely placed. Orders have also been obtained, 
members are told, for work connected with large 
engineering undertakings. ‘‘ Therefore,’ he concludes, 
“it would appear that the long-looked-for, and much 
needed, revival of trade in the engineering industry is 
likely to materialise in the immediate future.” 





In November, the home branch membership of the 
Amalgamated Engineering Union decreased from 
205,010 to 204,589, and the Colonial branch membership 
increased from 26,533 to 26,665. The number of 
members on sick benefit increased from 5,637 to 5,730, 
and the number on superannuation benefit from 
9,693 to 9,732. The number on donation benefit 
decreased from 14,339 to 13,436, and the total number 
of unemployed members fell from 31,399 to 30,352, or 
14-05 per cent. 





A Conference of the Executive Council and National 
and Divisional Organisers of the Amalgamated Engi- 
neering Union has unanimously adopted a resolution 
endorsing the policy of the Council in respect of the 
alteration in the constitution effected by the recent 
quadrennial meeting, and embodied in Rules 25 and 25a. 
“Further,” the resolution went on to say, ‘‘ the con- 
ference recognises the imperative necessity of -all 
those employed in the engineering industry being mem- 
bers of the union ; also that the most effective method 
whereby advances in wages and improved workshop 
conditions can be obtained, is by the means of an 
efficient and powerful trade union.’’ Therefore it 
calls upon shop stewards, and members generally, to 
actively bestir themselves and render all possible 
assistance to the organisers in their endeavours to enrol 
all eligible workers employed in the engineering trade 
as members of the various sections of the organisation.” 
It is officially stated that during November, the Execu- 
tive Council, in accordance with agreements between 
the Amalgamated Engineering Union and the Trans- 
port and General Workers’ Union and the National 
Union of Foundry Workers, met the Executives of the 
other unions separately in conference, with reference to 
the future policy of the A.E.U., arising out of the 
alterations in rules. 





Mr. Findlay, the General Secretary of the United 
Patternmakers’ Association, writing in the latest issue 
of the organisation’s official organ, says :—‘‘ The benefit 
expected to accrue to our particular trade as a result of 
a settlement of the miners’ lock-out is not yet apparent. 
Our unemployed number, gradually increasing since 
June, is still nearly double what it was in April, and it 
would appear that we shall have to wait until 1927 
before the burden thrown upon the society by the 
miners, and which has been borne by you so ungrudg- 
ingly, will be eased somewhat. It is, therefore, not 
useful at the moment to tabulate the cost, though we 
are in a position to say that, hard as we have been hit, 
there are others who have been harder hit, and who 
were less well prepared to stand the strain of such a 


trying period.” 
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In the House of Commons last week, Mr. Kelly 
asked the Minister of Labour (1) if he had any informa- 
tion to show what were the hours of the normal week 
recognised for the shipbuilding trade in Belgium, France 
and Germany; (2) if he had any figures showing what 
were the hours of the normal week recognised for the 
engineering trade in Belgium, France and Germany. A 
paper was circulated in the official report of the debates 
in answer to these. In it Sir Arthur Steel-Maitland 
stated that in Belgium, hours of labour in industry 
generally are fixed under the Act of June 14, 1921, at 
eight a day and 48 a week. In order to enable an 
employer to deal with unusual pressure of orders, 
authorisations to work in excess of the normal limits 
may be granted for not more than two hours a day 
during three months in any one year (or about 150 
additional working hours a year). 





In France, the Act of April 23, 1919, relating to the 
eight-hour day and 48-hour week in industry generally 
has to be applied to the various industries by means 
of public administrative regulations. Those applying 
the law to the metal and engineering and shipbuilding 
industries, fix the normal hours in these industries at 
eight a day and 48 a week. For exceptional pressure 
of work, an overtime allowance of 100 hours per annum 
is granted. In addition, the authorities may sanction 
a further extension up to a maximum of 40 hours a year, 
to make up time lost in local holidays, &c. The limit 
of the daily working hours in these cases is 10, In 
metal construction works and shipbuilding works and 
yards, an Order may be made by an Inspector of Labour, 
allowing hours lost through bad weather to be made up 
(after consultation with the organisations of employers 
and workers concerned), No limit is stated as to the 
number of hours. In agricultural machinery manufac- 
ture, time lost in the slack season may be made up 
within a limit of 100 hours. In other metal industries 
affected by bad weather or liable to slack seasons, 
Ministerial Orders may be issued subject to conclusion 
of agreements between organisations of employers and 
workers concerned. 





In Germany, working hours were fixed at eight per 
day, by Order of November 23, 1918. A Decree of 
December 21, 1923, permitted exceptional extension 
of the hours of labour by agreement between employers 
and workpeople, up to 10 hours a day. No information 
is available, it was added, as to the hours actually 
worked in shipbuilding and engineering, in any of the 
countries named, 





The Ministry of Labour states that on December 6, 
1926, the number of unemployed persons on the regis- 
ters of Employment Exchanges in Great Britain, was 
1,506,300, of whom 1,188,200 were men, 38,100 boys, 
244,300 women, and 35,700 girls. Of the total number, 
78,800 men, 200 boys, and 800 women were “ persons 
normally in casual employment.’” On November 29, 
1926, the number of unemployed persons was 1,496,067, 
of whom 1,170,615 were men, 36,913 boys, 251,371 
women, and 37,168 girls; and on December 7, 1925, 
it was 1,161,257, of whom 939,241 were men, 28,073 
boys, 169,059 women, and 24,884 girls. The total of 
1,506,300 for December 6, includes a number of persons 
in the coal mining industry, who at the date of the 
return had not resumed work after the dispute, and in 
whose cases the trade dispute disqualification no longer 
applied, but does not include persons in the industry 
who at the date of the return remained unentitled to 
unemployment benefit under the trade dispute dis- 
qualification. 

The ballot of the National Union of Seamen on the 
question of continuing or discontinuing the organisa- 
tion’s political affiliations, showed a large majority in 
favour of discontinuing them. Only 2,382 members 
voted in favour of the affiliations, while no fewer than 
13,986 votes were cast against them. There were 
6,225 spoiled papers. Speaking after the declaration 
of the result. Mr. Havelock Wilson said :—‘‘ We are 
now entirely non-political. I quite agree with the vote 
and think that the decision will be in the interests of 
the Union.’’ The ballot, obviously, ends the political 
levy, so far, at any rate, as the National Union of 
Seamen is concerned. 

Freedom from political entanglements is the aim of 
the promoters of the new miners’ union, which is being 
formed in Notts. The official report issued at the 
close of the new organisations’ first council meeting, 
stated that the delegates expressed the view that the 
manner in which the mines dispute had to be terminated 
exposed the incompetence of the Miners’ Federation. 
The miners for nearly seven months were kept in 
ignorance of the true facts of the industry, and were 
eventually compelled to accept a settlement less favour- 
able than could have been obtained without a‘stoppage. 
“This state of affairs can no longer be tolerated,” con- 


union must be free from all political entanglements, 
and that the officials shall not have to adopt hypo- 
critical methods to keep their jobs. The organisation 
will be built up on the soundest lines possible, to enable 
its members to be told true facts of all questions relat- 
ing to the industry, whether popular or unpopular. 
We are determined to avoid the spectacle of responsible 
officials denouncing the policy of the Miners’ Federa- 
tion in private conversations, while telling the men in 
mass meetings to stand firm.” 


At the last quarterly meeting of the Executive 
Committee of the National Union of Railwaymen, the 
General Secretary was instructed to approach the rail- 
way companies, jointly with the Associated Society of 
Locomotive Engineers and Firemen and the Railway 
Clerks Association, with a view to the early restoration 
of the guaranteed week for all the grades involved. 
Under the National Agreement, the companies have the 
right, in the event of a crisis, such as the coal stoppage, 
to suspend the guaranteed week, and after the calling 
off of the General Strike, they exercised it with the 
consent of the N.U.R. 

Before leaving New York for home on December 11, 
Sir W. Mackenzie, the head of the British Government 
Industrial Mission to the United States, gave some 
interesting information about the delegation’s work to 
representatives of the Press. Throughout its inquiries, 
he said, the delegation had consulted workers as well as 
employers, in order to get reliable data for the purposes 
of a report which would be published after their arrival 
in England. In particular, it had examined .the 
methods of industrial arbitration in America with a view 
to comparison with those in Great Britain. The 
delegation had found the wage level high, much higher 
than in England. Mechanical devices were adopted 
wherever possible to save workmen heavy manual 
toil. He was greatly impressed, he added, with the 
saneness and level-headedness of American Labour 
leaders. 





According to the Adelaide correspondent of The 
Times, the South Australian Labour unions are growing 
apprehensive of the advocacy of piecework, which is 
becoming a political issue. The Trades and Labour 
Council have passed a resolution, he says, ordering 
Mr. Birrell, a member of the Labour Party and Speaker 
of the South Australian House of Assembly, to attend 
the next meeting and define his attitude, alleging that he 
is urging the universal adoption of piece-work. Mr. 
Birrell describes the resolution as most malicious and 
asserts that there is nothing wrong in piece-work in 
princi, which is not applicable to every industry, 

ut wherever machinery is used. Australian workers 
have got to realise that payment by results is not based 
upon the old methods, and it is most important that the 
proposed industrial delegation to America should not 
be allowed to lapse. Other unions have passed resolu- 
tions criticizing Mr. Birrell for “assisting the intro- 
duction of piece-work and the principle of speeding up, 
which is against the interests of trade unions,” 


On Wednesday, the Minister of Labour received a 
deputation from the Executive Committee of the 
Miners Federation, and discussed with it the question 
of the eligibility for benefit of members as yet unem- 
ployed, for various reasons, in the coalfields. Accord- 
ing to a statement made in the House of Commons 
by the Parliamentary Secretary to the Ministry of 
Labour, mine workers who had not been re-engaged 
would, under the trade dispute provision, be entitled 
to benefit when the stoppage, due to the dispute at 
the colliery at which they had been employed, came to 
an end; but, it was added, the actual date of the end 
of the dispute and the other conditions entitling the 
workers to benefit, would be matters for the authorities 
to determine in the light of the actual circumstances 
of each case. Under such a ruling, the workers and 
their leaders claim, unemployed miners might be 
deprived of the “dole” for months. At the close of 
Wednesday’s conference, Mr. W. P. Richardson, the 
Treasurer of the Miners’ Federation, stated that the 
Minister of Labour had been unable to give a decision 
on the points raised by the deputation. He had, how- 
ever, undertaken to consult the Cabinet. The Federa- 
tion asked him to arrange an early meeting to discuss 
the subject between the Miners’ Federation Executive 
Committee and the Cabinet. 

A five-day working week has been put into opera- 
tion at the factory of the Ford Motor Company 
(England), Limited, Trafford: Park, Manchester. The 
ehange necessitates a revision of the rates of pay for 
workers paid on an hourly basis, and steps are being 
taken, it is: announced, to énsure that the willing 
worker is able to earn as much in five days as he pre- 





viousty did in five and a-half. 
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THE PROGRESS OF MARINE | 
ENGINEERING.* | 
(Concluded from page 737.) 


In the search for improved fuel economy, and | 
simultaneously with the improvement in the perform- | 
ance of the main engines, the auxiliary engine has | 
received particular attention during recent years. The | 
steam consumption on account of auxiliaries, at | 
full speed, has averaged about one-seventh of the total 
consumption in past designs and appreciably more | 
at cruising speeds. Notwithstanding the somewhat | 
extravagant type of steam auxiliary sometimes | 
entailed by the considerations of saving in weight | 
and space, the net fuel consumption on account of. 
auxiliary engines has been kept within reasonable 
bounds by the further use of the exhaust steam in 
the main turbines and feed heaters, and as primary 
steam in the evaporators. On the whole, therefore, 
the fuel consumptions per unit of power for auxiliaries 
has not been so far removed from that for the main 
engines as a consideration of the relative steam 
consumptions alone would suggest. The ideal arrange- 
ment would provide for all the power auxiliaries 
being driven by, or from power supplied by, the 
economical main engines. While such an arrangement 
can be pursued conveniently, to some extent, in power- 
plant practice, it is hardly possible to press this very 
far in naval practice, owing to the scattered disposition 
of the auxiliaries and the widely varying requirements. 
There is, too, the question of feed heating; the use 
of the regenerative feed-heating system is not 
practicable mainly owing to the complication entailed 
by the provision required to make proper use of it 
at all rates of power of the main engines. Feed heating 
is essential under all conditions of working, both for 
economy and for durability, and this can, in the special 
circumstances, be most economically attained by 
continuing the use of steam in the case of certain 
auxiliaries and employing their exhaust steam for 
feed heating. 

The use of higher steam temperatures is likely to 
lead to the decreasing use of the steam reciprocating 
engine, in so far as the internal lubrication required 
leads to the necessity of greater precautions in filtering 
the feed, and to the possibility of greater risk of damage 
in the highly-forced boilers, which are liable to damage 
unless the feed is free from grease or oil. Thus, the 
tendency is to employ turbine-driven auxiliaries in the 
cases where they are to be driven by steam, except in 
the case of the standby auxiliaries which may be 
electrically driven. In general, the electrically-driven 
auxiliary entails rather greater weight and space. In 
comparison with the slow-running reciprocating 
engine, the fast-running motor-driven auxiliary is, of 
course, lighter, but, when allowance is made for the 
extra provision which has to be made in the form of 
electric generating plant to provide the current, the 
net result is as stated. e 

The increasing use of distilling machinery for 
providing make-up feed in power stations in which the 
type of boiler and the degree of forcing is converging 
towards naval practice, prompts me to refer to machinery 
of this class. Fitted in the first place for supplying 
drinking water in naval ships, its use was gradually 
extended until, with the increasing use of the water- 
tube boiler, it became an essential adjunct to the 
boiler in so far as the continued performance and 
durability of the boilers depend primarily upon 
the supply of pure feed water. The distilling plant is 
designed to employ exhaust steam from the auxiliaries 
as well as boiler steam, and under harbour conditions, 
when a surplus of exhaust over and above that 
required for feed heating is available, the production 
of make-up feed is very economically made. Con- 
siderations of weight and space prevent the extension 
of the principle of series working being carried farther 
than compound effect. The standard of purity of the 
fresh water produced is assessed at 0-2 grain of 
chlorine per gallon of made water as a maximum, but 
in practice the performance is very much better, and 
very few plants are running on service in which the 
degree of purity is less than 0-05 grain per gallon. 

Considerable progress has been attained during the 
period under review in the application of the heavy- 
oil engine for use in marine propulsion. Its suitability 
for the slower types of mercantile vessels has been 
established definitely, and, for such designs, the balance 
of advantage, as between oil engines and steam, appears 
now to be determined by financial considerations rather 
than on purely technical grounds. In its application 
to faster designs, entailing more powerful engines, 
the issue is not so clear cut, and the technical issue of 
the development of higher powers in a single-cylinder 
enters into the question, as well as the question of 





Rc Presidential Address to the Junior Institution of 
Engineers, delivered by Engineer Vice-Admiral Sir Robert 
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M.Inst.Met., on December 3, 1926. Abridged. 


ENGINEERING. 


THAMES 


BRIDGE 





[DEc. 17, 1926. 


PROJECTS. 




















(9877.C) 


first cost. These two aspects are closely related one 
to another, and to the problem as it presents itself to 
the naval designer ; that is. the improvement of the 
power/engine-weight ratio, which is at present, after 
making due allowance for the improvement in fuel 
consumption, much inferior to the oil-fired boiler and 
steam turbine combination. These considerations have 
led to the development successively, as alternatives 
to the first used four-cycle designs, of the two-cycle 
designs, and, later, of the double-acting type in both 
four and two-cycle designs, and, to a small extent, of 
various combinations of fast-running oil engines with 
speed-reduction devices of the mechanically-geared or 
electric type. 

There is, unquestionably, in addition to its present 
uses, a wide scope for the use of the oi] engine of 


moderate power in cases where the local conditions | 


are unfavourable for steam plants, and such as to 
make the choice a prudent one .on grounds either of 
cost or convenience, or, in extreme cases, a practical 
necessity. In illustration of this point, the case of the 
submarine may be quoted, in which the balance of 
advantage rests with the oil engine so long as moderate 
powers are not exceeded. Also, in parts of the world 


where water supplies are scanty, the oil engine is | 


particularly suitable for power generation, and in 
this connection further developments in the oil-engined 
locomotive appear to be at hand. 

In considering, however, the matter of its wider and 
general application in large units of power in other 


directions, as, for example, electric power generation | 


or marine propulsion, regard must also be paid to the 
progress of steam plants. Impelled by the commercial 


necessity for cheap power, and possibly spurred by the | 


high standard in fuel economy set up by the heavy-oil 
engine, the fuel economy of the steam plant has made 
very great advances in recent years, and in this respect 
its performance is converging towards that of the 
oil engine. At the present day, a standard of economy 


represented by the generation of 1 kw. of electrical 
energy from | Ib. of coal per hour has been fully 
demonstrated as commercially attainable in power 
plants of any output, however large, within the range 
|of modern requirements, 


That standard, translated 
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to its equivalent marine basis, corresponds to the 
consumption of a little more than } Ib. of fuel oil per 
shaft horse-power per hour, and is susceptible of some 
further improvement by the use of higher steam 
pressures, Further, there is promise of sensible 
improvement if the use of some binary fluid system is 
found to be commercially practicable. 

Apart from the purely technical side of the problem, 
it is manifestly unsound from the national aspect to 
place reliance, more than is absolutely necessary or 
economically desirable, upon external fuel supplies 
while ample fuel supplies in the form of coal are 
available in the country. In this connection, the low- 
temperature distillation of coal and other processes 
are of interest Much attention has been given to 
this problem, both at home and abroad, during recent 
years. The amount of oil produced in the simple 
distillation process using reasonably economical! 
appliances is small, but efforts are being directed, by 
the use of much more elaborate and expensive pro- 
cesses, to produce a considerably higher oi! return from 
low quality coals. Should success result, it can hardly 
fail to influence the progress of the oil engine in those 
countries in which low-grade fuel supplies prevail 














THAMES BRIDGE PROJECTS. 


WE reproduce on this and the.opposite pages sketch 
plans illustrating the schemes for the new Ludgate and 
Charing Cross bridges which are described in the recent 
| report of the Royal Commission on Cross River Traffic in 
London. The Ludgate proposal is put forward in 
substitution for the St. Paul’s bridge, for which the 
| City Corporation secured parliamentary powers in 1911. 
|'This bridge was intended to provide another direct 
|route for traffic crossing London in a north-south 

direction, and the alternative now proposed will, as 
shown in the general sketch map, Fig. 1, couple up the 
| same main arteries on opposite sides of the river 
| though somewhat less directly. On the other hand, 
| since the proposed new route will pass high over Queen 
| Victoria-street and Ludgate-hill, it is claimed that the 
| flow of traffic will be much freer and less subject to 
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interruption than if the authorised St. Paul’s scheme | 
were proceeded with. In the case of this latter project, | 
the northern approaches intersect on the level main east 
and west traffic lanes. 

The total cost of the Ludgate bridge scheme is 
estimated at 3,000,000/., exclusive of contingencies, | 
and the Commissioners claim that it could be completed | 
in the same time as would now be required for the St. | 
Paul’s bridge project. Much of the land needed for the | 
latter has already been acquired, and this fact un- | 
doubtedly influenced the London Traffic Advisory | 
Committee, who reported strongly in favour of pro- | 
ceeding with the works. The time necessary to| 
complete the land purchases for any alternative scheme 
would, it was feared, defer its execution most unduly. 

The fact that most of the property which would be | 
needed on the Ludgate bridge is owned by the Southern | 
Railway Company so greatly simplifies matters, 
however, that the Royal Commission believes that it | 
will take no longer to secure the whole of the land 
required than it would do to complete the purchases 
still necessary in connection with the St. Paul’s bridge. | 

_As shown in Fig. 2, the proposed new bridge will be 
situated alongside of and down stream of the existing 
railway bridge. Ludgate Hill station and St. Paul’s 
station will be abolished and replaced by a single | 
through station, whilst the existing terminus at 
Holborn Viaduct will be enlarged. The southern 
approach will cross Southwark-street on the level and | 
passing over part of the existing goods station, will | 
attain the deck level of the bridge by a gradient of | 
| in 35.. On the northern side, the approach will cross | 
Holborn Viaduct on the level, and run parallel with the | 
railway pretty closely. 


| the railway traffic will be diverted to the new tracks and 
/into a new terminal station under the new road. 


| good in parts,” like the famous egg, the bridge has 


The general scheme for the new bridge at Charing 
Cross is represented in Fig. 3. From this it will be 
seen that the northern approach commences near the 
Cavell monument and crosses the Strand at a high 
level. The bridge itself will be a double-deck structure 
carrying six railway tracks on the lower floor and a 
70 ft. to 75 ft. road on the upper deck. The southern 
approach is forked, one branch giving access from 
Westminster Bridge-road and the other from Black- 
friars-road. Since it is essential that the railway traffic 
shall not be interrupted during the execution of the 
works, the new structure will have to be erected along 
side the existing railway bridge. When complete, 


All 
trains entering or leaving this station will be hauled 
electrically. 

The old bridge was erected when engine weights 
were a mere fraction of what they are to-day. That it 
should have been possible to continue it in use, con- 
stitutes a striking testimony to the foresight and 
constructive ability of its designers, but whilst “ quite 


never been satisfactory as an esthetic whole. Attempts 
to improve it in appearance and strength have, in the 
past, met with the fiercest opposition, and the railway 
company had very great difficulty in securing an Act 
authorising this. If the project of the Royal Com- 
missioners be proceeded with, the old bridge will be 
demolished, and an interesting example of the work of 
our pioneers will disappear. The eventuality is, 
however, little likely to lead, in this instance, to any 
public clamour. 

The cost of the projected work is estimated at! 





ENGINE FRING 


7,500,0001., exclusive of contingencies. We comment 
elsewhere both on the above and on other proposals 
of the Royal Commissioners. 








Hicu-Frequency Inpuction Sreet Fuarnaces.—In 
spite of the advances made in the production of alloy 
steels in the electric furnace, it is sometimes felt that the 
electric-furnace product does not quite come up to the 
best crucible product. One of the reasons may be that 
considerable differences may occur in the density of 
steel from furnaces of the Héroult type. In induction 
furnaces, the metal is agitated and more uniform, but 
the original low-frequency Kjellin furnaces were hardly 
satisfactory, thermally or metallurgically. When the 
crucible is placed directly within the high-frequency coils, 
as in the furnaces of Northrup and in the furnace of 
Mr. D. F. Campbell, which we noticed on page 379 of our 
issue of September 25, 1925, the induced currents are 
more concentrated, but the magnetic circuit is not closed ; 
there is a strong stray field, and violent energy surgings 
between the current source and the coil may be set up. 
To suppress these defects, Messrs. F. Kérber, F. Wever 
and n Neuhaus make use, in their experiments conducted 
in the Kaiser Wilhelm Institut fiir Eisenforschung (Stahl 
und Eisen, April 22 and November 25), of the high- 
frequency current generators and furnaces of the firm 
of C. Lorenz, A.-G., of Berlin-Tempelhof, and tune the 
furnace by means of inductances and a battery of con- 
densers to the generator frequency. The tilting furnaces 
of graphite are lined with magnesia without any binding 
material. After nearly two years’ exPerimenting with 
charges of 50 kg., the furnaces are considered capable of 
competing with crucibles for the manufacture of both 
low-carbon and high-carbon steels and high-grade alloys. 
The frequency should not be too high, and probably not 
encisil th 500 periods in use in some American and also 


German works. 
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THE PHYSICAL SOCIETY. 


At a meeting of this Society, held on Friday, Novem- 
ber 26, 1926, at the Imperial College of Science, with 
Professor O. W. Richardson, F.R.S., in the Chair, 
a paper entitled “ Electro-Endosmosis and Electrolytic 
Water Transport” was read by Mr. H. C. Hepburn. This 
paper gave the results of determinations of liquid 
transport produced by passing an electric current 
through aqueous solutions of copper sulphate divided, 
perpendicular to the flow of electricity, by a diaphragm 
of powdered glass. The probable factors that deter- 
mine the liquid transport were investigated, over a wide 
range of concentrations, by an examination of the 
dependence of the flow at constant applied voltage, 
and of the electric charge of the diaphragm, on the 
electrolyte concentration, and also by a study of the 
relation hetween the flow per faraday and the dilution 
of the electrolyte. 

In the course of the discussion on the paper, Dr. D. 
Owen pointed out that, in effect, the author measured 
the difference between the pressures on the two sides 
of his apparatus, and inquired whether there were an 
upper limit to this pressure difference. As regards the 
statement that the water transport per faraday was pro- 
portional to the dilution, this proportionality would 
seem to imply that, with pure water, the rate would 
become infinite. Professor F. L. Hopwood said that 
the data actually observed included the drift of the 
bubble in the capillary tube, and asked whether the 
bubble itself was subject to a potential gradient, which 
would produce a drift apart from that due to the 
mechanical difference of pressure. In addition to the 
two causes of water transport mentioned by the author, 
another possible factor was an action analogous to 
that which took place in the Wehnelt interrupter, the 
rapid opening and closing of a capillary orifice by a 
bubble, when the current density was high, being 
capable of producing liquid transport. Mr. L. Harts- 
horn said that the author’s apparatus might form a 
useful model for the study of certain insulators, such 
as vulcanised fibre, which are much used in industry, 
but behaved, when wet, like solutions with low ionic 
mobility, and exhibited the phenomenon of water 
transport to a serious extent. It had been shown by 
Evershed that when such a dielectric was mounted 
between charged electrodes, from which it was separated 
by layers of cable paper, electric charges accumulate 
on the sides of the paper adjacent to the dielectric and 
could be taken off with the paper; this phenomenon 
corresponded with the charging of the diaphragm 
discussed by the author. Mr. A. R. Pearson said that 
a further industrial problem connected with the subject 
of the paper arose from the tendency of linseed paint 
to peel off, when wet, from an electrically-charged 
surface. This behaviour must be ascribed to the water 
transport which took place through the film of oxidised 
linseed oil, the transport being in the same direction as 
the current in an alkaline medium, but reversible by 
acidulation. The author might think it worth while to 
investigate such a film for its industrial interest. The 
author, in reply to Dr. Owen, said that if the water 
circuit was interrupted so as to stop the transport, the 
pressure difference rose until equilibrium was reached, 
when the transport ceased. The proportionality 
between dilution and liquid transport failed for concen- 
trations below 0-005 normal. He was very grateful 
for the suggestions which had been made as to the 
possibility of extending the work to industrial problems. 

The next paper, entitled “ The Input Impedances of 
Thermionic Valves at Low Frequencies,” was read by 
Mr. L, Hartshorn. The paper showed that accurate 
measurements of input admittance (or of input imped- 
ance) under various conditions could be made by 
means of the Schering capacity bridge. The input 
circuit was regarded as being equivalent to a condenser 
with a definite phase angle, ¢, or “ loss angle,” 5 = 90° 
—@, and the results were expressed by stating the 
effective capacity and value of tan 5 for each set of 
experimental conditions. A series of measurements 
made on an R valve was recorded, and it was shown 
that the results were in good agreement with the 
theoretical investigations of Miller and Nichols. The 
theoretical investigation had been extended to allow 
for the effect of dielectric losses in the valve, since these 
were found by experiment to 5e rather large, and to 
have an appreciable effect on the capacity and phase 
angle of the input circuit. It was shown that the 
effective capacity may vary from about l0uu F. to 





100uu F. for an R valve, and the phase angle may | 


vary from about 80 deg. leading to 126 deg. leading, 
depending mainly on the load in the anode circuit. 
Values of phase angle greater than 90 deg. corresponded 
to a negative resistance, or negative power factor, and 
ocourred when the load in the anode circuit was induc- 
tive. The variations of input capacity and phase angle 
with filament voRage, anode voltage, input voltage, 
and frequencey were also investigated. 


Dr. J. Nicol, in the discussion, asked if the mathe- 
matical expressions would not. be simplified if admit- 
tances were used throughout instead of impedances. 


| 





Professor C. L. Fortescue said that it was a new and 
gratifying experience to meet with valve-impedance 
measurements which agreed with theory. The paper 
had an important bearing on a subject not mentioned 
in it—namely, the behaviour of valve voltmeters. It 
now appeared that variations in the load impedance 
of the valve had important effects on the effective input 
conductance, and might render this negative, so that 
the reaction on the measured circuit might be important. 
In amplifiers, the input conductance was of greater 
practical importance than the input capacity, which 
was small, and usually swamped by larger shunt 
capacities. The theory in the paper was presented in 
the American manner, the output voltage variations 
being expressed as a fraction of the input variations ; 
possibly the alternative method, in which the para- 
meters of the valve were employed, would give the 
same results in a simpler and more direct manner. 
Mr. T. G. Hodgkinson said it was interesting to 
attack the problem from another point of view, viz. 
the point of view of the design of capacity-coupled 
oscillators for the shorter waves. For oscillations 
below, say, 350 m., with quite ordinary coil dimensions, 
the capacity between the electrodes (grid and anode) 
was sufficient to maintain the system in oscillation, 
and the part this capacity played in both the deter- 
mination of the oscillation frequency and the power 
output was important. For example, a valve system 
with inductances in the grid and anode circuits, not 
coupled magnetically, had at least two free periods, 
a longer period and a shorter period, which could be 
predetermined in terms of the inductances, resistances, 
capacities and inter-electrode capacity of the combina- 
tion. The longer period, called by the speaker the sum 
mode, was supported in oscillation by the grid-anode 
capacity, and he could confirm the order of the author’s 
results from cases of this kind which he had pre- 
determined and measured. Dr. E. H. Rayner said 
that he thought the author should put on record the 
terminal points across which. his measurements were 
taken. Did he include in the valve impedance the 
wire leads, the holder and the cap of the valve? 
The insulating composition in the cap, if not removed 
for the purpose of the experiments, would account for 
the power factor to a large extent. 

Dr. J. Nicol, in a subsequent contribution, said : 
With reference to Professor Fortescue’s remarks on 
errors introduced by valve voltmeters, he believed that, 
in the Moullin voltmeter, a large condenser connected 
the plate and filament legs together, bridging the 
microammeter; there was no high-tension battery. 
Though the author did not consider the case of a 
capacitative loading, a reference to his curves would 
show that when the load impedance was very low the 
input impedance of the valve would be simply that of 
the grid-filament condenser, and therefore very high, 
so that the voltmeter should, in most cases, have very 
little effect on the voltage it was used to measure. Of 
course, if the bridging condenser were omitted, great 
errors might easily be introduced. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


Mimp.LessroucH, Wednesday. 


The Cleveland Iron Trade.—Blast-furnaces are being 
re-started more rapidly than was promised, and several 
recently re-kindled plants are producing iron, but the 
quantity of Cleveland kinds available for the market is 
still trifling, and customers obliged to make prompt 
purchases have to pay high figures. For immediate 
delivery, 107s. 6d. to 110s. is named for No. 3 quality. 
More inclination to negotiate on forward account is 
noticeable, and prices for supply ahead are firmer. For 
delivery, over the first quarter of next year, No. lis 90s. ; 
No. 3 g.m.b., 87s. 6d.; No. 4 foundry, 86s. 6d.; and 
No. 4 forge, 85s. 6d. 


Hematite.—Usual marketable qualities of East Coast 
hematite are unlikely to be available for the market for 
at least two months. A few parcels of off grades are 
selling for early delivery at varying figures, but Nos. 1, 
2, and 3 are not purchasable for supply before March, 
and the forward quotation is in the neighbourhood of 
928. 6d. 

Foreign Ore.—New business in foreign ore is unheard 
of, but preparations are proceeding for renewal of 
imports against contracts made’ early in the year the 
delivery of which has had to be suspended. 


Coke.—Coke quotations are difficult to fix definitely. 
They are still falling, but have not been sufficiently 
reduced to tempt consumers to operate to any great 
extent. As low as 25s. is named for forward delivery 
of good blast-furnace descriptions, and up to 50s. is 
mentioned for foundry kinds. 


Manufactured Iron and Steel.—In all branches of 
manufactured iron and. steel, producers have work 
secured to keep them busy for some months. There is 
great pressure for steel, and customers have to pay 
advanced prices to secure delivery. The following are 
approximate quotations :—Common iron bars, 121. 5s. ; 
iron rivets, 13/. 15s.; iron ship castings, 127. 10s. ; steel 
billets (soft), 7/. 12s. 6d. ; steel billets (medium), 81. 2s. 6d.; 
steel billets (hard), 12s. 6d.; steel ship plates, 
8l. 17s. 6d. ; heavy steel rails, 18/. 10s.; and galvanised 
corrugated sheets (No. 24 gauge, in bundles), 16/. 15s. 








THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—The most interesting feature in 
connection with the Scottish steel trade this week is that 
a partial start has been made at some works, amongst 
these being the Hallside Works of the Steel Company of 
Scotland Limited. The associated makers met again 
last Monday to discuss the situation, and after the 
whole position had been carefully gone into, the general 
2 eam was that work should be commenced in part, 
where possible, on as early adateas convenient. Although 
raw material enters largely into the matter, the fuel 
position is really the main factor, and to a large extent 
governs the situation. The prices named for coal are 
much too high yet, and a general restart is not likely to 
take place until these ease off considerably. Order books 
are well filled up and ensure active conditions for a 
month or two, but, unfortunately, many of these 
contracts were fixed up on the basis of moderately priced 
fuel ; hence the necessity of waiting patiently until fuel 
reaches a lower level, the alternative being a heavy loss 
in working. The outlook for the industry is certainly 
very good, and inquiries are coming along steadily. In 
the black-sheet trade there is an increasing output, 
and quite a respectable tonnage is being disposed of 
every week. Prices all round are fairly firm, but the 
margin to the producer is not very large. The current 
minimum quotations are as follow :—Boiler plates, 11. 
per ton; ship plates, 8/. 7s. 6d. per ton; sections, 
7l. 17s. 6d. to 81. per ton; and sheets under + to } in., 
127. to 131. per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade, the amount of work doing is not of 
great volume, despite the fact that several more estab- 
lishments are now operating. Orders on hand are fair, 
but fresh bookings, now that work has been resumed, are 
not very satisfactory yet. The re-rolling departments 
are doing moderately well. Prices are based on 121. 
per ton for Crown bars. 


Scottish Pig-Iron Trade.—Preparations are going on 
for the production of pig-iron, but little headway has 
yet been made, as only one or two blast-furnaces are in 
operation. In the seven months of the coal strike, great 
inroads were made on the heavy stocks of pig-iron in 
makers’ hands, and now there is a decided scarcity all 
round. The price of fuel is a serious question, and 
to-day’s quotations are no temptation to producers to 
start operations on a large scale. In the meantime, any 
pig-iron for sale commands a high price, and for forward 
lots very high quotations are also named. Foundry iron 
No. 1, is called 97s, 6d. to 100s. per ton, and No. 3, 
92s, 6d. to 95s. per ton, both on trucks at makers’ yards, 
after production commences. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, December 11, amounted to 133 tons. Of 
that total, 123 tons went overseas and only 10 tons 
coastwise. For the corresponding week of last year, 
the figures were 1,094 tons abroad and: 207 tons coast- 
wise, making a total shipment of 1,301 tons. 

Shipbuilding.—Messrs. Bow, M’Lachlan and Company, 
Limited, Paisley, have received an order from the War 
Office for a single-serew steamer. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—While optimism is still the dominant 
keynote throughout the iron and steel branches, the 
actual rate of recovery is much slower than was antici- 
pated in many quarters. Fuel supplies are ample for 
requirements in the finished sections, but prices are not 
sufficiently attractive to induce steelmakers to resume 
immediately on a basis of production equal to that 
obtaining before the coal stoppage. Restricted progress 
is, however, being made. A resumption has been made 
with bar-iron manufacture, arrears in this connection 
being considerable. Preparations are also in hand to 
start up pig-iron outputs, the first of which are expected 
to be available shortly after Christmas. The main 
obstacle to expansion is the continued shortage of British 
steel billets. Foreign material is still in use, and imports 
arriving from the Continent, according to the latest 
returns, are heavy, but for special engineering purposes 
material that will give uniformly reliable results is 
urgently needed. Good news for Sheffield engineers is 
that eight Siemens furnaces are, this week and next, to 
be put into commission at Rotherham, and probably 
an additional furnace at Stocksbridge. As soon as 
adequate supplies of basic material are available 
from local furnaces, there is every likelihood of the 
finished sections making rapid headway. Many orders 
have been booked and considerable arrears await 
execution, while in several departments there are better 
prospects in regard to forward business. More orders 
are expected in Sheffield from shipbuilding centres in 
the North in connection with recently-placed contracts, 
mainly on home account. Substantial output is main- 
tained in departments supplying railway furnishings 
and equipment, and order books, taken as a whole, 
reflect a fairly healthy state of affairs. Conditions in 
the tool trades are patchy, but these industries are 
expected to share in the improvement forecast for the 
New Year. 


South Yorkshire Coal Trade.—The wagon position, 
while still unsatisfactory, has improved. More empties 
are available at collieries, and, in many instances, shunt- 
ing operations have been expedited by the employment 
of more engines. The household position is still un- 
settled. Depots have for disposal stocks bought at 
higher rates than those at which the latest outputs 
are available, though retail prices have fallen substantially 
owing to the disinclination shown by users to pay the 
charges ruling a fortnight ago. Some collieries have sold 
household coal wholesale at 30s. per ton at the pit head. 
The position in regard to industrial fuel is gradually 
becoming clarified. Deliveries are still being made 
under contracts entered into before the stoppage, which, 
in many cases, expire at the end of the year. As far as 
can be ascertained, the basis of renewals will be at an 
advance of 1s. to 2s. per ton upon the contract prices 
ruling six months ago. This advance will increase the 
cost of steelmaking by between 3s. and 6s. per ton. 





PERSONAL.—Messrs. The Victoria Oil Engine Company, 
81, Bradford-road, Shipley, have purchased the business 
of the late firm of Walsh and Clark, Limited, Guiseley, 
Leeds, makers of the Victoria oil engines, the manu- 
facture of which, for both refined and crude oils, they have 
resumed.—Arrangements have been concluded for Messrs. 
Petters, Limited, to acquire the whole of the interest 
of Messrs. Vickers, Limited, in Messrs. Vickers-Petters, 
Limited, Ipswich, including their holding of 145,000/7. in 
first mortgage debentures, Messrs. Petters, Limited, 
have pe a favourable offer to acquire the sole owner- 
ship of Messrs. Vickers-Petters, Limited, the name of 
which will be changed to Petters (Ipswich), Limited. The 
engines now produced by Messrs. Vickers-Petters, Limi- 
ted, at Ipswich are a development of the larger sizes of 
the Petter oil engines, the manufacture of which was 
transferred from Yeovil in 1919.—Messrs. Weldrics (1922), 
Limited, whose address has hitherto been Kingston-road, 
Raynes Park, London, S.W.20, are moving into larger 
premises, and their address on and after January 1, will 
be Station-road, Beeston, Notts. 





Contracts.—Messrs. Stothert and Pitt, Limited, of 
Bath, have received an order from the Great Western 
Railway to install, at the new goods station at Temple- 
meads, Bristol, 25 electric capstans of the “‘ free-head ”’ 
type, for three-phase alternating current. Each of the 
capstan’s is to exert a pull of 14 tons at a hauling speed of 
200 ft. per minute.—The Metropolitan-Vickers Electrical 
Co., Ltd., have received an order from Messrs. James 
and Alex Brown, of Richmond Main Collieries, New 
South Wales, for an electric winder of 1,130 h.p., r.m.s. 
rating, capable of exerting a maximum peak load of 
2,800 h.p. It is to lift a net load of 6 tons from a depth 
of 920 ft., with an output of 400 tons per hour. The set 
will be controlled on the Ward-Leonard system, and the 
main motor, operating at 39-7 r.p.m., will be direct- 
coupled to a 13-ft. cylindrical drum. Power is supplied by 
an induction motor of 620 h.p. at 1,000 r.p.m., driving 
a 790-kw. direct-current generator, with a flywheel of 
6} tons.—The Associated Daimler Company, Limited, 
Blackhorse-lane, Walthamstow, have, up to December 4, 
received orders for 169 vehicles. Of these, 34 are for 
overseas markets, principally Australia and South 
America. Included in this list are the following items 
of interest: 33 model 409 “NS” type, double- 
deck, covered-top omnibuses for the British Automobile 
Traction Company, Limited; 33 model 416 for the 
London General Omnibus Company, Limited; 16 
model 414 for the Plymouth Corporation for single- 
deck buses; 10 model 507 for the Birmingham 
Corporation for double-deck buses, &c. 





NOTES FROM THE SOUTH-WEST. 
Carprrr, Wednesday. 


The Coal Trade.—The coalfield agreement for South 
Wales was signed by the representatives of the South 
Wales Coalowners’ Association and the South Wales 
Miners’ Federation on Monday, and it is hoped that the 
agreement, which is for three years, is the forerunner of a 
return to the old-time prosperity of the Welsh coal trade, 
and a recovery of the foreign markets lost to the industry 
during the past seven months. Though the collieries, so 
far, are only producing about two-thirds the normal 
output, it is believed that the New Year will see a return 
to normal production with greater regularity in working 
than has been the case for the last couple of years. 
Though there is no at rush of orders, business is 
coming in steadily, and at present most of the collieries 
have sufficient orders on hand to keep them comfortably 
placed over the holidays. Shipping, too, is coming along 
in sufficient quantities, and every day there is an increase 
in the number of vessels loading. To-day there were 
72 ships under the tips at the Welsh docks, compared with 
24 a week ago. Prices generally are steady on the basis 
of 31s. 6d. to 328, 6d. for best Admiralty large and 22s. 6d, 
to 24s. for best steam smalls, with other grades at relative 
levels. The injury inflicted on the industry by the strike 
will be realised when it is mentioned that in November 
shipments of coal amounted to only 21,127 tons, com 
with 2,280,199 tons in April last. The bulk the 
November shipments consisted of coastwise cargoes, 
which amounted to 13,010 tons against 118,882 tons in 
April, while foreign bunkers totalled 8,117 tons inst 
308,693 tons. In the past week, 168,790 tons of coal 
were ship’ from South Wales, compared with 482,070 
tons in the corresponding week of last year. Of last 
week’s total, 14,450 tons went to France, 17,450 tons to 
Italy, 12,600 tons to Egypt and 17,900 tons to Spain. 
Imports of foreign coal continue, for in the last week 
arrivals amounted to 50,920 tons, of which 48,170 tons 
came from the United States and 2,750 tons from Belgium. 


Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 2,859 tons, against 3,079 tons in the 
preceding week. Shipments of tinplates and terneplates 
totalled 2,486 tons against 2,763 tons, blackplates and 
sheets to 27 tons against 50 tons, galvani sheets to 
229 tons against 33 tons, and other iron and steel goods 
to 117 tons against 232 tons, 





AGRICULTURAL SHOW aT Poona.—At the Presidency 
Agricultural Show, which was recently held at Poona, 
India, Messrs. Marshall, Sons and Co., Limited, Britannia 
Iron Works, Gainsborough, Lines., were awarded two 
gold medals and three bronze medals, one of the former 
being given for the Marshall all-steel frame-thrashing 
machine. 





Triat Trip or THE S.S. “Crry or OxrorpD.”’— 
Successful trials were carried out off the Tyne on Decem- 
ber 10, of the steel single-screw steamer City of Oxford, 
which has been built for the Ellerman Lines, Limited, 
by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, at their Wallsend shipyard. The vessel, which 
is rigged as a two-masted fore and aft schooner, is 325 ft. 
long, and is designed to carry about 4,950 tons on a 
reasonable draught. The propelling machinery, which 
is placed amidships, and has been built by the Wallsend 
Slipway and Engineering Company, Limited, consists 
of inverted direct-acting triple-expansion engines, supplied 
with steam at a pressure of 185 lbs. per sq. in. by three 
single-ended boilers. There are five cargo holds with 
hatch-ways to each, and 14 steel cargo derricks and 10 
steam winches are fitted for rapid cargo-handling. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained on ae to the Department at the above 
address, the reference number given below being quoted 
in each case:—The Department of Public Health, 
Ministry of the Interior, Egypt, is calling for tenders, 
to be presented by February 12, 1927, for the supply 
of surgical instruments, Application should be made 
to Room 52. (Ref. No. BX 3083.)—The Electricity 
Department of the Municipal Council of Sydney is 
inviting tenders for the as , delivery, and erection of 
coal-handling plant at the Council’s Bunnerong power 
station at Botany Bay, New South Wales. Tenders are to 
reach Sydney by February 21, 1927, marked ‘‘ Tender 
for coal-handling plant for Bunnerong power station.” 
Contract No. 1074. (Ref. No. AX 3974.)}—The Dunedin 
City Corporation Gasworks Department is inviting 
tenders for the supply and delivery, c.i.f. and e. Dunedin, 
of the following plant :—One rotary side-discharge 
wagon tippler for 3-ft. 6-in. gauge, complete with all 
necessary driving gear, motor and electrical equipment, 
capable of dealing with 10 trucks per hour: one telpher, 
bottom-flange type, with grab capable of handling 
40 tons of coal per hour. Sealed tenders to reach 
Dunedin, New Zealand, by February 19, 1927. The 
specification and conditions of contract may be seen on 
application to Room 50 until December 18, (Ref. 
No. AX 3975.)—The Electric Supply Department of the 
Municipal Council of Pretoria, South Africa, is i 
for tenders, to be presented by February 3, 1927, for 
the supply of cable and accessories, switches, and cut-outs. 
(Ref. No. BX 3097.)—The Gas Department of the 
Dunedin City Corporation, New Zealand, is calling 
for tenders, to be presented by February 19, 1927, for 
the supply of one motor generator complete with control 
board and accessories. (Ref. No. BX 3095.) 


NOTICES OF MEETINGS. 





Tue Junior Institution or Enotneers.—To-night 
at 7.30 p.m., at 39 Victoria-street, S.W.1. Ordinary 
Meeting. ‘‘ Progress Methods Employed in a Large 
Mass Production Motor Works,’’ by Mr. H. D. Glover. 

Tue Nortu or ENGLAND InstiTuTE or MINING AND 
Mrcuanicat Enotveers,—Saturday, December 18, 
at 2.30 p.m., at Newcastle-upon-Tyne, “Thin Seam 
Mining,” by Mr. T. S. Durham. ‘“‘ The Chemical Rela- 
tions of the Principal Varieties of Coal,” by Professor 
George Hickling. 

Tue Institute or Transport.—Tuesday, Decem- 
ber 21, at 5.30 p.m., at the Institution of Electrical 
Engineers, Savoy-place, Victoria-embankment, W.C.2. 
Graduates and Students’ Lecture. ‘“‘The London and 
North Eastern Railway Services via Harwich,” by Mr. 
A. L. Gibson. 

Tae INsTITUTION OF ENGINEERS AND SHIPBUILDERS 

mn Scottanp.—Tuesday, December 21, at 7.30 p.m. 
at 39, Elmbank-crescent, Glasgow. ‘High Elastic 
Limit Steel for Shipbuilding and Marine Work,” by 
Mr, T. M. Service. 
Tae Institution or AUTOMOBILE ENGINEERS, 
WotverHamPpTon CENTRE.—Tuesday December 21, 
at 7.30 p.m., at the Engineering Club, Queen.street, 
Wolverhampton. “ Radiator Design,” by Mr. F. 
Randle. : 





Watt Cuart or Iron AND STEEL Prices,—We have 
received from Messrs. W. Richards and Sons, Limited, 
Britannia Foundry, Middlesbrough, a copy of: the 
seventh annual issue of their wall chart of iron and steel 

rices, 1914 to 1927. The chart shows, in graphical 
orm, the price fluctuations, from January, 1914, to 
November, 1926, of iron rivets, iron castings for marine 
urposes, iron bars, steel ship plates, steel angles and 
joists, rails, and pig-iron. Spaces for each month, up 
till November, 1927, have been left, in order that the 
chart may be kept up to date. The general downward 
trend of prices from the 1920 period, is well demonstrated. 
The harmful effect of the coal stoppage is also shown. 
The price of pig-iron, for instance, rose from about 
$i. 10s. a ton in May last, to 67. a ton in November. 
The chart measures 20 in. by 11 in., and the various 
curves are clearly printed in contrasting colours. 





Leap Parnt (PROTECTION AGAINST PoIsonING) Bri. 
—The final stages were reached recently with regard to 
the Lead Paint (Protection against Poisoning) Bill, in 
which the Government have adopted the policy of making 
regulations for the prevention of lead poisoning among 
house-painters, instead of the prohibition of the use. of 
lead paint for interiors which was proposed by the 
International Labour Conference of Geneva, 1921. No 
alterations of importance were made in the passage of this 
Bill through the House of Commons and the House of 
Lords. A protest by the National Union of Societies for 
Equal Citizenship as to the discrimination in the Bill 
against women (i.¢., their absolute exclusion from employ- 
ment in painting with lead paint) was the subject of 
correspondence in the Press and a debate in the House of 
Lords which ultimately resulted in this exclusion being 
removed in respect of women already so engaged. It is 
understood that the Home Secretary will shortly publish 
a draft of the proposed Regulations, which, in addition 
to the ordinary hygienic precautions for cleanliness, 
medical inspection, &c., have as their chief feature the 
prohibition of the dust created in the process of dry 
rubbing down, the substitution of the imnocuous wet 
process having been facilitated by the introduction of the 
various brands of waterproof sandpaper now on the 
market. 





THe Marnrenance or Diamonp Saw Btapes.— 
An interesting article, by Mr. W. Pate, of Carnoustie, 
entitled “‘ Hints on the Installation and Maintenance 
of Diamond Saw Blades,” appeared in a recent issue. of 
The Edgar Allen News. Considering the initial cost of 
a diamond blade and the inability of diamonds to with- 
stand shattering blows, states Mr. Pate, every possible 
step should be taken to eliminate irregularity, either 
in mounting or running, which would tend to introduce 
vibration or intermittent contact of the blade with the 
stone when cutting is in progress. A true-running shaft 
is imperative, and to ensure this, the bearings must be 
kept in good condition. Strict attention to lubrication 
is absolutely necessary. The true running of blade 
collars, both radially and axially, is also an important 
question, and, whether the collars are carried directly 
upon the shaft or in bearings, excessive radial slackness 
must be avoided, Any to and fro movement in the collars 
will put a side grinding action on the sockets, wearing 
them away unnecessarily. Side-play should therefore be 
corrected the moment it makes its appearance. A new 
blade may be perfectly flat and yet show a side-throw 
or buckle when put on the machine ; the fault should be 
looked for in the manner in which it is gripped o the 
collars. Thin packing between the collars and e should 
throw the rim over sufficiently, and such an adjustment 
should be tried repeatedly until the deviation sideways, 


from absolutely true ——. is not greater t the 
ratio of #-in. for a blade 6 ft. in diameter. Systematic 


calling | inspection should be made to correct sockets which are 


not tightly held in the slots, and this attention should be 
given specially during the first few days of service from 
a new or refitted blade. As a measure of machine and 
blade efficiency, a machine rated at 20 h.p. ought to cut 
steadily and give good finish when cutting 120 square 
inches per minute, the cut being, say, 30.in. deep and the 





speed of cutting 4 in. per minute. 
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SLEEPING CAR FOR THE INTERNATIONAL SLEEPING CAR COMPANY, LIMITED. 


CONSTRUCTED BY THE BIRMINGHAM RAILWAY CARRIAGE AND WAGON COMPANY, LIMITED, BIRMINGHAM. 








(For Description, see Page .751.) 
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ANT PN THE SAGUENAY RIVER, QUEBEC. 
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THE PROGRESS OF ENGINEERING. 





Ir is an allowable custom at annual banquets 
to review, if possible in pleasant terms, the par- 
ticular interests in life which the assemblage may 
represent. Such occasions lend themselves to some- 
thing a little more picturesque than the usual yearly 
report taken at a general meeting, and if well 
adapted to the mood of the evening may be calcu- 
lated to arouse far more interest among the members 
of an institution than a solemn recital of facts 
drawn up essentially for embodiment in minutes of 
proceedings. 

We referred briefly in our issue of last week to the 
successful function held recently at Manchester by 
the North-Western Branch of the Institutiod of 
Mechanical Engineers, at which the progress of that 
section was alluded to in more than one of the 
speeches. ‘The annual dinner of the parent institu- 
| tion, held on December 9, in London, was marked 
'by many similar references relating to the main | 
‘body. The Institution has now, we were informed | 
by the President, Mr. W. Reavell, as many as | 
10,000 names upon its roll of membership, and in 
other directions showss igns of very commendable 
activity. 

After the Royal Toasts, “‘ The Progress of Engi- 
neering” and ‘The Institution of Mechanical 
Engineers ” formed the texts of the chief speeches 
of the evening. It might almost be asked why 
the two were separated, and proposed and replied 
to as distinct subjects, for with so large a member- 
| ship the Institution may well claim, in a broad way, 
to represent mechanical engineering. Actually, few 
things have been more closely bound together in the 
world. Until the branch of the profession repre- 
sented by the Institution came into its own, 
‘engineering was very largely unprogressive. The 
civil engineer for the most part contented himself 
with works which, from all appearances, were 
equalled, if not, at times, excelled, by the Ancients. 
|The naval architects continued to build arks which, 
like the waves on which they rode, were driven 
by the winds and tossed. The electrical engineer, 
the so-called automobile engineer, the aeronautical, 
wireless, and other sub-divisions. simply did not 
exist. But, when the mechanical man really took 
matters in hand, the ambitions of the civil engineer 
became possible of realisation, transport across the 
seas became a matter of precision, the coach and 

















| pack animal gave way before railways, and hand- 


looms of limited capacity were replaced by factories 
filled with textile machinery. The electrical side 
of to-day is no less dependent upon the mechanical 
branch. The modern idea that electricity is little 
more than a power transmission system hardly does 
justice to this development, though in the ultimate 
the power is in the first place developed by the 
mechanical man in “thermal” or water power 
plants, and the electrical engineer is certainly 
under an obligation to the mechanical in connection 
with the construction of the machines he devises and 
employs. Thus mechanical progress has been 
father to the advance of engineering in general. 

With much to their credit in connection with 
modern developments, mechanical engineers have 
a good deal upon which to congratulate themselves 
within their own special institution. In actual 
size the Institution of Mechanical Engineers is 
undoubtedly imposing, but the Institution is not 
merely intent upon becoming a large body. Its 
first object is, we believe, to make itself useful 
by raising the standard of the profession. In 
two ways in particular, Mr. Reavell pointed out 
yesterday week, it is definitely working to this 
end. Its activities in the matter of research are 
well known. Each yearly report makes mention 
of considerable sums spent in this direction. while 
the yeoman service it has rendered in several 
connections is recorded in classic reports. The 
body was the first of its kind to take up the study 
of alloys, and its contributions in this respect 
have been unequalled. At the present time it is 
devoting itself to many subjects which can only 
be adequately tackled when some influential body 
can take the lead, as, for instance, the marine 
oil-engines trials. 

The second direction in which the Institution 
is making its influence felt, is the sphere of education. 
The Institution’s standard has for some years 
now been recognised, for instance by the Military 
Authorities, as conducive to efficiency, but more 
widespread still is the effect of the work the body 
is doing for the general personnel of the profession 
and industry. As is well known, latterly the junior 
grades have been reorganised so as to encourage 
the rising generation of engineers to attach them- 
selves seriously and early to the Institution, and 
all that it stands for. By its examinations it is 
endeavouring to improve the standard of the 
general recruits to the profession, while the scheme 
of National Certificates, inaugurated four years ago, 
should bear fruit of a very valuable character 
in the future. 

Before the war we were frequently twitted about 
the few facilities for technical education available in 
this country. The Institution of Mechanical Engi- 
neers now has the honour of having in being, jointly 
with the Education Authorities, a scheme which is 
bound, we think, to have a considerable influence on 
our national success. According to the latest infor- 
mation available there are now no less than 109 
technical schools and colleges in England, Wales, 
Scotland and Northern Ireland, which provide 208 
approved courses of instfuction under this scheme. 
On its inauguration, its success was immediate, while 
last year no less than 1,584 candidates entered for 
the final examinations. In 1922 the total awards 
numbered 644, but in 1926 they reached 856, of 
these, 238 being higher certificates, 35 ordinary 
diplomas, and 16 higher diplomas. The increase 
in the number of candidates for higher certificates 
has been a very satisfactory development, though 
this may, of course, be partly a natural consequence 
of those taking the junior courses in their earlier 
years passing on later to the senior grades. 

Since some 71 per cent. of the candidates for 
ordinary certificates are drawn from the apprentice 
classes, it will be realised that the scheme is making a 
direct appeal to lads to equip themselves properly for 
their businessin life. At the same time itis gratify- 
ing to note that older mechanics are availing them- 
selves of the facilities, no less than 16 per cent. of 
the total being of this category. For the higher 
certificates the apprentices obviously cannot make 
so good a showing, since in many cases this more 
advanced stage of their education will only be 
reached after they have finished serving their time. 
For the higher certificates the proportion from among 
the apprentices is 32 per cent., while draughtsmen 
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represent 29-6 per cent. and mechanics 27 per 
cent. Even foremen and technical assistants figure 
among the higher certificate candidates to the extent 
of over 8 per cent., clearly indicating, we think, that 
the scheme appeals to more advanced men as one of 
practical value. It is, we believe, full of promise, 
and has undoubtedly had the effect of bringing into 
being advanced instruction at schools where this 
did not previously exist. The Institution ina very 
practical manner recognises the examinations as 
exempting candidates from certain of its own 
ordinary examinations, thus extending encourage- 
ment to the candidates to identify themselves with 
it. To give some idea of the work involved, it may 
be mentioned that in the past year, the papers to be 
corrected by the assessors acting for the Institution 
numbered no less than 5,262, for England and 
Wales alone. It is further proof of the soundness 
of the idea that other institutions are embarking 
upon similar activities in their own special spheres. 

As announced by Mr. Reavell at the dinner, the 
Council has had under consideration the question of 
awarding prizes in connection with this scheme, and 
we understand that sixteen such awards have now 
been made to candidates attaining a certain grand 
total of marks in the last examinations for advanced 
part-time courses. Reference to the annual report 
of the Institution shows that the working of the 
scheme results in a considerable increment to the 
funds of that body. We do not know how far the 
Council proposes to carry the idea of prize-giving, 
but the suggestion has, we think very fittingly, been 
made that instead of financial profit accruing to the 
Institution in this way, it would be more appropriate 
for the yearly balance to be devoted to prizes, or, 
better still, to scholarships, being allocated to a 
special fund for this purpose. Funded at the pre- 
sent rate, the sum would soon amount to an 
appreciable endowment if it were thought desirable 
to treat it in this way, and the Institution would add 
still further to the great value of its work. 





THE THAMES BRIDGE PROBLEM. 


Wuen Paris was Hausmannised, a very large 
proportion of the total cost was, it is believed, 
derived from national, as distinct from municipal, 
revenues. The policy was justified on the ground 
that the improvement of the amenities of the capital 
city was of more than local interest. That the 
Thames bridge problem has been regarded as of 
national importance is proved by the fact that, 
perhaps, the majority of the memorialists, at whose 
instance a Royal Commission of inquiry was ap- 
pointed, are but occasional visitors to London, and 
had little or no direct interest in facilitating cross- 
river traffic. It would seem only just, therefore, 
that since the local authorities directly concerned 
have, in effect, been superseded by the Commission, 
the Paris precedent should be followed, and a 
substantial proportion of the cost of giving effect 
to the recommendations made* should be provided 
by the Treasury. 

Assuming the money to be forthcoming, certain 
of the proposals put forward seem to be distinctly 
attractive. The least satisfactory are those made 
with respect to Waterloo Bridge. In this case there 
has been no concession to the needs of the steadily 
increasing traffic, water-borne above London Bridge. 
The registered tonnage of the Thames barges now 
exceeds 540,000 tons, and the figure is still growing, 
as is also the average size of barge. In 1914, there 
were still some 50-ton barges in use, but to-day, 


even the smallest is stated to have a capacity of | 
of sea-going | 


100 tons. Moreover, the number 
vessels passing above bridge is also rising year by 
year, and in the general interests of the public, this 
movement should undoubtedly be enccuraged. The 
failure of the existing structure provided an excep- 
tional opportunity for effecting a marked improve- 
ment in the navigability of the river, but the 
Commission has failed to realise the importance of 


this, and has reported in favour of restoring Rennie’s | 


structure, with its original spans. Whether this 
restoration be effected by taking down and rebuilding 
the bridge or by under-pinning the piers where neces- 





* Report of the Royal Commission on Cross-River 
Traffic in London, 
Price 4s. net. ] 


H.M, Stationery Office. 1926. 
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| sary, isa minor matter. Although their report pays 
scant heed to the interests of the Port of London, 
the Commissioners have found it impossible to ignore 
the necessity for widening Rennie’s roadway, which 
they state should be made capable of accom- 
modating four lines of traffic, whilst each pathway 
should be 10 ft. wide. This additional width must be 
provided by extending the pathways beyond the 
existing fagade, because the Port of London Autho- 
rity will not countenance any lengthening of the 
existing piers. The London County Council, it may 
be recalled, proposed to make the roadway sufficiently 
wide for six lines of traffic, but as two of these were 
to be occupied by tram lines, it seems probable that 
the four-line way suggested by the Commission, 
may be as effective in facilitating traffic as the 
nominally wider roadway demanded by the tramway 
authority. 

Four proposals for effecting the necessary widen- 
ing are illustrated in the report, two being fathered 
by architects and two by engineers. Sir Reginald 
Blomfield’s design may perhaps be dismissed at 
once, since both pathways and roadway are of 
inadequate width. From the architect’s point of 
view, his plan has, no doubt, the advantage that, 
owing to the small magnitude of the overhang, 
no serious structural problems arise, and mere 
eye designing would probably be sufficient to ensure 
stability. The only proposal which satisfies even 
approximately the recommendations of the Com- 
mission is due to Mr. W. Muirhead, M.Inst.C.E., 
who provides for 10-ft. pathways and for a roadway 
of 34 ft. 6 in. in width. The latter dimension is 
possibly a little on the small side if the four lines 
of traffic are to have adequate freedom of move- 
ment. It is of some interest to note that the 
overhang necessary to provide the traffic room 
recommended, is so great that the facade of the 
bridge will necessarily be altered beyond recogni- 
tion, and, this being so, it is difficult to understand 
why the Commission has not reported in favour of 
an entirely new structure, thus satisfying traffic 
necessities, both by river and by road. Their 
recommendations are in fact an uncourageous half 
measure, which satisfy neither those who hold that 
the prime object of a bridge is to accommodate 
traffic both under and over it, nor those who, 
affecting to believe that «« Art stopped short in the 
cultivated court of the Empress Josephine,” argue 
that Rennie’s design should be maintained intact. 

As regards aesthetic considerations, it has to be 
borne in mind that the architect has little or no 
claim to be considered an authority on modern 
bridge work. Artists are naturally even less 
competent. This was amusingly demonstrated by 
a letter from Professor Baldwin Brown to The Times, 
recently published. From this it appeared that 
the writer estimated the fitness of the piers support- 
ing the approach viaducts of the Forth Bridge, by 
comparing them with what was deemed necessary 
in the early days of structural engineering, when 
stress analysis was in its infancy, and extremely 
little was known as to the strength and endurance 
of materials. On the basis of this comparison with 
standards due to past ignorance, Professor Baldwin 
Brown contended that the piers in question should 
have been thickened by the addition of large masses 
of useless and meaningless masonry, the only 
purpose of which would be to satisfy the eye of one 
accustomed to proportions adopted in the age of 
ignorance. 

Few seem to recognise to what large extent our 
views of aesthetic fitness are influenced by custom. 
This was strikingly shown when the pneumatic tyre 
was first introduced. Comments were then frequent 
| regarding its clumsy and ungainly appearance, when 
|compared with what was held to be the more 
_ graceful characteristics of its predecessor. To-day, 
'on the other hand, it is this original type, which, on 
|its rare re-appearances, is regarded as unsightly. 
The influence of use and custom in these matters 
| could hardly be more strikingly illustrated. 

The engineer who is actually engaged on bridge 
/ design acquires a feeling for form and proportion 
in these matters, which those without this special 
|experience necessarily lack. What is construc- 
| tively right can never be bad art, and the intro- 
| duction into a design of ‘countless tons{of material, 


| which have no structural significance, can be excused 














only on the ground of imperfect education, or of a 
vitiated taste. Of course it remains true that 
alternative designs equal sound constructively, may 
differ widely in aesthetic value. 

In this connection it is worth while to recall the 
early history of the St. Paul’s Bridge. When the 
plans were first published a wave of indignation 
swept the popular Press, worked up largely by the 
same architects, town planners, and artists who 
have been so prominent in the Waterloo Bridge con- 
troversy. It was asserted that a magnificent 
opportunity was being wasted, and that anyone 
but a souless engineer would have made the northern 
outlet debouch directly on St. Paul’s Cathedral, 
instead of passing it by on one side. The Royal 
Commission, however, reports that it is a fatal 
mistake, for roads leading from a bridge, to terminate 
in a dead end, and they attribute the relative in- 
effectiveness of Southwark Bridge to the fact that 
the traffic proceeding northwards is confronted 
with the equivalent of a cul de sac. This is clearly 
brought out by the sketch map reproduced on page 
754, which shows also that the route originally 
selected for the approaches to the St. Paul’s Bridge 
provides a direct line of communication with Isling- 
ton and the north. 

The Commission, however, suggest that this St. 
Paul’s project should be abandoned, mainly because 
traffic to or from the bridge would cross on the level 
of the principal east and west routes. They propose 
as an alternative, the construction of a new road 
bridge, with a roadway 70 ft. to 75 ft. wide, along- 
side but down stream of the existing railway bridge 
at Blackfriars. The approaches on both sides are 
clearly indicated in the sketch map, whilst the 
actual crossing is represented to a larger scale in 
the sketch plan reproduced on page 755. The 
southern approach would lead up from Southwark- 
street and reach bridge level by a gradient of 1 in 
35, passing over part of the Blackfriars goods yard 
of the Southern Railway Company. On the north 
side of the river the road would pass over the site 
of St. Paul’s station and continue for the most part 
alongside the railway up to Holborn Viaduct at 
its junction with the Old Bailey. The existing 
terminal station at St. Paul’s would be abolished 
and also that at Ludgate-hill, the two being replaced 
by a new through station, whilst the existing 
terminus at Holborn Viaduct would be enlarged. 

The new roadway would pass at a high level over 
Queen Victoria-street and Ludgate-hill. The piers 
of the new bridge could align with those of the 
existing railway bridge, and would thus, it is 
claimed, be not detrimental to the river traffic. 
Owing to the helpful spirit displayed by the 
Southern Railway Company, and acknowledged in 
the report, the Commissioners think that the time 
needed to secure the lands required would be much 
less than normal, and consequently that this new 
project could be brought to completion as quickly 
as the St. Paul’s scheme, were that proceeded with. 
The total cost is estimated at 3,000,000/., exclusive 
of contingencies. 

The helpful attitude of the Southern Railway 
Company is again recorded in connection with 
the Commissioners’ proposal for a new high level 
bridge at Charing Cross. Their scheme is illus- 
trated by a sketch plan reproduced on page 755. 
The proposals made, provide for the replacement 
of the present railway bridge by a double-deck 
structure, accommodating the railway on the lower 
floor and the roadway on the upper deck. The 
existing terminus at Charing Cross, the importance 
of which is rapidly increasing owing to progressive 
electrifications of the lines, would be replaced by a 
new station constructed under the new roadway 
and adjacent buildings. This new station would 
be situated on the eastern side of the present 
terminus and at a 7-ft. lower level. The whole of 
the rail traffic would be worked electrically. 
Provision is made for maintaining the services 
during the reconstructions. The new road would 
cross the Strand with a headway of 18 ft., and ter- 
minate near the Cavell Memorial. A short devia- 
tion of the railway viaduct would be necessary 
near Waterloo Junction station, and the new road- 
way would be carried past the main Waterloo 
station at platform level. The southern approach 
would be forked, one branch ending in the 
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Blackfriars-road and the other in Westminster 
Bridge-road. The total cost of this project is 
estimated at seven and a-half millions, plus 
contingencies. 

Many other improvements are also discussed in 
the report. The most important proposals are the 
improvement of the Victoria Docks-road and the 
construction of a new western outlet with two 
bridges on the line of route crossing the Thames 
near Dorset Wharf and Chiswick Ferry. Many 
existing bridges, moreover, are reported as being now 
inadequate, either because of restricted width of 
roadway, or because of weak floors. Over many 
of these bridges loads are restricted, but it is perhaps 
open to question whether this has in all cases been 
really necessary. For example, road locomotives 
and heavily-laden vehicles are warned against 
crossing Staines Bridge and Chertsey Bridge. Both 
are stone structures of moderate span and if the 
foundations are sound are probably capable of carry- 
ing any load now offering. The unnecessary 
nervousness of some road surveyors was strikingly 
illustrated during the war, when an old brick arch 
bridge was traversed time and again by 30-ton 
tanks, although at each approach there was a 
notice to the effect that the structure was only 
suitable for light loads. 

On the other hand, the restrictions barring the 
admission of heavy loads to the Chelsea, Albert and 
Hammersmith Bridges are probably fully war- 
ranted, and the Commissioners recommend that 
these bridges should be reconstructed, so as to fit 
them for every class of traffic, and that they should 
also be widened where necessary. 

Including these additional works, plus 10 per cent. 
for contingencies, the Commissioners estimate that 
the total cost of the giving effect to their recom- 
mendations will not be less than 274 millions 
sterling. It is suggested that the money should 
be raised by loan, the interest being paid out of the 
London contributions to the Road Fund. 





TRANSATLANTIC WIRELESS 
TELEGRAPHY. 

In view of the developments in transatlantic 
wireless telegraphy and telephony that have been 
made during the current year, and have been duly 
recorded in our columns, it is certainly of interest 
to be reminded of the fact that it is only 25 years 
since the first wireless signals passed from this 
country to the American continent. It was on 
December 12, 1901, in a room of a disused barracks 
on Signal Hill, St. John’s, Newfoundland, that 
Senatore Marconi, then Mr. G. Marconi, heard faintly 
in a telephone the groups of three dots constituting 
the Morse letter ‘‘ S,”’ transmitted from Poldhu in 
Cornwall. The detector used was a self-restoring 
coherer, and the aerial a thin wire carried to a 
height of 400 ft. by a kite, but perhaps the most 
interesting feature of the experiment was that its 
success disproved the theory, then widely held, 
that the transmission of wireless signals over great 
distances would be impossible owing to the curvature 
of the earth. 

That signals could be transmitted over consider- 
able distances by means of a raised antenna and an 
earth connection, had been demonstrated by Marconi 
some years previously, viz., in 1895 and 1896, and, 
in 1899, he had shown that the curvature of the 
earth did not interfere with the propagation of ether 
waves over a short distance. By 1900, having 
regard to the improvements effected in the tuning 
of transmitters and receivers, he had become 
convinced that transatlantic wireless telegraphy 
was @ commercial possibility, and the transmitting 
station at Poldhu was constructed to put the 
matter to a test. The aerial system at Poldhu 
consisted of a ring of 20 masts, each 200 ft. in 
height, arranged in a circle 200 ft. in diameter, 
and the construction of this aerial was practically 
completed in September 1901, when it was entirely 
wrecked by a gale of exceptional severity. It was, 
however, decided to attempt the experiment with 
a simpler aerial, and 10 of the masts were re-erected 
to a height of 170 ft. A triatic stay was stretched 
between the two end masts, and, from the triatic, 
60 bare copper wires were suspended with their 
lower ends converging to form a fan. The strength 
of the signals received from this aerial at Crook- 





haven, in the south of Ireland, was such that 
Mr. Marconi was satisfied that they could be 
detected across the Atlantic, and this proved to be 
the case, as stated above. 

The experiments in Newfoundland had to be 
discontinued owing to the opposition of one of the 
telegraph and cable companies, who held the 
exclusive rights to construct and operate stations 
for telegraphic communication with places outside 
Newfoundland, but every facility was afforded by 
the Government of the Dominion of Canada, and 
a station was subsequently erected at Glace Bay, in 
Nova Scotia. By December, 1902, it was possible 
to exchange messages between that station and 
Poldhu, and although we believe it was some 
few years before a commercial service was inaugu- 
rated, practical” transatlantic wireless telegraphy 
may be said to have dated from that time. To 
enumerate the subsequent stages in the develop- 
ment of this means of communication would occupy 
more space than is now at our disposal, and pro- 
phecies as*to the future are notoriously unwise. It 
is, however, fairly safe to assume that developments 
no less far-reaching than those which have already 
occurred in: the use.of ether waves, will have been 
made before the jubilee of the Signal Hill experiment 
is reached. : ty 





INSTITUTION . OF. MECHANICAL 
es ENGINEERS: 


An ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
December 10, at Storey’s-gate, Westminster, the 
chair being occupied by the President, Mr. William 
Reavell. 


Triats or T.S.M.S. “ Cape York.” 


After the minutes of the proceedings of the 
previous meeting had been read and approved, 
Mr. C. W. J. Taffs presented a brief summary of the 
Fifth Report of the Joint Marine Oil Engine Trials 
Committee of the Institution of Mechanical 
Engineers and the Institution of Naval Architects. 

This report dealt with the trials of T.S.MS. 
Cape York. The vessel is propelled by Hawthorn 
Leslie-Werkspoor, four-stroke cycle, single-acting 
oil engines with blast-air fuel-injection. We com- 
mence to reprint this report in abridged form else- 
where in this issue. Its reading was followed by a 
discussion which Sir Archibald Ross, K.B.E., 
opened. He desired to preface his remarks with a 
word of special thanks to Sir James Lithgow, who 
had most readily consented to place the Cape York 
at the disposal of the committee. He desired also 
to record his appreciation of the manner in which 
the Trials Committee had carried out their work, 
and especially of the work of Mr. J. 8. Brown and 
Mr. C. J. W. Tafis. Speaking from the shipowner’s 
point of view, the three points for main considera- 
tion were speed, weight, and fuel consumption. 
There were other factors, such as maintenance and 
reliability. In many cases the actual results of sea 
trials made a better showing than the shop test-bed 
trials, and the logs taken at sea showed improvement 
on the trial trip records. The Cape York had 
quite recently returned from a voyage of 30,000 
miles, during which, with full load, the mean speed, 
mean fuel consumption, and mean displacement 
were respectively 9-4 knots, 7-22 tons per day, 
and 12,540 tons. This performance might possibly 
have been improved with bronze propellers, but it 
was satisfactory as it stood. The impartial attitude 
of the committee did not permit of comparisons 
being made by them, but all would be glad .to know 
that Professor Dalby intended shortly to read a 
paper based on the five reports now -completed. 
It was regrettable that the trials did not in all cases 
include reliable thrust records, these constituting, 
for the ship designer, the most important factor. 
There would still appear to be difficulty in establish- 
ing accurately the indicated horse-power. The 
mechanism in connection with the indicators, in 
the case of the Cape York, did not, so far as it had 
been possible to calculate, permit of a greater 
inaccuracy than something of the order of 1 per 
cent. 

Both on trial and at sea the indicated power 
had, apparently, been recorded on the high side, 


and the values given for mechanical efficiency were 
therefore low. This was borne out by the actual 
consumption of fuel in service. The maximum 
thermal efficiency of the engine, compared with 
other engines, also appeared too high. No doubt 
the difficulties associated with the larger marine 
engines would, in due time, be dispelled. Mech- 
anical efficiencies on sea trials proved greater 
than in the case of shop running, but the indicated 
horse-power recorded on them (whether accurate 
or not) should not vary appreciably as between 
shop and sea. On the question of engine design, 
it was interesting to note that the design had been 
slightly modified in two respects. The diagonal 
stays had been dispensed with, and cast-iron “‘ A” 
frames were now fitted to that class of 4-stroke 
single-acting engine, which while adding to the 
weight, gave a more solid structure. The other 
point was that the main bearing botton brasses 
were not made adjustable by wedges, as the wearing 
down was negligible. Wedges were dangerous if 
used without extreme caution. He desired to thank 
the Institution and the committee for their courtesy 
throughout the whole of the trials, and with them 
he would associate Sir George Goodwin, who had 
done so much to instil enthusiasm on the subject. 

Mr. J. H. Narbeth, C.B., said the Werkspoor 
engine was, he thought, a very sound, substantial 
engine, and one which was a good deal in vogue 
abroad. In this country its adoption had lagged, 
but the fact that Messrs. The North-Eastern Marine 
Engineering Company and Messrs. Hawthorn, 
Leslie had taken it up was adequate evidence of 
its merits. The six-cylinder arrangement, the 
placing of the cranks and the order of cylinder 
firing provided for good balancing, and the 
engine should run very easily on its foundations 
The lubricating consumption seemed to be very 
low, but, on the other hand, with the Werkspoor 
engine the mechanical efficiency appeared to be 
exceedingly low; really a starting figure when 
compared with the mechanical efficiency recorded 
for the four previous engines. The popularity 
of the engine abroad suggested that it had excellent 
features not brought out by the trials. When the 
vessel was run on her full power trials at a displace- 
ment of 5,610 tons, instead of 12,465, the speed was 
the estimated speed for the full displacement. 
Whether or not this was due to inaccuracy of 
measurement, the result was serious in relation to a 
ship with a speed of 11 knots only. The results 
obtained with regard to fuel consumption should be 
compared with the four previous sets. Taking the 
Dolius as the standard, and giving the fuel con- 
sumption a value of 100, the figure for the Doxford 
engine would be 112, the Fullagar engine 117, for 
the Beardmore engines 120, and for the Werkspoor 
engines 124. Turning to low-power comparisons 
and again assuming 100 for the Dolius, the Doxford 
engine figure would be 96, the Fullagar, 117, the 
Beardmore 135, and the Werkspoor 147. The 
increase in consumption from full to low power, in 
terms of brake horse power per hour was very large. 
For the Doxford Engine it amounted to 25 per cent., 
for the Fullagar, 50 per cent., for the Beardmore 
70 per cent., and the “* Werkspoor”’ engine 80 per 
cent. The inference was that a good deal was 
wrong with the propellers, and it was hoped that, 
when fitted with the new propellers the ship would 
be shown to be capable of much better performances, 

Mr. Thomas Clarkson, commenting upon the ab- 
sence of anything in the report to indicate that steps 
were taken to recover the large amount of heat lost 
in the exhaust gases, said that in Section IT reference 
was made to a steam boiler to provide steam for 
auxiliary purposes. This boiler probably consumed 
not less than one ton of oil per day, the whole of 
which could undoubtedly be saved by utilisation of 
the exhaust gases. Table XVII of the Report gave 
temperatures of exhaust gases. In test No. 1 
there was a great discrepancy in the gas tempera- 
tures as between No. 1 cylinder (600 deg.) and the 
5th cylinder (1,005 deg.). He would be glad if 
light could be thrown on the disparity, which he 
thought very serious. In subsequent runs, cylinder 
No. 5 was always ahead of the others. Irregularity 
of valve setting may have been responsible, but the 
point was interesting. 





The lantern slides (reproduced herewith as Figs. 
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1 to 3), showed an attempt to recover as much as, represented the mean of means of some 20 or 30 
possible of the waste heat in exhaust gases. Fig. 1 | cylinders. It would seem to be in the method of 
showed a waste heat boiler in situ in the upper part | driving the indicator that the fault lay. Fig. 6 
of the engine room. The main exhaust pipes {showed a similar relation between the B.M.E.P. 
and the intakes for the cylinders were clearly shown. | and the mixture strengths. The outstanding point 
The crank shaft was 30 ft. below. A deflector valve, was that the Werkspoor engine here occupied a 
by which the gases could be shunted either through | place amongst the other curves, proving that what- 


the boiler or direct to the silencers, was fitted. 

Fig. 2 showed a vertical section of the boiler, 
in. the lower part of which was the combustion cham- 
ber, lined with refractory material. The inlet for 
the stand-by oil burner was on the right, and of the 
central space between the tubes the lower part was 
plugged to prevent the gases passing up it. This 
plug was made of firebrick, and was the only detail 
that gave any trouble. After 14 months’ service 
the brick showed a tendency to flake, and was 
therefore no longer used, a refractory steel containing 
a high percentage of chromium being substituted. 


Fig. 3 showed a plan of the combustion chamber. | 
The main exhaust pipe was 15} in. in diameter. | 


The engines were of 2,700 h.p. The position of the 
oil burner was clear. It was tangential to the 
base of the chamber and was arranged to deliver 
spirally, so that the gases were gradually rising and 
being drawn up through the tubes. The exhaust 
gas supply also entered tangentially. | 

Another type of waste heat boiler, in which the | 
gases were brought downwards over the heating 
surface and then up the centre to the funnel, had 
been designed. A tubular ported sleeve inside 
the centre space of the boiler was made to slide, in 
a manner similar to a sleeve valve, over corresponding | 
ports in the casing. When the sleeve was lowered, | 
the lower edge of the sleeve closed the passage at | 
the bottom, while, the ports being open, the gases 
passed direct away to the exhaust without flowing | 
over the heating surface. Where these boilers were 
used in situations in which hot water was not | 
always required, it was admissible to run all the 
water out and allow the gases to pass through the 
dry boiler, because there was complete and imme- | 
diate expansion of each tube. | 

Back pressure was a bogey to most engine, 
builders. Tests had been made specially to deter- | 
mine that point for two-stroke engines, and were | 
being made with other types of engines, but up to | 
the present: there were no indications of back 
pressure. There were indications that, in the case of 
two-stroke engines, the consumption of fuel oil was 
rather less when the gases were passed through the 
boiler than through the plain silencer. The explana- 
tion was that there was contraction in the volume 
as well as a drop in temperature of the gases. which 
facilitated the escape of the gases. Actually, a 
better result was obtained, though rather un- 
expectedly. 

Mr. W. A. 'Tookey drew attention to the peculiari- 
ties of the I.H.P. records in the Report. His 
remarks arose out of conversation with Mr. Taffs 
and Mr. Patchell. He illustrated them by Figs. 
4 to 7, on the opposite page. Fig. 4 represented 
the mean indicated pressures, being the mean 
of means from the various trials; the figures for 
the various reports were’ clearly differentiated 
on the diagram. The plotted points for the 
Vifth Report were always above all the others 


ever was wrong with the indicator mechanism did 
‘not affect the engine as a power-producing machine. 
That was corroborated by Sir Archibald Ross’s 
remarks. The engine, as an engine, was equal to 
others. but something was wrong with the indicator 
gear. This figure also gave, as far as mixture 
strength was concerned, a graphic demonstration of 








Fig. 1. 


Scott Still engine as distinct from the thermal 
efficiency. 

Mr. Tookey showed two further diagrams on the 
basis of mixture strength. The first showed the 
thermal efficiencies for the different engines as 
given in the tables. The curve of the Scott-Still, 
where the efficiency was combustion efficiency and 
not the total indicated of fuel oil with steam, was 
low. The Doxford engine was in the middle 
position. The highest position was occupied, as a 
check by the curve of an engine of the Nobel-Diesel 


and the M.A.N. engine of 1,500 h.p. Professor 
Coker had tested an engine and reported to the 
Institution of Civil Engineers in 1913. The results 
of his figures were visible in the top corner. Recently 
Mr. Mucklow made experiments using hydrogen. 
The results of these experiments he plotted, with 
the aid of y, to get theoretical combustion efficiency. 
The results showed that the plottings arranged 
themselves in the curious manner referred to. This 
called for’research work. If the ratio of mean 
indicated pressure to mixture strengths was taken 
and plotted against values of y — 1 from the formula 
for thermal efficiency, then, taking the indicated 
thermal efficiencies given in the paper, the four tests 
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values of y from those values of the thermal effi- | 
ciency, and the second diagram showed the values | 
of y computed by the formula :— | 





which formed almost a straight line. Looking at 
the mixture strength basis—mixture strength being 


calculated in B.Th.U. per cubic foot of total) 
cylinder volume—it was evident that a ratio was | 


Veda _and three from other records immediately ranged 
Em = 1 -(=) |themselves into diagonal lines. The majority 
| plotted themselves in the middle position, which 
This diagram again, showed that every engine | represented the engines normal in their charac- 


obtained, according to the straight line, between | bad its peculiar characteristic, suggesting some | teristics and their water-jacketing arrangements. 
the mean pressure and mixture strength of about 24 [need yet to tune up some of the different types of | Two engines plotted themselves above the middle 


. 


Although the curve seemed to fall on a straight uv 
for all engines, except those covered by the F 
Report, a distinct difference was perceptible between 
them, as was shown in Fig. 5. In this diagram the 
mixture strength was on the same basis. Taking 
the ratio of indicated mean pressure to the value 
of mixture strength, it was clear the 2-5. still 
represented the mean, but for every engine there 
was a peculiar characteristic. 


| engines in order to make them of one standard. 
Fig. 7 was the outcome of a suggestion that 
engineers desired to have exhaust temperatures, 
but that when this was done nobody knew what to 
|do with them. He put forward the following for 
| criticism. Taking the whole of the exhaust tem- 
| peratures mentioned in the various reports, except 
|Report 5, and using the value of y to calculate 
|the combustion temperature, all the figures again 


Again, it was evident that the Fifth Report | ranged themselves towards the median line. Further 
figures were far above the others. pointing to some- | research might show that all these records did 
thing wrong with the indicator mechanism. It was | really tend to lie in a straight line. The peculiarity 
hardly possible to attribute a difference of that kind | was that this not only applied to the four first tests 


to the indicator itself, and was inconceivable that all | but to other engines, such as the Blackstone hori- | 
Nobel-Diesel | 


the indicators gave pressures which, as Fig. 4| zontal three-cylinder engine, the 


showed, lay on the line so nearly, although they | marine engine, the Doxford—the type under test— 


| position referred to, the Scott-Still engine with 
the pistons cooled by the steam on the under- 
side, and the Doxford engine with a common 
combustion chamber to two pistons from that 
central chamber. A third line below the middle 
line referred to tests of a Michell crankless engine. 
If available information was correct, it could 
not take higher mixture strengths than about 
10-12 B.Th.U. per cubic foot instead of 50. It 
reached temperatures of 1,500 deg. C. at that very 
low mixture strength. It was known, therefore, 
that the condition of that engine must be very hot. 
| This method might be used to indicate what thermal 
efficiencies could be expected from modern oil 
engines. 

Mr. J. Hamilton Gibson wished to refer to the 
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fact that he also had noted that the indicated horse- 
power was much too high. 

Mr. G. 8S. Baker referred to the measurement of the 
indicated horse-power of the Werkspoor engine, the 
third of the type with whose trial analyses he had 
been concerned, and also the third to show efficiencies 
of the order given in the report. He thought there 
was little doubt but that the indicators were wrong. 
The method by which the power was measured was 
not the right method for getting the proper pressures 
in that particular engine. So far as he knew the 
measurements had been consistently wrong in three 





different engines, and he believed it to be due to 
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something quite definite and always there. With | 
regard to thrust measurements, the report was this | 
time rather better than before. 

They were again testing the Ford torsion meter 
used, and it would appear able to stand up to 
ordinary sea work. The thrust he regarded as the | 
only measurement that a shipowner was really | 
concerned with, as he did not want to turn his ship 
so much as to push it along. How it was delivered 
was purely an engineering question, and the trials 
had been initiated in order to supply the owners 
with data which would enable them to get some 
confidence in what an oil engine would do. 

It was to be regretted that in one or two of the 
other trials no effort was made by the builder to put 
in thrust measuring appliances. Mr. Narbeth had 
referred to speeds. He might have noticed a small 
paragraph stating that the ship was out of dock | 
for about 4 or 5 months, during which she had been 
in very light condition. On docking some weeks | 
later, the fouling had been examined, and he was | 
of opinion that without that fouling the speed | 
would have been better. The H.P. discrepancies | 
were partly attributable to the dirty bottom. 
Referring to the propeller losses, he felt that the 
Committee would have to carry the matter further ; 
at present the data were only summarised. It was | 
time they were gone into to see what they really | 
meant. Lately he had seen many cases of the | 
wrong type of engine being put into a ship. The) 
propulsive efficiencies with some oil engines had 
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been very low, and that produced an absence of 
confidence in some owners as to what could be done 
with oil engines. The defect arose simply from the 
fact that the engineer decided the type of engine to 
be fitted to the ship, and did so on the basis of such 
figures as were given in the Report. This arrange- 
ment did not always work out well. If high revolu- 
tion engines were put into full boats, good efficiency 
would not be obtained ; there was a limit to which 
different types of engines, according to revolution, 
could be fitted in boats of varying fullness. That 
point required careful consideration in relation to 
the application of oil engines to mercantile use. 


5. 
33 


31 
29 


27 


oe Report (?7Incorrect) 



















































































0 10 20 30 40 50 
Mixture Strength (Net CV.) 
(ssser) Qt-B.Th.U. per Gu Ft.Total GU Volume _ 
1600 ig!. "9 
a 3 re 1500 
On 8 
1400 3 
4 /s ag 
WZ 
1200|— vi 
a 2e 
ry ¥ 7) fb 
) “ 4 
1000+ © — 
of 
800}— ” 
Ry Pp 
600 F 8 & 
ie % 6 Blackstone 
e u Nobel Diesel 
400-~ SN 4 Doaford 
. 4 MAN. 1500 HP. 
* : © Beardmore-Tosi | 
x Scott-Sall J 
z00}§ 8 aa a 
@ Coker (Town Gas) +— 
+ Mucklow (Hydroger 

















10 20 30 40 50 
Mixture Si th (Net CV. 
esse) Qe-BTRU. per Cu Fe. Total Grinder Volume 


Mr. W. J. Still observed that the discrepancy 
between indicated and brake horse-power consump- 
tions had been generally noticed in regard to the 
trials. It appeared from the report that these 
indicators were driven by cams off the lay shaft. 
In the course of his experience he had three times 
fitted engines with that class of drive, and he had 
invariably had to take them out and replace them 
with other drives before he could get accurate 
figures. In most cases the indicated horse-power 
was slightly too big, but in one case slightly too 


| small He thought a good deal of this was due to the 


spring of the lay shaft itself, which was not revolving 
in correct phase with the crankshaft. 

He had plotted the results from two 4-stroke 
engines of similar character, viz., the Werkspoor 
and the Beardmore Tosi, and expected a similar 
indicated thermal efficiency from them. There was, 
however, about 17 per cent. difference between the 
efficiencies of the two. 

When plotting the mechanical efficiency of three 
different engines, based on brake H.P. against 
fuel consumption, he had found that the solid injec- 
tion two-stroke engines gave the highest mechanical 
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efficiency. The Fullagar two-stroke engine was a 
little lower ; the Tosi occupied a reasonable position, 
as compared with other trials, but the “‘ Werkspoor ” 
was well below all of them. 

Taking the thermal efficiency and brake horse- 
power of the different engines, it should be noted 
that the two-stroke engines in these trials showed 
higher thermal efficiency on the brake than the 
4-stroke. This was a reversal of what was originally 
claimed for the 4-stroke engine. No doubt in the 
early days of the 2-stroke type the 4-stroke engine 
was a better performer as regards fuel consumption 
against brake horse-power. That was not so to-day, 
perhaps due to scavenging. 

Another side to the question, where the two- 
stroke engine did not show so well, was shown by 
an analysis of the heat flow to the piston and not 
to the cylinder walls. The reason was that the 
cylinder walls often included the belt round the 
exhaust, as in the Doxford. The piston indicated 
pretty correctly what was happening to the hottest 
part of the combustion chamber, because it was in 
contact with the hot gases throughout the strokes. 
The temperature differences between piston and 
cylinder wall appeared to be very small in all these 
cases, so small that any considerable transmission 
of heat from one to another was unlikely. 

He had usually believed that the 4-stroke engine 
had about half the heat flow per square foot of 
surface of the 2-stroke. He had a diagram which 
showed that the ratio was even greater than 2: 1. 
The same thing was more apparent when equated to a 
common value of M.I.P. and revolutions. 

Referring to Mr. Tookey’s diagrams, showing 
certain efficiencies based on exhaust temperatures, 
he would ask Mr. Tookey how he proposed to get 
really reliable temperatures from a 2-stroke engine 
when the exhaust was mixed with scavenging air. 
Entirely different readings would be obtained by a 
change in the position of the pyrometer. Such 
figures might be got from a 4-stroke engine. His own 
experience with exhaust of engines of the 2-stroke 
type showed that it was possible to get any tempera- 
ture desired by choosing the particular point at which 
to put in the pyrometers. 

Sir Ernest W. Petter said the trials referred to 
were all of slow-speed engines. He thought it desir- 
able to compare the results with those of higher 
speeds. He thought the time might not be far 
distant when marine engineers would accept engines 
of higher revolution speed than at present. Lighter 
types of vessels with engines of considerably higher 
speeds were giving extremely good results. He 
| wondered if the committee could carry out a further 
| test on engines of higher speed; apart from pro- 
| peller efficiency, there wes much to be said for higher 
| speed in engines. The really important point was 
|the thrust power. It was agreed that the ship- 
|owner must accept lower propeller efficiency with 
| higher speed engines, but, on the other hand, much 
| was gained in carrying capacity, probably more 
|than would be lost in propeller efficiency. The 
| committee might perhaps be willing to take advan- 

tage of an opportunity of testing a vessel, namely, a 
| tug-boat, for New Zealand, which was fitted with a 
| pair of six-cylinder engines each of 600 h.p., 
running at 270 r.p.m. The vessel would seem a 
most unlikely type for a high-speed engine, but it 
was the third one of its kind, the other two having 
been in commission for two or three years, and having 
given exceptionally good results as tugs. Trials 
of the kind suggested might be made before the 
vessel left, and added to the reports. Compari- 
sons of such a vessel with those already tried, par- 
ticularly as regarded weight and dimensions, should 
be interesting. 

Mr. C. W. J. Tafis then replied to the discussion. 
| He thought Mr. Narbeth’s remarks regarding the 
'consumptions of different engines at sea were not 
| altogether fair, as the vessels were in such different 
conditions of load. It was unfortunate. that the 
committee had to accept the ships as provided by 
the builder. Runs on the measured mile were not 
attempted when the ships were loaded, as he 
believed it interfered with insurance policies. The 
incorrect H.P.’s were responsible for a lot of trouble. 
With regard to the discrepancy in the powers 
developed as between the two engines at sea, the 
brake horse-powers were deduced in proportion to 
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the indicated horse-powers. ard if these were wrong ; 
there was nothing more tosay. Assuming that they 
indicated the power developed in the cylinders and 
were consistent, the uneven loading of the different 
cylinders along the engines in the sea trials might be 
due to the trim of the vessel, as the fuel system of 
the engines was such that it might be affected by 
the tilting of the engines. 

He had prepared a diagram from the heat balance 
sheets, from which the losses due to friction, radia- 
tion, and those involved in the exhaust gases could 
be studied. Only about 60 per cent. of the heat in 
the latter was recoverable at full power, while at 
low power there was nothing. A diagram of the 
logarithms of torque had also been plotted as in 
previous cases. Commenting on the latter, certain 
auxiliaries had been driven from the engine on the 
sea trials which were not in use on the shop trials. 
An examination of two of the curves showed that 
the propeller was unsatisfactory. The diameter 
was too great for the pitch. The same thing had 
been noticed in the fourth report, and it was interest- 
ing to observe that in the case of the British Aviator 
6 in. had been taken off the diameter of the pro- 
peller which had greatly improved the running to 
the engine. 

The President remarked that until the reports 
were all co-ordinated and compared, it was not easy 
to carry all the figures and deductions in mind. 
He desired to express the indebtedness of the In- 
stitution and the committee to all those concerned 
in putting the vessels at the disposal of the com- 
mittee ; and to Mr. Taffs for the way in which he 
had presented the report and for his further com- 
ments. 

The secretary then announced an informal meet- 
ing at 7 p.m. on January 7, 1927, the subject for 
discussion being ‘‘ Developments in the Carbonisa- 
tion of Coal,” to be introduced by Dr. Lander. 
The next general meeting would take place on Friday, 
January 21, at 6 p.m., when a paper by Professor 
Mellanby and Professor Kerr, on ‘“‘The Use and 
Economy of High-Pressure Steam Plants,”’ would be 
presented and discussed. 





NOTES. 
OpticaL Fiats oF FusED QUARTZ. 

Some few years ago, Professor Elihu Thomson; the 
head of the General Electric Company, suggested 
that fused quartz should be used for the mirrors 
of reflecting telescopes, since this material, having 
a very low coefficient of expansion, would be less 
liable to yield star images distorted by local tem- 
perature differences. He succeeded in producing 
quartz discs of considerable size, and found that the 
work of figuring and polishing was much simpler 
than it was with glass, which distorts owing to the 
heat generated in the aforesaid operations. It is 
now reported that the United States Bureau of 
Standards have adopted the same material for 
optical flats, of which they have prepared two 
from discs measuring 10 to 11 in. in diameter by 
14 in. thick. The maximum error of form has 
been proved to be dess than 2 x 10~* of an inch. 
These flats are to be used as standards of reference. 
They are harder than gluss, and, having a coefficient 
of expansion only + as large, can be handled with 
less precaution than the glass flats hitherto 
employed, which distort sensibly under the heat of 
the hand. The fused quartz was produced in the 
Thomson research laboratory of the General Electric 
Company. 

BERGINISATION OF Fisu-Liver OILs. 

The paper on the “ Berginisation of Fish—Liver 
Oils and Other Bodies ” which Dr. W. R. Ormandy, 
Professor I. M. Heilbron, and Messrs. E. C, Craven 
and H. J. Channon read before the Institution of 
Petroleum Technologists last Tuesday, was presented 
as a contribution to the study of the origin of 
petroleum. Destructive distillation of fishes and 
mussels yields nitrogenous products totally different 
from petroleum, but the similar distillation of fish 
oils gives products resembling petroleum. Engler 


therefore suggested years ago that the decay of sea 
animals first destroyed the nitrogenous compounds, 
and that the subsequent destruction of the oils 
and fats gave hydrocarbons. This would not 








necessitate the original presence of hydrocarbons 
in fish oils, and hydrocarbons were not known to 
occur. in these oils until 1906, when Tsujimoto 
discovered an unsaturated hydrocarbon in the 
livers of certain squalide sharks; he called this 
body, of the formula C,H, , squalene. In 1919, 
Gaston Chapman found a very similar hydro- 
carbon, spinacene, in other shark livers. Subse- 
quent researches by Professor Heilbron and others 
have established the identity of squalene and spina- 
cene, and also a much more general occurrence of 
these hydrocarbons in fish livers, sometimes to 
more than 50 per cent. It was therefore of interest 
to investigate whether this unsaturated hydro- 
carbon could, by the Bergius treatment’ with 
hydrogen at high temperature and pressure, be 
converted into saturated hydrocarbons. The hydro- 
genation was effected by the Deutsche Bergin A.G., 
and the authors of the paper described the results 
of these experiments, and further researches of 
their own, carried out with the aid of the Fuel 
Research Division of the Department of Scientific 
and Industrial Research. One of the saturated 
bodies obtained is isopentane, C;H,,, which consti- 
tutionally is closely related to isoprene, C,,H, 
a hydrocarbon of caoutchouc. Squalene being a 
terpene, these bodies, pinene, &c., were also 
studied, and they were found to behave similarly 
under berginisation. The berginised squalene oil 
also resembled berginised lignite products, but it 
contained only traces of phenol, whilst the hydro- 
genated lignites contain up to 20 per cent. of phenols. 
These phenols might have been present in petroleum 
formed from fishes, but might have been washed 
out afterwards. It would appear, moreover, that 
small quantities of phenols are more common in 
petroleum than had been assumed. This line of 
research thus looks very promising. 


ATMOSPHERIC ELECTRICITY. 


The fundamental problems of atmospheric elec- 
tricity, which Dr. G. C. Simpson, F.R.S., Director 
of the Meteorological Office, discussed on the last 
two Saturdays at the Royal Institution, remain 
unsolved, he stated, and the various theories ad- 
vanced, though qualitatively promising, had broken 
down quantitatively. The earth’s surface, as a 
whole, possessed a negative charge. As long as the 
air was supposed to be an insulator, that charge 
had been regarded as in some way residual. But 
when it was proved, towards the end of the last 
century, that the air was always ionised to a certain 
extent, the problem was not only to account for the 
origin of that negative charge, but also for its main- 
tenance. Demonstrating the methods of measure- 
ment and the instruments in use, due to Kelvin (water 
dropper), Elster and Geitel, by the veterans of at- 
mospheric electricity research, Ebert, Gerding and 
C. T. R. Wilson, Dr. Simpson explained that, during 
fine weather, the potential gradient (about 300 volts 
per metre at Kew) was positive and nearly the same 
all over the earth, and, as he himself observed first 
on the antarctic expedition of 1907, also over the sea. 
During disturbances, especially a steady drizzle, 
however, the gradient was reversed, and the ground 
became positive ; during thunderstorms the potentials 
fluctuated enormously on both sides of zero, and 
gradients of 33,000 volts per cm. (not per metre) had 
been observed. On the whole, however, the negative 
charge predominated, and the lines of force seemed to 
extend upwards to heights of at least 6,000 m., ending 
possibly somewhere in a positively-charged layer. 
The negative electrons travelling upwards in that 
field of force, quite apart from the small number of 
ions present, must create a certain earth-air 
current, which would have to be balanced by a 
return current of the same magnitude. There was, 
however, no evidence of any return current of 
sufficient intensity. Rain and dust might be carriers 


|of electricity and they would introduce another 


driving force, viz., gravity. The ions might then be 
separated, because negative ions travelled slightly 
faster than positive ions, viz., about 1:2 cm. against 
1 cm. per second under a gradient of 1 volt per centi- 
metre. A further separation might take place when 
ions, forced into the ground at high atmospheric 
pressure, were released again at low pressures ; but 
quantitative experiments, by Dr. Simpson himself 
and others, showed these modes of separation to be 





insignificant. The required ionisation of the air had 
been partly ascribed to radioactivity and to highly 
penetrating radiations,* but, according to Swann, 
the swiftest rays had no ionising power. The vari- 
ations in the potential gradient and thunderstorms 
seemed, however, to suggest possible explanations. 
The daily variations in the potential gradient were of 
the opposite sign in the northern and the southern 
hemispheres, when plotted to local time, but not when 
referred to Greenwich time. Further, the potentials 
and their variations were much stronger in winter 
than in summer in both hemispheres, and in both 
hemispheres the winter pole was nearer the sun:than 
the summer pole. The asymmetrical position of the 
magnetic poles might also concern the phenomena. 
As regards thunderstorms, C. T. R. Wilson had 
considered that the upper layer of a thundercloud 
carried a positive charge, and the lower a negative 
charge. Dr. Simpson suggested the opposite distri- 
bution}, because the rain brought a positive charge 
down with it, whilst the negatively-charged air rose. 
This seemed also to be in accord with lightning 
observations. Lightning usually started in a strong 
flash from a cloud, and began to branch as it 
approached the earth; very few flashes started 
from the ground or water and branched higher up. 
Thunderstorms were certainly very frequent, when 
the whole globe was considered, and were concen- 
trated in certain districts at certain hours. Further 
fundamental discoveries in physics, however, were 
apparently required to explain how negative particles 
could enter our atmosphere and penetrate through 
it, or how negative electricity could be generated 
without the appearance of an equivalent positive 
charge. 





THE INSTITUTION OF CHEMICAL 
ENGINEERS. 


On Wednesday, Thursday and Friday of last 
week, the Institution of Chemical Engineers held a 
conference in the Science Museum at South Ken- 
sington, two afternoon sessions taking place on 
each day. Sir Frederick L. Nathan, president of the 
Institution, took the chair on the first two days; 
Mr. W. MacNab and Sir Alexander Gibb presided 
over the two Friday sessions. 


A Recorpinc Torsion DyNAMOMETER. 


The first paper taken was one by Messrs. R. G. 
Parker, B.Sc., and D. N. Jackman, M.Sc., on 
“ A Recording Torsion Dynamometer,” designed by 
the authors and constructed by Messrs. Adam 
Hilger, Limited, especially for investigating the 
power absorbed by laundry machinery. Mr. Parker 
is Director of the British Launderers’ Research 
Association, of Hendon. The instrument was 
required, because the motion within a washing 
machine is known to contribute at least as much as 
the detergent solution towards cleansing the 
material. The principle of the dynamometer will 
be understood from the diagrams, Figs. 1 and 2. 
A 2-in. steel shaft, 18 in. long, transmitting I h.p. 
at 170 r.p.m., Mr. Parker explained, would be 
twisted through an angle of 0-02 deg., and 
points at opposite ends of this shafting would be 
out of line by about 0-0004 in. Various ways 
had been adopted for magnifying this small dis- 
placement by means of levers and sleeves. Their 
own dynamometer might be described as a small- 
scale Féttinger instrument. It was not limited to 
the 10-h.p., and speeds of 300 r.p.m. which were 
seldom exceeded in laundry machinery. The actual 
twist was measured, not on the shaft itself, but on 
two arms, A and B (Fig. 1). A was supported by 
a collar fixed to the shaft at C; B was carried on 
a long, rigid sleeve clamped at D; thus the stan- 
dard shaft length of 17 in. was the distance C D,D 
being the driving end of the shaft. At a radial 
distance of 5 in. from the shaft centre the displace- 
ment would be 0-002, instead of 0-0004 in. This 
mechanical magnification was used in the instrument 
and a further magnification was obtained by optical 
means. A pin H (Fig. 2) was attached to arm A, 
near its end (A is not shown in Fig. 2) and projected 
through an aperture Ninarm B. H carried asmall, 





* See ENGINEERING, February 19, 1926, page 229. — 
+ See Water in the Atmosphere, ENGINEERING, April 6 
1923, page 440. 
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knife-edged spring J, which engaged in a deep 
groove K cut into the rocker spindle L, to which a 
mirror M was fixed. The rotation of L, and 
consequent deflection of M, was recorded on a 
sensitised paper moving in the camera, which was 
carried near D. The camera also contained a 
lamp sending a beam of light to the mirror, The 
whole instrument, of which Fig. 3 gives a general 
view, had the overall dimensions of 2 ft. 6} in. 
by 1 ft. 3in. and 7? in.; it weighed 66 Ib., com- 
plete with one set of steel bushes. The instrument 
was made for use on shafts from 1 in. to 33 in. in 
diameter. 
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the others and kept the paper taut. The instrument 
was Calibrated by means of a Prony brake. The 
first photographic records taken revealed an 
apparent lack of steadiness in the graph, which 
proved to be an advantage. The records were 
oscillating curves, and it was soon ascertained 
that the oscillations corresponded to shaft revolu- 
tions. The shaft, bending under its own weight, 
would rotate about a curvilinear axis, and the two 
arms A and B would alternately approach and 
recede from one another when above and below the 
shaft. These oscillations, seen in Figs. 4 and 5, 
in which the power is plotted against speeds as 
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to workshop practice, and that a time-mark could 
easily be added to make the dynamometer also a 
recording speed counter. Sir Frederick Nathan 
commented upon the rapidity of response and the 
smallness of errors in this instrument. Mr. Parker 
remarked in his reply that the dynamometer had 
been found to be reliable at speeds of at least 
300 r.p.m. 


ConTROL OF CHEMICAL PLANT OPERATION BY 
StratisticaL Mrtuops. 


The next paper was on “ Statistical Methods in 
Relation to Industrial Efficiency,” and was con- 
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Revolutions of line shaft. 


The camera, its gearing, and the light-tight box | abscisse, did not interfere with the exact deter- 


attached to the camera rotated with the shaft, and 
were carried on a separate sleeve on the shaft 
beyond the point D(Fig.1). The bush E, carrying 
the arm A, was a running fit on the shaft at F, and 
was clamped at C. The sleeve carrying the arm B 
is split and fits over this bush at G. The parting 
faces of the components are purposely arranged out 
of line. The bushing for B was marked E, in 
Fig. 1, the bearing indicated at G allowing of 
rotational movement of A relative to B. The 
bearing G consisted of four self-aligning ball bear- 
ings, the outer races of which rolled upon the surface 
of the extension of the cast-iron bush, which was 
ground true ; the bearings were adjusted by means 
of bolts opposed to two pairs of set screws, the end 
faces of which were forced together so as to prevent 
any play in the bearing. The actual bush contacts 
with the shaft were only }in. long, in order to secure 
a high clamping pressure and to allow of exact deter- 
mination of the standard shaft length, 17 in. + } in. 

The shaft was mounted in jewels and was 
adjustable both horizontally and vertically, and the 
needle-tips clamping the bushes entered grooves 
and were made of hardened steel. Underneath 
the movable mirror, was fixed another mirror to 
give a datum line on the records. The paper was 
driven from the shaft by a train of rollers operated 


by a Bowden wire ; one of the rollers was faster than 





mination of the mean deflection and mean power. 
Fig. 4 referred to a camshaft running light at first, 
with aload of 0-75 h.p. put on by brake, after.29 
revolutions ; after another 29 revolutions steady 
conditions were restored, the amplitude of the 
oscillations being nearly the same as before. The 
record, Fig. 5, was obtained from a laundry washing 
machine in which a perforated cylinder rotated 
slowly within an outer case and was automatically 
reversed after every three revolutions. Each of 
these periods of three revolutions corresponded to 
44 revolutions of the line shaft carrying the dyna- 
mometer. The reversal was effected by open and 
crossed belts ; for from 0-5 to 1 second both belts 
were on loose pulleys, and the power then fell to zero ; 
immediately afterwards there was acceleration, and 
the power rose to a peak. The reversal, the graph 
further indicated, took up nearly 20 per cent. of the 
time; the smaller curve fluctuations were due to 
the action of lifters raising the soiled fabric and 
rolling it over. Other graphs were exhibited, and 
the various sources of error, none likely to exceed 
1 per cent., were discussed in detail. 

Discussing the paper, Dr. G. Martin explained 
the way in which he had made power measurements 
by the aid of rocking motors. . Professor J. W. 
Hinchley pointed out that the dynamometer, which 





was designed for research; could probably be adapted 


Fia. 5. 


tributed by Messrs. Douglas Rider and T. Camp- 
bell Finlayson, of the Woodall-Duckham Companies, 
London. Mr. Rider, introducing the paper, remarked 
that the margin between cost and receipts had be- 
come so small that the closest attention to output and 
efficiency was required. Difficulty had at first been 
experienced during the war in obtaining prompt data 
from the industrial concerns taken over by the 
Government. The value of statistical methods had 
been much more appreciated abroad than at home, 
and our factories would have to be controlled more 
scientifically. Their paper had been written from 
the point of view of the works manager or factory 
superintendent ; the examples were taken from a 
chemical acid works, but the system could equally 
well be applied to other forms of industry. 

The primary duties of the works manager included 
control and maintenance of production, efficiency 
and economy ; he should not have to spend much 
time on routine work and on meetings and con- 
sultations. Every morning the works manager 
should receive daily reports on production and stocks 
of materials, raw, intermediate and finished, and 
on the labour position and the state of maintenance 
and construction. Further, he should have weekly 
or monthly reports on comparative production costs, 
&c. The information should be simple (in actual 
figures observed, not deduced values) and avail- 
able promptly ; long-period reports were of little 
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use to him. In carrying this out, each process 
and each stage was to be counted as a complete 
unit. In works consisting of three plants, together 
of nine departments, the plant manager should 
receive every morning three reports from the three 
foremen (for the three shifts) of each department. 
He would forward these daily reports, together 
with daily reports from the laboratory, traffic 
and purchases and sales department, on to the 
statistical office, on which the further responsibility 
fell. Since plant managers were inclined to under- 
estimate consumption of raw material and to 
over-estimate production, transfer cards should 
be used. The engineer’s daily report would deal 
with number of men working or absent, state of 
repairs, &c. The statistical office had to summarise 
the daily data in a record book, and to tabulate the 
stock accounts. Accurate stocktaking each month 
would suffice. Efficiency and production data, &c., 
were best presented in graphs. In the cost estimates, 
the on-cost item would represent the difference 
hetween the totals of cost items and the expendi- 
ture deduced from the accountancy books. 

The paper gave rise to an animated discussion. 
Professor Hinchley, speaking first, raised the question 
as to whether the figures should be for periods 
ending with the end of the week and of the 
month ; the former would be awkward if Saturday 
were pay-day, and periods of four or five weeks, 
beginning on certain fixed dates, would be preferable 
to monthly summaries. Sir Frederick Nathan 
supported this suggestion; weekly information 
regarding wages could not be up to date. Mr. 8. J. 
Tangay, of Haughton’s Metallic Packing Company, 
was afraid that the system was too complicated 
and would take much time, and would result in 
the compilation of records hardly ever consulted ; 
some unsuccessful firms could show the most 
perfect books. Mr. R. Ray, on the other hand, had 
like Mr. Rider found that the system worked well 
after an initiation period of six months. Major 
W. H. Clarke was also impressed with the practical 
value of the system. Mr. Rider, in replying, 
pointed out that several critics had confounded 
the duties of the managers with those of the 
statistical office. In his own works, the manager 
had to deal with seven reports; the rest was the 
task of the oftice. The constant checking of 
materials and production and the transfer cards, 
saved much grumbling in factories where a man 
was dependent upon the work of others. Accurate 
stocktaking had to be distinguished from estimates. 
Concluding the discussion, Sir Frederick Nathan 
remarked that he had found checking raw materials 
per unit of output of great use in more than 15 
explosive factories during the war; there had 
been difficulties at first, but they had soon been 
able to insist upon a certain efficiency. 


(To be continued.) 








Arr Fiow in tHE WAKE OF AN AgROFOIL,—The earliest 
physical conception of the flow in the wake of an advanc- 
ing aerofoil of finite span was suggested by Lanchester, 
who showed, from theoretical considerations, that the 
flow should comprise a layer of vorticity immediately 
behind the trailing edge and two general circulatory 
motions of opposite directions of rotation, one at each 
aerofoil tip. Other work has since been carried out at 
Gottingen, in America, and at the National Physical 
Laboratory. An investigation carried out at the last- 
mentioned Institution with a view to obtaining measure- 
ments of the wind speed and direction, and to map out 
the changes which occur in the extent and distribution 
of the vorticity in the wake as it passes down stream, is 
described in Reports and Memoranda No. 951 of the 
Aeronautical Research Committee. The experiments 
were made with an aerofoil of rectangular plan form, the 
ratio of span to chord being *:1. Measurements of 
the speed and direction of the wind were made in three 
transverse planes behind the aerofoil, and also in a plane 
forward of the leading edge. ‘The results provide an 
experimental verification of the theoretical relation given 
by Lanchester, that the total strength of the vorticity 
leaving a semi-span of an aerofoil, as obtained by integra- 
tion over a transverse plane close behind the aerofoil, is 
equal to the circulation around the median section, and 
that the distribution of vorticity is closely connected with 
the distribution of lift along the span. At 13 chords 
behind the aerofoil the “ rolling-up ” of the vortex band 
is almost complete, and, within the limits of experimental 
error, the flow is irrotational at a distance of 0-57 in front 
of the aerofoil and in the regions extending beyond the 
tips. The authors of the report are Messrs. A. Fage and 


L. F. G. Simmons, and it is obtainable from any of the 
branches of H.M. Stationery Office, price Is. net. 
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~POWER-DRIVEN POTATO DIGGER. 


CONSTRUCTED BY THE HOOVER MANUFACTURING COMPANY, AVERY, OHIO, U.S.A. 

















POWER-DRIVEN POTATO DIGGER. 


THE advantages of the elevator type of potato digger 
have hitherto been somewhat offset by its heavy 
draught. To overcome this defect, The Hoover 
Manufacturing Company, of Ohio, who first intro- 
duced this type of digger, have recently brought out a 
range of machines in which the elevator, kicker, and 
riddle are driven by a petrol-paraffin engine. An 
example of one of these machines was exhibited by 
the concessionaires for this country, The British 
Hart-Parr Co., 93, Lincoln-road, Peterborough, at the 
recent Smithfield Show, and attracted considerable 
attention. We illustrate this machine in the above 
figure, and from the illustration it will be seen that it is 
fitted with an air-cooled engine mounted on the frame 
above the main wheels. The engine shown is a 5 h.p. 
model, manufactured by the New Way Motor Company, 
and is fitted with a cooling fan, and with a cowl to 
direct the air blast over the cooling fins. Air cooling 
is not very popular in this country, and it is possible 
that the alternative model marketed by the makers, 
fitted with a Cushman water-cooled engine, will be 
preferred for the British market. 

The machine is substantially constructed, and rolled 
steel is employed for all the more important parts. 
The sides of the main frame are light ribbed sections 
specially rolled for the purpose, the beams are of high- 
carbon channel steel, and the front truck is of the same 
material. The beams are provided with the usual 
adjustment for hilly ground, as shown in the 
illustration. The shovel is of crucible steel, and the 
supporting castings have slanting fronts to permit grass 
to pass freely from the edge of the shovel. Either a 
two-wheeled or single rollgr front truck can be fitted, | 
as preferred. The former, as shown in the figure, is of | 
the siagle-action type, but a double-action truck can 
be supplied as an alternative. On this, the wheels are 
pivoted on vertical levers which swing as the pole is 
turned, giving a sharper turn at the ends of the rows. 

The engine drive is taken by chain to a first-motion 
shaft, and thence by a second chain to a second-motion 
shaft, which is carried across the machine. From 
the end of this shaft remote from the chain wheel, 
the drive is by a pair of spur gears to the main elevator 
shaft. The two chain drives are clearly visible in 
the illustration, but the gear drive is in the other 
side of the machine. The wheels which drive the 
elevator are provided with removable sprocket rims, 
which can be replaced in case of wear. The bearings 
for the elevator shaft are mounted in hangers riveted 
to the main side frames of the machine. They are 
lined with white metal, and are adjustable and self- 
aligning. The coupler-kicker is driven by chain 
from a sprocket on the second-motion shaft, as shown 
in the figure. The engine is provided with a cone 
clutch, which can be disengaged by means of a hand 
lever, visible in the illustration immediately above | 
the pulley. The clutch also serves as a safety device | 
in the event of large stones being picked up, as it | 
slips if an excessive load is encountered. The spur- | 
wheel drive can be disengaged from the elevator | 
shaft by means of a dog clutch. The elevator is | 





made up of tempered-steel links, and passes over 
agitators in the form of elliptical jockey pulleys 
which impart an up-and-down motion to the chain. 
The pulleys have teeth cut on their periphery, and 
are driven by the chain itself, Alternate links of the 
elevator are sect up and down to give the greatest 
amount of separation, and to form pockets for the 
tubers and haulm. The up-and-down motion of the 
chain surface, to which the agitators give rise, greatly 
assists in separating out the soil from the tubers. 
The latter are finally separated from the haulm by 
the tines of the kicker, which is mounted over the 
separator at the back of the machine. This separator, 
which is given a reciprocating motion by a connecting 
rod coupled to a crank on the elevator shaft,' also 
acts as a final riddle. It consists of two sets of rods, 
one above the other, pointing to the rear of the 
machine. The rods in the lower set, which are mounted 
in a segment of a circle to form the potato-gathering 
basket, are straight, anc deposit the potatoes in a 
compact row on clean ground directly at the back 
of the digger. The rods in the upper set are bent at 
their outer ends, and serve to guide the haulm clear 
of the crop. The separator may be lifted, by means 
of the hand lever visible below the fuel tank, for 
reversing the machine, and the same mechanism 
enables the tilt to be varied so that a longer time is 
available for riddling in the case of a particularly 
dirty crop. The separator is made of steel throughout, 
and the rods are tapered to give the most effective 
separating action. The connecting rod which imparts 
the to-and-fro motion is also of steel, and is provided 
with removable oil-filled, hard-maple bearings. 

Among the advantages of the machine, it may be 
mentioned that the number of tubers left in the soil 
is quite negligible, and there is therefore no need for 
subsequent harrowing and dragging. The action of 
the elevator effectively pulverises weeds, which may 
be swept up after they leave the machine. The speed 
of the elevator is, of course, independent of the travel- 
ling speed, and can be varied by a speed-regulating 
lever on the engine, located just above the magneto. 
The control allows of a variation in engine revolutions 
between 400 and 900 per minute. As a final point, 
it may be added that, by simply taking off the first 
driving chain, the engine is rendered available for 
operating any.type of machine within its capacity, 
a belt pulley being a permanent fitting for this purpose ; 
alternatively the digger can, if necessary, be used 
without the engine. 





Trrat Tre oF THE S§.S. “ ArricstaR.”—The steel 
twin-screw steamer Africstar, built to the order of 
the Blue Star Line (1920), Limited, of London, at the 
Hebburn shipyard of Messrs. Palmers’ Shipbuilding and 
Iron Company, Limited, carried out a very successful 
trial trip on Friday, November 26, when a speed of 
about 15} knots was attained. The vessel has an overall 
length of 494 ft. and carries a deadweight of 11,750 tons ; 
she is insulated to carry chilled and frozen meat. The 
propelling machinery consists of twin-screw, single- 
reduction geared turbines, steam being supplied by two 
double-ended and two single-ended hoilers, arranged to 
burn either coal or oil fuel. 
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MARINE OIL-ENGINE TRIALS. 


Tue fifth report of the Marine Oil-Engine Trials 
Committee was presented and discussed at a general 
meeting of the Institution of Mechanical Engineers on 
Friday last, December 10. The report deals with the 
results of tests on the T.S.M.S. Cape York and her 
engines. It is divided into two main parts, covering 
shore and sea tests, and sub-divided into sections giving 
descriptions of the ship, main engines, test plant, and 
soon. The arrangement of the report, and the methods 
of testing the engine ashore and the engine and 
auxiliaries in the ship at sea, thus follow those adopted 
in the first four reports (see ENGINEERING, vol. cxvii, 
page 750; vol. cxix, page 397 ; and vol. cxxi, pages 87 
and 639). The report is too voluminous for us to be 
able to reproduce it in full, and, following the method 
previously adopted, we confine ourselves in the summary 
given below to the experimental results obtained from 
the tests. 

The trials at sea were carried out using fuel of which 
the qualities were practically identical with those of the 


TABLE III.— Weight of Machinery in the Engine-Room. 














Weight. 
Part. (‘Tons.) 
Main engines—Complete with all pipes and fittings, 
including thrust blocks and shafts, but excluding 
flywheels af By oa ee ze «-| 288-0 
Flywheels a sie aa he 11-0 
Shafting, stern gear and propellers... oa aa 60-0 
Boiler, hotwell tank, oil-fuel burning plant, steam 
and steam exhaust pipes .. “ va ea 10°5 
Auxiliaries, pipes and fittings— 
Fuel oil system... ae 12-8 
Cooling water system 4-0 
Lubricating oil system BP ee aa 5:7 
Gas exhaust system a ‘a et ET 6-3 
Pumping system (bilge, ballast and general 
service pumps) .. a wee Pad Se 13-5 
Electric generator system “* ae =e 55:7 
Fittings on board—Funnel complete, engine-room 
floors, ventilators, gratings, workshop, lifting gear, 
tools and outfit ie aa at ye a 45-0 
Air reservojrs.. es oe es es es 27:3 
Spares—Main engines and auxiliaries, including two 
spare propellers and tail end shaft.. es 2a 21°5 
Total .. a ia “t Pe .-| 561-3 
Water in system and in reserve 0-8 
Water in boiler .. as =a 2-2 
Water in reserve feed tank .. “ 33-0 
Lubricating oil in system and in reserve 11-0 
Total | 47-0 
Total running weight 608-3 





Taste IV.—Schedule of Loads and Speeds, 
Test Numbers 1 to 13, 














Speed (R.P.M.). 
Applied External Load. 
A. B. Cc. 

Nearest | Calculated 
Nominal. | Torque.| Brake. | from Pro-| High Low 
Load. | peller Law.| Speed. | Speed 
Full torque 42,800 3,259 125 140 110 
t x 32,100 2,444 108 123 93 
pe 21,400 1,629 88 103 73 
. os 0,7 814 63 78 48 




















fuel employed ashore, and sufficient records of the 
performance of the main engines (e.g., fuel consumption, 
speed, and indicator cards) were made to enable the 
results of the tests ashore to be utilised in deducing the 
power actually delivered to the propeller shaft. The 
ship was tested in a lightly loaded condition. Direct 
measurements of the torque transmitted by the port 
shaft were made at the same time as the observations 
were made on the engines, but no attempt was made to 
obtain direct measurements of the thrust. 

The Cape York was built by Messrs. Lithgéws, 
Limited, and was designed to the following general 
particulars: Length, b.p., 410 ft.; length, overall, 
424 ft.; moulded breadth, 53 ft. 9 in.; and mean 
draught to the bottom of the keel, 26 ft.0}in. When 
the vessel is fully loaded she normally floats on an even 
keel. The displacement, when fully loaded, is 12,465 
tons, and the deadweight capacity 9,000 tons. Under 
this condition, the estimated service speed is 10} to 
ll knots, the design power of the propelling machinery 
to give this speed being 2,040 shaft horse-power at 
125 r.p.m. developed on two shafts. The pair of 
propellers, each driven direct by one engine, are of 
cast iron, the four blades being solid with the boss. 
The diameter of the propellers is 12 ft. over the tips 
and the pitch of the blades 10 ft., the blades being 
designed of uniform pitch. The rake-back of the blades 
is 9 in., and the expanded blade area of each propeller 





The engine-room staff of the ship in full seagoing 
condition consists of one chief engineer, seven other 
engineers, one electrician and one cleaner. The 
dimensions of the machinery space are: Length, 
49 ft. 10} in., mean breadth, 53 ft. 6 in., and height 
from tank top to upper deck, 33 ft. 10 in., the height 
from the tank top to the top of the skylight being 
46 ft.; its general location in the ship is amidships. 
The total oil-fuel bunker capacity provided in the 
double bottom and in the service tanks is 961 tons for 
the engines and the boiler. On the basis of consump- 
tion of fuel at 10} knots, the estimated endurance of 
the vessel is 24,000 nautical miles. For the engines, the 
capacity of each of the two service tanks containing 
fuel oil is 1,720 gallons. The boiler is supplied direct 
from the engine service tanks. Of the auxiliary 
machinery required with the main opens engines, 
most is driven off the main engine crankshafts (by the 
rocking levers actuating the pistons of the air com- 
pressors); the remainder is driven electrically. The 
supply of current, under normal sea-going conditions, 
is from three 65-kw., 220-volt, direct-current generators, 


burn fuel oil on the White-Hebburn préssure-jet 
system. The boiler is housed in the engine room, its 
supply of fuel being drawn directly from the main 
engine service tanks. In Table III, below, are 
given the weights of the propelling machinery of the 
vessel in running condition, including the propellers and 
shafting, together with the weights of the auxiliary 
machinery and other apparatus in the engine room. 
The main propelling engines, which are of the 
Werkspoor type, were built by Messrs. R. and W. 
Hawthorn, Leslie and Co., Limited, at their St. Peter’s 
Works, Newcastle-on-Tyne, under licence from Messrs. 
Werkspoor, Amsterdam. The rating of each engine 
is 1,020 brake horse-power at 125 r.p.m., the power 
being developed in six single-acting cylinders work- 
ing on the four-stroke cycle, with six cranks. The 
method of fuel admission to the cylinders is by blast-air 
from an engine-driven compressor, and firing is obtained 
by the temperature of compression. A description of 
a somewhat similar engine, for the motor-ship Sevilla, 
will be found on page 12 of our issue for January 6, 





1922. The overall dimensions, in respect of one 


TABLE VI.—ANALyYsSEs oF FuEL OIL, 
[Data determined by the Standard Methods of the Institution of Petroleum Technologists. ] 

















































































































Test Number : 1to7 8 to 10 11 to 18 1415 lrrials at Sea. 
| 
Trade description of fuel (Shell-Mex) Diesel Oil. Diesel Oil. | Diesel Oil. Boiler Oil. Diesel Oil. 
Calorific value (gross), h.U. per lb. 19,193 19,190 | 19,206 18,475 19,020 
Specific gravity at 60 deg. F. .. as ee 0-884 0-884 } +884 0-948 0-882 
Flash point (Pensky Martin, closed test), deg. F. 169 169 | 169 198 | 187 
Burning point, deg. F. ne * * + 197 185 } 183 228 — 
Viscosity by Redwood Viscometer No. 2— | Ss 
Seconds at 70deg.F. .. “¢ Ae 40-9 41-0 40-8 3,600 72-0 
Seconds at 150 deg. F. .. 30-3 80-4 | 30-5 184 | 87-0 
Seconds at 200 deg. F. .. 27-6 27-6 | 27-7 84 |} 932-0 
Engler Distillation— 2 } | 
Temperature of first drop, deg. C. } 190 185 | 190 220 160 
| Per Sp. Per Sp. Per Sp. Per Sp. Per Sp 
cent. gr. cent. gr. cent. gr. cent. gr. cent.| gr. 
Fraction from— i 
150-200 deg. C. 0-5 —_ 0-9 — 0-6 — — — -- = 
200-250 deg. C. 50-4 | 0-853 | 49-6 | 0-854 | 50-4 | 0-851 8-9 | 0-805 | 19-3 | 0-777 
250-300 deg. C. 26-2 0-876 | 26-1 0-876 | 25-8 | 0-876 | 16-8 | 0-850 | 34-0 | 0-868 
300-350 deg. C. 9-8 | 0-886} 9-9 | 0-890 | 10-0 0-890 | 31-5 | 0-870 —|;— 
Residue De 13-1 | 0-949 | 18-5 | 0-968 | 13-2 | 0-959 | 42-8 _ 42-0 | — 
| 
Water content per cent. Trace Trace Trace Trace 1-04 
Ultimate Analysis— | 
Carbon, per wah. 85-90 85-44 86-14 84-46 | 85-06 
Hydrogen, per cent. 12-76 12-65 12-70 11-37 | 12-52 
Sulphur, per cent. E 1-52 1-35 1-38 2-77 | 0-85 
Nitrogen, per cent. $8 0-10 0-12 0-08 0-42 } 0-19 
Oxygen and errors, per cent. -—0-28 0-44 —0-30 0-98 1-38 
Ash, per cent. ee pe ae a 0-007 0-008 0-009 0-02 | oo 
Carbon residue and free carbon, per cent. 1-82 1-95 1-94 10-70 2-67 
Soft asphaltum, per cent. .. ae as 0-15 0-33 0-60 18-13 -- 
Hard asphaltum .. Ss 2-13 3-23 2-40 10-12 — 
233 deg F, | No chang 
Co q No change at — 4 deg. F. al eg. F., Yo change 
— . semi-solid at 20 deg. F. 
'| at 10 deg. F. 
all quanti 
Impurities Nil.* Nil.* Nil.* { ae ee | a 
* Except that a very few small black specks could be observed. 
TABLE VIII.—GENERAL ConpiITIONS GOVERNING THE TESTS.{ 
i ! | | if 
A B A Cc |} B A Cc B A LC | B A Cc A A 
Test Number 13 8 10 9 || 5 7 6 1 3 2 || 4 ni Z 15 14 
| | 
Date, December, 1923 .. ..| 13th |] 12th | 12th | 12th |} 11th | 11th | 11th || 10th | 10th | 10th || 10th | 13th | 13th || May 17, 1924 
Time of start .. wa --| 1-30] 10-0} 1-30/11-30)| 10-0} 1-45)11-30)/10-30) 1-45 11-30) 4-15)10-25/11-35 ms | 9-30 
Duration, mins. “a -.| 60 60 | 180 60 60 | 12 60 60 | 120 60 60 60 60 35 105 
Interval between observations, 
mins 5 5 10} 5 5 1 5 || 5 10} 5 5 5 5 5 5 
Average speed, r.p.m. .. . .|128-9 |188 -0/125-1/109-6]/123-1|108-5} 93-0|/103-7| 88-4) 72-8]| 79-3) 63-3) 48-7 126-9 124-0 
on brake, Ib. “a . -|8470 |/8259 |8259 |3259 ||2444 |2444 [2444 11629 |1629 |1629 || 809 | 814 | 814 || 3470 || 3259 
Fuel-pump control numeral. .|67 /60 |57 /60/56 /60/50 /60| 62 /60/57 /60/ 61/60) 36 /60|33 /60| 28 /60/|22 /60/21 /60 ee 203 /60)|180 /60 
Fuel distribution boxes, numeral) 7:3 || 7-9 | 7:6 | 7:3 || 2-7 *9 | 2-8 || 5-7 | 5-0 | 5-0 || 4: 5-5 | 10-3) Fully || Fully 
| | open. || open. 
Air-compressor suction throttle, Ht | 
numera ss ef 8-9 [] 8-7 | 8-1 | 2-9 |] 5-8 | 2-7 | 5-8 || 2-2 | 8-1 | 8-8 || 4-8 | 6-8 | 5-8 |] 2-6 |) 2-5 

















each driven by a two-cylinder Werkspoor oil engine. 
There is also a 10-kw. set, driven by a hot-bulb engine, 
as stand-by plant for lighting and for driving the general 
service pump. The capacity of each of the four air- 
storage vessels fitted in connection with the starting of 
the main engine is 350 cub. ft., the normal pressure 
carried at sea being 250 lb. per square inch. The 
capacity of each of the three reservoirs (one being 
standby plant) fitted in connection with the fuel- 
injection system is 8-12 cub. ft., the normal pressure 
carried at sea being 925 lb. per square inch. There are 
also two auxiliary reservoirs, each with a capacity of 2-65 
cub. ft., the normal pressure carried being 925 lb. per 
square inch. Both the injection and the starting-air 
reservoirs may be charged from either the main engine 
air compressor or the manceuvring air compressor. 
The supply of steam required at sea for auxiliary 
purposes is taken from a Cochran boiler, 5 ft. 3 in. in 
diameter by 13 ft. 6 in. high, the heating surface being 
250 sq. ft. The normal pressure of the steam supply is 





is 49 4. ft. The normal direction of rotation, viewed 
from aft, is outboard. 





100 lb. per square inch. The furnace is arranged to 


+ The direction of rotation was ahead and the pointer attached to the mancuvring handwheel indicated the legend, 
“6 cylinders, Fuel,” throughout the tests. 


engine only are: Length, 29 ft. 6 in.; breadth, 9 ft. 
4in.; and height, from bottom of bedplate to top of 
fuel-valves, but excluding exhaust pipes, 22 ft. 3 in. 
The engine is bolted to a girder seating (under the bed- 
plate) which is secured to the tank-top, and the height 
from the centre-line of the crankshaft to the top of 
the fuel valves is 19 ft. The arrangement follows 
generally the practice adopted for marine reciprocating 
engines. The cast-iron columns at the front of the 
engine are bolted to a common bedplate and carry the 
crosshead guides. The cylinders are arranged in two 
groups of three; the jackets for the cylinders cf each 
group are cast monobloc in a cylinder “ beam.” The 
beam is supported from the bedplate through vertical 
steel columns. The combustion load occurring within 
the beam is transmitted to the bedplate by the four 
vertical steel columns, and transverse rigidity is secured 
by inclined steel ties passing diagonally from the beam 
to the bedplate. The cylinder and cover are cast 
in one piece, and this is secured at the top to the 
beam; expansion of the liner takes place downwards. 
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The bottom end of the liner, which projects through the 
underside of the beam, is detachable to facilitate with- 
drawal of the piston. The crankcase is totally enclosed 
by a sheet-steel plates, and by a diaphragm fur- 
nished with a gland for the passage of the piston-rod 
and situated just above the crosshead guides. The 
diaphragm serves to carry the telescopic pipes for the 
supply and discharge of water to and from the piston, 
and to prevent any water or carbonised lubricant 
falling into the crankcase. The centre lines of the 
cylinders and of the crankshaft are in the same place. 

The tests ashore were carried out on both engines 
at the St. Peter’s Works of Messrs. R. and W. Hawthorn, 
Leslie and Co., Limited, Newcastle-on-Tyne, the trials on 
the port engine being conducted in their marine engine 


as well as the special tests referred to below (except 
Test Nos. 14 and 15) was Shell-Mex Diesel oil. 
Several tests, additional to the schedule just 
described, were carried out; these were: A test with 
the engine developing power in excess of its rating 
(Test No. 13); a test to determine the power absorbed 
in friction in the engine; and tests to determine the 
slowest speeds at which the engine would run; all 
the foregoing were carried out on the port engine. A 
full-power test and a test with the engine developing 
power in excess of its rating (Test Nos. 14 and 15, respec- 
tively), using British-Mexican boiler oil as fuel, were 
carried out on the starboard engine. The results of 
Test Nos. 13, 14, and 15 are recorded in Tables VIII 
to XI, and XIV, along with those of the schedule 
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Fig.18. BRAKE EQUIVALENT MEAN EFFECTIVE PRESSURE, 
OR TORQUE. MEAN INDICATED PRESSURE . 
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erecting shop from December 10 to 18, 1923, and on | 
the starboard engine on Saturday, May 17, 1924. The | 
schedule of loads and speeds, calculated from the simple | 
approximation to propeller law,* in accordance with | 
which the trials ashore of the engine were conducted, 
is shown in Table IV on page 767. ‘The constant 
in the relation, Torque = constant x (revolutions per 
minute)*, was determined from the condition of rated 
full power of the engine, namely, 1,020 brake horse- 
power at 125 r.p.m. For a given load on the engine, 
the speed calculated from the foregoing relation is | 
referred to as A, that at 15 r.p.m. above the calculated | 
speed as B, and that at 15 r.p.m. below as C. 

In the tables in which the results of tests on the port 
engine are recorded, Test Nos. 1 to 13 have been ar- 
ranged in descending-brake horse-power, that is, the 
engine speeds for a given torque follow the order B, 
A, C. The serial number merely shows the chrono- 
logical order followed when conducting the tests. 
The fuel used on all the tests of the foregoing sched ule, 








constant 


* Torque = constant x speed?, 
slip. 


assuming 





| were plotted during the tests and a check on the 
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of Table IV. The procedure described in the former 
Reports was closely followed throughout the tests, 
namely, the attendants were informed what brake-load 
and speed would be required for a particular test, no 
other conditions as to running being laid down. By 
means of preliminary observations, it was ensured that 
a sufficiently long stabilising period had elapsed before 
any test was commenced. The timing of the fuel 
admission to the cylinders was that at which it was 
intended the engines should run at sea. The quantity 
of fuel passing to the engine was measured by direct 
weighing on a simple lever weighing machine manu- 
factured by Messrs. W. and T. Avery, Limited, Birming- 
ham. The machine was new at the time the tests were 
undertaken. The capacity of the tank was approxi- 
mately 800 Ib. of fuel. A system of intermediate 
weighings throughout all the tests was practised ; 
in the case of the short tests the weight of the tank and 
its contents was recorded every five minutes from the 
signal to start ; in the case of the longer tests, of two 
hours and upwards, the interval between weighings was 
increased to ten minutes. The intermediate readings 
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Fig.77B. MECHANICAL EFFICIENCY, BRAKE EQUIVALENT MEAN 
EFFECTIVE PRESSURE. 
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uniformity of the fuel consumption was thereby 
obtained. No leakage at the fuel-pump plungers was 
observed during the trials. The water-brake used, 
which was of the single-lever type, was by Messrs. 
Heenan and Froude, Ltd., Worcester. The water for the 
dynamometer was supplied from an elevated tank 
provided with means for keeping a constant water- 
level. At the conclusion of the tests, the weights were 
weighed on the fuel-weighing machines and were 
found to be satisfactory. All gauges and thermometers 
placed at important points were calibrated and the 
tabulated results duly include the necessary corrections. 
The engines were fitted with a Cambridge 12-point 
dial, totally-enclosed pyrometer indicator, the thermo- 
couples for use with this instrument being iron- 
constantan. The couples were arranged at the” exit 
of the exhaust gases from each cylinder. The tempera- 
ture at the end of the exhaust manifold was read from a 
mercurial thermometer placed in a deep pocket. The 
| dry and wet bulb hygrometer was suspended at the 


| middle platform of the engine, on a level with the 





Fig.17A. MECHANICAL EFFICIENCY. MEAN INDICATED PRESSURE. 
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Fig.19. FUEL CONSUMED PER MINUTE. SPEED AND TORQUE CURVES. 
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suctions of the inlet valves. The barometric heights 
were read periodically on a standard barometer, situ- 
ated in the laboratory and about 100 yards from the 
testzshop. The instruments used on the power cylinders 
were Maihak external-spring type, oil-engine in- 
dicators, and the method of drive was by cams carried 
on the main camshaft. The instruments used on the 
injection air-compressor were also Maihak external- 
spring type indicators, and the method of drive was,by 
cord from the rocker driving the compressor. 

For the purposes of the tests ashore, the quantities“of 
water passing to the different cooling circuits were 
measured and their terminal temperatures were 
observed periodically. The quantities were measured 
by means of hot-water meters lent by Messrs. Glenfield 
and Kennedy, and by orifice tanks. The arrangements 
were as follows: Two 1}-in. meters placed on the 
discharge sides respectively of the air-compressor 
cylinder jackets and the air-compressor coolers. The 
water discharged from the exhaust manifold after 
passing through guides, jackets, exhaust pipes and 
manifold, was measured in an orifice tank, the sharp- 
edge orifices of which were arranged symmetrically 
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about the centre 
tank employed. 
discharge was— 


of the flat bottom of the rectangular 
The formula used to compute the 


Q=38xax Jh 


where a = aggregate area of orifices open (square inches) 


| Q = 29:8 Jh 

where h is the still-water head above the centre‘of the 
orifice in inches. The coefficient of discharge of the 
orifices used in deriving the above formule has been 
assumed arbitrarily to be 0-63. 


All the fuel analyses were carried out at H.M. Fuel | 


Fig. 20. HAWTHORN LESLIE -WERKSPOOR ENGINE (RATING 1,020 B.H.P AT 125R.PM). 
CHARACTERISTIC DIAGRAM. 
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10,700 21,400 22,100 42800 
(9874.0) Torque — 1,000L6. Ft. “ENGINERRING™ 
TABLE IX.—Inpicator Carps (PowER CYLINDERS)—DEDUCTIONS. 
A BEA’ oO B | Ab a Bl ace Bi; A]/o All A 
Test Number. . 13 8 10 9 5 7 6 1 3 2 4 11 12 15 14 
Seed Keel ee ee eee ee eee a ee aa Ses eo ae 
Pressure (Ib. per sq. in.)— 
At end of compression 475 || 465 | 460-| 465 || 460 | 465 | 460 || 455 | 455 | 445 |] 450 | 450 | 445 || 480 || 485 
Maximum during firing 645 || 620 | 640 | 650 || 580 | 610 | 625 || 595 | 615 | 630 || 595 | 570 | 545 || 595 |] 570 
At end of expansion . 36 39 35 35 29 28 29 |, 22 22 | 22 14 14 12 36 34 
Mean indicated pressure . re | | 
q. in. 
Cylinder No. 1 (erward). es --| 113 || 103 | 105 | 106 94 86 89 || 73 69 67 52 60 46 || 102 || 101 
a No. 2 oa 107 || 113 | 106 | 102 79 93 77 || 68 72\ 71 42 55 55 || 104 || 100 
oa No. 3 mr ee --| 110 || 111 | 114 | 110 82 88 90 |; 68 67 | 64 49 44 35 || 118 || 108 
9 No. 4 ae vs --| 116 || 111 | 101 | 106 87 85 86 | 62 58 |; 61 41 38 45 || 103 || 101 
Ee No. 5 ° --| 120 || 108 | 107 | 117 86 88 87 || 61 59 | 61 43 45 54 99 98 
No. 6 (aft). . 114 | 102 | 111 | 109 88 85 89 | 67 65 | 69 53 51 42 98 98 
Indicated horse- yore 1660 | 1700 |1530 1350 ||1205 |1080 | 915 || 785 | 645 | 540 || 425 | 355 | 255 | 1500 [|1420 
L.h.p. (corrected, Fig. 1 -{1670 | 1675 |1540 1375 ||1195 |1075 | 950 || 745 | 660 | 570 || 380 | 340 | 300 _ _ 
Thermal equivalent an ich. Dp. (cor- | | 
rected)* 70-8|| 71-1) 65-4) 58-3 50-7) 45-6) 40-3) 31-6 28-0! 24-2] 16-1) 14-3) 12-7|| 63-6] 60-2 
Mean indicated pressure from ih. p. | | | | 
(corrected) (Ib. per sq. in.) 114-0) 106-9 seats ai 85-6) = 7 63-0, 65-6) 68-9]| 42-2) 47-1) 53-9) 104-0]/101-0 
iT | ' | 














* In units of 1,000 B 


-Th.U. per minute. 


TABLE X.—InseEction AtrR-Compressor : PRESSURE BY GAUGE IN RECEIVERS ; TEMPERATURE OF AIR AFTER AND 


BEFORE EACH STAGE ; 


Inpicator CarpS—DEDUCTIONS. 






































| 
é A B A Cc B A Cc B A Cc | B A Cc A A 
Test Number. . ee --| 13 8 | 10 9 5 7 6 1 3 2 | 4 11 12 15 14 
! | | 
Pressures by gauge @. per sq. in.)— | | 
Blas .| 965 || 950 | 925 880 || 800 | 775 | 750 773 | 748 724 || 738 631 | 550 | 1002 || 954 
pe FO ‘ines Delivery 975 || 965 | 935 | 890 || 810 | 785 | 760 783 | 759 | 736 | 749 642 | 561 |1019 966 
Suction | 332 || 285 250 | 250 || 211 | 222 | 246 | 242 | 27 | 316 | 313 303 | 292 |; 276 || 259 
Middle-pressure stage suction ..| 52 48 | 38)| 37 29; $1/ 35 36 | 41 50 53, 41) 39 37 || 37 
w-pressure suction* --| 1-5 || 2-0 | 3-0 | 3-0 || 3-6 | 3-6 | 2-8 3-0 | 2-0/ 0-7 || 0-6 | 0-5| — —_—}— 
Temperatures (deg. F.)— } | | 
At blast-air bottle.. tae $e Pi — | B. | 73 || 64 61 59 68 68 | 61 | 67 53 47 —| — 
sae elivery 4 || 290 | 279 | 254 || 264 | 245 | 220 ©2382 | 213 | 179 | 191 | 146 | 117 —|— 
High-pressure stage ae 119 = 94) 85 || 76| 75| 73, 76| 83| 75] 84 67| 55) — || — 
. . elivery B 357 | 334 || 310 | 298 | 292 304 | 303 | 285 | 301 271 | 239 an ae 
Middle-pressure stage 4 Suction | 125 || 112 | 99 | 87 || 83 | 79| 78 86| 86| 79| 89 60| s9])/ —|| — 
Low-pressure stage delivery 344 || 351 | 331 | 308 || 302 | 287 | 276 2 279 | 261 || 274 | 225 | 188 a _ 
Indicator cards—Deductions— | | | | 
Pressure— (Ib. per 4. in.) | | 
‘oh. Delivery (1130 \lross 1050 | 975 || 910 | 882 | 862 865 | 865 | 822 | 850 | 703 | 601 | 1130 ||1077 
High-pressure stage Suction 276 22s | 222 | 204 141 166 | 219 165 | 246 | 282 || 282 | 261 | 270 |) 222 || 210 
. . elivery 3: 29 289 32 | 241 | 284 272 | 330 | 369 || 367 | 348 | 341 || 304 || 283 
Mpa Pageeeny shoes Suction | 29 |/ 24/18/18 | 13) 14/18 “18 | 22 / “31 || 29 | “28 | “27 || 18 || 16 
® elivery 7 | 68 65 54 53 58 60 64 67 || 74 61 52 67 60 
Low-pressure stage = Suction®| 7/| 8| 9] 9 10; 9| 8)’ s| 7| St 4! si ail ef 
Mean indicated pressure— | | i 
(Ib. a6 sq.in. ) | | i| 
High-pressure stage : 419 || 408 | 372 345 || 334 | 319 310 312 | 310 | 281 || 298 | 228 | 158 || 407 || 379 
Middle-pressure stage 151 || 137 | 119 | 115 96 | 100 | 116 113 | 128 | 147 || 149 | 135 | 126 || 126 || 118 
Low-pressure stage es + 131-2 |{ 29-8) 24- "9 24- 4) 18-7 19-8, 22-1 21-5) 24-0) 25-5; 28-4 21-9) 17-0)| 24-6|| 23-4 
Indicated horse-power— | | 
High-pressure stage os 21 22; 18 15 16 14 11 13 | 11 8 9 6; 3 20 18 
 prngere -pressure stage 38 387 | 29 | 24 || 23 21 21 22 | 22 21 || 23 16 12 31 28 
ressure stage 39 40 31 26 23 21 20 22; 21; 18] 22 14 | 8 31 28 
Total't -p. compressor 98 || 99 | 78! 65 62; 56/ 52 57 | 54; 47] 54 36/] 28 82 74 
Thermal a aatials of compressor | 
ih.p.t R 4-15)! 4-20 3-31) 2-76) 2-63) 2-38! 2-20 2-42) 2-29) 1-99/| 2-29 1-53! 0-98)! 3-48]| 3-14 
{ } 








* Below atmosphere. 


and h = still-water head (inches). The water dis- 
charged from the pistons was measured in an orifice tank, 
the single orifice of which was arranged in one of the 
vertical sides of the tank several inches from the bottom. 
The diameter of the orifice was 1 in. The formula 
used for the purpose of computing the discharge was 


+ In units of 1,000 B.Th.U. per minute. 


Research Station, Greenwich. The results of the 
analyses of the samples of fuel oil collected during the 
trials ashore are given in Table VI, on page 767, where 
also will be found the analysis of the fuel used during 
the trials at sea. The samples represent the quality of 
the fuel actually consumed in the engine. 


To simplify the calculations, average figures from the 
ultimate analyses of the fuel used for the tests ashore 
have been adopted, namely :— 





Component. Per cent. 

Carbon 85-83 

Hydrogen 12-70 

Sulphur 1-42 

| Nitrogen 0-10 

| Oxygen — 0-15 
| 

100-00 


| From the foregoing average analysis, the following 
| quantities have been calculated in respect of the 
| combustion of 1 lb, of fuel :— 











| 
| 
| Test Numbers : Bi 1to13. |14and 15. 
! 
lb. Ib. 
® Weight of CO2 formed 3-15 3-10 
in steam formed 1-14 | 1-02 

Ks al SOo formed 0-028 0-055 
| (d) @ oxygen re for (a) 2-289 2-252 
| (e) Pr pa 1-016 | 0-910 
(f) | 0-014 | 0-28 
(g) Theoretical total weight ‘of air 3. | | 

quired ais = | 13-81 


wil 14-87 
| 





The average gross calorific value has beiete taken to be 
19,200 B.Th.U. per Ib. for the lighter fuel. 

The general conditions governing the tests ashore are 
given in Table VIII, p. 767. The results of these tests are 
recorded in subsequent tables as the averages of the 
periodical observations, duly corrected, where requi 
in respect of the subsequent calibrations of the instru- 
ments used. The deductions made follow immediately 
from the observed particulars, and sufficient information 
is recorded to permit of further deductions being made 
A process of “fairing” the fuel consumptions and 
indicated horse-powers has been adopted; thus the 
observed values of these quantities have been plotted 
toa base of brake horse-power in Fig. 16, and a represen- 
tative line has been drawn through the points obtained ; 
the fuel and indicated horse-power corresponding to a 
given brake horse-power have been determined from 
the fair line. The original observed quantities and 
the corresponding faired values are recorded in 
Tables [X and XI on this page and on page 770. The 
deductions have been calculated and the curves plotted 
in respect of the faired values, 

Curves connecting various sets of observations are 
shown in Figs. 16 to 22 on pages 768 to 770. In general 
these may be regarded as self-explanatory. The 
“Characteristic Diagram,” Fig. 20, of the engine (from 
which the torque exerted for any given fuel con- 
sumption and r.p.m, can be read off) has been derived 
by a simple construction from Fig. 19, the latter 
being plotted from faired values of the fuel consump- 


tion. The following curves, &c., are also reproduced 
in this Section, namely: Fig. 17a, Mechanical 
Efficiency—Mean Indicated Pressure. Fig. 178, 


Mechanical Efficiency—Brake Equivalent Mean Effec- 
tive Pressure. Fig. 18, Brake Equivalent Mean 
Effective Pressure, or Torque—Mean Indicated Pres- 
sure. Fig. 21, Fuel per I.H.P. per hour and per 
B.H.P. per hour—Horse-power. Fig. 22, Thermal 
Efficiency (both I.H.P. and B.H.P. bases)—Horse- 
power. Fig. 24, Exhaust Gas Temperature—Fuel 
per Minute, or Indicated Horse-power. 

The arrangement of the tables of observations and 
deductions, and the curves plotted therefrom, are 
substantially in the order followed in the previous 
Reports; there are, however, certain remarks to, be 
made in respect of the present trials. 

In the tabulated values of fuel per I.H.P. per hour 
and thermal efficiency, for the calculation of which 
faired values of fuel consumption and indicated horse- 
power were employed, as explained above, no correction 
has been made for the fuel equivalent of the energy 
required to drive the various pumps other than those 
driven by the engine. Pending a decision from the 
Committee on Tabulating the Results of Heat Engine 
and Boiler Trials, it is not proposed in this Report to 
give a figure for the thermal efficiency of the standard 

of comparison. 

The results of Test Nos. 13, 14 and 15, are tabulated 
along with those of the schedule of Table IV, as the 
observations and deductions are practically identical. 
The description of the conditions under which these 
tests were made is dealt with later. 


(To be continued.) 





THE TRIAL TRIP OF THE.S.S. ‘‘ Ronna.”’—On November 
4 and 5 last, during very severe weather, the trial 
trip of the 8. 8. Rohna was successfully carried out off 
the river Tyne. A description of the vessel, which has 
been built at the Hebburn Shipbuilding Yard of Messrs. 
R. and W. Hawthorn, Leslie and Co., Limited, to the 
order of the British India Steam Navigation Co., Ltd., 
will be found in our issue of August 27, last, on page 265, 
the vessel having been launched on August 24. 
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MARINE OIL-ENGINE TRIALS. 


(For Description, see Page 767.) 


TABLE XI.—A, BRAKE HORSE-POWER; B, FRICTION HORSE-POWER; ©, MECHANICAL EFFICIENCY ; 


D, FUEL QUANTITIES AND DEDUCTIONS. 
























































A B A c B hid cR fh B A c B A c il a | A 
| | 1} | | 
Test Number : 13 8 | 10 9 5 7 6 || 3 = 4 11 12 | 15 | 14 
| \| { | 
| | | | 
A, Absorption Dynamometer— | owe 
Brake horse-power oF e 5% ow .-| 1,118 1,123 | 1,018 893 753 664 569 || 422 | 360 297 160 129 99 || 110 1,010 
Brake mean-effective pressure (Ib. per square inch) | 76-4 71°7 71-7 71-7 53-9 53-9 53-9 | 35-9 | 85-9 35-9 17:8 17-9 17:9 | 76-4 71-7 
Thermal equivalent of b.h.p. for one minute* ..| 47-4 47°7 43-2 | 37-9 32-0 28-2 =| 24-2 | 17-9 15:3 12-6 6-8 5+5 4-2 46-7 42-8 
B, Friction— | | 
Friction horse-power . die oe s 454 453 444 417 380 355 329 || 266 246 226 166 175 178 | 318 336 
Friction mean-effective pressure (Jb. per square 
inch) »h af om bs ca . 31 29 $1 | 33 27 29 31 23 25 27 19 24 32 | 22 24 
Thermal equivalent of f.h.p. for one minute* 19-25 19-20 | 18-89 | 17-64 16-07 | 15-02 | 13-90 11-28 , 10-41 | 9-61 7:01 7°40 7°52 13-42 14-26 
C, Mechanical Efficiency 0-670 0-672 | 0-661 | 0-650 | 0-630 0-618 | 0-599 0-569 | 0-547 | 0-522 | 0-421 | 0-392 | 0-332 || 0-733 0-712 
| ' 
D, Fuel Quantities and Deductions— | 
Quantity per hour (observed) ; Ib. | 485 49. 427 378 334 291 248 210 | 175 147 112 89 69 489 445 
Quantity per minute (corrected) Ib. | 8:16 8-20 7°15 6-30 5-39. 4-83 | 4-23 | 38-29 2-90 2-50 1-65 1-46 1-28 8-15 7:42 
Temperature .. <4 re ee 48 47 48 48 47 50 | 48 42 45 42 46 48 48 190 190 
Weight per b.h.p. per hour lb. | 0-438 0-488 | 0-422 | 0-423 0-430 | 0-437 | 0-446 0-468 | 0-484 | 0-505 0-619 | 0-67 0-776 0-445 0-440 
Weight per i-h.p. per hour .. oe Ib. | 0-29 0-29 0-28 0-28 0-27 0:27 | 0-27 0-27 | 0-27 0-26 0-26 0-26 0:26 0:33 0-31 
Heat carried in fuel per minute* .. -- 156-5 157-3 {187-2 = |120-9 103-3 92-6 81-2 63-2 55-6 48-0 31-6 28-0 24-6 150-5 137-0 
Weight of CO2 formed per minute -. Ib. | 26-7 25-8 22-5 | 19-8 | 17-0 15-2 13-3 10-4 9-1 7-9 5:2 4:6 4-0 25-2 || 22-9 
Weight of steam formed per minute .. Ib.] 9-34 9-39 8-18 7°21 6°17 5-52 | 4-84 3-76 3-32 2-86 1-89 1-67 1-46 8°34 7-60 
Theoretical weight of air required per minute for 
combustion. . LA 8 a io Wn Re 118 103 91 a7. I 69 | 61 47 42 36 24 21 18 113 102 
Ther mal efficiency, b.h.p. basis 0-303 0-303 | 0-315 | 0-313 || 0-310 | 0-305 | 0-298 0-283 | 0-275 | 0-263 9-215 | 0-197} 0-171 0-310 0-313 
Thermal efficiency, i.h.p. basis 0-45 0-45 0-48 0-48 || 0-49 0-49 | 0-50 0-50 0-50 0-50 0-51 0-51 0-51 |} 0-42- 0-44 
| | 








Fig. 21. FUEL PER 8.H.P. PER HOUR. BRAKE HORSE-POWER. FUEL PER 
LH.P. PER HOUR. INDICATED HORSE-POWER. 
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THE LAUNCH OF THE AIRPLANE- 


CARRIER U.S.S. ‘* LEXINGTON.’’* 
By 8S. W. WakEMAN. 
(Concluded from page 741.) 

Velocity of Ship while being Launched.—A very 
complete analysis was made of every available velocity 
curve pertaining to the launching of large ships, both 
naval and merchant, and a curve of estimated velocity 
worked out for the Lexington. When the results of 
the Saratoga’s launch were krown, it was apparent 
that, with the kind of grease used in both of these two 
launchings, a velocity somewhat higher than originally 
estimated would be reached by the Lexington. The 
new curve of velocity thus developed showed a 
maximum velocity of 25 ft. per second. The actual 
maximum velocity obtained was 26-7 ft. per second. 

Energy Analysis.—A rather approximate analysis of 
the energy and work done during the launching of the 
Lexington shows that the total work done by gravity 
was about 1,020,000 foot-tons. Of this amount it is 





* Paper read at the meeting of the Society of Naval 
Architects and Marine Engineers of America, New York, 











November 11 and 12, 1926, Abridged. 


* In units of 1,000 B.Th.U. per minute. 


Fig.274. TEMPERATURE OF EXHAUST GASES. 
Pressure in Exhaust Manifold. Fuel per Mice. 













































































Pies: + At Exit from Cylinders. ee 
; ° At End of Manifold. iol 
6U0U - 
R 
é a fe P ie 
o Va = 
N ed Alls ® 
g 200 ee BS 
x 
i 100 P Pressure, 2 4 
§ | _ 
“0 2 4 6 ae 
: _ Fuel per Miructe —Lb. . = | 
0 q 8 72 16 
Indicated Horse-power (approximate) in Hundreds, 
(3874.F) “ENGINEERING” 
estimated that | were extended to the adjacent longitudinal bulkhead, 


the chain drags 
absorbed about 
11} per cent., or 


done by gravity. 
When compared, 
however, with the 
152,500 foot-tons of kinetic energy possessed by the 
ship on leaving the ways, it is seen that the chain drags 
absorbed over three-quarters of this latter amount, thus 
conclusively demonstrating their effectiveness. In 
making the preliminary calculations for the launching of 
the Lexington, attention is invited to the fact that the 
forces acting were estimated by means of the equation 
given with Fig. 13. If this equation is integrated with 
respect to the ship’s travel down the ways, it will give 
the equation as proposed by Professor Hovgaard in 
his discussion of Mr. Rigg’s last year’s paper.* 
Locking of Propellers—As the ship travelled down 
the ways, the ship’s four propellers were prevented 
from turning by the following method. Two 30-lb. 
plates of the proper size and shape were riveted 
together, cut to fit over each propeller shaft, and then 
bolted to the coupling between the thrust and the 
stern-tube shafts. The outboard ends of the plates 
on the two inner shafts were extended to the under 
side of the deck above, heavy shoring being provided 
between this deck and the next above that. The 
outboard ends of the plates on the two outer shafts 





and were then shored to the deck above. In each 
case, the inboard ends of the plates were carefully 
shored against the inner bottom floor plates, the 
shoring extending over at least three frame spaces. 

Experiments to Determine Water Resistance.—For 
the purpose of analysis and of obtaining additional 
information concerning the water resistance of the 
Lexington during launching, a series of model experi- 
ments was undertaken at the Massachusetts Institute 
of Technology. While complete information concerning 
these experiments is not available at the present 
time, their results seem to indicate that the curve of 
water resistance for the Lexington will be approxi- 
mately that given in Fig. 13. Based on this curve, 
the coefficient of resistance of chain drags averages 
about 0-85. 

Ground-ways.—The ground-ways were built up of 
eight 12-in. by 12-in. long leaf yellow pine timbers, 
in lengths of 35 ft., with 1}-in. diameter through-bolts, 
nuts, and washers; the four outside timbers of each 
section were stepped forward 6 ft. to allow scarphing. 
The design of the ways called for sections 8 ft. wide 
by 35 ft. long, with a straight, true, perfectly dressed 
upper surface. In the past, this work would have 
consisted of blocking up each section, partially levelling 
it, chalk-lining the out-of-wind portion, dressing it off 
with the adze, and then machine-planing the balance. 
After careful study, it was found that a special planer 
could be constructed with a revolving head, carrying 
knives, capable of being raised and lowered. A strong 
travelling table with automatic feed control and other 
necessary fittings completed the simple planer, with 
which the work of machining these way sections was 
quickly and accurately done. 

The overall length of the ground-ways was 993 ft. 9 in. 





* See ENGINEERING, vol. cxxi, page 59, January 8, 1926. 
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Fig.13. CURVES OF ENERGY & RESISTANCE DURING LAUNCHING 
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the fixed ways to the forward end of the sliding ways, 
was 978 ft.; the width was 8 ft. They were cambered 
to the are of a circle 75,000 ft. in radius. The chord 
of this arc was 1,046-5 ft. long, and its inclination 
toward the water end of the ways was 0°5298 in. 
per foot of length. The maximum rise of the arc 
above the chord was 1-83 ft., or 22 in. The horizontal 
length was 1,045-5 ft., with an elevation of the out- 
board end of — 3-14 ft. (below mean low water), and of 
the land end of + 43-03 ft. (above mean low water), 
measured to the upper surface of the ways at their centre 
line. The ground-ways were inclined inboard trans- 
versely to a grade of 3 in. per foot of width. The 
starting slope of the way under the centre of gravity 
of the ship before launching worked out to about 
0-516 in. per foot. 

Under these ground-ways the Fore River Plant’s 
standard blocking and cribbing was placed, consisting 
of 12-in. by 12-in. yellow pine, with a maximum 
spacing of 3 ft., centre to centre. The slope of the 
keel was ¥ in., or 0-4375 in., per foot of length. 

Sliding Ways.—The sliding ways were built up of 
12-in. by 13}-in. long leaf yellow pine timber, 
35 ft. 6 in. long, with square ends, the timbers being 
dressed so that the finished section was 7 ft. 10 in. 





Fore Porret: Port SIDE. 


wide by 35 ft. long. The timbers were through-bolted 
with 1}-in. bolts spaced about 2 ft. 3 in. centres and 
having nuts and washers on each end. The end of 
each section had steel plates with steel bosses, properly 
bolted; through these plates 2}-in. diameter steel 
bolts were run; then over these bolts were placed 
50-lb. steel cheek plates, 8 in. wide by 4 ft. 64 in. 
long. The bolt ends were stopped by 4-in. by 6-in. 
steel split pins. The overall length of the sliding 
ways was 722 ft. 3 in.; the effective length, or the 
actual bearing length that takes the weight of the 
ship, was 704 ft., and their width was 7 ft. 10 in. §— 
Cradle.—Over the sliding ways, which were spread 
30 ft. 6 in. centre to centre, were placed the white 
oak wedges, spaced about 17 in. centres, each wedge 
being 8 in. wide by 10 ft. long, and from the wedges 
the yellow pine timber packing was fitted snugly to 
the ship, this material being placed horizontally for 
the cradle in general. At the after end, or the so-called 
after poppet, three tiers of 12-in. by 12-in. timbers 
were placed over the wedges; then, from these, six 
vertical timbers were erected at each frame, fitting 
snugly to both ship and timber, each section’ being 
secured by steel plate straps, bolted at both ends. 
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these vertical timbers in place. Glut blocks of yellow 
pine timber were fitted to the outside of the main 
cradle (between the fore and after poppets) through 
which were run the 2-in. and 2}-in. tie rods, with 
large steel plate washers and nuts on the outside. 

Owing to the fine form of the vessel it was necessary 
to install between the fore poppet and the forward end 
of the main cradle for a space of 22 ft. a structural 
steel sub-poppet ; 2} in. of soft wood packing was 
used between the ship and the steel straps to allow 
for settling and adjustment. The straps were of 
40-lb. plate 12 in. wide, located on the frames and 
half-frames, or 2 ft. apart. 

The fore poppet differed quite materially from the 
poppet used in the case of the Saratoga, which was 
of the rocking type. For the Lexington the fore 
poppet was built up of plate straps, steel brackets, 
and 12-in. vertical yellow pine timbers, with five 
tiers of 3-in. by 3-in. clear straight-grain yellow pine 
crushing strips, properly spaced to keep the poppet 
pressure evenly distributed while pivoting (Fig. 15). 

The five medium steel plate straps, each of double 
40-lb, plate, and 5 ft. wide, were run under the ship’s 
bottom, and then up each side to about the 16-ft. level. 
A departure from the usual practice was here made, 
viz., instead of following the contour of the ship’s 
side, the straps were all moulded to the same form, 
to allow easier yard work. Between the straps and 
the outside plating a mixture of 1-3-3 cement, coke 
and sand was poured, A 40-lb. horizontal strap plate, 
48 in. wide, was run the full length of the poppet, 
32 ft., to tie up the straps, brackets and timbers. On 
the outside a face bar of 4-in. by 4-in. by 15-7-Ib. angle 
was riveted. 

White oak gluts, 14 in. by 14 in., were placed on 
the outside, and through these 2} in. tie rods were run, 
set up with large turn buckles and nuts. To hold the 
poppet in place after leaving the ways, tricing lines 
of -in. diameter wire rope were run to shackles at the 
top of the straps and led upward to special clips bolted 
to the outside plating above the water line. The total 
fore poppet area, both sides, was 500 sq. ft., and the 
pressure per square foot was about 10 tons. 

Owing to the fineness of the ship at the after end and 
the necessity for the proper support of the overhung 
weight, special attention was given to the after poppets 
of the ship. For a distance of 96 ft. from the after end 
of the cradle, horizontal straps were fitted, being bolted 
in to the upright shores. In between these straps, 
similarly built straps were fitted, to take the shape of 
the ship, and were brought through the vertical shoring 
and bolted through by channel iron gluts. Internal 
shoring was installed to brace the ship’s sides in way 
of the fore poppets in the inner bottom and machinery 
spaces amidships to care for the way-end pressures, 
also in the store rooms aft, and after motor rooms in 
way of the cradle. There was no indication anywhere 
inside the vessel that the expected pressure had been 
exceeded. 

Launching Preliminaries.—A special feature that 
merits more than casual notice was the systematic 
programme arranged in removing blocking and shoring 
from under the ship prior to launching. A plan was 
made to show every support, and prints marked up in 
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various colours with nomenclature properly inscribed, 
to show the exact day and time that each support 
should be removed, and also its disposition. The 
actual shores were afterwards painted to correspond 


secured to the ground-ways about 100 ft. from the 
stern of the vessel, and the contact-maker was operated 
by steel pins driven into the sliding ways. In addition 
to these two methods, a chronograph was placed in one 


to the plan. The scheme worked well, and the ship | of the crane towers at the bow, the wire from its drum 
settled gradually and fairly upon the cradle, so that, | being led through sheaves and secured to the forward 
when the setting up rally on the wedges was started, | end of the cradle. The chronograph functioned per- 
the ship had wedged the cradle packing tight, and very | fectly throughout the whole travel of the ship, and a 


little movement of wedges could be gained by the three | 


record was obtained which agreed very closely with 


rallies of battering rams. For removing the grease | those obtained by the other two methods. The 


irons from between the ground and sliding ways, a 
special jack, was devised to speed up the work. It 
consisted of a handwheel turning on a threaded rod 
which was hooked into a hole in the projecting end of 
each iron. This handwheel bore against a frame of two 
parallel channel bars, strapped together and mounted 
on a heavy base, which in turn rested against the 
ribband on the ground-ways. A turn of the hand wheel 
started the irons ; then they were easily removed by 
tackle. Four of these machines were used, the total 
of 86 pairs of irons being all removed in about one 
and one-half working days. To make sure that all 
irons had been removed, racks were built to receive 
them, each rack having the proper number of spaces so 
that all racks would be completely filled when all the 
irons were out. 

Rise of Tide and Weather Conditions.—For months 
prior to the launching, a very careful record was kept 
to see how Closely the actual rise of tide on launching 
day could be predicted. Daily weather charts were 
studied and curves of tide plotted, then finally a normal 
tide-rise curve predicted. The results were extremely 
satisfactory, the actual tide being practically the same 
as the expected. This means much, as a 10-ft. rise of 
tide was required to keep the way-end pressures down 
to normal, whereas about 10 ft. 4 in. was the actual 
rise, which reduced the actual way-end pressure to 
4-8 tons per square foot, an unusually low figure for 
large ships. The ships’ centre of gravity was kept 
close to amidships by ballasting with fresh water in 
the forepeak tanks, which in turn allowed a greater 
distance to be run before the centre of gravity reached 
the end of the ways. Thus a greater amount of buoy- 
ancy was obtained to relieve the way-end pressure. 

Releasing and Starting Arrangements.—Four hydraulic 
rams and triggers of the standard type were used, two 
at each way, located at two-thirds length abaft of 
forward perpendicular. The large steel casting housing 
the triggers was built into the ground-ways, and 
then a heavy casting built into the sliding ways to 
engage the upper end of the triggers. The whole 
arrangement was located in concrete walled pits with 
large structural steel girders supporting the ways, 
and to prevent outboard movements. The cylinders 
were 14 in. diameter; the actual gauge pressure regis- 
gistered was 1,675 lb. per square inch for each cylinder. 
The calculated downward pull of the ship just before 
the release was 1,157 long tons. At 1,675 lb. per square 
inch, the pressure on the gauge connected to the trigger 
cylinders corresponded to the pressure on the sliding 
ways, or the triggers, of 640 long tons. 

Tumble Shores.—The coefficient of starting resistance 
equals 0-0238, which includes the resistance of the 
grease, and that of the thirty-four 14-in. by 14 in. 
tumble shores, 17 on a side, underneath the docking 
keels, which were fastened top and bottom so that, 
as the ship moved, they would fall inboard and out of 
the way of the chain drags. These tumble shores 
rested on the concrete bed-logs at the bottom, and a steel 
plate was fitted at the top, with a 2-in. yellow pine 
piece between this plate and the bottom of the ship. 
These shores were set out }-in. per foot from a line 
normal to the keel, and were canted forward. All 
keel blocks were cut out, and the vessel started without 
using the jacks about four minutes after the release of 
the triggers. After the lavnch it was found that the 
steel plates on the top of these docking keel tumble 
shores had compressed into these yellow pine blocks 
about 3 in., and some of the concrete bed-logs were 
broken, which explains the four-minute interval 
between the release of the triggers and the actual 
apparent movement of the ship. 

Starting Rams.—For forcibly starting the ship in case 
she refused to move, there was installed a very complete 
outfit of hydraulic rams and piping at the fore poppet 
and along the ways. It was not, however, found 
necessary to use this system. 

Speed Observations.—In order to obtain the velocity 
and acceleration of the Lexington at various distances 
travelled, three methods were used. First, twenty-one 
white marks were painted on the ship’s side in the 
usual manner and two sighting stations for these were 


established, one just forward of the stern, and the | 


other at the end of the adjacent wharf. The time for 
each mark was recorded by means of stop-watches. 
Separate marks and observers were also located at the 
head of the ways in order to obtain the time for the 
first 3 ft. and 6 ft. of travel. Second, a speed recorder 
was placed in one of the crane towers. The recording 
mechanism for this was wired to a contact-maker 





curves plotted from the observations are given in 
Fig. 14. 

Lubrication—The launching stearine and grease 
was applied to a total depth of { in., the stearine going 
on hot, and the grease applied cold, by hand. Paragon 
stearine was used as a base coating to a depth of % in. 
This material withstood the heavy fore poppet pressure 
splendidly. At no place on the ways was there less 
than about } in. of solid stearine after the Jaunch. 
Neptune grease, } in. thick, was used as a slip coat 
over the stearine and worked very satisfactorily. 
The total amount of lubricant used was as follows: 
stearine, 46,000 lb.; grease, 17,200 lb.; oleo-stearine 
13,658-lb.; total, 76,858 lb. The oleo-stearine was 
for slushing the under side of the sliding ways and the 
first coat on the under-water portion of the ground- 
ways. The absence of any trace of smoking should be 
noted as rather an exceptional condition in connection 
with a launch of this magnitude. 

Handling the Ship after Lawnching.—As soon as the 
ship had stopped and had fallen back toward the shore 
somewhat until the drag-lines were slack, the pins which 
held the drag-lines in the pads on the side of the ship 
were easily pulled out by the block-and-tackle arrange- 
ments already described (Figs. 7 to 10, page 739 ante). 
The drag-lines, thus released, slipped out of the pads. 
Then seventeen tugs took the ship in tow, backed her 
clear of the dropped ends of the drag-lines, and moved 
her to her wharf, where she was tied up in 64} mins. 
from the moment of her full stop. 

Special Features.—Communication with the various 
principal stations could be had at any time by means 
of a complete, self-contained telephone system installed 
just prior to the launching. This arrangement, elimi- 
nated the usual running around to check conditions 
and give the necessary signals. A special main station 
was located at the mouth of the trigger pit tunnel, 
where a complete log was kept of every action taking 
place. The chief recorder could at any instant give 
the exact rise of tide, settlement of ground-ways, 
trigger cylinder pressures, creeping movement, and 
progress of removing shores, cribbing, and keel blocks. 

The christening of the ship took place at the bow 
about half-an-hour before launching, as there was a 
special danger at the bow station, owing to a possi- 
bility that some of the wire drag-lines might break 
and then snap back to this location. The observation 
stand was located at the side of the building slip. 
A special 20-lb. structural steel barricade was erected 
on each side of the ship and outside of the piles of 
chain drags for protection to the bases of the overhead 
structure, and also to confine the drags to a straight 
course. This barricade is shown in Fig. 5, page 739 ante. 

The general data for the launchings of the Lexington 
and Saratoga may be conveninetly compared as follows 
(data for the Saratoga are taken from Mr. Riggs’ 
paper) :— ; 

Lexington. Saratoga. 
Dimensions of vessels, ft. 888 x 106 x74 888 x 106 x 74 


Weight of ship, etc.,tons 25,517 24,630 
Weight of cradle, tons .... 1,380 1,100 
Total launching weight, 

tonsa... as “we 26,897 25,730 
Length of ground-ways, 

effective =~ vee, "ES EE. 932 ft. 
Length of sliding ways, 

overall as ... 722 ft. 3 in. 712 ft. 
Declivity of keel, per ft..... 0-4375 in. 0-5364 in. 
Declivity of ways, per ft. 

(initial) nat ... 0-516 in. 0-5364 in. 
Camber of launchways .... 75,000-ft. None. 

: Rad. 

Bearing area, sq. ft. 11,000 10,500 


Initial mean press, tons 
per square foot 2-45 2-45 


Width of ways (sliding).... 7 ft. 10 in. 7 ft. 6 in. 
Spread of ways, centres.... 30 ft. 6 in. 27 ft. 9 in. 
Water over way-ends at 

launch .... an .... 13 ft. 6 in. 11 ft. 4 in. 
Static drop of ship .... 3 ft. 10} in. 5 ft. 
Mean draught afloat, S.W. 19 ft. 3 in. 18 ft. 3 in. 


Maximum way-end pres- 

sure, tons per sq. ft. 4-8 15-1 
Minimum moment against 

tipping, foot-tons 877,500 305,000 
Pivoting pressure, tons.... 5,070 3,900 
Height of tide, actual .... 10 ft. 4,5 in. 5 ft. 6 in. 


Height of tide, expected 10 ft. 5 in. 6 ft. 
Maximum speed, feet per 
second = He 26-7 25 





Drop-off speed, feet per 


second .... a thes 19 22 
Travel after drop off, ft. 209 985 
Angle of slew, degrees ... None 


15 
Width of groundways .... 8 ft. 10 in. 7 ft. 7} in. 

In the course of the discussion which followed the 
reading of the paper, Professor W. Hovgaard said he 
wished to point out that he believed both the expendi- 
ture and the anxiety attending launching of this kind 
could probably be much reduced by a systematic, 
scientific, analysis of launches in connection with suitable 
model experiments. The problem fell in three parts : 
(1) An estimate of the speed of the ship at drop off 
and hence of the total kinetic energy to be absorbed 
by drags or brakes; (2) An estimate of the amount 
of energy absorbed in a certain permissible distance 
by water resistances after drop off, and hence of the 
remaining energy which was to be absorbed by artificial 
means of stoppage; (3) Determination of the method 
and means of arresting the ship. 

The first point was difficult as it depended to some 
extent on such unknown factors as the temperature, 
but rather ample data was available on this part of the 
problem and usually a fair estimate of the speed could 
be made. In attempting to disentangle the water 
resistances and the drag resistance the naval architect 
had at present practically no information on which to 
base his estimate. The only way in which such 
information could be obtained was, first, by taking 
time-distance observations at a number of launchings 
not only before, but also after, the ships had taken the 
water and until they were stopped, and second, by 
model experiments in which the conditions of the 
launchings were reproduced after the launching to 
smaller scale. If now the force by which the model was 
retarded after drop off was measured separately, we 
could by deduction determine the water resistance 
at any point, since the total resistance was known 
from the acceleration curve. The retarding force 
could be produced in a fairly simple manner by the 
successive lifting of a number of weights, and could be 
thus easily regulated and measured. Experiments of 
this kind although differing in details, were made in 
connection with the launching of the battleship Cali- 
fornia. 

As mentioned in the present paper, experiments 
were made also at the Massachusetts Institute of 
Technology on a model of the Lexington in order to 
determine the water resistance during launching. No 
attempt was made to retard the speed of the model, 
whence the resistance curve obtained in this way came 
to correspond to the condition of a free run. These 
tests, therefore, did not accurately give the resistance 
corresponding to the actual conditions. Moreover, the 
experiments could not be expected to give accurate 
quantitative results on account of the small dimensions 
of the model, which was to j,-in. scale. In fact, the 
displacement of the model, which weighed about seven 
lbs., was only one-seven millionth of the displacement 
of the ship. Still these experiments were of value 
since they paved the way for further tests, and it is 
the intention to repeat them at the Mass. Institute 
of Technology in the near future to a larger scale under 
conditions approaching the actual ones more closely 
and by which, in particular, the resistance corresponding 
to the drags would be measured. As the time-distance 
curve was observed for the Lexington for the entire 
travel, it should be possible thus to obtain a more 
correct idea of what percentage of the kinetic energy 
was absorbed by water resistance and how much by 
the drags. 

Every year many launchings took place, and it would 
be a simple matter involving very small expense to 
observe the movement of a ship not only while on the 
ways but also after she left the ways. If such obser- 
vations were made for a number of type ships, we would 
soon be in possession of valuable material from which an 
analysis could be made by means of model experiments. 
The cost of such model experiments was relatively small 
and is not to be compared with the cost of running an 
experimental tank. 

Finally, as regards the best means of stopping the 
ships after they took the water, it would seem possible 
to devise some permanent plant which could serve 
all the launchings in a yard and so designed that the 
energy absorption would be under perfect control. The 
method adopted by Commander Saunders seemed very 
promising in this respect, but he ventured to suggest 
the use of direct hydraulic resistance instead of fric- 
tional resistance of solid surfaces, as he believed that it 
was possible thus to obtain more assured control at a 
smaller cost. He would not attempt to advance any 
design of such an outfit, but to illustrate the enormous 
capacity of fluids for energy absorption would mention 
the fact that the recoil cylinder of a 14-in. gun absorbed 
about 1,000 foot-tons on a travel of less than 4 ft., in 
a space of time of about one-third of a second, correspon- 
ding to a rate of 11,500 h.p. He did not, however, 
intend to imply that the hydraulic brakes to be used in 
launchings should necessarily be of this type. 
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THE INSTITUTION OF CHEMICAL 
ENGINEERS. 


(Concluded from page 766.) 


ConTINUING our report of the meeting of the 
Institution of Chemical Engineers on December 8 
to 10, at the Science Museum, South Kensington, 
we have now to deal with the third paper read. 


Statistics In INDUSTRY. 


The paper was entitled “ Statistics in Industry : 
Some Uses and Limitations,” and was read by 
Mr. H.C. Marris, of Messrs. W. Walker and Sons, 
Limited, Bolton. The author dealt mainly with the 
financial side of his subject. He stated that 
industry might be divided into three sections: 
buying, manufacture, and selling. In order to 
be able to choose the proper moment for buying 
and selling, forecasting was required, which might 
take the form of long-term forecasting, con- 
nected with trade cycles. or short-term fore- 
casting affecting immediate requirements. Trade 
cycles, rythmic fluctuations, periods of depres- 
sion, revival, prosperity, strain or crisis, liquidation, 
and depression again, were common to all industrial 
countries, but quite irregular in length, according 
to Sir W. Beveridge. Short forecasting was in- 
fluenced by season, weather, strikes, and political 
upheavals. The inquiries of the Harvard Economic 
Service, of the London School of Economics, of 
Dr. Snow, Mr. Rowe, and others showed the limita- 
tions of statistical help for forecasting even when 
the banks assisted. Impressed by the need for more 
complete and more prompt statistics regarding 
the production, stocks and consumption of wool 
throughout the world, the recent Imperial Con- 
ference had recommended efforts to secure the 
co-operation of foreign countries, and the pro- 
vision and publications of statistics by the Govern- 
ments of the Empire. That should apply to other 
industries. 

As regards statistics in actual manufacture, 
on yields, costs, accounts, Mr. Marris said that 
standardisation had gone further. But English 
firms were too slow in following the American 
policy of pooling knowledge, and it was still 
difficult, for instance, to arrive at the standard 
economic efficiency of boiler plants and the cost 
per unit of steam made. Public electricity under- 
takings in England gave figures; but such works 
needed much reserve in the form of boilers, and 
their Joad varied much compared with the steady 
load of chemical works. Messrs. W. Walker and 
Sons had, therefore, permitted the publication of 
the steam production costs of their boiler house 
which was only just completed before the general 
strike. 

Only a few comments were made on the paper 
which Sir Frederick Nathan considered very sug- 
gestive, but rather beyond him. Mr. Marris had 
referred to ordinary methods of plotting results ; 
Mr. C. O. Condrut recommended semi-logarithmic 
paper. on which only the ordinates were on the 
logarithmic scale, as more directly instructive. 


THe Laws or Air ELUTRIATION. 


Dr. Geoffrey Martin, late Director of Research of 
the British Portland Cement Research Association, 
presented in the next paper entitled “ Researches on 
the Laws of Air Elutriation’”’ an account of his 
researches concerning the size and weight of 
particles that can be lifted by air currents of given 
velocity and temperature. The problem was of 
importance in devising sifting and grinding machi- 
nery, in dealing with the dust present in furnace 
gases, and in many other connections, and might be 
considered as the converse of the fall of particles 
through air or other fluids. Experimenting chiefly 
on crushed sands, repeatedly graded by elutriation 
to uniform size, Dr. Martin found the relations 
between the diameter of a particle d and the velocity 
V, required to support the particle, to vary with 
the size of the particle. When the particle was 
very small, the relation was V = kd?;_ this was the 
parabolic law of Stokes. As the particle size 
increased, the relation become unstable and a 
linear law V = k (d — d)) was found to hold, that is 
to say, the velocity required to support a particle of 








a medium size was proportional to the diameter 
diminished by a constant value d). With further 
increase in size another parabolic law became valid, 
V =k,/d. Thus plotting the diameter as ordinate 
against velocity as abscissa, a graph was obtained 
which started as a parabola, turned into a straight 
line, and then became once more parabolic. Since, 
however, each curve could be produced into its 
unstable portion, a particle might, at different 
air velocities, be lifted subject to different 
laws. 

Dr. Martin showed, with the aid of many tables 
illustrating the results also of other experimenters, 
how the one law would pass into the other, allowing 
also for density, viscosity and turbulent and stream- 
line flow. The lifting power of air was much greater 
in streamline flow than in turbulent flow. The 
critical maximum diameter and velocity for the 
stable region of Stokes’ law seemed to be 7-25 x 
10-° cm. and 27-5 cm. per second; for larger 
particles and swifter air currents Stokes’ law would 
give unstable results, and the linear relation would 
become applicable; these figures referred to 
turbulent flow. The influence of higher temperature 
of the air blast was not great; raising the tempera- 
ture from 15-6 deg. C. to 538 deg. C. increased the 
diameter of the particles that could be lifted by 
1} times and their weight by 3} times, on the linear 
curve with turbulent flow, with which most of the 
experiments were done. In his experiments Dr. 
Martin placed the graded sands in a cone at the 
bottom of a vertical pipe, 5 cm. diameter or more, 
and directed the air blast, cold or hot, through a 
side tube vertically downward upon the sand, which 
was thus forced upward. ~ 

Dr. E. S. Greig’s in the discussion on the 
paper said that he was investigating these pro- 
blems at Sheffield under Dr. Wheeler, with special 
regard to the explosibility of coal dust. He used 
an apparatus similar to that of the United 
States Bureau of Mines, introducing the dust into a 
vertical cylinder, in which the air travelled from the 
inverted cone bottom, upward. Dr. Martin had 
not yet been able to say anything definite as 
regards the influence of the shapes of the particles. 
Dr. Greig considered that the thickness of the 
particle, reckoned in the direction of the fall, was 
the decisive dimension; the determination of 
Dr. Martin’s statistical diameter under the micro- 
scope was very difficult, and unfortunately the 
thickness could hardly be determined at all. Yet, 
analysing the results of experiments made by 
Millikan with particles of 1 wu, Arnold, Allen, 
Lunnon with steel balls, up to 10 cm. in diameter, 
dropped down pit shafts, and himself in various 
fluids, he found that all the results would lie 
on one fairly linear curve. Professor B. W. 
Holman said that, in elutriation, practice had 
outstripped theory, but had many unsolved 
problems to deal with. Thus in South-West 
Africa, where water was very scarce, all attempts 
to separate tin ore of density ‘7 from a pegmatite 
(granite) of density 3 by air elutriation had so 
far failed ; on the other hand, dust particles were 
now removed in many works by blowing them 
at high velocity, against plates wetted with glycerin, 
by a small volume of air, or by evacuation over glass 
plates to which the fine dust adhered. 


REFRIGERATION IN THE CHEMICAL 
INDUSTRY. 


Tn introducing the last paper, which was entitled 
‘‘ Refrigeration in the Chemical Industry,” Mr. H. M. 
Dunkerley, of Messrs. Peter Brotherhood, performed 
some interesting experiments in which he showed 
that rubber piping, and a strip of steel (but 
not a piece of hoop iron) became brittle by 
being cooled in liquid air and broke when struck 
against an anvil. That might account for engine 
failures on aeroplanes at low atmospheric tem- 
peratures and had to be borne in mind in 
compressor design. A hammer consisting of 
frozen mercury and a wooden handle was also 
shown. 

The object of his paper was to set out the methods 
whereby the costs of refrigeration might be calcu- 
lated by those desiring to instal refrigerating 
plants. Much useful information on typical plant 
construction was given. In refrigerators somewhat 





more than a heat unit had to be taken from the 
condenser for every heat unit to be extracted by the 
evaporator. 

To obtain a satisfactory heat interchange 
the water flowing over the pipes of a condenser 
should be at high velocity, 3 feet per second being 
the practical maximum. Where unlimited water was 
available, the cooling coil could be submerged in a 
tank in which a flow of at least 1 foot per second was 
maintained. Atmospheric condensers in stacks, 
should be at least 2 ft. apart, the lowest coil not less 
than 3 ft. from the drip tray, and the height 
not greater than 20 pipes; near chemical works 
wrought iron tubing should be electrically welded 
into a continuous coil without screwed or soldered 
joints; galvanised iron was to be avoided, The 
pressure within the condenser should be as low as 
the conditions of the water or atmosphere allowed. 
The ammonia evaporators which Mr. Dunkerley 
illustrated consisted of four concentric coils of 
wrought iron or mild steel. Water to be cooled 
should have a rate of flow of 2 or 3 ft. per second 
and a moderate ice formation should be allowed for ; 
double-pipe and shell coolers were not recommended 
for that reason. The formation of snow on the 
surface could be prevented. In double-pipe heat 
exchangers for brine and water the B.Th.U. trans- 
mitted per square foot per hour per deg. F. mean tem- 
perature difference were approximately 50 + 50V 
where V was the mean velocity of tiow in feet per 
second within the range 1 to 4. 

As regards compressors Mr. Dunkerley referred to 





the American experiments on the loss of elasticity 
lof certain steels cooled down to — 80 deg. F. 
|The strength of some steels being at — 50 deg. F, 
less than a fifth that at ordinary temperature, he 
felt nervous about employing single-acting enclosed 
refrigerating compressors in chemical works. But the 
simple compressor, with only one gland of the rotary 
or shaft type, easily oil-sealed, was very popular, and 
reliable, provided the gudgeon pin, which might be 
under a working pressure of 1,000 lb. per square 
inch, and the small end bearings were renewed 
every year. When the compression ratio exceeded 
5: 1, two stage compressors should be installed ; 
vertical compressed types were now preferred to 
horizontal types. ; 

Readings should be taken at the condenser, 
evaporator and compressor every hour, and the 
logs be carefully examined in order to check any 
falling off in efficiency; many refrigerating plants 
were run much under their proper efficiency. Heavy 
oils should be used; many oils attacked metals. in 
the presence of ammonia, and certain chromium 
steels were very liable to this pitting. The paper 
concluded with a cost estimate in which interest 
and depreciation on capital and power costs were 
the heaviest items. To reduce the power items the 
plant might be driven by back-pressure or exhaust 
steam turbines, and the refrigerating plant be 
used as a balance plant if the factory power 
demands were intermittent. Re-cooling the factory 
water might be cheaper than water from the: local 
mains, 

Many questions were asked by Mr. F. H. Rogers, 
Mr. T. Thornley, Mr. E. A. Reavell, Mr. W. M. 
Hebblethwaite, Mr. W. Kirby and others, about 
mechanical and chemical matters, leakage, de- 
composition of the ammonia, corrosion, &c., and 


| there was very little time forreply. Mr. W. Macnab 


said that refrigerating plants had to become an 
adjunct to chemical plant; Dr. G. Martin ‘men- 
tioned that cement tube mills absorbed more 
power as the material to be ground grew hot. 
In his reply Mr. Dunkerley said that he considered 
the corrosion by sodium chloride as cooling 
medium worse than by calcium chloride; the 
solutions should be neutral, and all possibility 
of electrolytic corrosion should be prevented. Pure 
ammonia, suitable for the machines, was now ob- 
tainable at reasonable prices ; there was some decom- 
position, largely due perhaps to the oil. He did not 
think that absorption refrigerators offered advan- 
tages; where plenty of steam was available, he 
would rather.instal turbines. Climatic conditions 


were important ; they had installed identical plants 
at Glasgow and at Edinburgh; the latter needed 
less power because the atmosphere was drier and 





warmer. 
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ILLUMINATION MEASUREMENTS. 

For some time past a committee of the Scientific 
and Industrial Research Department has been 
directing inquiries into problems of illumination 
research. Some of its results are now published 
in three reports, one discussing the present termin- 
ology used in the study of illumination, and the 
others recording the results of some measurements, 
made respectively on the transmission of light 
through cast or rolled plate glass, and the distribu- 
tion of light by a type of industrial reflector.* 

The definitions in the first part of the paper on 
terminology, dealing with physical terms, follow 
closely those adopted by the International Com- 
mission on Illumination, at their meetings in 1921 
and 1924, with a few others derived from American 
and other practice. The broad distinction between 
the modern view of illumination and that which 
has been usual till comparatively recent years, 
is that attention used to be directed primarily 
and mainly to the source of light, while in present 
practice as much, or more, importance is attached 
to the surface illuminated. The vocabulary of the 
subject now begins by recognising luminous flux 
as the rate at which luminous radiant energy passes 
from, or to, a point of surface. For purposes of 
practical measurement the same term is allowed 
to be applied alternatively to the amount of such 
energy, seeing that in such conditions its velocity 
may be regarded as constant. The popular use of 
the ampere is a precedent for applying a term that 
strictly denotes a rate to signify a quantity. The 
luminous flux per unit solid angle emitted in any 
direction by a point source is its luminous intensity 
in that direction, hitherto more commonly known 
as candle-power, and, for practical purposes, a source 
of which the dimensions are negligible compared 
with the distance from which it is observed, may be 
regarded as a point. The unit solid angle is the 
steradian, the angle subtended at the centre of a 
sphere by an area on the spherical surface equal 


to the square of the radius, or ix times the circum- 


ferential area of the sphere. The unit of luminous 
intensity is the international candle, based on 
standard electric incandescent lamps maintained in 
French, British and American laboratories. Germany 
continues to use the Hefner candle, which is approxi- 
mately 10 per cent. less. The unit of luminous 
flux is the lumen, the flux emitted per steradian 
by a uniform point source of one international candle. 
The number of such units in a source is called its 
candle-power, and that term is also used in denoting 
the average intensity of the source in all directions 
or in a single hemisphere mean spherical candle- 
power and mean upper or lower hemispherical 
candle-power. It will be observed that the total 
flux in lumens from any source is 4 m times its mean 
spherical candle-power. Another figure, to which 
more importance was attached formerly than now, 
is the mean horizontal intensity, or average inten- 
sity over the horizontal plane through the centre. 
The ratio of the mean spherical candle-power 
(m.s.c.p.) to the mean horizontal candle-power 
(m.h.c.p.) is termed the spherical reduction factor 
of a source, or simply the reduction factor. 

Taking flux to be the fundamental photometric 
quantity, a series of definitions describe illumina- 
tion. The illumination at any point is the density 
of the flux at that point, or the limit of the flux 
divided by the uniformly illuminated area. The 
metrio unit is the lux or metre-candle, which is 
one lumen per square metre; the British and 
American unit is the foot-candle, which is one 
lumen per square foot. The illumination of a 
surface varies with the cosine of its inclination to 
the normal, if the surface is uot perpendicular to 
the central ray, thus giving the general relation 

ke a 4 where E is the illumination of the sur- 
face, I the incident candle-power, d the distance 








* Illumination Research. Technical Paper No. 1: 
The Terminology of Illumination and Vision. _ net. 

Technical Paper No. 2: The Transmission Factor o 
Commercial Window Glasses, by A. K. Taylor and 
C. J. W. Grieveson, [6d. net.] 

Technical Paper No. 3: Light Distribution from 
Industrial Reflector Fitting, No. 1 (British Engineering 
Standard), by H. Buckley and C. J. W. Grieveson. 
(6d. net.] H.M. Stationery Office. 





between source and area, and @ the inclination 
of the surface to the normal. If I is expressed in 
candles, and d in feet, E is given in foot-candles. 
An important special case is the illumination of a 
horizontal surface from a source above it (Fig. 1). 
The illumination of any point P is, as above, E = 
I cos @ ny =. 

Rae’ the letters signifying as me on the 
. 2 7 1 a 
figure ; but 7 cos* 9 eg be written aero and, 

cos® ° 7 £ 
therefore, Rig ~ , the formula simplifies into 


t= i Given the polar diagram of the 
source, E can thus be calculated for all positions of 
P, and its various values along any line on the illu- 
minated surface plotted as ordinates, the ordinates 
being superposed if the surface is illuminated by 
more than one source. The distribution of illumi- 
nation over the area can then. be plotted in an 
iso-lux diagram, which is, in fact, a series of curves 
of equal illuminations, like a contour map. From 
the above measurements are derived the average 
illumination of the area—total flux in lumens divided 
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by area in square metres or square feet; the utilisa- 
tion factor or coefficient of utilisation of an illumi- 
nating system on a given plane—total flux received 
on the plane divided by total flux from the lamps that 
illuminate it ; the variation factor of the illumination 
over an area—ratio of either the minimum or the 
maximum illumination, as may be specified, to 
average illumination ; and the variation range—ratio 
of maximum to minimum illumination within the 
area, 

A surface that emits luminous flux, whether by 
reflection or by intrinsic luminosity, is bright, and its 
brightness in any direction is the quotient of the 
luminous intensity measured in that direction by 
the area of the surface projected on a plane perpen- 
dicular to the direction (Fig. 2). The unit of bright- 
ness is one candle per unit area of surface, an 
improvement on the original “candle.” In this 
country the usual units are one candle per square 
inch and one candle per square foot. 

It is to be remembered that these units measure 
light emitted in one direction, and as the surface 
also emits light in other directions, the incident 
light which is necessary to produce this unit bright- 
ness must be greater. In practice, the brightness 
of a surface varies with the direction in which it is 
viewed, but for purposes of comparison a perfect 
diffuser or perfect diffusing surface may be 
imagined, the brightness of which is equal in all 
directions. Such a surface, if it is not self-luminous, 








requires an illumination in foot-candles of « times 
its brightness in one direction in candles per square 
foot, in order to provide the same brightness over 
the entire hemisphere from which it can be viewed. 
As defined by Lambert, in 1760, its brightness in 
any direction will be proportional to the cosine of 
the angle between that direction and the normal 
to the surface. An alternative systen of units is 
based on this hypothetical perfectly diffusing surface. 
Its unit is the brightness of a perfect diffuser that 
emits one lumen per unit area, and the brightness of 
any surface in any direction may be expressed in 
terms of it. Ifthe unit area is a square centimetre, 
the unit is termed a lambert, from which is derived 
as a practical unit the millilambert, its thousandth 
part ; when it is a square foot, it is a foot-lambert. 
A practical advantage of these units is that, to such 
extent as the surfece is a perfect diffuser and perfect 
reflector, the brightness expressed in them is 
numerically equal to the illumination of the surface 
expressed in lumens per (the corresponding unit 
area). : 

Light falling on a surface must be either reflected, 
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absorbed, or transmitted. The ratios of the flux 
so treated to the total incident flux, are respectively 
termed reflection, absorption, and transmission 
factors, the sum of which must always be 1. The 
reflection factor is subdivided into factors of specular 
and of diffuse reflection. A perfect diffuser with 
an illumination E and a reflection factor p has a 


brightness = per unit area, if brightness is ex- 


pressed in lambert units. With imperfectly diffusing 
surfaces the reflection factor will vary with the 
direction of view and also with the direction of the 
incident light. To provide them with a similar 
relation between illumination and brightness an 
apparent reflection factor is defined for an element 
of area as 7 times the ratio of the flux emitted per 
unit solid angle in the direction considered to the 
flux incident on the element of area. For smooth 
or glossy surfaces viewed in directions close to that 
of specular reflection, this factor may often be 
greater than unity. Transmitting substances such 
as opal glass and ground glass, which are known as 
diffusers, so scatter incident light by internal 
reflections at minute particles on or within the body 
that the emergent light is distributed more or less in 
accordance with the cosine law of emission, and the 
brightness of such bodies may therefore be expressed 
either as candles per square inch, or as foot-lamberts. 
A surface, such as rippled glass, which does not 
thoroughly diffuse the light, but merely breaks it up 
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into separate small beams, is called a scattering 
surface. 

The efficiency of a source of light fis defined as 
the ratio of the total luminous flux it emits to the 
total power it consumes, the power being usually 
expressed in watts for electrical sources and centi- 
therms (1,000 B.Th.U.) for gaslamps. The meaning 
of direct, indirect, semi-indirect, and artificial 
daylight systems is, perhaps, sufficiently understood. 
Where an upper diffusing reflector is used in a semi- 
indirect system, it is known as a false ceiling. 

Daylight photometry uses a total daylight factor 
of the illumination of a point within a building, 
which is the ratio of its illumination to the simul- 
taneous illumination of an external horizontal 
surface exposed to a complete hemisphere of sky 
of uniform brightness. Alternatively, the external 
surface may be exposed to one-half the hemisphere of 
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sky, as when it is placed on the sill of a window with 
no external obstructions. The ratio of internal to 
external illumination is then doubled, and is known 
as the total sill ratio (A) of the internal point. Just 
as the total daylight factor is subdivided into the 
indirect or reflected daylight factor, due to light 
reflected from walls and ceilings, and direct day- 
light factor, due to the sky and external objects, 
the total sill ratio is divided into direct sill ratio 
Ap and reflected sill ratio (Ag ). 

The physiological definitions include a clear and 
interesting account of the mechanism of the eye, its 
adjustments and anomalies, binocular vision and its 
disturbances, and the several measures and tests of 
the senses of light, form, and colour. 

Nine specimens of rolled or cast-plate glass were 
examined in the observations described in Technical 
Paper No. 2, each 4} in. square by about 4-in. thick. 
The first is described simply as plate, and presumably 
was polished on both sides. None of the remainder 
was polished, but apparently all had one smooth 
side left untouched from the bed of the machine. 
Of the other surfaces, one was rough rolled (i.e., 
approximately flat), two were plain cast (7.e., roughly 
flat on one side and not rolled on the other) and 
internally wired, and the remainder had one side 
ribbed, fluted, or prismatic, as shown in Fig. 3, the 
prisms of specimen No. 5 being at an angle of 
60 deg. and of No. 7 at an angle of 45 deg. The 
transmission was examined under the separate 
conditions of light incident normally (directed 
light), as with a low sun through vertical windows, 
or a high sun through a lantern light ; light incident 
at all angles (diffused light), as from a completely 
unobstructed sky of uniform brightness through a 
flat or low-pitched roof light; and light incident 
obliquely (restricted diffused light) as indicated in 
Fig. 4, the light coming from a lune of sky bounded 
by planes that made angles of 45 deg. and 90 deg., 
respectively, with the normal to the glass. 
To secure such conditions an artificial source of 
light was used, the incidence of the light on the 


specimen under observation being similar to those 
found in daylight practice, as described above. 

In principle the method of determining the trans- 
mission factor with direct light consisted in fitting 
the specimen in a frame that closed the lower end 
of an internally blackened and externally whitened 
cylinder 12 in. long, at the upper end of which was 
fixed a 400-watt lamp, and arranging the cylinder 
in the upper half of an internally whitened sphere 
1 m. in diameter with a translucent window at 
the end of a horizontal radius, where it could be 
viewed in a photometer. The brightness of the 
translucent window being proportional to the total 
flux in the sphere, the factor was determined by 
measuring that brightness with and without the 
specimen in position. For diffused light a 400-watt 
lamp was so arranged on one side of the lower part 








of an internally whitened 2-m. cube that no direct 
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light could enter a small whitened sphere placed on 
the other side of the upper part of the cube, which 
was closed by the specimen. The sphere was so 
fitted that its interior was accessible to a photo- 
meter, on which the brightness of the inner surface 
of the sphere was measured with and without the 
specimen. A similar arrangement was used for 
restricted diffused light, except that a blackened 
screen, at an inclination of 45 deg. to the vertical, 
prevented any light from the walls of the cube 
reaching the specimen at a less angle of incidence. 
The transmission factor of the polished plate 
glass for direct light is 90, for diffused light 84, and 
for restricted diffused 77. The rough-rolled speci- 
men was, of course, somewhat smoother on one 
side than the other, as were the two wired cast 
specimens. With the smooth surface forward the 
figures of the rough-rolled specimen were 83, 76} 
and 67} respectively, and with the rougher surface 





forward 81, 76 and 67}, showing a small difference 











between the two sets of measurements with direct 
light, and little or none with the others. The mean 
losses under diffused and restricted diffused light 
as compared with the figures for polished plate were 
thus about half as large again as with polished 
plate, and still greater under direct light. What 
exactly was the difference, other than wiring, between 
the rough-rolled glass and the two wired cast 
specimens, is not described further than that the first 
came from the same works as the rough rolled, 
and the second came from another works and had a 
smoother matt surface. The figures, however, of 
these glasses showed from about one-fifth to one- 
third per cent. greater losses than the rough-rolled 
specimen, according to the type of illumination. 
Bearing in mind that a glass works may have many 
mixtures, the reference to the several makes does 
not throw much light on these differences, except 
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to suggest that the observations may have been 
made without the co-operation of the works, which 
in all the circumstances of the manufacture seems 
unfortunate. Undoubtedly in practice dirt may 
mitigate or enhance differences of the order found ; 
but the windows of buildings are sometimes kept 
clean, and the present observations might therefore 
have been supplemented advantageously by such 
information as the glass works could have given. 

Some of the results with glasses arranged as 
shown in Fig. 5, have some practical interest, and 
indicate considerable differences in transmission 
according to the form and orientation of the ribbed, 
prismatic or even fluted surfaces. They are especi- 
ally remarkable under restricted diffused illumina- 
tion, with which the relation between the direction 
of the flutings and that of the screen may affect the 
transmission materially. By a special notation, 
glasses with smooth and with ribbed side forwards 
are tabulated respectively as a and b, and suffixes 
denote the relative lay of the flutes. Thus (Fig. 5) a,,; 
has its smooth surface towards the incident light, 
its flutings parallel to the screen, and a definite 
edge nearer the screen ; @,2i8 a8 @,,,, but with the 
opposite edge nearer the screen; and ay is as aj,; 
but with its flutings at right angles to the screen. 
The glasses with rough side forwards, denoted by }, 
are similarly suffixed, with the same meanings. 

The values of the several glasses shown in Fig. 3 
show large differences in transmission, according 
to the selection and arrangement of the glass. 
No. 5 (Fig. 3), for example, in the position a,,. 
(Fig. 5), transmits more than twice as much restricted 
diffused light as No. 8 in the position 6,,,, andnearly 
10 per cent. more than the rough rolled, coming 
indeed within nearly 5 per cent. of polished plate 
glass; though in the position 6,,, it transmits only 
about two-thirds as much as in the position a,,,. 
With direct illumination, on the other hand, No. 5 
transmits nearly a third more in the 6 position than 
in the a. A similar contrast, under the same 
difference of illuminations, is shown in No.3 and in 
No. 8, though for some reason No. 7, which also 
does much better in the b position with direct light, 
shows a slight advantage in that position under 
diffused and restricted diffused light. The trans- 
mission factors take account only of the proportion 
of light transmitted, and not of its distribution. 

The four reflectors investigated in Technical 
Paper No. 3 are illustrated by Fig. 6. They were 
made in glass-enamelled steel, and varied in diameter 
from about 12 in. to 18 in.; the largest was tested 
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with two 200-240 volt, and two 100-volt, 500-watt 
lamps, and each of the others with a 100-volt 
lamp varying from 60 watts to 200 watts, according 
to the size of the reflector. The three smallest 
lamps all had ring-shape filaments, but of the 
large lamps each pair had one with ring filament 
and ene with festoon or, in one instance, sagging 
filament. 

The essential points on which the British 
Engineering Standards Association desired informa- 
tion were the distribution of the light flux from the 
reflector, and the luminous efficiency of the reflector. 
Measurements of candle-power were made at various 
inclinations to the vertical in two vertical planes at 
right angles to each other and passing through the 
axis of the lamp (ABand CD, Fig.7). The luminous 
efficiency of the reflector is the ratio of the m.s.c.p. 
of the unit to that of the naked lamp. The quantities 
defining the relative position of the parts are 
indicated in Fig. 6. A change in the height of the 
lamp in the reflector alters both the angle of cut-off 


8, above which the filament is entirely invisible, and | 


the distribution of the light flux. This distribution 
was measured by a distribution ratio between the 
maximum candle-power within 15 deg. of the 
downward vertical axis of the fitting and the 
average of the candle-powers at 25, 35 and 45 deg. 
from the axis, which is sufficient to indicate a 
strong focussing effect of the reflector on the area 
below it. 


A rather better notion of the distribution is | 


obtained, however, by taking the ratio between the 
mean candle-power of the unit from 0 deg. to 15 deg. 
to the downward vertical axis and the average of 
the candle-powers at 25, 35 and 45 deg. It is 
pointed out that the illumination on a horizontal 
plane below one of these units varies more rapidly 
with the angular direction than does the candle- 
power of the source ; in fact, as mentioned in Paper 
No. 1, with I, cos* @ and not with Ig, where Ip is 
the candle-power of the source in the direction 6. 

The distribution of light from the bare lamps was 
measured by comparing the mean spherical candle- 
power with that of the tip end, as thrown vertically 
downwards. With the 100-volt with ring filaments, 
the tip-end candle-power was about a fourth more 
than the mean spherical candle-power (1-20 to 
1-27). The 100-volt 500-watt lamp, with festoon 
filament, showed no great difference at the tip 
end from the mean (1-05), and the 200-volt 
500-watt lamp, with sagging ring filament, gave a 
similar result (1-06); but the tip end of the 
240-volt 500-watt lamp, with festoon filament, gave 
much less light than the mean (0-83). 

In the observations on the complete fittings, the 
lamps were set at various angles of cut-off from 0 deg. 
to about 28 deg. Figs. 8 and 9 show examples of 
the polar curves from the bare lamps, giving the 
mean distribution from measurements in the four 
vertical half-planes indicated in Fig. 7. The minima 
between the two maxima given by the ring-filament 
lamps, are attributed to the screening of one part of 
the filament by another. The festoon filament, not 
being in one plane, does not show this sharp screening 
effect, and as will be observed, gives a much more 
uniform light distribution. The small irregularities 
are attributed, at least in part, to reflections of the 
filaments in the glass bulbs of the lamps. Some of 
the variations in light distribution with the position 
of the lamp, are shown in Fig. 10, the halves of 
which show the distribution of the light from different 
reflections at different cut-off angles and heights 
of filament above the rim of the reflector. As the 
filament is raised, the curve grows increasingly 
oblique, and shows an increasing tendency to 
focus immediately below the lamp up to a limit of 
height, beyond which the vertically downward 
candle-power again decreases. The mean polar 
distribution from the three larger reflectors when 
fitted with ring filament lamps at a cut-off angle of 
20 deg., were calculated alternatively by assuming 
that each reflector had the same vertical downward 
candle-power or the same mean spherical candle- 
power, and adjusting the values of the candle- 
powers in various directions accordingly. Both 


methods gave exactly the same polar curve. The 

report gives many curves of the type shown. 
The ratio of the mean spherical candle-power of 

the lamp with reflector at a given angle of cut-off 








to that of the bare lamp gives the luminous effi- 


ciency of the reflector. Examples of the changes of 


efficiency with height of filament are shown in Fig. 11. | 
It will be seen that the efficiency falls off with | 


increase of the cut-off angle at nearly the same rate, 
say from 1 to 1-5 per cent. per degree increase in the 
cut-off. Curves for the 500-watt reflector show 
that the reflector is more efficient with a ring filament 
than with a festoon filament, the difference amount- 
ing to about 5 per cent. with 100-volt lamps. This 
is attributed partly to the greater proportion of 
light that the ring filament throws vertically down- 
wards, and the consequently smaller proportion 
falling on the reflector and suffering partial absorp- 
tion, and partly to the greater average height of the 
festoon above the reflector rim for a given angle of 
cut-off. As an index of the uniformity with which 
the fitting distributes its light, distribution ratios, 
known as a, are calculated between maximum 
downward candle-power in the region between 0 deg. 
and 15 deg. to the vertical axis (or in the alternative 
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ratio, at the mean candle-power in that region) 
and the average candle-power in directions inclined 
to the axis at 25 deg., 35 deg., and 45 deg. High 
values of either ratio, especially of a, indicate 
excess of brightness immediately under the lamp, 
though the measurements are, of course, of candle- 
power and not of illumination. Fig. 12 show some 
of these ratios for various reflectors at each angle of 
cut-off and with different types, voltage and power 
of lamp. 

Closeness of the a and a! curves, such as is 
shown in those of the 500-watt reflector, indicate 
that the illumination below the lamp within 15 deg. 
of the vertical is very uniform. A circumstantial 
examination of the separate quadrants of the polar 
curves (cf. Fig. 8) showed that, in ring filaments, the 
asymmetry of the light distribution, arising from the 
gap, averaged about 2-5 per cent. over the whole 
series of measurements. The existence of further 
inequalities due to other causes, mainly or wholly 
maladjustment of the reflector, was determined by 
comparing measurements in the plane C D (Fig. 7) 
with those in the plane A B, and the results showed 
these inequalities to average just over 0-9 per 
cent. for all lamps tested. These measurements 
were made for the region 0 deg. to 15 deg. to the 
vertical ; others made over 0 deg. to 90 deg., gave 
somewhat higher results for the measurements in 
both planes. These were found to occur almost 
entirely in the plane C D, and were really attribu- 
table to a slight tilt in the reflector. The brighter 
side was that nearer the gap. 


INDUSTRIAL APPLICATIONS OF 
AIRCRAFT. 


SPEED in communication is admittedly the 
|primary justification of air transport, but the 
spectacular achievements of aircraft in this field 
sometimes obscure the secondary but valuable 
services they can render to mankind by their 
adaptability to very different uses. Obsessed by 
the possibilities of swift communication, designers 
and engineers have as yet concentrated mainly on 
developing the aeroplane as a means of transport 
and, to this end, have increased its speed and 
reliability, raised its “‘ ceiling,” and perfected such 
auxiliaries as meteorology and wireless apparatus. 

Only recently has a commencement been made to 
exploit the aeroplane’s freedom to move in three 
dimensions, independent of obstacles on the earth’s 
surface, but it may be expected that, as more atten- 
tion is given to this branch of aeronautical enter- 
prise, and as the industrial community recognises 
that the aeroplane can perform valuable services 
leading to efficient production, commercial aircraft 
will tend to become increasingly specialised and 
will vary more and more widely from the standard 
types with which we are now familiar. In this 
connection the success of the de la Cierva gyroplane 
is of considerable interest in the application of air- 
craft to industry, since the ability to hover will be 
required in many operations. 

In agriculture and crop production, the aeroplane’s 
ability to execute evolutions at high speed in three 
dimensions is likely to offer considerable advantage. 
There are few more vital problems in the constant 
war men wage with insect life for possession of the 
fruits of the earth than those of the cotton growing 
areas. Standing in the same relation to the cotton 
grower as does the locust to the eastern farmer, the 
boll weevil inflicts tremendous losses on both the 
American growers and the British textile industry. 

Dusting the plantations from low-flying aero- 
planes with calcium arsenate to kill the weevil 
has, for two years, been carried on extensively 
in the southern areas of the United States by a 
commercial undertaking operating a score of air- 
craft. In the experimental work that preceded this 
innovation, it was soon realised that special dusting 
apparatus, taking advantage of the velocity of the 
air current generated by the propeller, and the force 
of the propeller’s downdraught, would be necessary 
for the efficient application of the aeroplane to this 
field. Equipped with such apparatus, the aeroplane 
not only operates at least a hundred times faster 
than the best ground machine procurable, but 
diverts none of the labour force from ordinary culti- 
| vation, is not immobilised by the muddy condition 
|of the ground after the rains, strips none of the 
cotton from the plants, as happens in the case of 
mule-drawn machines, and forces such a finely 
pulverised dust upon the plants that it adheres 
even when the leaves are dry, thus obviating the 
necessity to work during the night so that dew may 
facilitate the application. 

Dr. B. R. Coad, a pioneer of this idea, conceived 
in the course of his work in connection with the 
Bureau of Entomology attached to the U.S. Depart- 
| ment of Agriculture, has estimated, after the manner 
of his country, that 3,000 aeroplanes could subject 
the 15,000,000 acres under cotton to an efficient 
dusting that would result in a saving of 225,000,000 
dols. annually, and the time may very possibly come 
when an adequate fleet of aircraft, specially adapted 
for low-flying and the other requirements of their 
task, will be distributed over the whole of the cotton 
belt, able to administer regular treatment to the 
crops throughout the season of growth. 

Peccans, peaches, sugar cane, tobacco, citrus and 
catalpa trees have been subjected with success to 
similar treatment, as have orchards and potato crops 
in both Great Britain and America, while the same 
method has served to destroy plagues of cater- 
pillars in America and, quite recently, in the 
Haguenau district of France, to spray flooded 
rice fields where the malaria-carrying mosquito 
bred, to exterminate locusts in the reed beds which 
fringe the River Kuna, in Russian Turkestan, and 
to free German forests of a plague of nun moth. 

Seed sowing, again, is a task for which the aero- 
plane can serve a useful purpose. Broadcast 
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sowing of grass seed at the rate of 640 acres in 20 
minutes has been carried out by an American aero- 
plane, a piece of work which, performed in the 
orthodox manner, would have occupied two 
labourers for two or three weeks. In another case, 
4 sq. miles of timberland near Hilo, Hawaii, had 
been devastated by fire. The rough nature of the 
terrain made re-sowing by the usual method very 
difficult, and accordingly an aeroplane was em- 
ployed and completed in one-and-a-half hours a 
task that would have occupied two men for, it is 
estimated, about ten years. 

Canada is finding in its seaplane patrols an ally 
that is greatly minimising one of its chief anxieties— | 
forest fires, since their use enables detection to follow | 
so closely on the outbreak that the fire can usually 
be located and stemmed before it can spread to 
an area of unmanageable dimensions. Supplies 
and materials for the fire-fighting gangs can also be 
transported near to the scene of activities much | 
more swiftly than heretofore, when the greater part | 
of the convoys’ journeys had to be made, owing to | 
the nature of the route, in a manner not unlike | 
that in vogue a hundred years ago. It was reported 
at the Imperial Conference that, during 1926, 224 
fires had, by this means, been detected and sup- | 
pressed. 

The failure of the use of aeroplanes for depositing | 
pulverulent material in the clouds in the endeavour | 
to cause the moisture of which they are composed | 
to condense in drops about the particles and preci- | 
pitate itself in the form of rain, is no reason for 
supposing that more successful attempts of, perhaps, 
a different nature may not be made when the science 
of meteorology has absorbed and digested a greater 
mass of data respecting the vagaries of the weather. 

It is, perhaps, in surveying that the service of the 
aeroplane has been most heartily welcomed. In 
the war the combination of aircraft and photography 
revolutionised the artilleryman’s task. Peace has 
since demonstrated that the same effective combina- 
tion is capable of achieving a change of the same 
magnitude in the surveyor’s methods. References 
to this have frequently appeared in our columns. 
The whole of the Dominion of Canada has, within a 
few years, been mapped by aerial photography, 
while 1,400 square miles of timber reserves in the 
Irrawaddy Delta were mapped and surveyed from 
the air in two and a half months at a cost of 
18/. 5s. per square mile. In the last instange, as 
we have already noted, an adequate ground survey 
by the usual methods would have cost more than 
twice this sum and would have occupied a large 
staff for three years. The projected air survey of 
the copper concessions in Northern Rhodesia will 
demonstrate whether aircraft are destined to simplify 
the work of geologists and mineral prospectors. It 
is hoped that, from the expert examination of aerial 
photographs of the territory, it will be possible to 
determine what areas are likely to be richly cupreous. 
This method will be supplemented by the direct aerial 





survey of mineralogists, and the whole reconnaissance |" 


will cover an area of 20,000 of the total 52,000 square 
miles which comprise the concession. 

The methods of aerial survey work differ some- 
what for partly explored or unmapped regions and 
for estates in highly developed countries. In England 
it is usual to fly in a series of parallel lines over the 
area to be mapped, taking overlapping photographs 
with the optical axis of the camera perpendicular 
with the earth. The resultant prints, rectified and 
scaled with the corresponding Ordnance map, if 
perfect accuracy is demanded, are then pieced 
together. 

Some familiarity with photographic map reading 
is required for the proper use of the vertical, or 
bird’s-eye view, but it is frequently necessary, 
particularly in municipal affairs, to lay before 
members of a non-technical committee a represen- 
tation of, for example, a congested area or the site 
for housing developments, and photographs of 
areas of limited size, taken from the air with the 
optical axis of the camera at an angle of about 
30 deg. below the horizontal, preserve the propor- 
tions with sufficient accuracy and give a much 
clearer view than a map of conventional signs or 
even a vertical photograph. Few constructional 
schemes of the first magnitude are now embarked on 





without invoking the assistance of the air photo- 
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grapher. The stretch of land over which the new 
road from London to Southend was built was sur- 
veyed for the Ministry of Transport in thisway. To 
provide a comparison which will show the effect of 
the new Golders Green-Edgware electric railway 
extension on housing development, the London 
Electric Railways had the area served by the line 
photographed from the air before construction. In 
about ten years’ time it is proposed to take a second 
photograph. The Thames Conservancy Board has 
used aerial photography not only in the course of 
the construction and reconstruction of bridges, but 
to investigate problems respecting river currents 
caused by the influx of tributaries. 

The experience gained by airmen serving with the 
aerial auxiliary arm of the Fleet during the War in 
spotting enemy submarines, suggested another 
peace-time application. Useful work has been 
done in locating shoals of fish and notifying the 
fishing fleet of their whereabouts by wireless. This 
field of activity, however, is still one for speculation, 
rather than information, since the experiments as 
yet carried out have demonstrated its problems 
rather than its benefits. A necessary condition of 
its success is that a wireless receiving apparatus 
must be installed on at least one vessel in each unit, 
but this equipment is not at present so general as 
it might be. Use has also been made of seaplanes 
by whaling fleets, not only for locating their quarry 
from the air and giving wireless information regard- 
ing its whereabouts and the number of “ blows,” 
but also for direct attack by special harpoon bombs 
which, upon transfixing the whale, release rubber 
floats attached to long lines. 

Many police duties are being simplified by the 
aeroplane, and traffic control from the air by wireless 
has been experimentally introduced. Each Derby 
Day the Metropolitan Police have had photo- 
graphic records made of congested points on the 
roads leading to Epsom, and these are aiding them 
to effect progressive improvements. Aeroplanes assist 
patrol boats of the British Columbia Government 
in dealing with salmon poachers. Before the Depart- 
ment of Marine and Fisheries introduced the aero- 
plane in 1921, the vigilance of the patrol boat crews 
proved unequal to the task of suppressing the 
activities of poachers who, receiving a warning from 
their look-outs of the approach of the patrol, often 
succeeded in eluding capture. Now, aeroplanes 
commanding a view over a wide area communicate 
with the patrol boats by wireless, and more adequate 
measures can be taken to put a stop to their busi- 
ness. Each year the activities of the aerial police 
extend, and more than 10,000 miles may be flown 
in the course of a single short season. 

Incidentally, it may be remarked that during the 
aerial survey of the Burmese forests it was possible 
not only to detect areas where thinning and thefts 
were taking place, but also to discern that, in 
certain areas, cultivation was proceeding, in 
violation of the law. 

We need only briefly refer to the use of aviation 
in connection with publicity. The so-called sky- 
writing is an advertising medium which presents its 
message, with the element of novelty, to every 
outdoor onlooker within a hundred square miles. A 
fleet of thirty machines is now operated by the 
company working the system in several European 
countries, as well as in Great Britain and America. 
Some very remarkable results have, it is claimed, 
been achieved in areas where sales already ap- 
proached ‘saturation point ’’ or had defied other 
forms of stimulus. A secondary advantage of this 
type of service is the indirect one of maintaining 
in efficiency machines and personnel which could, 
at very short notice, be adapted for military service, 
since the class of flying necessary in scrawling words 
ten miles long by one mile wide across the sky are 
similar to those common in aerial warfare. 

If aviation and photography form a potent com- 
bination, the possibilities of aircraft in conjunction 
with moving pictures are no less considerable. 
We have become accustomed to diversion by means 
of film records of the topical sports meeting from the 
air, while many of the most interesting entertain- 
ments with which the screen has presented us have 
dealt with travels, the aeroplane acting as the magic 
carpet. In education, aerial photographs are proving 
themselves an excellent means of illustrating geo- 
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graphical terms, formerly presented with crude and 
misleading simplicity by coloured chalks and a 
blackboard. 

The future will probably reveal other uses to 
which aviation may be put. It seems, indeed, 
improbable that we have at present exhausted its 
possibilities, even in its existing imperfect stage of 
development. 
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A LITTLE more than a century has elapsed since 
the birth of mechanical rail transport, which event, 
perhaps more than any other single human develop- 
ment, laid the foundation upon which the great 
structure of mechanical engineering has been raised. 
Now that the mechanical engineer’s work has cul- 
minated in mechanical flight, it is interesting to 
note that the lessons learnt in this younger branch 
of engineering are being applied to the older. That 
the problems of express train resistance have much 
in common with those of flight, Mr. Marshall makes 
abundantly clear, and that he may be considered to 
be fitted to correlate the two may be gathered 
from his membership of the unusual combination 
of the Institution of Locomotive Engineers and the 
Royal Aeronautical Society. 

The author in the volume under review aims at 
establishing a general formula covering all conditions 
of running, based on the assumption that resistance 
will comprise a constant term, a function of the velo- 
city, and a function of the square of the velocity, 
the first two arising from track resistances and 
flange friction and the last from air friction. Each 
term is made the subject of a close investigation, 
in the course of which the work of previous investi- 
gators in this and other fields is combined with 
original contributions by the author, the result 
being a very interesting treatment of a rather for- 
bidding subject. 

The author advocates the choice of all constants 
in such a way that the calculated resistance is 
expressed in lb. per ton weight of the train. Ona 
level straight run the only variables are then the 
velocity of the train and the velocity and direction 
of the wind. The effects of the horse-power, 
acceleration, deceleration, gradients and curves 
are discussed. These are subject to simple treatment 
except for curves, for which, however, no formula 
is given for the compensating of these by means of 
equivalent gradient. An attempt is made all 
through to apply the formule to the known results 
of the more reliable trials on record, by means 
which, at first calling forth consternation, lead to 
respect. On the whole a fair degree of consistency 
is observable in the numerical values obtained for 
the constants. Such an investigation has more than 
academic value, for when the components of the total 
resistance are isolated and understood, the next step 
is naturally the practical consideration of the 
possibility of reducing them. The author con- 
tributes to this end by presenting losses in their 
true perspective, and indicating the order of the 
saving in horse-power which may be expected. 
Even very small savings may in the aggregate 
represent an appreciable total. 

A considerable lack of consistency has un- 
fortunately been found to exist in many train 
trials made under apparently identical conditions ; 
variations of as much as 40 per cent. to 50 per cent. 
have at times been alleged by those who have had 
an opportunity of conducting repeated trials with 
apparently no alteration in load or weather. If 
progress in economy of running is to be brought 
about, however, trials must be made, but as they 
are very expensive anything tending to increase 
their accuracy, and hence the value of results, has a 
distinct value. Among special points bearing on 
this aspect Mr. Marshall draws attention to the 
following sources of discrepancies: The arithmetic 
mean of the resultant air velocity cannot be em- 
ployed, as resistance is a function of the square 
of the velocity; a small error in estimating the 
average direction of the wind may lead to a large 
error in the value 0! the resistance which should 
be allowed for an ot 'ique wind ; a change of velocity 
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so small as to be hardly capable of being dis- 
cerned, will absorb or liberate a very considerable 
amount of power at high speeds, though it may not 
be reflected in an indicator diagram taken during the 
period of change; further, for high speed work, 
the usual indicator, as is well known, is of doubtful 
accuracy. 

Mr. Marshall devotes a considerable amount of 
space to an analysis of air resistance and turns 
the weight of his argument on effect of oblique 
winds, against the usual theory that increased 
flange friction arises under those conditions. On 
the other hand, he develops the theory that drag, 
due to change of direction of the air when it comes 
in contact with the surfaces of the stock, is account- 
able for heavy loss. In a strong oblique wind a 
train may encounter directly as much as 17 tons of 
air per second which it has to displace. 

Mr. Marshall further discusses the question of 
discontinuity in a rake of vehicles, and it would 
have been interesting if he had extended this to 
the question of the effect of open windows, which 
in some stock abroad represent an area of about 
one-third of the coach side. Under these conditions, 
too, the effect of doing work on the air passing 
through the compartments becomes, we believe, of 
greater moment that the reader of this book may 
be led to imagine. Generally speaking, though, the 
whole of the reasoning is decidedly instructive, the 
value of such discussions is apt in service to be | 
upset by many uncontrollable factors. 

The author has some interesting suggestions for 
locomotive “fairing,” and shows how as a by- 
product the natural draught could be improved 
and hence the blast pipe could be opened. The 
action of the bogie and the correct position of the 
pin is also discussed, but no reference is made either 
from this point of view, or from the aspect of 
oblique wind resistance, to the use of articulated 
carriage stock. 

The various formule of importance have been 
brought together for ready reference, and care has 
been taken to use each symbol in one sense only 
throug hout the book. A key to the symbols and 
a good index are provided. 





| 
} 


Elektrische Ziindung, Licht und Anlasser der Kraft- 
fahrzeuge. By Dr. Inc. E. Semer. Halle (Salle): Wil- | 
helm Knapp. [Price 7°6 marks.] | 
Tis doubtful whether any branches of engineering | 

mave led to a greater demand for knowledge among | 
on-technical people than those relating to auto- | 
obiles and wireless. Although much of this | 
emand may be satisfied in a superficial manner or 


y practical experience, the thorough-going amateur, | 
© less than the technician, requires a knowledge of 
nhe principles underlying the action of the appliances | 
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he uses. Consequently, the present book on the 
electric equipment of automobiles will be equally 
welcome to designers, makers, repairers, and users. 

Electric ignition is the first subject dealt with. 
The action of the magneto is discussed and a few 
typical constructions are described. Battery igni- 
tion is also considered. The sparking-plug, which 
comes next, reveals several details of practical 
importance. The discussion of the starting motor is 
particularly thorough. After showing the effect of 
temperature on starting effort, the characteristics of 
the series motor are considered in conjunction there- 
with. The author shows in this connection how 
much more favourable is the 12-volt than the 6-volt 
system. Many constructional details of the motor 
and starting devices are described. 

Many readers will be glad of the simple explana- 
tion of the action of the three-brush lighting dynamo, 
which entails no greater knowledge than that of the 
potential curve of the commutator. It is also made 
clear that the magnitude of the voltage is fixed by 
the battery. Numerous types of dynamo and 
systems of connection are discussed. After com- 
bined machines for starting and lighting, the 
battery is considered. This is followed by a dis- 
cussion of the optical accessories and electric horns. 
A valuable feature of the book is the table of faults 
and their remedies placed at the end of the various 
sections. 

Considering the importance of the electrical 
equipment in a modern car, the information in this 
small book will be invaluable to innumerable motor 
mechanics, owner-drivers, and others. 





The” Whitworth Book. London: Longman’s, Green and 
Company, Limited. 1926. [Price 10s. 6d. net.] 
THE Whitworth Scholarships were founded in 
1868, and since that date over 1,400 awards have 
been made. Suggestions that a society should be 
formed to promote social intercourse between past 
scholars and to forward the original aims of Sir 
Joseph Whitworth had been made from time to 


| time, but little or nothing was accomplished until 
|the project was taken up by Dr. H. S. Hele-Shaw, 


F.R.S., during his presidency of the Institution of 
Mechanical Engineers. A meeting convened on his 
initiative led to the formation of the Whitworth 
Society, membership of which is restricted to Whit- 
worth Scholars, Exhibitioners and Whitworth Prize- 
men. Many of the successful candidates in the 
earlier competitions are no longer living, but the 
present membership of over 470 does not represent a 
satisfactory proportion of those who to-day possess 
the necessary qualification. It must, however, be 
borne in mind that the society is not yet four years 
old, and may well anticipate a large increase of 
membership as time goes on. A commemorative 
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dinner is held annually, which “has been well 
attended, and special occasions have been signalised 
by supplemental gatherings. The first president 
of the society was Dr. Hele-Shaw, who gained 
his scholarship in 1876, and during the current 
year the chair has been occupied by Dr. F.: P. 
Purvis, one of the scholars appointed in 1869, 
which was the first year of the competition. 
The society having been successfully founded, one 
of its first duties was held to be the preparation 
of a record of the results of Sir Joseph Whitworth’s 
initiative, which, it may be added, was the more 
notable in that at the date it was taken, most 
mechanical engineers, for reasons which are intelli- 
gible even if lacking in prescience, professed a 
contempt for theory. The Whitworth Book, just 
published, and which has been prepared under 
the able honorary editorship of Professor D. A. 
Low,: establishes the greater sagacity of Sir 
Joseph as compared with most of his contem- 
poraries. It is often contended, and not without 
some basis in experience, that success in a 
competitive examination is not a wholly trust- 
worthy criterion of capacity, and the records of 
the careers of past scholars as set forth in The 
Whitworth Book certainly show that the positions 
finally attained by successful candidates have not 
accorded very closely with their placings in the 
competition. Environment, however, naturally 
counts for as much as capacity in this connection. 
The really noteworthy feature in the list is, there- 
fore, not merely the eminence attained by some 
individuals, but the high general average standing 
of the older students now living. 

Out of over 1,400 past scholars, 156 are known to 
be dead and 183 are untraced. That so complete a 
record should have been obtained reflects the greatest 
credit on the editor and those who have assisted 
him in preparing this ‘‘ Who’s Who ” of Whitworth 
scholars and prizemen. An excellent portrait 
of Sir Joseph Whitworth forms a frontispiece to 
the volume. This is followed by a sketch of 
his life. There is also a reprint of the corre- 
spondence between Sir Joseph and the Government 
which led to the establishment of the scholarship 
scheme, and of the further correspondence of 1873, 
which resulted in the formulation of rules intended 
to obviate the danger which had already become 
manifest, that successful candidates might have no 
connection whatever with the practice or profession 
of engineering. The volume also contains a reprint 
of the existing regulations for the scholarships. 
It forms a fitting evidence of the success of the 
Whitworth Society and of the valuable work 
which has been put into it by Professor Low as 
Honorary Treasurer, Mr. E. R. Dolby as Honorary 
Secretary, and Dr. Hele-Shaw as first President and 
founder. 
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GAS WORKS COAL-HANDLING PLANT. 


AERIAL transporters forming part of gas works fuel- 
handling plant are not usual in this country. The 
one we are about to describe, in addition to being 
thus a rather uncommon application, exhibits in 
a comparatively short length a number of interest- 
ing features arising from conditions imposed largely 
by the peculiarities of the site. The works in ques- 
tion are those of The Bournemouth Gas and Water 
Company, and are situated at Poole, and at Pitwines, 
a suburb of that town. The original gas works 
adjoin the town quay in Poole Harbour, the coal 
being waterborne and easily unloaded from the ship 
by a transporter extending above and across the 
quay roadway. The works are hemmed in, however, 
by houses, and, as the Company serves a coastal area 
some 25 miles long, much of which is still undergoing 
development, extensions more than sufficient to satisfy 
immediate needs were recognised as being imperative 
some years ago. ; 

An indication of the growth of the demands made 
on the old works is given by output figures for the 
past twenty years. In 1904 the twelve month’s output 
of gas was about 570 million cubic feet. By 1914 it 
had reached 1,100 millions, and by 1924 the output was 
2,000 million cubic feet per year. Extension of the 
old works being, by reason of its situation, impracti- 
cable, the Company purchased a site, about 500 yards 
distant from them, at Pitwines, and commenced 
work thereon in 1923. The new site was on reclaimed 
land which necessitated considerable filling and the 
employment of nearly 1,000 piles, but the area is 
large and can be laid out for an ultimate capacity of 
13-5 million cubic feet per day. The provision of 
room for expansion at the new works was considered 
to outweigh the disadvantage of lack of deep water 
accommodation, but to supply them involved some 
means of communication with the old works and the 
quay through the house property above referred to. 

The solution of this difficulty lay in the construction 
of the cableway, the course of which is shown in Figs. 
1 and 2, its termination at Pitwines being given in 
more detail in Figs. 3,4 and 5. Photographs of the 
works are reproduced in Figs. 6 to 13. The unloading 


‘The actual construction of the cableway, with which 








bridges, and loading stations between and at the two 
works, as well as the telpher transporter at Pitwines, 
were supplied by The Mitchell Conveyor and Trans- 
porter Company, Limited, 45, Holborn Viaduct, E.C.1. 


this article is chiefly concerned, was the work of 
Messrs, Ceretti and Tanfani, 8.A., Bovisa, near Milan, 
of which firm the Mitchell Company are representa- 
tives throughout the Empire. 

The cableway is of the'double rope type, that is, one 
cable carries the load, and the other hauls it. The 
carrying cable is in two parallel lengths of 420 yards 
each with runways at either end to make the cableway 
continuous. They are anchored at Pitwines, but 
kept taut at Poole by counterweights. They are of 
steel with a hemp core, are 44 in. in circumference, and 
have a breaking strain of 72 tons per square inch. The 
hauling cable is, of course, endless, and has a developed 
length of about 880 yards. It is of steel, 1} in. in 
circumference, the breaking strain being from 80 to 90 
tons per square inch. Both the carrying and hauling 
cables undergo a change of plane in their course from 
one works to the other, as will be clear from Fig. 1. At 
the Poole terminal station A, the two parts of the 
carrying cable lie parallel in a horizontal plane, but 
between it and the coke and ash loading station B, 
they diverge vertically. They then change in direction 
through nearly a right angle, and by the time they 
reach the road-bridge C they are parallel vertically. 
A further slight change in direction takes place here, 
followed by a long straight run to the angle station 
E, support being given in the middle of this by the 
trestle D. The course is altered in a reverse direction 
at E, on leaving which the cableway passes through 
another road-bridge F. On reaching the angle station 
G at Pitwines, the two parts of the carrying cable are 
parallel vertically, but, between it and the terminal 
station H they converge in this direction, diverging to 
become parallel horizontally at the point of coupling to 
the runway. The object of adopting the somewhat 
more expensive vertical construction was, of course, 
to make the track through the houses as narrow as 
possible, and that this object has been achieved is 
well shown in Figs. 8 and 9. 

In the laying out of the Pitwines works provision 
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the cableway is designed to handle 100 tons of coal per 
hour, when the number of skips will be 34, though 
at the present time only 17 skips are mounted, the 
transport of 50 tons per hour being sufficient for 
present needs. The weight of a skip, fully loaded 
with coal, is just under one ton, the coal itself weighing 
123 cwts. The speed of the skips is 195 ft. per minute. 

The unloading transport is shown in Fig. 6, and 
consists of a pair of deep girders carried upon vertical 
frames travelling on rails at each side of the coal store. 
The span of the girders from centre to centre of the 
rails is 180 ft., and beyond this is a cantilever 
section which may be extended right across the quay 
and over a ship alongside, as indicated in Fig. 2. 
A portion of the cantilever is, it will be noticed, 
a continuation of the main girders, but the extreme 
end is made on the bascule principle, the two suspen- 
sion stays folding together when this part is raised. 
The latter operation is effected by steel cables 
from winches in the control cabin visible to the right 
of Fig. 6. The length of the transporter when fully 
extended is 297 ft. The actual handling of the coal is 
done by a grab which travels between the girders for 
the full length of the transporter and is provided with 
its own operating cabin. 

The transporter can be traversed practically the full 
length of the coal store though an earlier pattern of 
transporter runs on the same rails. The whole of the 
operations of traversing, transporting, and elevating 
the end are performed electrically. fies 

The works end of the transporter is provided with a 
hopper. Into this the grab is emptied, either when the 
coal is being taken direct from the ship to Pitwines, 
or is being reclaimed from the store for use there or at 
Poole. The hopper discharges on to a conveyor belt 
from which the coal is delivered to a bucket 
elevator supplying the old retort house, seen on the left 
of Fig. 6, or to another bucket elevator supplying the 
termina] station A, and to be seen in Fig. 7. The 
latter figure is a view of the terminal loading station. 
This is a reinforced concrete structure with a platform 
16 ft. above the ground and surmounted by a steel 
framing carrying the operating gear, and the track 
round which the returning skips are run so as to start 
upon afresh trip. The ends of the carrying cables can 


transporter at Poole, the cableway conveyor, protection | has been made for future extension. In the same way / be traced in the middle of the figure passing down, after 
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Fig. 6. 


they have left the runway, over vertical pulleys at | 
the level of the platform, to terminate in heavy weights | 
below it, in order to maintain the requisite tension. | 
Tension on the hauling cable, which is necessarily | 
continuous, is effected by loading a loop, passed | 
over pullies, with a floating weight. The driving | 
pulley, which is horizontal and 5 ft. in diameter is | 
situated here. It is motor driven, and runs continuously, | 
the skips being stopped by disconnecting them from 
the hauling cable. This is done automatically as they | 
enter the runway. If they come in empty from Pitwines, | 
as is usually the case, they are then pushed round the | 
runway by hand to a position underneath the concrete | 
hopper which is fed by the bucket elevator. Here they | 
are loaded from a double gated measuring arrangement | 
so that a definite quantity of coal is supplied and | 
overfilling is prevented. The valves or doors of | 
this device are hand-operated. The skips are then 
pushed to the other side of the runway until they | 
are picked up by the hauling cable. The runway | 
at the left hand side of Fig. 7 is merely a siding, on 
which skips not in use are kept. 

At the extreme right of Fig. 7 is seen the coke and ash | 
loading station B, situated about 200 ft. from the 
terminal station. Station B, it will be remembered, is | 
that at which the two lines of carrying cable are changed 
in level so as to run one above the other. There are | 
consequently two platforms, both of reinforced concrete 
with a steel superstructure above them. This supports | 
a guide pulley for the upper part of the hauling 
cable and a fixed runway which leads the skips and | 
the carrying cable round it. Corresponding gear for 
the lower part of the cables occupies the first platform 
which is 16 ft. from the ground, the second one being 
13 ft. 2} in. above the first. There are two hoppers 
for loading ashes and coke, and in connection with them 
there are devices for coupling skips to the hauling rope 
as they leave the station, and uncoupling them as they | 
enter it, These can be put out of action, so that if 
the station is not being used, the skips to and from the 
terminal station A can pass through station B without | 
stopping. 

Following the cableway towards Pitwiaes, the road 
bridge C is next reached. This is shown in Fig. 10. 
It is built of reinforced concrete on four columns, 
with two solid floors 19 ft. and 31 ft. above the ground | 
level, respectively. The span is 35 ft., and the width | 
11 ft. 9 in, The sides are cased in, but the top is | 
open. In the centre of Fig. 10 is seen the trestle D, | 
a plain steel structure, and beyond that is the angle | 
station E, of reinforced concrete in two stages of a | 
total height of 31 ft. 6in. In the background appears | 
the second road bridge F. This is similar to bridge C, | 
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| except that it is of 29 ft, span, and the floors are 16 ft. 


and 26 ft. above the road respectively. 

In Fig. 11 the cableway is viewed from the opposite 
direction, that is, from the Pitwines works. The 
concrete structure at the left hand is the terminal 
station H, and that in the middle of the figure is the 
angle station G. Between these stations the two 
parts of the cable change in plane back to the horizontal 
position. The terminal station has four hoppers. A 
circular one, with a lower conical part, above the 
cableway is used for loading the skips when, in emer- 
gencies, coal may have to be sent from Pitwines to 
Poole. The other hoppers, situated below the platform, 
wil] be referred to later, but it may be said that they are 
used for discharging material received from Poole, 
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Fig. 12 shows the platform of the terminal station which 
is 24 ft. above the ground, and illustrates very well the 
method of coupling the carrying cable to the partially 
circular runway round which the skips pass, as also the 
direction in which the cable is led to the anchorage. 
The hauling cable is seen above the carrying cable. 
It passes round a horizontal pulley best seen in Fig. 11. 
The skips are suspended from carriers with two wheels 
each running on the carrying cable. Double-jaw 
gripping gear on the carriers engages with the hauling 
cable. This gear is actuated by the weight of the skip, 
and, in order to disengage it, the weight is taken off 
by providing a firm runway for the carriers at a higher 
level, relatively to the hauling cable, than the carrying 
cable. This runway can be rendered inoperative as 





























ENGINEERING. 

















DEC. 24, 1926. ] : 


GAS WORKS COAL-HANDLING PLANT AT POOLE. 





So. SS. ee. - B. 


ePaiZ 





DE ae 
+H 


. aw, 
Se 7 


A [ K 
ieee 


Ae 


sats 


ROH. yt 
Pr oo NN 
Brie 





Fie. 8. TreLtepner TRANSPORTER AT PrtwinEs WoRKS. 











. 9 


Coat STORE AT P1ITWINES. 


regards uncoupling when required. Thus, in the ordi- | by which the fuel can be delivered direct from the ship 
nary operation of transferring coal from Poole to |to the bunkers situated above the vertical retorts in 
Pitwines, the skips would pass round it and be auto-|the new house. The coal in this case travels only a 
matically tipped and discharged, thence returning to | short way along the fixed belt conveyor. It is then 
Poole empty, without actually stopping at the Pitwines | diverted into an automatic Avery weighing machine, 
terminal station. Under these circumstances the only | the position of which at the bottom of the coal skip 
attendance required is one man at the Poole terminal | hoist is indicated in Fig. 3. This is worked as follows: 
station to attend to the loading of the skips. | With the skip in the bottom position, coal is run in 
The coal is tipped automatically into an 8-ton |from the weigher until a definite amount has been fed 
hopper. This has a chute leading on to a reversible |in. At this point the skip starts upward, cutting off the 
belt conveyor 24 in. wide, which runs along one side | supply of coal as it begins to move. On reaching the 
of the coal store for its full length. The structure | top of the hoist, it automatically tips and descends, 
carrying this conveyor is to be seen in Fig. 13, at lreopening the coal feed again on returning to the 
the left hand of which figure isthe wall of the coal | bottom. oe 
store and at the right hand the new vertical retort} The method of reclaiming the coal from the store 
house. The general arrangement of this part of the | can be gathered from Figs. 3, 4 and 9. A reinforced 
plant is best seen in Figs, 4 and 5. The coal store, | concrete gantry is carried down the middle of the 
shown in cross section in Fig. 3, is built of reinforced | store, and on this runs a travelling level-lufting electric 
concrete and is 315 ft. long, by 100 ft. wide, by 20 ft. | crane with a grab of 30 cwt. capacity. The other end 
deep from the ground to the rail level of the travelling | of the girder bridge on which the crane is carried is 
belt conveyor seen to the right of Fig. 3. This travel- | fitted with a hopper from which the fixed belt conveyor 
ling conveyor has a belt 18 in. wide with a throw-off |can be fed. The direction of movement of the fixed 
carriage which may be set at any point required across | conveyor is reversed, when this hopper is being used 
the store. It is loaded by a throw-off carriage on the |and the coal is delivered into the Avery automatic 
fixed belt conveyor at the side of the store. The | weigher above mentioned. If it is desired to sead coal 
travelling conveyor throw-off is 26 ft. above the ground from Pitwines to Poole, the crane deposits it direct 
level, and from it the whole store can be filled to aneven | by the grab into the circular hopper on the terminal 
height of 20 ft. without resorting to manual labour. | station, shown in Fig. 9. This operation entails the 
The total capacity is 15,000 tons. }employment of a man at Pitwines to stop and load 
The operation of filling the store with coal from a ship | the skips. The measuring filling chute and its rela- 
at the quay at Poole can be followed from what has | tion to the skip is shown in Fig. 12. When the coal 
already been said, but thereisan alternative arrangement | thus sent arrives at Poole, it is discharged at the 


terminal station A into a hopper below the platform. 
Unloading can also be done if necessary at station B 
by passing the skips through station A, there being 
hoppers under the lower platform of station B. Of 
course, when any work is being done at station B, a 
man is required there to put the uncoupling rails into 
action, and to push the skips along to the point at 
which the carrier again grips the hauling rope. 

The transportation of coke breeze and ash may now 
be considered. These materials are dealt with at 
Pitwines, whether they are produced there or at Poole. 
They are loaded at Station B at Poole by means of a 
3-ton radial double cantilever crane with a radius of 
70 ft. and a lift of 45 ft. The crane handles the material 
in a tipping bucket, the hoisting and lowering gear for 
which is on a travelling carriage provided with an 
operator’scabin. This carriage can be run from one end 
of the top member to the other, that is, 140 ft. The 
position of this crane can be readily distinguished in 
Fig. 2 by its radius of action, while a portion of one 
cantilever arm is seen in Fig. 7. On ‘arrival of the 
skips at the Pitwines terminal station, the breeze or ash 
is automatically tipped into a hopper, that for the 
breeze being 25 tons capacity, and for the ash 12 tons. 

From the hoppers the coke and ash is handled by 
the telpher transporter shown in Fig. 8. This makes 
a complete circuit through the vertical retort house, 
and through the main building which contains the water 
gas plant, the boilers, and the gas producers for the 
power plant. In making this circuit it passes over 
the coke screens and hoppers, where the coke is separated 
into three grades, and also over the ash washing plant. 
This latter not only effects a considerable economy by 
the recovery of coke, but is conveniently placed for 
the supply of ash and clinker for use in the extensive 
reclamations still to be done on the company’s foreshore. 
The telpher carries a trolley of the double bogey type 
with direct electric drive and an operating cabin. 
The skips can carry three tons and can travel at 500 ft. 
per minute. The hoisting speed is 50 ft. per minute. 
The track is 56 ft. above the ground level, and the 
main girders are 9 ft. deep and of inverted triangular 
section. The power required at present for travelling 
the telpher is 8 h.p., with an additional 18 h.p. for the 
hoist. That for operating the cableway is about 74h.p. 

In connection with this latter an inspection of the 
cableway is not only suggestive of low power and a 
minimum of attendance being required, but its essential 
simplicity of design and construction points to its being 
as nearly safe in unskilled hands as it is possible to be. 

The layout of the new gas works at Pitwines, the 
alterations of the Poole works, and the construction of 
the cableway between them were under the superin- 
tendence of Mr. Philip G. C. Moon, F.C.S., engineer to 
the Bournemouth Gas and Water Company. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS; NORTH WESTERN 
BRANCH. 


A JOINT meeting of the North Western Branch of the 
Institution of Mechanical Engineers and the Liverpool 
Engineering Society was held at 9, The Temple, Dale- 
street, Liverpool, on Friday, December 10, 1926, when 
Mr. S. B. Freeman, C.B.E., presented the Fifth Report 
of the Marine Oil-engine Trials Committee. This report 
we commenced reprinting in abridged form in our issue 
of last week, and conclude it elsewhere in this issue. The 
discussion in London was reported last week (page 761, 
ante). After the Chairman, Mr. C. Bentham, had 
proposed a vote of thanks to Mr. Freeman, and this had 
been carried, the following discussion took place. 

Professor Watkinson said he thought it unfortunate 
that, in those reports, no real discussion of the results 
obtained was given. The reply to that might be that in 
the final report those various detailed reports would be 
analysed and compared, but it would have been better, 
he thought, if some remarks had been made on the 
data given. The results obtained were disconcerting 
in many respects. One outstanding feature was the 
apparent low mechanical efficiency of the engine, in the 
neighbourhood of 0-66, i.e., one-third of the power of 
the engine was absorbed in driving the engine itself. 
He did not believe that to be actually the case. He 
thought the reason was that the indicated horse power 
was far too high. Referring to the indicator diagrams 
in Fig. 14 of the Report, these indicated an explo- 
sion engine and not one of the true Diesel type. That, 
again, was not in accordance with the other engines. 
If these were compared with those given in Fig. 25, 
some of the latter would be seen to be much more nearly 
like Diesel engine diagrams and less like gas engine dia- 
grams. The most marked difference was between 
the diagrams taken when using boiler oil and those taken 
when using Diesel oil. The boiler oil contained a 
smaller percentage of hydrogen. It did not ignite as 
readily, and they were more likely to get a true picture 
of what was happening in the cylinder from the indi- 





cator diagrams obtained with boiler oil than in the 
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other case. He thought the admission of the ordinary 
Diesel oil was made too early, though it was just about 
right when using boiler oil, because the boiler oil con- 
tained a smaller percentage of hydrogen, and so one 
did not get the explosions which were obtained in 
the other cases. 

Referring to two particular tests, Nos. 10 and 14, 
both of the same power, and the same speed, one with 
Diesel oil and the other with boiler oil, the indicated 





horse-power and brake horse-power figures. were as 
follows :— 


No. 10. No. 14. 
Brake horse-power 1,018 1,010 
Indicated horse-power 1,530 1,420 


In the first case, there was a marked explosion curve, 
when the inertia effect in the indicator would be con- 
siderable, and he thought that probably accounted for 
the recorded indicated horse-power being higher than 
the true indicated horse-power. The revolutions 
were practically the same, the maximum compression 
pressure was 460 in the first case and 485 in the second. 
With a higher maximum pressure, a higher maximum 
combustion pressure should be produced, but instead 
of that the maximum pressure in the first case was 640 
and only 570 in the case of the boiler oil, showing the 
misleading effect of the explosion due to the valve being 
set wrongly. The mechanical efficiency in the first 
case was 0-661, in the second case 0-712; 0-712 was 
more nearly the truth. The friction horse-power in 
the first was 444, and in the second 336 for the same 
load, again showing how entirely misleading those 
indicator diagrams were. The oil per brake horse- 
power-hour was 0-422 in the one instance and 0-44 
in the other. The oil per indicated horse-power-hour 
in the first case was 0-28. That, he thought, too low, 
due to the indicated power being too high. In the 
other case it was 0-31. The thermal efficiency in the 
first case was 0-48, and in the other 0-44. 

In Fig. 21 they had similar evidence on the same 
point. This figure showed a short curve dotted for the 
boiler oil in both the fuel curves. The distance between 
the dotted curve and the full-line curve should be 
noticed in the two cases. That ought to show at once 
that the indicator was giving false results. Fig. 23 
gave further evidence relating to the same point. The 
percentages of oxygen and of carbon dioxide showed 
that there was something wrong in the mean indicated 
pressure. In Fig. 16 some interesting results were shown. 
The distance between the brake horse-power and indi- 
cated horse-power lines in that figure gave the friction 
horse-power plus the compressor horse-power. Taking 
these last two together, at normal full load or there- 
abouts, the friction horse-power appeared to be three 
times what it was at low load. It was customary to 
speak of the friction horse-power of an engine as prac- 
tically independent of the load, but that view would 
have to be modified if these results were correct. 

He would, further, like to have some explanation of 
the utility of the floating cylinder in connection with 
the oil feed. It seemed to be a most unmechanical 
arrangement. 

Professor Scholes said that the outstanding feature 
of the present report was the point Professor Watkinson 
had raised with respect to the low mechanical efficiency. 
He did not think he need add to what Professor 
Watkinson had said in that respect, except to agree 
fully with his remarks regarding the dubiety of the 
indicated horse-power. Quite apart from the low 
ratio of brake horse-power to indicated horse-power, if 
the engine were actually wasting that amount of 
energy in overcoming friction, the wear and tear would 
be enormous. It was interesting, however, to realise 
that in the reports previously submitted, the engine 
which had shown the highest mechanical efficiency 


agreed with the previous speaker that the floating 
vessel arrangement seemed very unmechanical, and 
he could not understand how it worked. Most of the 
instruments, he noticed, had been actually calibrated. 
Were the indicators calibrated ? 

Engineer-Captain W. J. Willett Bruce said that in 
looking generally at the design of the engine, he was 
somewhat overwhelmed with the number of auxiliaries 
which were driven off the main engine. There was no 
doubt this added considerably to the load of the engine, 


| and it would be interesting if the horse-power absorbed 


| be given. 














| 


by those auxiliaries driven off the main shafts could 
With regard to design, it seemed to him that 
these engines had the same defects as many of their 
associates. To his mind, these internal combustion 
engines generally had base plates which were entirely 
out of proportion to the great weight of the engine. In 
the figures given in Table ITI, of the weight of machinery 
in the engine, 608 tons seemed to be very low. 

For cooling purposes salt-water circulation, he noticed, 
wasadopted. He thought that owing to experience gained 
in recent years, the use of salt water had been abandoned 
and fresh water used instead, because, with the former, 
incrustation in the narrow passages through which the 
water circulated blocked the flow and set up increased 
temperatures. This resulted in higher stresses in the 
metal, which produced fracture eventually. One thing 
was conspicuous by its absence, namely, the amount of 
lubricating oil used. In some instances they had 
very high consumption of oil, and this materially 
increased the working cost of the engine. A list of 
the engineering staff was given, and he felt rather glad 
he was not chief engineer of that ship, because he did 
not think he could run her to the satisfaction of his 
owners with a staff composed of seven engineers, one 
electrician, and one cleaner. It would be a very miser- 
ably treated engine with one cleaner. What they were 
going to do in port he was at a loss to understand. 
Certain work had then to be done. He noticed 
that it took about three hours to get a piston out. 
There were, of course, large parts of the machinery to 
be handled, and he did not think that staff would be 
capable of dealing with them. 

Mr. G. E. E. Burgess said it seemed to him that the 
crank arrangement did not give as good a balance as 
the usual arrangement in the six-cylinder engine. 
Referring to the fuel system, he would like to know 
a little more about the distribution boxes. It seemed 
to him that it was quite possible for fuel to get back 
through the connections shown on the drawing if 
the two valves at the boxes were left open. With 
reference to the mechanical efficiency of the engines 
and to the indicated horse-power, on submarine engines 
there was a control which allowed the moment of 
admission to be varied to such a degree that fuel could 
be allowed to enter the cylinder very early. If the 
admission were set too early, very high mean pressures 
were indicated, although the brake horse-power was 
not altered at all. By bringing the control back a 
little so that the admission was later, the indicator 
curves were very much reduced. In the case of the 
M.S. British Aviator the mechanical efficiency had 
been unexpectedly high, the indicated horse-power 
being somewhat low, whereas in the case of the M.S. 
Cape York the indicated horse-power had been high 
and the mechanical efficiency low. It seemed likely 
that the explanation of that should be sought in the 
indicator. 

Mr. A. S. Watkinson said there was one point about 
all the five reports which had interested him. When 
he had read a paper before the Institution in 1922 on 


two-cycle and four-cycle engines, he had gone to a! 


good deal of trouble to show that the two-cycle 
engine could give as good a fuel consumption as the 


was an engine in which the greatest care had been | four-cycle engine, and had met considerable opposition. 
taken to prevent the bending of parts which moved | It appeared that they now had reports of two four- 


relatively one to the other. 


He wondered whether the | cycle and three two-cycle engines, and he was very 


care which had been taken in the case to which he | pleased to see that the two-cycle engine had come out 
referred might not possibly be worth attention by other | between 4 per cent. and 6 per cent. better in fuel 


engine designers. If it resulted in an improved 
mechanical efficiency, it was obviously an advantage. 
He would like to ask whether the crankshaft arrange- 
ment was not rather unusual for a six-cylinder engine. 
It was much more customary to have cranks 1 
and 6 in line. Was there any particular advantage in | 
arranging the cranks in the inanner employed ? 


With | engine. 


consumption than the four-cycle. That might be 
connected with the particular type of engine under 
discussion, but it was rather interesting. 

Captain G. H. Robinson said he would like to ask 
why no attempt was made to recover the water which 
accompanied combustion in an internal-combustion 
There was no doubt that a considerable pro- 


respect to the indicator diagrams, it was not the | portion of that water, which was fresh water, could be 


| 


function of the designer of an oil engine to produce a | 
flat-topped Diesel diagram. He could arrange his oil | 


recovered and utilised. When each pound of fuel was 
burnt, about 1-14 lb. of water was produced, which, 


injection to give what he thought was the best value. | if properly condensed, could be recovered. He did not 
Undoubtedly there were a few Diesel engines in | know whether marine engineers were doing any work 
practice which really adopted a constant-pressure|in that connection, but it was being considered in 
combustion line. The majority of them were hob- | connection with airship engines. An attempt was being 
nobbing with Otto on the one hand and Diesel on the | made to recover the water, so that, as the fuel was 
other, Humping the diagram on the top would lead to | used in the engine, it would, to some extent, be re- 


a more economical use of the fuel. 
With regard to ftel-oil feeding arrangements, the | 


placed by the water. 
Professor Watkinson said that some years ago he 


description was brief, but its lucidity left something to | had been asked to undertake some experiments with 
be What was the exact purpose of the dis- | the object of recovering this water, and, after working 


tribution boxes in the working of the engine? He 


several months, he ha 


given it up as a hopeless job. 


The apparatus required had been too elaborate. He 


had at first used cooling only, and then afterwards had 
used calcium chloride, but ultimately they had given 
up the problem as hopeless. It was difficult to reduce 
the temperature enough, and a large percentage of 
the moisture passed away in the air. 

Mr. W. N. Bowmer said, on the question of salt water 
for cooling the Diesel cylinders, he had recently seen 
incrustation about 1 in. thick which had been taken 
out of a Diesel cylinder jacket. He was told that that 
was quite a frequent occurrence when using salt water. 
He thought it must undoubtedly reduce the efficiency 
of the engine, and so tend to greater wear and tear. 

Mr. Freeman, in reply, said that when the reports 
were all co-ordinated, they would be able to say 
definitely whether such and such an engine excelled 
others in certain respects. By that time, it was 
interesting to think that probably the various makers 
would have brought out new designs, and then they 
would be able to start all overagain. The low mechani- 
cal efficiency had struck them all. The consumption 
per brake horse-power was about normal. The indi- 
cated horse-power varied too much. It was this that 
was doing all the mischief, and that was probably due 
to the hump in the curve which had been obtained by 
putting the admission too far forward. That put up 
pressure, and the indicated power, so that the efficiency 
was low. : 

With regard to the arrangement of the piston rings, 
the gases did get to the back of the rings. The rings 
were put in as tightly as possible. At the first run, 
the rings had seized and had given trouble, and had 
had to be taken out and reduced until they could float 
freely. It seemed to be fairly good practice to locate 
the top two rings and allow the lower ones to float. 
He did not know why a description of the indicator 
drives had been omitted. As to the bedplate being 
inadequate, that was a point which specially applied to 
that engine. It had an extremely narrow base, but 
that was being widened in the newer designs. Oil 
engines as a whole had been built on those lines. The 
weight of 608 tons was certainly low. They had avoided 
the cast-iron columns of the conventional marine 
engine. It had been stated the other day that the new 
vertical engines being built by Messrs. Cammell Laird’s 
were much heavier than any other engines of this class. 

No figure was given of the lubricating oil consump- 
tion. The meeting might like to have their experience, 
however, of an engine of the same type but of double 
the power. In this, the lubricating oil consumption 
was about 4 gallons a day. The cylinder oil would be 
down to 23 gallons and the compressor oil would be 
about 14 gallons. The four-stroke cycle was not 
very expensive in cylinder oil. There was only 
half the heat problem to be dealt with. With refer- 
ence to the question of the utilisation of the water 
which was one of the products of combustion, 
waste-heat boilers, he thought, would one day come 
into their own. With regard to salt-water circulation 
for cooling cylinders, this had answered very well on 
the whole, and would do if the surfaces were not too hot 
and the water had sufficient motion. In one ship 
they had had to fit additional pipes to the manifold to 
let the water flow through more rapidly to reduce 
incrustation. They had one ship with salt water 
cooling for the piston, and they found the surface abso- 
lutely clean, because the water passed through at such 
a pace that it had left no trace of deposit. The time 
to fear salt water was when the speed was slow and the 
temperature was high. If fresh water were used it 








was necessary to cool it continually. 





AMERICAN Rayon Viscose.—Information about actual 

rocesses in use in America for the production of arti- 
ficial silk from spruce pulp is given by Dr. Foster Dee 
Snell, in Chemistry and Fue , of Dec. 10. The spruce 
used is American or, by preference, Norwegian ; mixture 
with cotton linters is not advisable. The pulp is 
purified with sulphite and mercerised in caustic soda 
of 174 per cent. for 14 hours; the material is cut up 
into crumbs in pfleiderers by means of rotating blades, 
and the crumbs are, in churns, converted into xanthate 
by means of carbon disulphide; the active reagent 
being the vapour, the crumbs should not be soaked 
with the disulphide. The xanthate is dissolved in iron 
tanks (first rendered passive by treatment with strong 
caustic) in caustic soda of 5 per cent., and the solution is 
aged for several days at 18 deg. C. and filtered several 
times during this period, lest residual fibres should clog 
the holes of the spinerettes. These are platinum discs, 
10 mm. in diameter, perforated with holes of 0-004 to 
0:01 mm., through which the solution is forced into a 
bath, generally of sodium sulphate, sulphuric acid and 
some glucose; zinc sulphate and other reagents are 
also used. The spun fibres are collected in centrifugal 
pots, in which the fibre is given 2} turns to the inch, 
or in cylinders without twisting. Washing, skeining, and 
bleaching (mostly in a orate, which is quicker 
than peroxide), humidification and packing follow. 
Contact of the viscose with copper or brass, which 
would turn it black, must be avoided. The finer the 





fibre, the higher the gloss of the silk; the finest grades 
are not yet made by this process. 
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LABOUR NOTES. 


THe financial report of the Amalgamated Kngineer- 
ing Union for the third quarter of the year which is 
drawing to a close, states that during the three months 
the General Fund decreased from 242,845/. 1s, 14d. to 
197,092/. 10s. 54d., and the Superannuation Reserve 
Fund increased from 1,522,694], 2s. 2d. to 1,524,668/. 
10s. 10d. Donation benefit cost 49,584], 15s. Od., or 
6s. 84d. per paying member; sick benefit, 27,905I. 
14s, 8d., or 3s. 83d. per paying member; superannua- 
tion benefit, 56,990/. 2s. 9d., or 7s. 9d. per paying 
member; funeral benefit, 5,8211., or 83d. per paying 
member; and benevolent payments, 2,978/. 10s., 
or 43d. per paying member. During the quarter, arrears 
increased by over 9,000/. to 107,751l. 4s. 64d. The 
ls. levy, to provide extra benefit for superannuated 
members, realised 5,758/. 2s. 6d., whereas the payments 
made amounted to 22,446]. 6s. 2d. 





At the end of November, 29,638 members of the 
Boilermakers and Iron and Steel Shipbuilders’ Society 
were “ signing the books,” as compared with 30,367 a 
month earlier. The number of members on super- 
annuation benefit was 4,184, as compared with 4,217, 
and the number on sick benefit 2,744, as compared with 
2,671. In October, the expenses were 155,3151. 16s. ; 
those for November were 122,965/. 6s. 5d. The October 
total includes five weeks’ expenditure. 





In the latest issue of the Monthly Report of the Boiler- 
makers and Iron and Steel Shipbuilders’ Society, the 
Executive Council say :—‘‘It would appear that 
circulars are being sent out to the branches, asking 
them to send delegates to a meeting to consider the 
question of re-organising the Society on a trade basis. 
It has been definitely stated that as a first step we 
should cut out of our constitution superannuation and 
sickness benefits, The most recent votes of the Society 
on the question of these benefits have shown that not 
only are the members opposed to such a proposal, but 
that they are opposed to any reduction of sickness and 
superannuation benefits, if it is at all possible for the 
Society to pay them in full. The present reductions 
are only accepted by the members on the clear under- 
standing that these reductions are temporary, pending 
a trade improvement, which will give employment to 
our members, and the income necessary to again pay 
these benefits in full. The rules of the Society make 
ample provision for amendments of our constitution 
when such are deemed necessary by the members. The 
immediate needs of the Society have been considered, 
and temporary measures-considered and accepted by 
the members, the results of which can only be tested 
by their operation for a period. This action in circu- 
larising the branches on the question of benefits is, 
therefore, not only inopportune ; it is altogether irre- 
gular and contrary to rule. This action is clearly an 
attempt to undermine the constitution of the Society, 
and the Executive will deal with any members respon- 
sible in accordance with rule. Communications of this 
kind cannot be considered as legitimate business at 
our Branch Meetings.” 

The Ministry of Labour states that on December 13, 
1926, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,410,700, of whom 1,116,400 were men, 33,700 boys, 
227,400 women, and 33,200 girls. Of the total number, 
75,600 men, 100 boys, and 900 women were “ persons 
normally in casual employment.” On December 6, 
1926, the number of unemployed persons was 1,506,320, 
of whom 1,188,202 were men, 38,064 boys, 244,324 
women, and 35,730 girls; and on December 14, 1925, 
it was 1,127,446, of whom 912,369 were men, 26,835 
boys, 164,662 women, and 23,580 girls. The total of 
1,410,700 for December 13 includes a number of persons 
in the coal-mining industry who at the date of the 
return had not resumed work after the dispute, and in 
whose cases the trade dispute disqualification no longer 
applied, but does not include persons in that industry 
who at the date of the return remained unentitled to 
unemployment benefit under the Trade Dispute 
disqualification. 





A conference took place in London on Tuesday on the 
question of the guaranteed week between representa- 
tives of the railway companies and representatives of 
the railwaymen’s trade unions. It lasted for nearly 
three hours, and at its close it was officially announced 
that no decision had been reached. The position had 
been discussed in quite a friendly way. The case for 
and against the restoration of the guaranteed week had 
been fully stated, and the conference had been adjourned 
until after the holidays. No date had been definitely 
fixed for another meeting. 





Discussing the question of the restoration of the 
guaranteed week at a meeting in Guildford on Sunday, 
Mr. ©, T. Cramp, industrial general secretary of the 





National Union of Railwaymen, expressed the opinion 
that the permanent-way men were most in need of a 
full week’s pay. Locomotive and traffic men, owing to 
the flow of coal from the pits, were in some cases working 
what amounted in hours to seven and eight days a week, 
and he said that, if those men were making overtime, 
there must be need for the permanent-way men to 
keep up the lines. Referring to the position of the 
shopmen, the organisation’s general secretary said 
that the railway companies themselves had ad- 
mitted that there was a shortage of wagons, and, 
therefore, there was great need for the shopmen to be 
employed on full time in order that rolling-stock should 
be maintained. It was far better, he declared, that 
our industrial problems should be solved peaceably 
than by the rough-and-ready and brutal way of the 
strike. But we could not have industrial peace unless 
we tackled the causes which led to industrial warfare. 





Notices have been posted at British shipbuilding 
and ship-repairing establishments, calling the attention 
of the workmen to the decision of the Joint Committee, 
representing employers and trade unions, on the subject 
of the need for better time-keeping. The notices, after 
setting out the names of the representatives on both 
sides who took part in the inquiry, re-state the con- 
clusion jointly arrived at, and included in the Joint 
Committee’s report. This was as follows :—‘ It was 
an express provision of the Agreement of November 19, 
1918, under which the 47 hours’ week was adopted in 
our industry, that all possible steps would be taken to 
ensure that in the critical state through which the 
industry had to pass, the greatest possible output would 
be secured and maintained, and we agree to reaffirm 
the principles set out in the Memorandum of the Joint 
Conference of September 25, 1919, relating to the 
‘ starting and stopping time of work.’ ”’ 





Alongside the foregoing, an appendix to the joint 
report is reproduced, giving notes of the Conference 
between employers and trade unions in September, 
1919, when the subject was fully discussed. At that 
conference, as the notes show, the employers reminded 
the unions that when the 47 hours’ week was introduced, 
it was agreed that there would be 47 hours actual work, 
whereas there had been serious complaint of time being 
lost, both at starting and leaving-off times. This 
irregularity, they estimated, involved the loss of 
anything from half-an-hour to an hour per day on the 
part of defaulters. In reply to this, the trade union 
representatives stated that they had agreed to recom- 
mend their members to keep full time as far as possible, 
and to remain at their work during the regular working 
hours right up to the time of stopping, either at meal 
hours or at night, and be there prompt to time to begin 
again. Without attempting to excuse the practice, 
however, the trade unions suggested that in many yards 
the clocking-on arrangements were inadequate, and 
they asked firms to see there was nothing in the works 
arrangements to retard the men from acting up to the 
pledge given on their behalf. 





The notices made it plain that, from January 1, workers 
in the shipyards and repairing establishments will be 
expected to carry out the provisions. It is felt by 
the employers that the aggregate loss of time in the 
past has been so great that if the understanding with 
the unions is carried out in practice in the same spirit 
in which it has been dealt with by the representatives 
of the two sides, it must assist considerably in the 
reduction of costs so vitally needed, without the men 
being asked for anything more than they are morally 
bound to give. It will also provide the first tangible 
benefit to accrue from the efforts of the Joint Inquiry 
Committee to solve the problems which confront the 
industry. 





According to The Ministry of Labour Gazette, employ- 
ment in November continued bad, though there was 
some improvement on the whole during thelatter part 
of the month. It was still seriously affected by the 
results of the coal-mining stoppage, particularly in the 
iron-mining, iron and steel, tinplate, heavy engineering 
and shipbuilding industries. A further seasonal 
decline occurred in the building trades. Among the 
workpeople (numbering approximately 12,000,000) 
insured against unemployment under the Unemploy- 
ment Insurance Acts in Great Britain and Northern 
Ireland, the percentage unemployed at November 22, 
1926, was 13-5, as compared with 13-6 at October 25, 
1926, and 11-0 at November 23, 1925. Among the 
members of those trade unions from which returns 
were received, the percentage unemployed was 13-2 
at the end of November, 1926, as compared with 13-6 
at the end of October, 1926, and with 11-0 at the 
end of November, 1925. The percentages given for 
November 22 and October 25 include coal-mining, 
but in respect of that industry only those unemployed 
persons who were not disqualified for benefit under the 





Unemployment Insurance Acts by reason of the dispute, 
are taken into account. In other industries (excluding 
coal-mining) the percentage of unemployment at 
November 22 was 14:1, the same as at October 25, 
1926. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
wages reported to have come into operation during 
November, and, in the case of coal-miners, in the early 
part of December, resulted in an increase of about 
119,000/. in the weekly full-time wages of over 450,000 
workpeople, and in a reduction of nearly 44,000/. in those 
of about 230,000 workpeople. The largest groups of 
workpeople included injthese figures are coal-miners, steel 
smelters and millmen, and boot and shoe operatives. 
In the case of coal-miners, increases have been reported 
in the percentage additions to basis rates in Notting- 
hamshire, Derbyshire, Leicestershire, Warwickshire, 
Cannock Chase and North Staffordshire, and reductions 
in Northumberland, Durham, Cumberland, and the 
Radstock area. Workpeople employed in steel-smelting 
shops and rolling mills in various districts in England 
and Scotland, with the exception of lower-paid men, 
had their wages increased, and workpeople employed , 
in boot and shoe manufacture also received increases, 





During the eleven completed months of 1926, the 
changes reported to the Ministry of Labour (including 
the effect of certain coal-mining changes occurring 
in December) have resulted in net increases amounting 
to over 111,000/. in the weekly full-time wages of 
350,000 workpeople, and in net reductions of nearly 
89,0001. in those of 813,000 workpeople. In the first 
eleven months of 1925, there were net increases of 
79,0007. in the weekly full-time wages of 850,000 work- 
people, and net reductions of 157,000/. in those of a 
similar number of workpeople. 





At the beginning of November about 800,000 work- - 
people in the coal-mining industry continued to be 
involved in the stoppage of work which began on 
May 1. By November 27 this number had been reduced 
to about 650,000, and by the end of the following week 
the majority of the miners in most districts had resumed 
work, the date of resumption varying in different 
cases. The aggregate number of working days lost by 
workpeople taking part in the dispute was about 
16 million in November, and the total number of 
days lost during the entire period of the stoppage was 
about 143 million, Apart from the coal-mining dispute, 
the number of trade disputes, involving stoppages of 
work, reported to the Ministry of Labour as in progress 
in November was 16. The total number of workpeople 
involved in these disputes (including those thrown out 
of work at the establishments where the disputes 
occurred, though not themselves parties to the disputes) 
was about 1,000, and the estimated aggregate duration 
of such disputes, in November, was about 7,000 working 
days. 





A conference on Conciliation and Arbitration in 
Industry is being called by the League of Nations 
Union, and will sit, it is expected, on February 1, 2 
and 3. Among those who will take part in the discus- 
sions are M. Albert Thomas (Director of the Inter- 
national Labour Office), Professor Gilbert Murray, 
Lord Gainford, Mr. St. Loe Strachey, Major Astor, M.P., 
the Master of Balliol, Alderman Ben Turner, Captain H. 
Macmillan, M.P., and Mr. W. Citrine (general secretary, 
Trades Union Congress). The League of Nations Union 
intends to follow up the conference by organizing a 
visit to Geneva in May for the annual conference of the 
International Labour Organization, at which it is 
proposed to discuss the methods of fixing minimum 
wages in industry. 





The question of the ratification of the Washington 
Hours Convention was discussed by a deputation of 
members of the Trades Union Congress General 
Council, which met Sir Arthur Steel Maitland, the 
Minister of Labour, at Montagu House, London, last 
week. The difficulties which had arisen, owing to the 
industrial situation, and their bearing upon the rati- 
fication of the convention, were reviewed, and certain 
suggestions were made, to which the Minister promised 
to give consideration. The deputation consisted of 
Mr. George Hicks (chairman of the General Council), 
Mr. Arthur Pugh, Mr. E. L. Poulton, Mr. W. Thorne, 
M.P., Mr. B. Tillett, Mr. W. M. Citrine (general secretary 
of the T.U.C.). and Mr. W. J. Bolton. The Minister of 
Labour had with him Sir Horace Wilson and other 
officials. 





Speaking at Doncaster on Sunday, Mr. W. Thorne, 
M.P., said that they would not have another general 
strike in his lifetime. It would take trade union 
organisations a very long time to recover from the 
position they were now in. 
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GERMANY’S FOREIGN TRADE IN 


MACHINERY. 


THE three most important engineering countries of 
the world are Great Britain, the United States and 
Germany. In the export trade, Germany occupied the 
first position before the war, and temporarily also 
during the period in which her currency was under the 
influence of inflation. During the last few years, 
however, the United States and Great Britain have 
assumed the lead, Germany being now in the third 
place. The fourth position is occupied by France, 
who, in spite of considerably increased post-war 
exports, has still a stationary foreign trade in 
machinery. Switzerland, who is the fifth largest 
exporter of machinery, has despatched abroad more 
goods than she imported. The development in exports 
of machinery, in the case of the five countries men- 
tioned above, is shown in the following table :— 

















| | 
r= ,| United Great . , | Switzer- 
oman States. | Britain, | France. | land. 
(In million marks.) 

1913 782 623 743 96 | 71 
1924 518 1,038 | 743 «| #166 105 
1925 735 1,310 | 898 | 169 125 

| | 











The value of German imports of machinery in the 
post-war years, when compared with 1913 purchases, 
have shown a considerable decline. Based on pre- 
war prices, this trade amounted, during the first half 
of the current year, to only 55 per cent. of the 1913 
value. The corresponding figure for the year 1925 
was 66 per cent. The chief supplying countries are the 
United States, Great Britain and Switzerland. Ex- 
cluding electrical machinery, but including adding 





machines and typewriters, German imports of 
machinery have been as follows :— 
First 
- Half- Year, 1925. 1913. 
1926 





(In million marks.) 
93-5 








Total oa 36-9 3 - | 87-5 
Great Britain 10-3 26-0 | 21-3 
United States 12-8 25-4 | 36-7 
Switzerland 5-0 13-8 6-6 
France 1-9 4-8 | 2-0 





The United States, who in 1913 supplied over 40 per 
cent. of the total German machinery imports, are, 
to-day, only responsible for about 30 per cent. This 
decline is due to the diminished import of agricul- 
tural machinery, which fell from 18-7 million marks 
in 1913 to only 1-1 million marks in the first half of 
the year 1926. Again, machine tools dropped from 
6-1 million marks to 1-6 million marks during the 
same interval. Imports of machinery for use in 
offices has further increased, this being obviously due 
to the desire on the part of large commercial firms, 
to eliminate labour as much as possible. The main 
supplies from Great Britain consisted of machinery 
for the textile industry. In 1913, this trade amounted 
to 13-7 million marks, and, in the first six months of 
the current year, to 8-3 million marks. In 1913, 
Switzerland supplied textile machinery to Germany 
to the value of 2-1 million marks, and, in the first half- 
year of 1926, to the value of 2-3 million marks. Both 
countries have, therefore, been able to increase their 
pre-war share of this trade. 

The development in the German machinery export 
trade (excluding electrical machinery, but including 
adding machines and typewriters) is shown in the 
following table :— 





| | 


| 
. First 
Countries of - on | 4 
oa |= Half-Year, | 1925. | 1918. 
| | 
(In million marks.) 

Total | 343-2 ; 604-3 | 619-2 
Russia | 32-2 | 36-4 24-0 
Italy S16. | 62-7 34-1 
Brazil .. i; 28-23 | 41-7 23-0 
Holland ool 19-1 35-3 26-0 
United States .. 17-3 | 17-3 11-5 
Great Britain . i 7-2 26-6 27°9 
Spain .. cal 16-1 25-4 23-8 
Czecho-Slovakia | 16-1 30-0 | _ 

Argentine 13-4 11-6 | 20-4 
Austria .. | 11-4 | 20-9 72°7 
Switzerland a ¢ eee See 
France .. . .| 10-3 | 17-5 | 61-5 
Sweden .. | 8-9 | 14-9 | 9-6 


From the above it can be seen that Russia is once 
again Germany’s chief customer for machinery. This 
trade now amounts to one-tenth of the total, but 
was one-fifth in 1913. The principal items of the 
exports to Russia are:—({a) Agricultural machinery 
(in 1913 the value amounted to 14-1 million marks, 
and in the first six months of 1926 to 10-1 million 
marks); (6) textile machinery (20-3 million marks 


in 1913 and 5-6 million marks in the first six 
months of 1926); and (c) machine tools (18-8 and 
5-0 million marks, respectively). Exports to Italy, 
which country is now the second largest buyer of 
German machinery, consisted mainly of textile 
machinery (7-4 million marks in 1913, and 7-1 million 
marks during the first half of the year 1926), machine 
tools (7-7 and 6-6 million marks respectively), and 
agricultural machinery (1-9 and 4-1 million marks, 
respectively). The next best customer of German 
machinery is Brazil, and chief among the exports to 
this country, during the first half of the year 1926, 
were steam locomotives. Prior to the war, Germany’s 
second largest customer of machinery was Austria, and 
the third largest France. During the first half of the 
year 1926, Austria and Czecho-Slovakia, combined, 
imported machinery from Germany to such an extent 
that if taken together they would occupy third place. 
Exports to France, since the war, have by no means 
regained their former importance. 
The chief engineering exports are as follows :— 





| First 
| Half-Year, 1925. 1913. 
| 1926. 





(In million marks.) 
133: 





| 
Agricultural a 


Textile machinery 73°3 7 107-6 
Machine tools .. 58°1 95-8 98-3 
26°8 | 35:8 35-0 
Bookbinding and print- | 
ing machines -) 26-0 51-6 33°8 
Internal-combustion en- 
gines .. a: 17-4 44-2 35-0 
Steam locomotives 15-3 27-2 55-2 





Textile machinery and machine tools constitute the 
most important items. The largest customers for these 
goods are the United States, Italy, Russia, Czecho- 
Slovakia, Great Britain, Spain and Holland. Before 
the war Russia occupied the first place, followed by 
France and by Austria-Hungary. The agricultural 
machinery trade has undoubtedly made the greatest 
progress; it has not only been able to increase its 
exports considerably, but is now in a position to 
satisfy home needs; in this direction Germany is 
practically independent of foreign supplies. The largest 
buyer of German agricultural machinery is Russia, 
and, next in order of importance, are Italy, Holland, 
Spain, Denmark, Switzerland and Poland. The trade 
in bookbinding and printing machines has also de- 
veloped quite favourably. The low figure recorded for 
exports of internal-combustion engines is due to the 
fact that, during the first six months of the current year, 
Russia only bought goods to the value of 0-1 million 
marks, whereas, in 1913, the export trade to Russia 
was worth 10°5 million marks. The most unfavourable 
feature of the engineering export trade is the decline 
in orders for steam locomotives. During the first half- 
year of 1926, Brazil was the largest buyer, her purchases 
amounting to 10 million marks. German machinery 
exports have recently shown an unmistakable upward 
tendency, which was sustained during the first six 
months of 1926. The industry hopes to maintain its 
present position among the machinery-exporting coun- 
tries of the world. On account of the prevailing 
difficult conditions and the severe competition of other 
countries, however, it does not expect to regain the 
place which it occupied before the war. 








BRINELL TEST DEPTH INDICATOR. 

As is fairly well known, two distinct operations are 
necessary in the carrying out of the Brinell hardness 
test. After the impression is made, the piece of material 
is removed from the machine and the diameter of the 
| circular imprint, left by the ball, is ascertained by 
| means of a measuring microscope. When the test is 
| made in a laboratory, the second operation follows 
| immediately after the first, and the total time taken is 
| usually not of serious import. In the case of workshop 
tests, however, a large number of impressions are 
| frequently made one after the other, and the measuring 
| operations carried out afterwards. The time necessarily 
| taken up in measuring the diameter of each impression 
| is often a serious question, especially when output is 
| the first consideration. With the object, therefore 
| of reducing to a minimum the time required to make 
|a complete Brinell test, Messrs. Alfred J. Amsler and 
|Co., of Schaffhausen, Switzerland, have brought out 
|an instrument known as an Imprint Depth Indicator, 
|a@ general view of which is shown in Fig. 1, annexed. 
The instrument constitutes a ball carrier and 
depth measurer combined; it registers accurately to 
within one hundredth of a millimetre the depth of a 
Brinell impression at the time the load is applied. 
The ball is carried in a bolster, and several inter- 
changeable bolsters are supplied to allow different 
sizes of balls to be utilised. Spaced around the ball 
and close to it, are three feeler pins which rest upon the 














surface of the work; two of these may be seen in 
Fig. 1. When the pressure is applied, relative vertical 
movement takes place between the tips of the feeler 
pins and the ball, and it is this relative movement 
which is measured by the dial pointer. 

The figure giving the depth of the imprint is noted, 
and the Brinell hardness number is determined by 
reference to a suitably compiled table. In repetition 
work, depth limits for various classes of material, 
can be decided upon; it is then only necessary to 
conduct the test and to note the depth of impression 
recorded by the pointer. If this lies within the pre- 
scribed limits, the material can be accepted without 
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any reference to a table’of hardness numbers. The 
instrument is designed in such a way that the feeler 
pins and the ball can quickly-be brought into contact 
with their respective surfaces, and the pointer set to 
zero, before the load is applied. By means of a suitable 
adapter, the instrument can be applied to most makes 
of Brinell machines. As will be readily understood, 
the proper working of the indicator necessitates a 
flat surface upon which the feeler pins can rest. In 
cases in which the material to be tested is curved or 
irregular in shape, special fixtures must be utilised. 
An arrangement, used in connection with the testing 
of curved strips of steel, cut from a roll, is shown in 
Figs. 2 and 3. This fixture consists essentially of two 
superimposed plates, having, between them, a rect- 
angular aperture. The whole arrangement is mounted 
on the platen of the Brinell machine. The three feeler 
pins rest on the flat surface of the upper plate, the steel 
strip is inserted in the manner shown, and the ball 
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the main casting, being carried inboard by flanged 
crossbars extending between the splayed struts and 
beyond these to the side members. 

The main girders of the underframe consist of a 
pair of bellied members 684 mm. (263 in.) deep, and 
spaced 610 mm. (24 in.) apart. They consist of plates 
8 mm. (+, in.) thick, with flanges of angle riveted on. 
They are riveted to the end castings by splices 254 
mm. (10 in.) deep by 900 mm. (2 ft. 11} in.) long. The 
main girder is stiffened by a cover plate 6 mm. thick, 
and by diaphragms of pressed steel, as shown in Fig. 19. 
The cantilevers are of pressed steel and are of tapered 
or parallel form as indicated in Figs. 17 to 20. It will 
further be seen, from Fig. 11, that certain cross bearers 
are carried through the main girder. 

The bogies are illustrated in Figs. 32 to 38, page 785, 
while details of the bogie frames are given in Figs. 28 
to 31, Plate XLVI. The bogies are of the four-wheeled 
type, with equalising beams extending between the 
boxes and both elliptical and helical springs. The 
latter are of the triple-coil type housed in cups on the 
equalising beams and the underside of the bogie frames. 
The former are nested quadruple springs placed between 
the swing spring plank and the bolster, as shown in 
Fig. 35. The bogie frame is a steel casting and, as 
shown in our drawings, is all in one piece with the axle 
guards, spring cups and the necessary bosses, &c., for 
brake rigging, andsoon. The transoms also form part of 
the casting, which has normally double flanges turned 
inwards, the ruling thickness being 16 mm. (§ in.). 
The bogie centres are incorporated in the bolster 
casting. The spring planks and bolsters are also of 
cast steel. Figs. 37 and 38 show part of the brake 
rigging. 

The cars are fitted with the Chevalier and Rey com- 
pensating buffing and draw gear, and screw couplings. 
They are also equipped with the Westinghouse auto- 
matic and “ moderable’’ brakes, and also with the 
vacuum automatic and non-automatic brakes. In 
addition, a hand screw brake is provided, operated 
from one of the vestibules. 








ILLUMINATED-DIAL CO2 INDICATOR. 


ty recent years, the trend of design in instruments 
for indicating and recording the percentage of CO, in 
boiler-flue gases has been towards the provision of 
greater robustness, and an important step in this direc- 
tion was made by the introduction of the electrical 
type of indicator in which the use of the somewhat 
elaborate and fragile glassware associated with the 
chemical-absorption type of instruments was avoided. 
Another desirable characteristic in CO, indicators for 
boiler-house use, is that their indications shall be 
easily visible at a distance, and, with this end in view, 
instruments with large dials have been introduced by 
several firms. Both these characteristics, with some 
other useful and novel features, have been combined 
in a CO, indicator recently placed upon the market 
by the Cambridge Instrument Company, Limited, 
45, Grosvenor-place, London, 8.W.1. 

This instrument is provided with a dial 13 in. in 
diameter, the outer portion, on which the figures are 
marked, being of translucent material, while the central 
portion, behind which the pointer moves, is transparent. 
The arrangements are such that while the percentage of 
CO, in the flue gas is rising, the pointer is illuminated 
by a green light and with a red light, while the CO, is 
falling. The actual figure to which ‘the pointer is 
directed, and that figure alone, is illuminated by a white 
light, so the stoker can see at a glance not only the 
exact proportion of CO,, but also whether it is increas- 
ing or diminishing. The instrument is of the electrical 
type, employing the CO, meter, or katharometer, 
which has now been used by the makers for some years 
and has already been fully described in our columns.* 
An important departure from the usual design has, 
however, been made by placing the galvanometer for 
the Wheatstone-bridge circuit at some distance from 
the boiler plant. This galvanometer may be arranged 
to operate any number of dial indicators up to six, being 
automatically connected in turn to each indicator, and 
to the corresponding CO, meter, by means of a master 
switch operated by an electrically-controlled balance 
wheel and located in the same case as the galvano- 
meter. Separate indicators may be installed near each 
boiler, and a standard muiti-point thread recorder 
can be provided in any convenient position to give a 
constant check on the working of the boilers. 

Without attempting to describe the action of the 
instrument in detail, we may explain that the balance 
wheel, which is located above the master switch, is 
used to make and break a circuit containing two electro- 
magnets. One of the latter serves to keep the balance 
wheel oscillating, and also to operate a pawl engaging 
with the teeth of a ratchet wheel, to the spindle of 
which a cam is attached through a spring-release device. 
As the ratchet wheel is rotated, the cam closes, for a 





* See EnomzeRne, vol. cix., page 88. 





definite period, contacts connecting one of the indica- 
tors, together with its associated CO, meter, to the 
galvanometer, while at the end of the period the spring- 
release mechanism causes the cam to move practically 
instantaneously into the next position, in which it 
connects another indicator in circuit with the galvano- 
meter for the same period of time. The ratchet wheel 
has 42 teeth, and as there are six switch positions, each 
indicator is connected to the galvanometer, in turn, 
for a period of seven beats of the balance wheel. The 
second of the two electromagnets previously referred 
to, operates a chopper bar, which, at each beat of the 
balance wheel, depresses the needle of the galvano- 
meter on to one of two contacts, and thus closes one 
or the other of two circuits controlling the movement 
of the indicator pointer. Which of these two circuits 
is closed, of course, depends upon the direction in which 
the galvanometer needle is deflected when the chopper 
bar is pulled down. 

In the indicator, concentric with and immediately 
behind the dial, is a rotable disc in which two apertures 
are cut, one, which is shaped to form the pointer, being 
visible through the transparent centre of the dial and 
the other being located behind the translucent figures. 
An electric lamp fitted in the indicator case illuminates 
both the pointer and the figures. To the back of the 
rotatable-pointer disc, a two-colour screen is pivoted, 
through a simple spring-clutch device, so arranged that 
when the pointer moves up the scale a green screen is 
interposed between the lamp and the pointer, while 
when the movement is in the opposite direction a red 
screen is introduced. The pointer disc is mounted 
on a shaft carrying a ratchet wheel which is rotated in 
one direction or the other by means of oppositely- 
directed pawl mechanisms actuated by electromagnets, 
the circuits of which are closed by the galvanometer 
needle and chopper bar as stated above. 

The master switch, as already mentioned, connects 
each CO, meter to the corresponding indicator and to 
the galvanometer for a period of seven beats of the 
balance wheel. If there is an increase in the percentage 
of CO, in the flue thus connected, the galvanometer 
needle is deflected, and each time the needle is depressed 
by the chopper bar, it closes the circuit of one of the 
electromagnets operating the pawl in the indicator and 
moving the pointer up the scale. If, on the other hand, 
there is a decrease in the CO, percentage, the gal- 
vanometer needle will be deflected in the opposite 
direction, so that, when it is depressed by the chopper 
bar, the other pawl will be operated to move the 
pointer down the scale. In this case, the pointer will 
be illuminated with a red light, and in the former case 
by a green light, by the means previously referred to. 

One other detail should be mentioned before conclud- 
ing our description of the instrument, viz., that the 
shaft on which the pointer disc is mounted also carries 
a contact arm, which moves over a circular rheostat 
connected in shunt with the variable arm of the Wheat- 
stone-bridge circuit of the CO, meter. As the pointer 
is rotated, the contact arm moves in a direction which 
tends to re-balance the bridge, but if the change in the 
CO, percentage is too great to be corrected in this way 
in a single period of seven beats, the indicator pointer 
remains in the same position until the next period, 
when the movement is continued in the same direction. 
The current required for the Wheatstone-bridge 
circuits of the CO, meters, and for operating the master 
rt and indicators, is supplied from an ordinary 

attery. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLEsBROoUGH, Wednesday. 

The Cleveland Iron Trade.—There is still quite a 
famine in Cleveland pig, and though idle blast-furnaces 
are being re-kindled much more rapidly than was ex- 
pected, there seems little likelihood of much iron being 
available for the open market for some time. Pro- 
ducers have considerable arrears of deliveries against 
old contracts to overtake, and they need a very large 
proportion of the output for use in their own con- 
suming works. Quotations for immediate delivery can 
no longer be definitely fixed. Only odd trifling parcels 
are obtainable, and indeed there is next to no iron 
purchasable for January. For February-March supply, 
No. 1 is 90s.; No. 3 g.m.b., 87s. 6d.; No. 4 foundry, 
86s. 6d. ; and No, 4 forge, 85s. 6d. 

Hematite-—Makers of East Coast hematite declare that 
they are unlikely to have any ordinary marketable 
grades of iron to offer before March, and for delivery in 
that month and onward, they quote on the basis of mixed 
Nos. at 92s. 6d. 

Foreign Ore.—Consumers of foreign ore are still 
holding off the market. They have large stocks, have 
heavy supplies to accept against old contracts, and are 
very disinclined to negotiate on conditions stipulated 
by sellers as to freights. 

Coke.—Coke quotations have not fallen sufficiently 
to tempt users to purchase on an extensive scale. For 
delivery over the next half-year, good average blast- 
furnace descriptions are put at 25s. 

Manufactured Iron and Steel_—The output of finished 
iron and steel is expanding, and promises to approach the 
normal early in the New Year. There is still a fair a mount 
of buying of Continental semi-finished steel, little of the 
local products being available, as the market sales of 
finished steel manufactured in this area are on a moderate 
scale on home account. All departments have a lot of 
work on hand. .Demand for constructional materials is 
keen. 











Tue Propuction oF Pic [Ron anp STEEL.—According 
to information received from the National Federation 
of Iron and Steel Manufacturers, Caxton House (East), 
Tothill Street, London, 8.W.1, two additional blast 
furnaces were blown in towards the end of November, 
bringing the number of furnaces in operation at the 
end of the month up to seven. On the eve of the coal 
stoppage there were 147 blast furnaces in operation. 
Production of pig iron in November. amounted to 
12,700 tons. The output for October was 13,100 tons, 
and that for April, 1926, 539,100 tons. The production 
of steel ingots and castings amounted to 97,500 tons 
in November. The outputs for October and for April, 
1926, were, respectively, 94,200 tons and 661,000 tons. 





Contracts.—Messrs. Worthington-Simpson, Limited, 
Queens House, Kingsway, London, W.C.2, have received 
an order from the Herne Bay Waterworks for the supply 
of one 7 in., 4-stage vertical borehole centrifugal pump, 
driven by a 2-cylinder oil engine, for their Ford pumping 
station. The capacity of the pump will be 650,000 
galls. a day, delivering against a total head of 310 it. 
Messrs. Worthington-Simpson, Limited have also secured 
the contract to supply the complete surface-condensing 
plant for the extensions of the Leicestershire and 
Warwickshire Electric Power Company’s Spondon power 
station. The plant includes a 15,000 sq. ft. surface con- 
denser with steam-jet air ejectors, pumps, motors and 
heater for turbo alternator plant of 12,500 kw.—Messrs. 
KEK, Limited, Aldwych House, London, W.C.2, have 
recently received orders for 19 KEK centrifugal grinding 
and blending mills; nine of them are to be set up in 
Great Britain in chemical works, colour works, &c.. 
one in a sugar factory in Australia, and the remainder 
are to be shipped to Spain, South America, Holland, 
and other destinations.—The associated company, in 
America of Messrs. International Combustion, Limited, 
Africa House, Kingsway, London, W.C.2, during the 
month of October, have received, amongst others, the 
following notable orders for steamegenerating equip- 
ment :—Complete Lopulco unit for firing one Heine 
boiler of 1,000 h.p., including air heater and fin 
furnace, for the Brown Company, Berlin, New Hamp- 
shire ; complete Lopulco feeding and burning equipment 
with fin furnaces for two 1,300 h.p. Walsh and Weidner 
boilers, for the Pressed Steel Car Company, McKees Rock, 
Pa.—One complete Lopulco furnace equipment for a 
1,650 h.p. Stirling boiler, for the Houston Light & Power 
Company, Deepwater Sta., Houston, Texas, etc. The 
above Company has also received further orders which 
include 59 boilers, 47 stokers, 10 air heaters and an oil still ; 
and their Australian Company has received an order from 
the Broken Hill Proprietary Company for complete 
Lopulco equipment for three Babcock & Wilcox boilers 
including the necessary Raymond pulverisers.—The 
cement plants manufactured recently by Messrs. Edgar 
Allen and Co. Limited, Imperial Steel Works, Sheffield, 
include a complete two-unit plant, having a total capacity 
of 130,000 tons per annum, for the Dunstable Portland 
Cement Company, Limited, Beds. ; a complete single-unit 
rotary-kiln plant, the capacity of which is 35,000 tons 
per annum, for the Barnstone Cement Company, Limited, 
near Nottingham ; a complete two-unit rotary-kiln plant, 
having a capacity of 110,000 tons per annum, for the 
Standard Portland Cement Company, Limited, Charbon, 
N.S,W.; a further 30,000-ton unit for the Portland 
cement factory of the Sulphide Corporation Limited, 
Cockle Creek, N.S.W.; and a complete rotary lime- 
burning plant and limestone-crushing plant, having @ 
capacity of 600 tons per week, for the Dhrangadhra 
State Chemical Works, India. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel—The year is finishing with increased 
activity in several branches and general hope of a 
further expansion during the coming months. The 
steel shortage will soon be remedied. More furnaces 
are being put into commission, and the basis of 
production will be extended still further as soon as 
pig-iron supplies increase. Those works holding stocks 
of iron are going ahead on arrears of contracts, thus 
benefiting the rolling mills and forges. More railway 
material is available. Deliveries of constructional steel 
and fittings to British automobile engineers were main- 
tained at a high level throughout the coal stoppage, 
but production of finished cars and lorries, in the early 
weeks of the New Year, is likely to be retarded until 
stocks at works are renewed. One of the busiest 
branches is that devoted to supplying the needs of 
British collieries. Heavy orders have been booked for 
wire rope supplies, both for home use and for shipment. 
India is a prominent market. Collieries are also wanting 
light rails, pit-head gear, and hand tools. The lighter 
trades are more optimistic. There is a better call for 
engineers’ small tools. Quarry owners and road makers 
are in the market for fresh supplies of implements, and 
the building trades are big buyers of all classes of 
ironmongery. Edge tools have not done so well as 
a year ago, but inquiries are increasing, and there is 
prospect of better business ahead. 


South Yorkshire Coal Trade.—Prices of all grades of 
fuel are subject to constant variation. Neither production 
nor distribution have resumed normal conditions. It is 
still a common experience for pits in the South Yorkshire 
area to be shut down for need of wagons. The root of 
the difficulty seems to be that not only are wagons 
needed for unloading American and Continental imports, 
but that consumers generally have taken a firm stand 
against high prices, and are ordering only such supplies 
as are required to meet pressing needs. In most instances, 
outputs are well in excess of the demand. Far more 
coal is available at depots and sidings than can be 
sold. Housecoal prices are uneven. Pit-head rates 
vary from 20s. to 30s. per ton. The average price is 
in the neighbourhood of the higher figure. Contracts 
for industrial fuel have been renewed on the basis of 
ls. to 1s. 6d. per ton above the rates ruling at the 
beginning of the coal stoppage, though, in some instances, 
renewals have been fixed on the old terms. Steel coke 
is 5s. per ton cheaper at ovens than a fortnight ago, 
having dropped 15s. a ton from the maximum price 
obtained since May. 





NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 

The Coal Trade.—The serious effect of the seven 
months’ strike of colliery workers on the traffic of the 
South Wales docks will be gathered when it is mentioned 
that, in the 11 months ended November, exports and 
imports at Cardiff, Penarth, Barry, Newport, Swansea 
and Port Talbot amounted to 17,754,669 tons, which 
was 14,099,808 tons less than in the corresponding 
period of 1925, and 25,672,188 tons lower than in 1913, 
Compared with last year, the volume of trade was thus 
reduced by 1,300,000 tons per month, and with 1913 by 
2,300,000 tons per month. The whole of this enormous 
loss was entirely due to the falling off in coal and coke 
shipments, since the import trade, owing to the arrival of 
1,367,750 tons of foreign coal, was increased from 
4,859,450 tons to 5,346,556 tons. Exports, however, 
were reduced from 26,995,027 tons to 12,408,113 tons, 
coal and coke shipments falling from 23,959,691 tons to 
10,126,611 tons. At present, business on the coal market 
has been rendered inactive by the fact that most shippers 
have already made their arrangements for shipment over 
the holidays. At the same time, with increasing colliery 
outputs, more free coal has become available, with the 
result that prices have weakened to the extent of 1s. to 2s. 
perton. Best Admiralty large coal, which was unobtain- 
able below 32s. a week ago, can now be secured at 30s., 
and best steam smalls have fallen from 22s. 6d. to 21s. 
Tenders submitted for the Egyptian State Railways 
requirements of 160,000 metrical tons of coal have been 
opened, and revealed the fact that Messrs. Gwilym Owen 
& Co., a London firm, have offered to supply the full 
quantity of Welsh coal at 36s., c.i.f. Alexandria, delivery 
over February, March, and April next. The nearest price 
to this submitted for Welsh coal was inditated by Messrs. 
H. C. Vivian & Co., Ltd., Cardiff, who tendered 36s. 5d. 
for 50,000 tons. The tenders have to remain open for 
10 days, and it is not likely that anything definite will 
be known as to whether the business is restored to 
South Wales until after the holidays. The steamer 
Altenfels arrived at Cardiff yesterday with 11,000 tons of 
Indian coal for the Great Western Railway, which 
represents the first cargo of Indian coal to be brought 
into South Wales. 


Anthracite Coal Deal.—Sir Beddoe Rees, M.P., of the 
Ashburnham Shipping and Coal Co., Ltd., Cardiff, has 
acquired control of the Abercrave, International, Ystaly- 
fera, Gwaunclawdd and Globe collieries, at a cost of 
about 1,000,0007. Sir Beddoe Rees is Chairman of the 
Welsh Anthracite Collieries, Ltd., whose output is 
hetween 125,000 and 150,000 tons per annum. 








_ Berrish Mataya Macuinery Imports.—The Malay 
States Information Agency informs us that the value of 
imports of machinery for the period January to Sep- 
tember, 1925, was 1,017,378. The corresponding figure 
tor the first nine months of 1926 was 1,784,632I., repre- 
senting an increase of over 75 per cent, 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—There has been very little 
change in the Scottish steel trade position over the 
week, but the re-start of a portion of the plant at a 
second local steel works this week is another move 
in the right direction. The scarcity of raw material is 
a difficulty to be contended with, but doubtless the whole 
position is dominated by the high price of fuel, and a 
general re-start is not likely before the approaching 
holiday period is over. After the various establish- 
ments get to work, provided that the price of fuel 
is more reasonable than at present, a steady run is 
assured for a month or two, as most order books are 
fairly well filled. The amount of heavy steel material 
available is very limited at the moment, and consumers 
are unable to get ahead with a lot of work which they 
would like to complete. Inquiries are not very numerous, 
but it is freely anticipated that as conditions become 
more normal these will increase considerably. In the 
black-sheet trade, much activity prevails, and order 
books are well filled up. Every ton of black and galvan- 
ised sheets turned out is earmarked, and shipments 
cannot be guaranteed for fresh orders before February, 
and, in some cases, March. Prices all round keep firm, 
and are almost unchanged. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there is a fair amount doing, and 
the steel re-rolling departments are getting quite a good 
output. Foreign billets are being chiefly employed. 
The prospects for the beginning of the year, when general 
conditions have improved, are much brighter. The price 
of Crown bars is unchanged from last week. 


Scottish Pig-Iron Trade.—In the pig-iron industry of 
Scotland, the process of getting into swing is slow, and 
—— is on a small scale. Preparations for the re- 
ighting of more furnaces are going on, and whenever 
coal shows signs of getting down to a reasonable level 
there will be an immediate start at most of the 
works. The position as regards foundry grades is rather 
serious, and any lots on hand command a high price. 
For forward lots, the quotations are very firm. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron is still very small, and for the week ending last 
Saturday, December 18, the total from Glasgow Harbour 
was only 62 tons. Of that amount 50 tons went over- 
seas and 12 tons coastwise. For the corresponding 
week of last year, the figures were 1,192 tons overseas 
and 80 tons coastwise, making a total shipment of 1,272 
tons. 

Shipbuilding.—The Clan Line Steamers Limited, 
Glasgow and London, have placed an order with the 
Greenock Dockyard Company, Limited, Greenock, for 
a motor-propelled vessel of about 10,000 tons deadweight. 
She will have a speed of between 13 and 14 knots. The 
machinery, which will be of the Burmeister and Wain 
type, will be supplied by Messrs. J. G. Kincaid and Co., 
Limited, Greenock.—Messrs. Harland and Wolff, 
Limited, have booked an order from the Anglo-Saxon 
Petroleum Company, Limited, London, for two small 
oil tankers. These are in addition to the four vessels 
booked earlier this year. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
particulars and information relating to these can be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case :-——There are three separate calls from the 
Board of the South African Railways and Harbours : 
(I) For the supply and delivery of six class ‘‘ G”’ loco- 
motive boilers with smoke-boxes, &c. (Tender No. 928.) 
(Ref. No. AX.4006.) (Apply to room 50.)—(II) For the 
supply of charcoal iron or, alternatively, anti-corrosive 
steel boiler tubes, steel boiler tubes and steel superheater 
flue tubes. (Tender No. 937.) (Ref. No. AX.4007.)—- 
(IIT) For the supply of one motor-driven air compressor. 
(Tender No. 936.) (Ref. No. AX.4009.) (Apply to 
room 47.) All tenders to reach Johannesburg by 
February 3, 1927. Local representation is, in all cases, 
essential. Copies of the specifications and conditions of 
contract may be seen at the above address. 





PERSONAL.—The Committee of the British Corporation 
for the Survey and Registry of Shipping, 14, Blythswood- 
square, Glasgow, have appointed Mr. J. L. Adam, Senior 
Ship Surveyor at the head office, to be Assistant Chief 
Surveyor in succession to the late Mr. Benson Taylor.— 
Mr. A. P. Ross, M.Inst.C.E., engineer of the Cheshire 
Lines Railway since March 1917, has been appointed 
manager, in succession to the late Mr. W. H. Oates, whose 
death occurred last month.—Messrs. J. and E. - Hall 
Limited, 10, St. Swithin’s-lane, London, E.C.4, have 
acquired a controlling interest in Messrs. Medway’s Safety 
Lift Company, Limited, 1 and 2, Silex-street, London, 
§.E.1, and have transferred the manufacture of the lifts 
to their works at Dartford.—Messrs Leyland Motors, 
Limited, Leyland, Lanes., have disposed of the steam- 
wagon portion of their business to Messrs. Atkinson 
Walker Wagons, Limited, Preston. This latter company 
has taken over all existing stocks of components and 
units, and all inquiries for spare parts, replacements, 
and overhauls for Leyland steam wagons should, in 
future, be addressed to the Atkinson Walker Company 
at its offices, Frenchwood Works, Preston, Lancs.—The 
Metropolitan Electric Cable and Construction Company, 
Limited, Fuller Works, Chadwell Heath, Essex, have 
acquired the wire and cable section of Messrs. Fuller’s 
United Electric Works, Limited. 








NOTICE OF MEETING. 


THE Juniok InstrTuTION oF ENGINEERS.—Friday, 
December 31, at 7.30 p.m., at 39, Victoria-street, 
S.W.1. Questions and General Technical and Practical 
Discussions. 











ENGINEERING TRAINING AND 
EDUCATION. 


Heating and Ventilating Engineering Premiums.— 
The Council of the Institution of Heating and Ventilat- 
ing Engineers inform us that, during 1927, they are 
offering a number of prizes for original papers on 
subjects connected with heating and ventilating. 
The British Commercial Gas Association premium, 
which has a value of 10 guineas, will be awarded for 
the best paper on “ The Use of Gas in Connection with 
Heating and Ventilating.” The Sirocco first and 
second premiums, worth, respectively. 6 guineas and 
4 guineas, will be awarded for the best papers sub- 
mitted dealing with ventilation and the general appli- 
cation of fans, and involving such subjects as air 
washing, air conditioning, dust and fume removal, and 
mechanical draught. The London premium, valued 
at 5 guineas, will be given to the author of the best 
paper dealing with heating generally, hot-water 
supplies, or any allied subject. The papers submitted 
must be the sole composition of the competitor, who 
must be either a student attending a technical institute 
or an assistant actively connected with the profession 
of heating and ventilating in Great Britain or Ireland. 
He must not be a principal or an employer. The paper 
should not exceed 7,000 words in length, and should 
be sent, not later than May 1. 1927, to the Competition 
Committee, c/o the Secretary, the Institution of 
Heating and Ventilating Engineers, 38, Victoria-street, 
London, S.W.1, from whom further particulars may be 
obtained. 

National Certificates.in Naval Architecture.—In our 
issue of December 3 last, on page 694, we referred to 
the regulations issued by the Scottish Education 
Department in regard to the scheme arranged, in 
conjunction with the Institution of Naval Architects 
and the Worshipful Company of Shipwrights, for the 
award of national certificates in naval architecture. A 
similar pamphlet, designated “ Rules 105,” has now 
been issued by the Board of Education, Whitehall, 
London, 8.W. 1. These regulations presumably apply 
to educational establishments in England and Wales, 
and copies of the pamphlet may be obtained from 
H.M. Stationery Office, Adastral House, Kingsway, 
London, W.C.2., price 2d. 





Royat MBTEOROLOGICAL Socrety.-—The Buchan 
Prize of the Royal Meteorological Society for 1927 has 
been awarded to Mr. C. K. M. Douglas, B.A., for papers 
contributed to the Quarterly Journal of the Society 
during the years 1922-25, 





Tramway AND Licut Rattway Sraristics.—The 
total capital expenditure of the tramways and light 
railways undertakings of Great Britain, at the close 
of the year ending March 31, 1926, amounted to 
96,660,086. The total gross receipts, during the 
1925-26 period, were 28,211,355/1., and the total 
working expenditure 22,598,617/.; the number of 
passenger journeys was 4,668,812,206, and the car-miles 
run 387,812,970. Further particulars regarding the 
working of tramways and light railways will be found 
in a return which has just been issued by the Ministry 
of Transport. It may be obtained from H.M. Stationery 
Office, Adastral House, Kingsway, London, W.C.2, 
price 15s. 

THe 1925 Nope, Prize ror Puysics.—The 1925 
Nobel prize for physics has been awarded to Professors 
G. Hertz and Franck, jointly. These scientists 
collaborated, at Berlin University, in a series of experi- 
mental researches on the conduction of electricity through 
gases, and obtained very important results. Their work 
followed upon that of the Danish physicist Niels Bohr, 
who stated, in 1913, that the atom consisted of a number 
of electrons moving along certain definite paths around 
anucleus. He suggested that the motion of the electrons 
was related to the radiation of light, which an atom 
might produce under certain circumstances. The lines 
in the spectrum of hydrogen seemed to prove Bohr’s 
theory. Franck and Hertz, however, were the first to 
show, by experiment, that collisions between electrons 
could produce a radiation of a certain predetermined 
wave-length. The results of their fundamental experi- 
ment were published in 1914 ; these showed that a special 
line in the mercury spectrum was excited when mercury 
vapour was submitted to a bombardment of electrons. 
This and the subsequent work of these two workers have 
proved fairly conclusively that radiation is produced 
when electrons, after having been in collision with other 
electrons of slow speed, return to their original paths. 
In 1921, Dr. Hertz entered the physical laboratory of 
Messrs. Philips Lamps, Limited, as a research physicist. 
He carried out a number of experiments in connection 
with rare gases and also did some valuable work on 
dull-emitter radio valves. In November, 1925, he 
accepted the Chair of Physics at the University of Halle, 
Germany. 
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Fig. 12. TERMINAL STATION 


THE Iron anv Street Instirvure.—The Canadian 
Institute of Mining and Metallurgy has invited the Iron 
and Steel Institute to hold a joint meeting at Montreal 
in the latter part of August, 1927. It has been suggested 
that the meeting should take place simultaneously with the 
holding of the second (triennial) Empire Mining and 
Metallurgical Congress, the opening date of which is fixed 
for August 22, 1927, at Montreal. As the carrying out 
of the arrangements for such a meeting are largely 
contingent upon the numbers taking part, members of 
the Institute are requested to inform the Secretary of 
their intention of being present, as soon as possible. We 
pore brief particulars of the Empire Mining and Metal- 
urgical Congress, 1927, in our issue of August 27, last, 
onypage 265, 
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Highway IMPROVEMENT IN British CoLumMBIA.— 
According to information supplied by the High Com- 
missioner for Canada in London, plans for a three-year 
programme of road construction are being prepared by 
the Public Works Department of British Columbia, for 
the approval of the Legislature, at its forthcoming 
session. The policy to be adopted will comprise the 
improvement of existing roads rather than the con- 
struction of new ones, and it is anticipated, that at the 
end of the three years, the whole highway system of 
British Columbia will have been rebuilt. The purpose 
of the scheme is, firstly, to give all the settled areas of 
the province direct communication with the trunk high- 
ways, and, secondly, to rebuild or relocate all the bad 
sections of existing roads, 
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VERTICAL Retort House at PrrwinEs WORKS. 


Gas WELDING AND Mera Currine.—Two new book- 
lets entitled, respectively, ‘‘ Hints on Gas Welding (Oxy- 
Acetylene Process),’”? and ‘Hints on Oxygen Metal 
Cutting,’’ have reached us from the British Oxygen 
Company, Limited, Angel-road, Upper Edmonton, 
London, N.18. These, although intended primarily as 
instruction books for workers using apparatus supplied 
by the British Oxygen Company, contain some useful 
information concerning the processes they describe. The 
booklets are well written and are clearly printed. They 
contain a number of illustrations and neat explanatory 
diagrams; some useful tables are also included. Each 
booklet comprises 64 pages; they are both of handy 
pocket size and may be obtained on application to the 
company at the address given above. 
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DETAILS OF SLEEPING CAR FOR THE INTERATIO 














tty [0 010, phe a 
Fass neta tt 
frat ie CIE Nb act 



































L . / --=-=— 
[a  ., einen: seaiaae aaa 










--- 2500 Wheelbase, —----°~--7)| ___4______-_------------+----------------------- 




















sere 











| 
i. 
£ 
Qc 
S AAG See oor Ot 
ee 
wt. 
BRS 
g3 
™~ 
ne 2 ee en ee ns Se 
| 
| 


ph tj ae —es= 
—7000 -5===> 






ia {R006 = 
Op eae 












































| «---- 84¢4 ---—— r---- 895 ——-- 972 r---- 7024 - +---+4---—-- 
Fig. 13. ~ 7 oe 98a ------------+ | 
fl eee oe 
Pa Gy] Cleary a | 
: oO: Fig.15.SECTION.H-H. 
l IWS } SS 
Yy " 
* a i 2930 -G} 7 
| . Fig.17. SECTION ON C.-C. 
= emacs 7 — Fig. 16. SECTION ON 8.8. ee 


* -------->- 











Fig. 14.SECTION ON A.A. 






































pea, Fig.23. ELEVATION. «170 » 
r 2 ee EE an a Ta 
pf MR a: jl a 





A, Fig. 4. section 1.1. 


7 = : : 
© = = SY 

x = 

se on 135 ——2= 


Fig. 25. SECTION K.K. 
© 





























rm 187T6 =] 
§ ie Ss 
<7 
. i ¥ € Ss 
bt 
1325 








oe 


=< i Fig. 26. SECTION M.M. SECTEN NW. 























z ! 10 | 
= ee ee aa a) (att. ee ee 
@o 
° oO a! 
i ees... as 
433 Ory 1 4 
nO} }! 





Fig.27. SECTION 0.0. 


We ' = 
: a eh 


(97$ 9-0) 





6) 
127M 











Wt 














PLATE XLVI. 





| 
ia i 
TERRITIONAL SLEEPING CAR COMPANY, LIMITED. 


Y CARRE AND WAGON COMPANY, LIMITED, BIRMINGHAM. 


Descriptign we Page 785.) 


--7305 - 


76000 Centres of Bogtes. 


SS SS —21940 Over Headstocks. 
Ee ee page OEE TaN ET MET Par eR Pe ee 








“23482 

































































































































































a ee eS ee pat amet Jot) 





fig.18. SECTION ON D.O. 


; | Uf it | 





127-76~ 
I2DSL. 







































































































[3 Ging ot Si eS rare aga errata to Se ee eg ee 
Fig. 28 
0 — an ae 
of Butter ( ) ( ) “4 
indie + 2 FRE DETAIL, 22 sin SECTION R.R. 
la = ol aes of c =. © 
, , ) rs ! {2s 
Fig. 29. Fig. 30. <-265-> bi 
st acs es <a 
a es: 
r 7 
lk 
» i ' 
13 \hi -¢ is SECTION V.V. 
¥ = is 
Leone ma 4 
| He Ma 1g < 
Su8 arr 1 
1g a | 
| pete J ’ 
Hae | 
ed 2 H 
“al | 
il im \ 
its Bw 
ie * 
Sk apg 
33 7 
 in6dH-I72-4 iS t 
S11 fe 18 
;4 , ! H 
! ps H | 
tee : 
| 745 ! 
\ wimi6G4 _y 
iy . + ¢ 
Y= = a 
(9759. E) 1554 S<=—~ 925 --— >! 


50 








SECTION W.W. 
479: we 79-5e°> 
tab < 
28 Si 
1 65's 
--319---» 


' 
' 
' 
~< 






SECTIONS:S. 
102" 
£ IDs 
°@] 3 


He 2 
Ped 


“ENGINEERING” 














'y wo Se eee ve - Os Se a —-_ e — = a = 











2 _ sn cea . . ~ a oo —— 














DEC. 24, 1926. ] 


789 








ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of = readers to 
the fact that the above is our SOLE ADDR&SS, 
and that no connection exists between this 
Journal and any — publications bearing 
somewhat similar titl 

TELEGRAPHIO ) “ ENGINEERING, ”» WESTRAND, 

ADDRESS LONDON 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


"SUBSCRIPTIONS, HOME AND FOREIGN. 


‘“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 











For the United Kingdom _.................... £3 5 0 
For Canada— 
Thin paper copies ........................ £218 6 
Thick paper copies. .................... £3 3 0 
For all other places abroad— 
Thin paper copies ...............0: £3 3 0 
Thick paper copies.................000 £3...7. 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic. | , 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


Allaccounts are payable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W. C. 2. 
AGENTS “FOR “ ENGINEERING.” 
AUSTRALIA: Gordon and Gotch, Lin Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
on ug T. Willmett and Co., Townsville, N North Queens- 
land. C. Rigby, Adelaide, South Australia. Melville 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CanaDA, Toronto, Ont.: Wm. Dawson and Sons, Limited, 
87, Queen-street East. 

EDINBURGH : John Menzies and Co., Limited, Rose-street. 

FRANCE, Paris: Boyveau and Chevillet 22, Rue de la Banques, 
For advertisements, Office de Publications Commerciales. 
167, Rue Montmartre, Paris (2e). 

Canary + Hermann H. Fromm, Liitzowstrasse 84, Berlin. 
































GLASGOW : William Love, 221, Argyle-street. John Menzies and 
Co., Limited, West Nile-street. 

INDIA, Calcutta : epee, Spink and Co., Bombay; Thacker 
and Co., Limited 

Weany: -U. Hoepli, Milan. 
and any post office. 

JAPAN, Tokio: Maruzen Company, Limited. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, 143, Deansgate. 

NEw ZEALAND: Gordon and Gotch Proprietary, Limited, Wel- 
lington, Auckland and Christchurch. 

Norway, Oslo: Cammermeyer’s Boghandel, Carl Johans Gade, 
41 and 43. 

ROTTERDAM: H. A. Kramer and Son, Limited. 

Sour Arrica: Central News some, Limited. Head Office— 
Johannesburg ; — a rerio, Town, = Elizabeth, 
Bloemfontein, ban, and A Ky branches book- 
stalls Goument South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

acs oe Gordon and Gotch Prop’ty, Limited, Launceston : 


Anonima Libraria Italiana, Torino, 


UNITED STares: For Subscriptions, New York: John Wiley 
Sons, 440, Fourth-avenue. For advertisements, 
J. 8. Allan, 30, Chureb-street, New York. 





ENGINEERING. 
CONTENTS. 
PAGE 
The Institution of Chemical Engineers .................... 773 
Illumination Measurements (Illws.)...........0.-:eeeseee 774 
Industrial Applications of Aircraft...................000 776 


Literature.—The Resistance of Express Trains. 
Elektrische Ziindung, Licht und Anlasser der 





Kraftfahrzeuge. The Whitworth Book................ 777 
Gas works Coal-Handling Plant (Illws.)..................-. 779 
The Institution of Mechanical Engineers: North- 

ail ie ie p em SEade LBS eae Se 781 
MAAN TRU concn sccnci senses te cocsea etsccnsinsssuensctdmpustte 783 
Germany’s Foreign Trade in Machinery.................... 784 
Brinell Test Depth Indicator (Illws.) ..............0.00000++ 784 
Sleeping Cars for the International Sleeping Car 

Company, Limited (Jllwe.) ...........ssseesseeseeseeseees 786 
THuminated-Dial CO, Indicator ................ccceeees 786 
CMM ORO as ses as acc ackes <atcntaneatiacacaveateed 786 
Notes from Cleveland and the Northern Counties.... 786 
Notes from South Yorkshire.....2...............:::csscsesseeeee 787 
Notes from the South-West ................::cccccssesseeeeeeees 787 
Notes fromthe Norte 5.0... ida 787 
NGG 08 IR oki oir ln dh ee 787 
Engineering Training and Education ........................ 787 
The Electricity Commissioners ..............-.:10e 789 
The Development of the Mine-Laying Cruiser ........ 790 
ONO GRNCRANE THE TEI 20 cy pacciorgacananoceacssa ss capsanihgite 791 
MUTI SER POMPEII NEN aoc ney c-sns500 shcenereiesasoasasneres 791 
1 Eas RAE DERI RU PSS nen nee annie pr rer 792 
The Institution of Water Engineers ........................ 793 
Electrical Developments in New Zealand (Jilus. de . 793 
Royal Meteorological Society .. 795 
Year Books and Annuals ......:...........c.sscscsssssssscssscedesss 795 
Corrosion of Ship Plates and Rivets (Jllus.) ............ 796 
Marine Oil-Engine Trials ;..................:cccsscsceeceeeeeeeee 799 
Boiler Explosion 1 (12 See ae ener maee? aD NIE 802 
NS ON ae ert AS een 802 


One Two Page Plate.-DET AILS OF SLEEPING 
CAR FOR THE INTERNATIONAL SLEEPING 
CAR COMPANY, LIMITED. 





ENGINEERING 


FRIDAY, DECEMBER 24, 1926. 





THE ELECTRICITY COMMISSIONERS. 


An element of the Electricity (Supply) Bill on 
which little comment has been made is the position 
in which it proposes to place the Electricity 
Commissioners. It is agreed on all hands that if 
more electricity were used it would cost less, and its 
judicious supply at a low cost would be of wide- 
spread industrial advantage. Only when these 
general principles have to be quantified do serious 
differences appear as to how widely electric energy 
should be used, how much less it would cost, and 
how much is worth spending on the remodelling 
of the administrative and téchnical mechanism of 
supply. These are questions which it is easier to 
ask than to answer. The principles involved are 
not in dispute, and have been set forth with some 
elaboration in the Weir report. As in many other 
practical problems, the difficulties lie in putting an 
unexceptional qualitative proposition into a practi- 
cable and intelligible quantitative form, which 
will exhibit the numerical consequences that should 
follow when the proposition is applied in a given 
set of cicumstances. Discussion on that more 
restricted basis is less fluent than when it is confined 
to general considerations, and in its anxiety to 
commend the Bill to Parliament, the Government 
has elected to pass it before it is encumbered with 
the fetters of quantitative fact. This is, doubtless, 
a good way of procuring a free discussion, though 
perhaps risky in its application to a very technical 
question, involving great economic issues. The 
figures, of course, must come at some time, but it 
has been preferred that they should follow rather 
than precede the creation of the administrative 
mechanism and the decision of the powers to be 
entrusted toit. ‘These powers are to be administered 
by an entirely new Central Board, under the general 
control of the Ministry of Transport ; and the one 
effective check which it is proposed to put on its 
operations is that it must act on the advice of the 
Electricity Commissioners. The Board, when it is 
constituted, may be a judicious and practical as 
well as an eminent body, but, according to the scheme 
of the Bill, it can do little or nothing without the 
approval, and, to some extent, the initiative of the 
Commissioners. 





The Electricity Commission has not been im- 
provised for the purposes of the Bill, but has 
been actively at work for the last six years. Its 
chairman and members are familiar with every 
aspect of electricity supply. They have so admin- 
istered their present considerable functions as to 
reduce to a minimum the large amount of friction 
that might have arisen, and to command generally, 
the confidence of the various interests between 


-|which they have had to frame their decisions. 


Objection has been taken to the Bill, on the ground, 
amongst others, that it introduces an unnecessarily 
complicated mechanism, the cost of which must 
be borne ultimately by the consumer in reduction 


5 | of any good it may bring him. This, perhaps, may 


be the least of the dangers that have been ascribed 
to the Bill. The still more substantial objections are 
that, if the mechanism is applied injudiciously, it 
may not only inflict hardship on interests that it is 
expedient as well as just to treat fairly, but may 
actually increase the cost of electric supply, to 
the burden either of the public purse or the consumer. 

Under the provisions of the Bill, schemes may 
be prepared and operated that must be to the 
advantage both of those who use electricity, and 
those who generate and supply it. The condition 
of their being so is that they are drawn with a strict 
regard to what is either certain or reasonably 
probable fact, and not based on figures that have 
been put in speculatively by eye. The responsibility 
of assessing the figures and confining.the schemes 
to such as they justify is to lie with the Commis- 
sioners. The Bill doubtless gives them power to 
initiate works on a speculative basis, which in their 
inception will satisfy optimistic or ignorant minds 
to whom grandiose prospects appeal more vividly 
than cogent facts, but in their ultimate operation 
will lead to disappointment and enhanced costs. 
They may cause transmission lines to be run over 
districts where demand is too small to allow them 
to be tapped, enforce change of frequency under 
circumstances in which there is insufficient or no 
=|gain to set against the cost, and generally make 
the ruinous blunders that might be expected if 
almost boundless powers were placed in incompetent 
or reckless hands. In the discussion to which the 
Bill has given rise these lurid possibilities have been 
fully developed ; but less attention seems to have 
been given to the possibility that the Commissioners, 
with whom most schemes must originate and under 
whose scrutiny every step in them must be taken, 
may continue to show the insight and _level- 
headed caution that has characterised their procee- 
dings hitherto. Up till now the actual schemes 
that may be in contemplation and the estimates and 
evidence by which they are supported have not been 
published. If they are not published before the 
schemes are commenced, such advantage as might 
be found in a general professional discussion of 
them will doubtless be lost ; but even such a discus- 
sion would in no way reduce the obligation of the 
Commissioners to test the economic and technical 
evidence by which the schemes are supported, or 
relieve them of their sole responsibility to put 
forward no proposals without adequate evidence to 
support them. 

The powers of the Electricity Commissioners 
represent, in fact, the real safeguard of the community 
in the contemplated development of its electrical 
supply. They will be available for dealing with 
unreasonable intransigeance or obstruction, should 
the need arise; but equally, and probably more 
often, they will give protection against the danger 
of ill-considered projects, and of the promotion 
of new and untried enterprises at the expense of 
others that are already working to public advantage. 
Nothing in the previous official proceedings of the 
Commissioners justifies the imputation that they 
will be unequal to the heavy responsibility they 
are to undertake, nor is such a conjecture supported 
in any way by their sixth Annual Report (1925-26), 
which has just been published.* To some extent, 
indeed, some of the more important applications to 
the Commissioners for consent to the establishment 
of new generating stations, and some contemplated 
reorganisation of electricity supply districts, have 
necessarily been held up for further investigation 
when the fate of the Bill has been decided. The 
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Report gives no ground, however, for a conclusion 
about what fresh works the Commissioners may 
be contemplating if and when the Bill becomes 
law. 

It records, on the other hand, that in aspects 
of electricity development not affected to the same 
extent as those that are in abeyance through the 
impending legislations, such as the inauguration and 
extension of distribution works, the year under 
review was marked by considerable activity. 
There was, for example, a general increase in the 
number of applications for orders, consents and 
approvals under the Electricity (Supply) Acts. 

The use, moreover, of existing plant continued to 
show the same steady improvement as in recent 
years. The units generated were about 10 per cent. 
more than in 1924-25, at an increased consumption 
of coal and coke of little more than 5 per cent. ; 
and if the uninterrupted annual progress since 1921 
be summarised, an increased generation is shown of 
nearly 60 per cent., obtained by an increase of only 
about 14 per cent. in the consumption of coal and 
coke. The generation by oil, water-power, &c., 
is too small to affect the general significance of 
these figures. Similarly, the net sales are more 
than 50 per cent. higher than in 1922, and represent 
a consumption per head of population about 7 per 
cent. greater than in 1924-25. without including 
in either case current generated for traction purposes 
at railway and tramway power stations or at 
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plies. The success of the Commissioners up till now | for the supply of the fleet. They were useful 
in encouraging and co-ordinating the industrial | vessels with a displacement of 2,500 tons and a 
activities of other bodies suggests that the powers | nominal speed of 174 knots, although actually 
they and the Board are to control or to use may be | neither of them got within a knot of it in service. 
most fruitful where they are most completely dele- | They were armed with five 12-pounder quick- 
gated, and the work, though they may co-ordinate | firers, and a number of smaller pieces which in those 
and supervise it, is done by purely industrial under- | days were regarded as being quite sufficient to beat 
takings. An enormous field will be open to them | off any destroyer attack. The Yenesei was blown 
for a long time to come, and doubtless they will see | up by one of her own mines off Port Arthur at the 
the prudence of cultivating first that which offers the | beginning of the Russo-Japanese War, and this 
greatest prospect of a remunerative demand, by which | put the whole type under something of a cloud. 
alone the necessary cheapness can be obtained, and |The disaster was, however, entirely due to the 
involving the least direct and indirect expen-/|carelessness of the commander in taking cross- 
diture. If this is their policy, they should be | bearings. 

syre of cordial co-operation from the industrial) Germany was the only country which refused to 
undertakings already in the service, who know] be influenced by this incident, and they carried out 
well enough, or must have learnt from the recent}a number of experiments with their transport 
popular discussions of the Bill, that if they cannot | Pelikan, which was specially reconstructed for mine- 
manage to work in with the Commissioners onj} laying. She had a displacement of 2,300 tons, at 
such a policy, they are likely to go farther and| her best a speed of 15 knots, while she was armed 
fare worse. It may, in fact, be in their power | with four 15-pounder quick-firers. As soon as she 
to give trouble, and it certainly will be in the power | manceuvred with the fleet it was realised that her 
of the Commissioners and their Board to apply | speed was deficient, and accordingly she was used 
compulsion. The interests of the electricity service | for experimental purposes only, and was largely 
and.of the whole country can seldom be helped by | responsible for the quality of the German mines 
any such course on either side, but always can be | in the early days of the war. After the experience 
promoted by mutually considerate co-operation. | gained with her, the German Admiralty built the 
Those who depend on the improvement of the | Nautilus of 1906—a ship of just under 2,000 tons 
service look for this co-operation between the | with a speed of 20 knots and an armament of eight 
bodies that conduct it and those who now will be | 22-pounder guns. Her deficiency in speed and 








the private stations of industrial and commercial | supervising and co-ordinating their work. The less | gunfire was shown by the fact that she was driven 
bodies. The extent to which existing plant is | opposition on the one side and the less constraint on | ashore on the Swedish coast by the Russian fleet 


assisted by bulk supplies from other stations is not 
stated in terms of current supplied. The advantage 
of using such supplies, instead of extending the 
purchaser’s own station, is not always appreciated 
at its right value. Bulk supplies, as the Commis- 
sioners pointed out in their previous report, seem 
to be among the most difficult movements to 
encourage, though under appropriate circumstances 
they may be the best and cheapest of available 
measures, and the uncertain prospects that lay in the 
Bill may have reinforced this difficulty. Yet the pre- 
sent report shows a marked improvement even in 
this respect. Inthe report for 1924-25 a noteworthy 
increase was shown in the number of bulk supplies 
taken or arranged for by authorised undertakers ; 
and although even then they constituted a com- 
paratively minor branch of supply, their number 
had been increasing steadily for the previous five 
vears, The number for 1925-26 was, however, some 
20 per cent. higher still. 

Among the many details into which the report 
enters attention may be called to the considerable 
number of cases involving conflicting interests, 
in which the Commissioners appear to have shown a 
sympathetic appreciation of the position of each 
party. This tends to support the expectation 
that they will avoid rash or unsupported conclusions 
in the heavier work with which they are now likely 
to be faced. The progress and activity recorded 
for the country as a whole is seen no less in the 
detailed reports, given in appendices, of the various 
Advisory Boards and authorities that have been 
constituted under recent Acts. Some of these 
reports indicate a suspended judgment about the 
merits of the Supply Bill in its application to their 
own districts, and at least one views with apprehen- 
sion the prospect of a standardised frequency in an 
industrial area that is already heavily developed 
on another frequency. 

The net effect of the report seems, in fact, to be, 
that in spite of unfavourable trade conditions the 
generation and consumption of electricity as a whole 


has shown unabated improvement. It must, how- | 
ever, be remembered that aggregate figures tend | 


to mask individual shortcomings, and nothing in 
this last report displaces the conclusion, which, 
indeed, a study of the statistics of the industry 
makes inevitable, that great room exists for much 
cheaper current than as yet most stations can supply. 
Mere complication of control will not produce this. 
The Commissioners themselves cost at present about 
24d. per thousand units, and may be cheap at the 
price ; but if they and the Central Board used their 
powers without careful discretion, their cost would 
be of a very different order of magnitude, which, 
before they had barely begun their operations, 
might frustrate their purpose of cheapening sup- 


the other, the more surely will the line of least | and afterwards had to be interned. She was followed 
resistance be struck, and the most fruitful measures | a year later by the Albatross, a ship of a slightly 
‘larger displacement but the same speed and gun- 
power. In her internal design, however, she was a 
: great improvement of her predecessor, and carried 

THE DEVELOPMENT OF THE MINE- 600 mines against the 200 of the earlier ship. 
LAYING CRUISER. The experience of the war soon showed that these 
SeLvom has a ship been built behind a greater | German mine-layers were too slow and ill-armed 
veil of secrecy than the new mine-laying cruiser | for their work, and that the difficulty of convoying 
H.M.S. Adventure, which was launched at Devonport | them on any offensive operation would be too 
in June, 1924, and is now undergoing her trials. She | great for theiremployment. Accordingly, for laying 
has a displacement of 7,260 tons on an overall|mines on the British coast, the cruiser Kolberg 
length of 520 ft., a beam of 58 ft. over her bulges, | was used, a ship with a speed of 25} knots, and 
and a mean draught of 19} ft., and there is reason | an armament of twelve 4-1-in. guns. She and many 
to believe that she has a speed of 27-75 knots and | other cruisers in the German, Austrian and Italian 
four 4-7-in. guns. Beyond that nothing is known | Navies had been fitted for the carriage of a large 
of her, and the wisdom of the Admiralty’s policy of number of specially-designed mines. As far as 
secrecy is shown by the fact that the French have | the actual operations were concerned she was 


ensue, 








‘held up the construction of their surface mine- | satisfactory, but her use for this purpose was most 
| layer Pluton “ on account of the rapid development | unpopular in the 


Navy. where the officers 
of this type ’—in other words, until they see what | maintained that a cruiser should be a cruiser, 
features the design the Adventure actually em-|and that they had none too many ships of the 
bodies. itype for the duties that they would be called 
The action of the British Admiralty in building} upon to perform. As for carrying out cruiser 
a ship costing over a million pounds for the purpose work while she had her mines on board, the risk of 
of laying offensive minefields marks a very radical, a colossal explosion was obviously too great. 
departure from the policy of fifty years. Until; The French also soon realised, in the test of war, 
Germany showed during the war that mine-laying that the two mine-layers that they had built— 
could be very effective as a form of offence, it was the 20-knot Cerbere and Pluton—were of little 
rather looked down upon in the British Navy, use except for defensive work, which might easily 
and it was some time before the Service was per- be done by tugs or trawlers. These ships had a 
suaded to take any part in it at all. For many | displacement of only 600 tons, but they carried 
years it was put into the hands of the Royal | 140 mines of a special design. 
Engineers, who maintained a fleet of small steamers When the war broke out, and it became obvious 
which were designed for mine-laying, but were only | that mine-laying would have to be carried out on 
suitable for inshore work, at entrance of the ports a big scale, it was to auxiliaries that the combatant 
to be defended. The mine, in fact, was regarded as | navies turned. The Konigen Luise, a 20-knot 
essentially a defensive weapon, a weapon only;|channel steamer, succeeded in drawing the first 
suitable for a Navy whose strategy was passive blood in the mining war, although she was soon 
by nature. As an object-lesson, the enthusiasm of | destroyed when she fell in with a British flotilla. 
the Russian Navy for mine-laying, and its well- However, she had proved that she could do certain 
known preference for staying in port, was pointed work in certain circumstances, and the Germans 
out by every strategist. commissioned a number of channel steamers as 
It is true that Russia was the first country whose mine-layers. They also made use of the train 
navy took to the mine really seriously and brought | ferries which usually maintained the service to 
it to any pitch of perfection. It is probable that | Sweden. They were deficient in speed and arma- 
in mining work they led Europe right up to the | ment, and were only suitable for laying defensive 
time of the 1917 revolution, and it is possible that | fields, but the railway lines which were already 
some of the mines that were laid during the Czarist laid on their main deck and the open sterns made 
régime have been swept for ineffectively many it possible for them to lay fields far more quickly 
times and are still capable of doing damage. It | than any other ship, given the necessary naval pro- 
was, accordingly, only natural that the first European | tection. The British also used channel steamers, 
men-of-war to be designed especially for mine-| and a certain number of small liners. Generally 
laying should fly the Russian flag—the Yenesei| speaking their speed was satisfactory, but their 
and Amur, which were built at the end of last|fuel capacity was poor, and they had the disad- 
century. They were not merely mine-layers, as| vantages which always attend the conversion of 





they were also designed to act as torpedo transports|a merchantman into a man-of-war. Had the 
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command of the sea not been so thorough, the 
casualties in this branch would probably have 
been very considerable. 

It was Germany which first considered the idea 
of using submarines for offensive minefields, and 
those that they laid in the Downs, and on the 
trade routes, caused a good deal of confusion to 
British shipping. Their essential disadvantage 
was that they suffered from a small radius of 
action, and it was in attempting to remedy this 
that the German Admiralty built a class of sub- 
marine which shot out its mines after the fashion 
of a torpedo. These submarines were always 
giving trouble, but in the destruction of H.M.S. 
Hampshire, with Lord Kitchener on board, by 
U.75, a boat of this type, had an important success. 
Towards the end of the war Germany evolved a 
number of types of submarine minelayers, but, as 
their minelaying equipment necessitated the curtail- 
ment of the torpedo equipment, they were only of 
use against merchantmen. For mining the Heligo- 
land Bight, the British Navy used a number of 
submarines of the E type, but this involved the 
sacrifice of the greater part of their fuel by fitting 
mine tubes in place of several of their saddle tanks. 
Like most submarine minelayers up to the present 
time, they proved that they could be exceedingly 
useful at short-distance work, but they could not 
hope to cover a large area. 

Practically all the navies of the world have 
small minelayers that are capable of doing useful 
work in coastal waters, and several of them have 
followed the British lead in converting a number 
of cruisers that were too old for their real work, 
but which can cover a large radius of action. The 
scientific manner in which the Germans laid their 
mines showed that offensive operations could only be 
carried out by a ship that was practically perfect 
for her purpose, and such a ship cannot be obtained 
unless she is specially designed. Even on the 
meagre facts that the Admiralty has published, 
the cruiser minelayer Adventure is obviously an 
important example of her type, and when the 
authorities choose to divulge her details they will 
be followed with the very keenest interest in every 
navy. In the meantime it is understood that she 
is to undergo a long series of trials, and that a 
large number of problems, which have hitherto 
been worked out only in theory, will be settled as 





definitely as they can be in peace time. 





ELECTRICITY IN MINES. 


Most periodical reports on administrative matters 
owe their existence to the need for authentic experi- 
ence on a larger scale than private bodies can 
collate. The information they contain is often to 
be procured in no other documents, and they 
may be the foundation of valuable bodies of know- 
ledge, on which social progress and reform may be 
based. In such reports, as a rule, a principal 
difficulty is so to select and arrange the material 
that the trees will outline the form of the wood. 
The facts repeat themselves more often than the 
reader can follow and group them intelligently, and 
the faculty of presenting them in the assortment 
that will convey their real meaning is a difficult art, 
not perhaps as difficult and uncontrolled as that by 
which a General Election is supposed to express the 
mind of the country, but of the same class. There 
are, however, reports, which are not encumbered 
with this excess of material. They depend on the | 
collection and intensive use of relatively few facts, 
the significance of which is brought out by pre- 
liminary analysis as the first step in their treat- 
ment, instead of the synthesis with which more ex- 
tensive reports usually begin. The method is 
essentially microscopic and not macroscopic. Equally 
with the more usual method, it may lead to no con- 
clusive result or, more dangerously, may suggest | 
the resuit that the investigator has already in his 
mind. More often, however, than with the macros- 


| being just under 59 per cent. of the total. 
| last five years of the period the average horse-power 





copie method its value may lie in the information 
itself, which without any deductive process, both 
provides an authentic object lesson and points its 
moral. 

A typical report of the latter class is the annual 
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which has just been published for the year 1925.* 
It contains summary particulars of the extent to 
which electricity is used in mining, and particularly 
in coal mining; but the bulk of its text is devoted 
to an account of the accidents and dangerous occur- 
rences that have been notified during the year, as 
the result of electrical working. It is matter for 
congratulation that the number of fatalities and non- 
fatal accidents continues to be small relatively to 
the amount of electrical energy used, but Mr. J. A. 
B. Horsley, H.M. Electrical Inspector, begins his 
report by an earnest and reasonable protest against 
the apparent failure of some mines to study the 
detail of those that have occurred. The experiences 
described are condensed into less than 40 pages, 
including tables and other statistical matter, and 
even in the present hard times for collieries, the price 
of the report cannot be regarded as prohibitive. 
Yet although there were 1,630 mines using electrical 
power at the end of 1924, the number of copies of 
the report for that year and 1923 respectively 
avtually sold was only two-thirds and three-quarters 
of the numper of mines. The figures show, of 
course, that a large proportion of mines must have 
been free from accident, and immunity may have 
led many of them to regard themselves as proof 
against it. The proportion of mines that are liable 
to explosions is certainly not stated, though in the 
year under notice these would only account for one 
out of the total of eight fatal accidents. On the 
other hand, no mention is made of the number of 
mines which, over a series of years, have had acci- 
dents for the first time, without the knowledge of 
which even the statistical liability of a mine to 
accident cannot be expressed, though indeed the 
material is insufficient in any event to give any 
trustworthy statistical assurance. No mine can, in 
fact, regard itself as safe against accident, however 
remote may be its chance through electrical work- 
ing, and the study of the accidents that have 
occurred may be regarded as something like a duty 
on those who are responsible for the safety of any 
mine. 

The electrification of coal mines has proceeded 
with a singular regularity, slackened very slightly 
during the years 1915-1921 that were affected by 
the War, but after the latter date increasing at 
somewhat more than the original rate. In round 
figures it has trebled since 1912 and doubled since 
1915, the number of electrified mines in 1925 
In the 


of the motors installed per mine has increased by 
about a third to 979 h.p., and the aggregate in 1925 
was about 1} million horse-power. Of the various 
reascns that have prevented a still wider use of 
electrical energy, the efficiency and convenience of 
which is not in question, the most cogent, so far at 
least as concerns coal-cutting machinery, is said to 
be a wise reluctance to introduce electricity into 
places where firedamp is a potential danger. It. is 
certainly notable that in Scotland, where practically 
ail coal mines are electrified, and presumably this 
discrimination in introducing electricity has been 
differently exercised, accidents are twice as frequent 
as in England and Wales. 

By far the most general cause of fatal accidents 
attributed directly or indirectly to the use of elec- 
tricity was shock, which caused 7 out of the total 
8 accidents reported in the year, and 8 out of the 
total 13 deaths. Of these accidents only two with 





3 deaths, occurred below ground ; and though the | 
numbers are small for significant comparison, it is | 
satisfactory to note that the number of deaths is | 
the same as the average for 1916 and 1917, when 
little more than half the power was used. The 
detailed account of each of these accidents is 
instructive, and may be applied to many conditions 
besides those of mining. Overhead wires caused 
the first two, in one a bare conductor breaking and 
falling in a signal wire, and in the other the insula- 
lation of an insulated conductor being penetrated by 
the tipping screws of a 4-ton tipping lorry. Another 
was also caused by bare conductors, on a lattice 
mast, which by misunderstanding were not switched 
off at one end during repairs, and was therefore due 
solely to the neglect of simple and complete pre- 








* H.M. Stationery Office. [6d. net.] 


cautions that should be matters of inflexible routine. 
A similar neglect to observe routine precautions, 
including the earthing of conductors before they are 
approached, if they are to be handled, led to an 
accident in the course of shifting two transformers. 
The cubicle doors were interlocked, but incom- 
pletely, and thus probably induced a dangerous 
sense of confidence. Contact with bare trolley wires 
supplying current to a crane motor caused a man 
in another instance to fall off a ladder, which 
he had ascended in order to oil the gearing; a 
caution notice was not placed immediately near the 
ladder, and the switch for cutting off the current 
was in a separate sub-station building. A boy of 
14 was killed by shock from a lighting circuit, with 
a conductor of which he came in contact through 
putting his arm through a broken pane of glass, 
the conductor having no earthed metallic covering. 
A defect in the connection of a trailing cable to a 
coal-cutting machine, with a misunderstanding as 
to the current having been switched off, led to a 
man coming into contact with the machine while as 
a whole it was “live,” an accident that is attributed 
fundamentally to insufficient care in maintenance 
and testing, though doubtless poor design in the 
machine and recklessness in the man contributed 
to it. The most disastrous accident arose from an 
explosion, caused apparently through using a plug 
connector on a coal-cutting machine as a switch, 
a practice that seems difficult to stop, unless it is 
made impossible by mechanical means, and that 
makes the enclosure of the motor in a flame-proof 
housing quite futile. 

This was the only fatal accident arising from 
electrically-produced explosion, but 54 non-fatal 
accidents were recorded, of which only 7 are classed 
as unforseeable. Speaking generally, they arose for 
the most part through inadequate maintenance, 
ignorant misuse and negligence. The publication 
of the British Engineering Standards Association’s 
specifications for flame-proof enclosure of electrical 
apparatus and for flame-proof plug connectors for 
use with coal-cutting apparatus is expected to assist 
in reducing the number of such accidents, which 
indeed have fallen in the last three years from a 
total of 70. They are not likely however, to be 
sufficient unless corresponding care is taken in 
maintenance and in repeated inspection, which for 
some purposes should be made daily. Five typical 
accidents are examined in detail, as illustrating 
dangers that are specially liable to be met. Blind 
reliance on automatic safeguards, disturbance of 
machines through the special conditions that may 
arise at coal faces (e.g. falls of coal), the peculiar 
risks of trailing cables, and the need for effective 
mechanical interlocks are among the points to which 
the account of these a¢cidents draw special attention . 
They will repay careful examination; they are 
supplemented profitably by an account of 23 ex- 
plosions of fire damp during the 12 years 1914-1925, 
attributable to the use of electrically-driven coal 
cutting machines and their attached trailing 
cables. 

The net effect of the report is to show considerable 
achievement in the avoidance of accidents, and some 
room for further improvement. No doubt can be 
felt that this improvement will be made, and reports 
such as Mr. Horsley’s will be of the utmost assistance 
in promoting it. 





PHYSICS IN NAVIGATION. 


To illustrate the applications of physics in 
various branches of industry, the Institute of 
Physics arranged for a series of public lectures to 
be delivered at intervals by prominent physicists 
and others. So far, eleven of these lectures, several 
of which have been referred to in our columns, 
have been delivered, the latest having been devoted 
to the subject of physics in navigation. This was 
given at the Institution of Civil Engineers on 
Wednesday, December 8, the lecturer being Mr. F. E. 
Smith, C.B., C.B.E., F.R.S., director of the Scientific 
Research and Experiment Department of the 
Admiralty. The chair, on this occasion, was 
taken by Sir William Bragg, K.B.E., F.R.S., the 
President of the Institute of Physics. 

In his introduction, the lecturer explained that 
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owing to the vastness of the general subject, he 
proposed to confine his remarks to the navigation 
of ships at sea, and to those devices. used in naviga- 
tion which were most likely to be of interest to 
physicists. He then proceeded to trace the history 
of the development of methods of measuring latitude 
and longitude, and of the magnetic compass, in a 
particularly interesting and informative manner, 
but the limitations of our space will only permit us 
to deal with the comparatively recent developments. 
Of these, one of the most interesting, from the point 
of view of engineers and instrument makers, as 
well as of physicists and mathematicians, is certainly 
the gyroscopic compass. Although the gyroscope 
was invented by Foucault in 1852, it was many 
years before the disadvantages of the magnetic 
compass for steel ships, and particularly for sub- 
marines, led to the utilisation of its properties for 
navigational purposes. The problems of the 
gyroscopic compass were very attractive. It might 
‘be regarded as a massive flywheel spinning about 
an axis, which must be one of dynamical symmetry. 
To ensure this, the centre of mass of the gyro 
wheel must lie on the axis of spin, which must be 
a principal axis of inertia. Further, the moments of 
inertia about all axes through the centre of mass 
and perpendicular to the axis of spin must be 
equal, conditions which, the lecturer said, were 
too exacting to be ensured by symmetry of form 
alone, so that ,balancing was necessary. Static 
experiments would show if the centre of mass did 
not lie in the axis of spin, and, if the principal axis 
of inertia were not coincident with the same axis, 
this defect in dynamic balance could be detected by 
spinning. The remedy for both defects was the 
addition or removal of small weights in suitable 
positions. 

A gyroscope set spinning and pointing towards 
the north star would act as a compass and resist 
disturbing forces, although it was not indifferent 
to them. A very small force, long continued, would 
produce a large deflection. In practice, it had been 
found convenient to keep the gyro axis horizontal 
and to apply a couple, causing it to precess and follow 
the meridian. Many difficulties, however, presented 
themselves, as an example of which Mr. Smith 
referred to the fact that if a gimbal-mounted gyro- 
scope were taken with the spinning axle horizontal, 
and an attempt were made to tilt the axle by 
applying a downward force at one end, the axle 
would not yield appreciably in the direction of the 
force, but would precess. If, therefore, the hori- 
zontal gimbal ring were pendulous, any tilt would 
cause precession in azimuth, which would only 
cease when the axle was level. Actually the axle 
tended to depart from the horizontal owing to the 
rotation of the earth, and a pendulous ring would, 
therefore, cause precession, first in the direction, 
bringing the axle towards the meridian, then 
overshooting the mark and reversing the precession. 
The action was similar to the behaviour of an 
undamped magnetic compass, except that the 
period might be of one or two hours’ duration. 
In order to reduce the effect, the oscillations were 
damped by applying an appropriate couple in 
azimuth, and the best method of doing this had 
been the subject of much experimental work, 
although considerable success had been achieved. 

Properly constructed, a gyroscopic compass, in 
the laboratory, would record the angular rotation 
of the earth with remarkable accuracy, although 
this amounted to only one-fourth of a degree per 
minute. In a moving ship, however, the angular 
rotation recorded was not that of the earth alone, 
but the resultant of the earth’s motion and of the 
motion of the ship relative to the earth, so that, 
in the case of a ship steaming north or south, the 
resultant axis of rotation might nake an appreciable 
angle with the earth’s axis. This angle was known 
as the speed error, and could be determined if the 
latitude, speed and course of the ship were known. 
Semi-automatic correcting mechanism had also 
been devised. 

Other gyroscopic navigational apparatus referred 
to by the lecturer were the automatic pilot, a 
device to keep a vessel on its course in all weather 
conditions, and course plotters, which depend upon 
the combined action of the gyro compass and the 
log. The development of the last-mentioned 





instrument was briefly explained, the lecturer 
mentioning that most modern logs depended for 
their action on a screw, or rotator, towed from the 
ship, the revolutions of the screw being transmitted 
to a counter. He remarked, however, that the 
engine revolutions of a large ship gave at least as 
accurate an indication of her speed as any form of 
patent log, provided that proper precautions were 
taken in using them. 

After dealing briefly with the early use of the lead 
and line for sounding, and with the later develop- 
ment of the Kelvin sounding machine, the lecturer 
described, in some detail, the method of echo 
sounding used by the Admiralty. This, he said, 
comprised a steel diaphragm immersed in the water 
and struck twice a second by a small spring hammer 
operated electro-magnetically ; the receiver con- 
sisted of a hydrophone connected through a trans- 
former to a pait of telephones. The apparatus was 
so arranged that the telephones were normally 
short-circuited, but were open-circuited for short 
intervals twice a second. By turning a dial, the 
space of time between the sound impulse produced 
by the hammer and the open-circuiting of the 
telephones could be varied from zero to half a 
second. In practice, the apparatus was set in 
action by closing a switch, after which the operator 
turned the dial until the echo was heard in the 
telephones, the amount by which it was necessary 
to turn the dial, the edge of which was graduated in 
feet or fathoms, being a measure of the depth. 
Measurements could be made in this way in a few 
seconds, and very accurate results had been obtained 
at depths ranging from a few feet to four or five 
miles, although rather more information was needed 
on the constitution and density of water at great 
depths and their effects on the velocity of sound. 

Both for echo-sounding and in connection with 
the radio-acoustic method of position finding, it 
was necessary to know the velocity of sound in 
sea water with considerable accuracy, although, for 
the latter purpose, the velocity near the surface 
was alone required. At the Admiralty Experimental 
Station, St. Margaret’s Bay, near Dover, the velocity 
of sound in sea water had been determined and a 
formula obtained giving the variation with tempera- 
ture and salinity. Similar investigations had been 
carried out by the United States authorities. The 
velocity of sound in sea water at 0 deg. C., with a 
salinity of 35 parts in 10,000, was obtained by 
Dr. Wood and Captain Browne as 1,450 m. per 
second, and this figure had been substantially 
corroborated by Commander Heck and Mr. Merry, 
of the United States Coast and Geodetic Survey, 
who gave the velocity as 1,452 m. per second under 
the same conditions. 

Methods of position-finding by means of direc- 
tional wireless, and the use of the leader-cable system 
of guiding a ship through a narrow channel, were 
explained by the lecturer as interesting examples of 
the application of physics to navigation, but as 
these have been dealt with in our columns on 
previous occasions, they will doubtless be familiar 
to our readers. The leader-cable system, the 
lecturer stated, was very successful, but was rather 
costly. Two cables were, at present, in operation: 
one at Portsmouth and the other in the Ambrose 
Channel, off New York. They had been used by 
many ships with results that left no room for doubt 
as to the practicability of the system. 

The remainder of the lecture was devoted to the 
subject of aids to navigation in ice-fields, but the 
lecturer remarked that none of the methods so far 
devised for detecting icebergs rendered invisible by 
fog or darkness was very successful. After the loss 
of the Titanic, it was decided to inaugurate an 
international derelict destruction, ice-observation 
and ice-patrol service on the Atlantic routes, two 
patrol vessels being employed to make observations, 
collect data, and transmit information by wireless 
telegraphy to ships in or near the danger zone. 
Many suggestions for the detection of icebergs by 
means of echoes from sources of sound in air and 
under water had been made, but the former method 
had been found to be unreliable. Experiments carried 
out by the personnel of the ice patrol with a sonic 
depth-finder had shown that echoes were reflected 
from icebergs, but that growlers and small bergs 
formed very poor reflecting surfaces. The conclu- 





sion, however, was that the apparatus so far used 
was not suitable for detecting icebergs and would 
be insufficient to avert a collision between a ship 
and a berg. In shallow waters, particularly, echoes 
from the sea bottom and from the ice surface might 
intermingle and render detection of a berg difficult 
or impossible. Moreover, observations of sound 
echoes from ice had shown that considerable varia- 
tions in the intensity of the echo occurred according 
to the position of the berg, and that echoes were 
obtained from fog banks in the complete absence 
of ice. 

Professor H. T. Barnes, who used a micro- 
thermometer with a Callendar recorder to measure 
changes of temperature of the water in ice-fields, 
emphasised the importance of studying the varia- 
tions in the temperature of the sea rather than the 
actual temperature, and had shown that the effect 
of approaching land, contrary to what might be 
considered likely, was to decrease the temperature 
of the water, while the presence of ice caused a rise 
of temperature above that of the surrounding sea. 
Extended temperature surveys, it was thought, 
might provide useful information for navigators, but 
variations in salinity were not a reliable indicator of 
the presence of ice, since the reduction of salinity 
by an iceberg was very small, and could not well be 
distinguished from the small changes observed in 
various parts of the sea that were free from bergs. 

Much interesting, but arduous, work has been 
carried out to enable the conclusions indicated above 
to be reached, but it will be evident that the problem 
of navigation in ice-fields, especially when, as is 
frequently the case, fog is also present, has been by 
no means fully solved. The combined efforts of 
engineers and physicists are still required in the 
production of simple and reliable apparatus which 
will enable vessels to proceed with comparative 
safety under the conditions referred to. 





NOTES. 
THE NATIONAL CERTIFICATE SCHEME. 

WE regret that in an article last week on the 
‘« Progress of Engineering ”’ we were led into making 
an incorrect statement with regard to the financial 
position of the Institution of Mechanical Engineers 
as regards the working of the National Certificate 
scheme. This scheme at present results in a con- 
siderable annual loss to the Institution, instead of 
the balance being on the right side, but this, it is 
hoped, will right itself with time. The point, 
however, is that the Institution is carrying on the 


scheme at present at considerable burden, and in ~ 


addition is awarding prizes in connection with it. 
This, in fact, presents the attitude of the Institution 
in a still moré favourable light than that contem- 
plated in our article, though for the time being 
at any rate, it obviously precludes anything in the 
way of the foundation of scholarships. 


Moror TAXATION. 


The Ministry of Transport returns of motor- 
vehicle licences covering the period from December 1, 
1925, to November 30, 1926, have just been issued, 
and are of particular interest in that they are the 
last under the existing schedule of taxation for motor 
vehicles. The total gross receipt is 19,032,682/., as 
compared with 17,233,238/. for the previous twelve 
months. There is thus in round figures an increase 
of 1,800,000/. for the year, in spite of the fact that 
there has been an actual fall in the receipts from 
cars taxed on horse-power. With unimportant 
exceptions, the rate of motor vehicle taxation in 
Great Britain and Northern Ireland is the highest 
in the world, and the motoring interests have con- 
tended for some years that the magnitude of the 
total affords justification for an all-round decrease 
in taxation rates. The latest figure is likely to 
give rise to a renewal of this controversy, but if 
effect is given to the recommendations of the Royal 
Commission on Cross-River Traffic, any surplus 
will be utilised for improving the facilities for traffic 
over the Thames. The question assumes additional 
importance since the new system of taxation, coming 
into force with the new year, is likely to swell the 
gross revenue still further. Under this schedule the 
taxation of motor hackneys and goods vehicles in 
the heavier classes is very appreciably increased. 
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In the case of commercial goods vehicles, the 
schedule is based on unladen weight, and while no 
doubt the new basis of taxation will result in lighter 
vehicles, the immediate effect will be that the 
majority of vehicles at present on the road will be 
subject to increases in taxation varying from 51. 
for vehicles under two tons, to 301. for those exceed- 
ing 5 tons. The differences for hackney vehicles 
are even greater, a vehicle seating 56 or more persons 
being taxed at 120]. under the new system, against 
84/. in the Metropolitan Police Area, and 70/. in 
other districts. In this connection, it is interesting 
to note from the returns just published that the 
amount received from licences for commercial goods 
vehicles last year was 5,228,445/., and for motor 
hackneys 2,373,0741. The corresponding figures in 
the previous year were 4,697,020/. and 2,270,906I., 
respectively. The amount received from cars taxed 
on horse-power was 9,054,681/., against 9,437, 1681. 
in the previous year. This is the more striking in 
that the actual number of such vehicles on the roads 
has increased considerably between the two periods, 
and clearly indicates that the system of taxation 
on horse-power, which is to be retained for private 
cars, has largely eliminated cars with relatively 
high-powered engines. 


THE INspECTION OF Dams, EMBANKMENTS AND 
RESERVOIRS. 

The text of a short Bill to give the Govern- 
ment power to inspect dams, embankments and 
reservoirs has just been printed. The Bill is 
being introduced in the House of Commons by 
a number of members, including Sir Murdoch 
Macdonald. It is the outcome of the failure of the 
Dolgarrgg dam a yearago. The object of the Bill is 
to empower the Secretary of State for Home Affairs 
to inspect any dam, embankment or reservoir, 
whether completed or in course of construction, and 
to examine plans, specifications etc., in connection 
with the work. It further gives the Home Secretary 
the right to call upon the responsible parties to 
remedy any defects which develop during or after 
completion, the penalty for neglect to comply with 
such an order being one hundred pounds forevery day 
involved, and imprisonment for the second offence. 
It may be remembered that, at the time of the failure 
of the Dolgarrog dam,* we suggested that powers 
should be given to the Home Secretary which would 
cover such cases, much as railway accidents are now 
dealt with, but it will be seen that, in a more re- 
stricted sphere than we had in mind, the proposed 
Bill is rather more specific in character. 





THE INSTITUTION OF WATER 
ENGINEERS. 


THe thirty-first winter general meeting of the 
Institution of Water Engineers was held in the rooms 
of the Geological Society at Burlington House, W.1, 
on December 10 last. The chair was taken by the 
President of the Institution, Mr. L. Holme Lewis. 
Four papers were presented for discussion. 


WatER-SuppeLy FINANCE. 


A paper entitled “ Water-Supply Finance” was 
submitted by Mr. A. W. Kenyon. This contribution 
dealt primarily with those aspects of finance which are 
of mutual interest to engineers and financial officers, 
rather than those involving financial considerations 
only. A general financial policy was outlined, and 
suggestions were made for the elimination of waste 
and the limitation of expenditure. 


CENTRIFUGAL PUMPS. 


In presenting his paper on “ Recent Developments in 
the Design and Application of Centrifugal Pumps,” 
Mr. J. P. Hallam stated that the last 25 years had 
witnessed the change over, on a large scale, from the 
reciprocating to the rotary principle, as applied to 
prime movers and power-driven machinery. The slow- 
moving and massive reciprocating engines of former 
times had given place to the high-speed’and compact 
rotary machines of to-day. The design of pumping 
machinery had not escaped the effect of this change, 
and probably in no other field had it been so nearly 
complete. With the invention of the electric motor, 
the centrifugal pump came into its own and made 
rapid strides. The introduction of the steam turbine 
further assisted in its development. The efficiency 
of a bore-hole centrifugal pump varied from 50 per 





* See ENGINEERING, vol. cxx, p. 711. 


cent. to 70 per cent. Whilst it was admitted that this 


was not as high as that of a bucket or piston recipro- 
cating pump, taken from test figures when the plant 
was new, nevertheless the average overall efficiency, 
taken over long periods, might be actually higher, in 
the case of a centrifugal pump. This was due to the 
rapid wear and tear of the pistons and valves in the 
reciprocating pumps, owing to the unavoidable presence 
of small particles of grit in the water. 

The largest set of high-pressure centrifugal pumps 
running in this country was installed in connection with 
the Manchester Corporation Waterworks Hydraulic- 
Power Supply, at the Whitworth Street West pumping 
station. It had a capacity of 1,100 gallons per minute 
at a pressure of 1,120 Ib. per square inch (2,580 ft. 
head). The pump was divided into two sections, 
connected in series, Each section contained seven 
stages, and the speed of the pump was 1,475 r.p.m. 
During the past 10 years, centrifugal pumps for in- 
creasing pressure in existing mains, and termed booster 
pumps, had been used in various parts of this country. 
The great advantage of the centrifugal pump, when used 
as a booster, was that it took full advantage of the 
pressure already existing in the main and simply 
created the additional head required within the limits 
for which it was designed. On the Manchester Corpora- 
tion waterworks systems, six sets of these pumps were 
installed in three different districts in 1918. Each 
installation had a capacity of about 200 gallons per 
minute giving 120 ft. boosted head. The cost of each 
station, including two pumps and motors, switchgear, 
and land and buildings, was under 1,0007. The total 
running cost was about ld. per 1,000 gallons pumped 
and included charges on capital, wages, stores, and 
maintenance. 

In the case of boiler-feed pumps, the conditions 
involved a comparatively small volume against a 
high head. It was now common practice to instal 
centrifugal pumps for’ this duty and, without doubt, 
electrically-driven sets were more economical than 
turbine-driven sets. In a typical case of a supply to 
boilers of 20,000 gallons per hour, against 325 lb. per 
square inch pressure, a steam-turbine set would give 
approximately 50 lb. of water pumped per pound of 
steam used. On the other hand, an electrically-driven 
set would give approximately 180 lb. of water per 
pound of steam used in the main generating units, 
notwithstanding the losses involved in transmitting 
the necessary power from the main steam turbine to 
the pump motor. Speaking generally, the dominant 
factors in settling the kind of drive for centrifugal 
pumps were governed by questions of economy and 
availability. For very large quantities at a medium 
head, where large-diameter impellers could be used 
running at a relatively low speed in revolutions per 
minute, the modern Uniflow steam engine was a 
proposition deserving of careful consideration. The 
heavy fuel-oil engine also seemed to be wigning its 
way into favour. For lowand medium powers, up to 
500 h.p., where steam and electricity were not avail- 
able, it possessed economic features well worthy of 
note. The electric motor was undaubtedly the ideal 
form of drive from the point of view of adaptability, 
for it could be run at a speed which best suited the 
pump without introducing speed-increasing or decreas- 
ing gear. 


Repair OF THE BELMONT RESERVOIR AT BOLTon. 

A paper, presented by Mr. J. K. Swales, dealt with 
defects in certain of the old works of the Belmont 
reservoir of the Bolton Corporation, and the repair 
and reconstruction operations arising therefrom, 
executed during the period from 1923 to 1926. The 
Belmont reservoir, stated Mr. Swales, was originally 
constructed in 1827. The outlet was by means of a 
line of 15-in. cast-iron pipes laid in a trench excavated 
in the solid ground forming the original hill-side under 
the embankment. In 1843, however, the embank- 
ment was raised in order to permit the impounding of an 
additional 16-ft. depth of water. It was then decided 
to instal an outlet tunnel, shaft, and siphon pipe and 
to abandon the original outlet line of pipes. This 
old siphon pipe, although nearly corroded through, 
continued to operate until it was superseded by the 
present works. After the raising of the embankment 
in 1843, a slip occurred in its upstream side. On 
account of this it had become necessary to raise, from 
time to time, the puddle wall about the place of this 
slip and, immediately prior to the execution of the 
present works, there were unmistakable signs that the 
embankment at that place was not stable. 

It was decided that the first work to be executed 
was that of securing control of the water which 
entered the old line of cast-iron pipes forming the outlet 
to the reservoir, and built in 1843. When the water 
was lowered sufficiently, by pumping and other means, 
to allow access to the old valve shaft, the first opera- 
tion undertaken was to insert a new-sluice unit, which 
consisted of a single-faced gun-metal sluice door work- 





ing in gun-metal guides, to which could be bolted a 


larger or smaller cast-iron segment. After the fixing of 
the sluice unit, the next operation was to fix, within the 
shaft, the cast-iron tubbing. This did not prove a 
difficult matter. The upstream leg of the old siphon 
was removed and the new siphon pipe fixed by blank- 
flanging the ends and admitting to it just sufficient 
water to cause it not to float, and, then lowering it 
into position from barrel rafts. There were defects 
in the old outlet tunnel, and relining was decided.upon. 
This was accomplished by inserting a cast-iron seg- 
mental lining underneath the old rubble arch. For 
the purpose of ensuring the stcbility of the embank- 
ment, rubble stone was deposited to form an extended 
toe to that part of the embankment affected by the 
slip, and to act as weighting to the lower portion of 
the slip itself, which lower portion was spongy and 
showed signs of “‘ spewing.” In order that the re- 
servoir should be kept in service for the mainten- 
ance of compensation water supply, the rubble was 
deposited as nearly as practicable to its required location 
by dumping it through the water by means of a drop- 
bottom hopper portoon. 


An ARTESIAN BOREHOLE. 


A contribution entitled ‘‘ The History of an Artesian 
Borehole ’’ was read by Mr. E. J. Sileock, who stated 
that the utilisation of natural pressure in underground 
water was so rarely feasible that the description of a 
good example of this method of working might be of 
interest. Water was required for the supply of the 
village of Oswaldkirk in the North Riding of Yorkshire. 
It was decided to put down a borehole in the expectation 
that water under an artesian pressure would be found 
in the Kellaways rock after piercing, in succession, 
rocks of the Corallian series and the Oxford clay. This 
expectation was based upon the consideration of the 
physical structure of the areas and the abnormal 
relations of the members of the middle-oolite series of 
the district. The immediate result was entirely satis- 
factory ; the waters rose in the bore tube to ground 
level, with excellent pressure, and at a yield of about 
200,000 gallons a day. The static pressure, with the 
valves closed, was 40 lb. per square inch. The supply 
continued to be satisfactory from 1913, when the work 
was finished, until March, 1916, when the pressure began 
to decline and water failed to reach the surface of the 
ground. It was concluded that the great pressure had 
opened a passage behind the lining tubes whereby the 
water escaped into the Corallian rock. After full con- 
sideration the old borehole was abandoned and a new 
one put down some distance away, through the plane of 
the great fault. The advantage to be sought was that 
the whole depth bored down to the Kellaways sandstone 
would beinclaysand shales. A bore, 12in. in diameter, 
was put down to a total depth of 200 ft. ; this was lined 
with 10-in. tubes and the annular space outside the 
tubes filled with cement grout. Boring, 9 in. in 
diameter, was then continued, and, at 230 ft., water was 
tapped and overflowed at the surface. Boring at this 
diameter was continued to a total depth of 249 ft. A 
tube, 6 in. in externai diameter, was then passed down 
the bore, the bottom 20 ft. being perforated. Attached 
to the tube, at a point about 190 ft. below ground level, 
was a leather bag filled with dry grain, which could just 
pass down the 10-in. tubes. When the grain had had 
time to swell, it formed a temporary watertight joint 
between the 6-in. and the 10-in. tube. Cement grout 
was now carried down the annular space until the whole 
ring was solidly grouted up, making a watertight joint 
between the 6-in. tubes and the foundation 10-in. tubes. 
The artesian pressure was now safely confined, and, by 
fixing a valve at the top of the 6-in. bore tube, was 
under complete control. The new borehole had proved 
a success in every way. 








ELECTRICAL DEVELOPMENTS IN 
NEW ZEALAND. 


Tue British Empire forms a potential market of 
immeasurable extent for engineering material, and 
it is to this market that our manufacturing firms 
may reasonably look for much.of the extension of 
their operations which the financial and _ social 
conditions of the country demand. Especially at the 
present stage, electrical engineering material is likely 
to form an important part of the demand, and it is 
matter for much satisfaction that our engineering 
firms have already taken such a strong position in 
this field. The electrical developments in many 
parts of the Empire are now being carried out 
entirely, or almost entirely, with apparatus and 
plant manufactured in this country, and the tendency 
certainly is for our position in this sphere to become 
progressively stronger. An interesting example of 
an important development, involving machinery and 
apparatus of a type which comparatively few years 
ago could not have been manufactured in this country, 
but which is now being supplied by British manu- 
facturers, is furnished by the hydro-electric develop- 
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ment scheme for North Island, New Zealand, which | 
is now being carried out by the New Zealand Govern- 
ment, 

This island is favourably situated in the matter | 
of water power, and the extent to which advantage | 
is being taken of this is illustrated in the accompanying 
map, Fig. 1. The scheme provides for three main 
water-power stations interlinked by 110,000-volt 
transmission lines, to which existing steam and small 
water-power stations are also connected. From 
numerous sub-stations on the main system, branch | 
lines at 11,000 volts convey power to local distributing | 
centres. The three main hydro-electric stations are | 
situated, respectively, on the Mangahao River in the 
south, at the Arapuni Rapids in the north of the 
island, and near Lake Waikaremoana. 

The Mangahao River station, the earliest of the 
three to be undertaken, is already in full operation, | 
and a view of the interior is given in the accompanying | 
Fig. 2. The station has a total capacity of 24,000 kv.-a., 
and is equipped with five waterwheel alternators 
supplied by the Metropolitan-Vickers Electrical Com- | 
pany, Limited, of Trafford Park, Manchester. Some 
12,000 kv.-a. of the output of this station is trans- | 
mitted to the City of Wellington through a large 
outdoor 110,000-volt sub-station at Khandallah. A 
yeneral view of this sub-station, which includes a | 
considerable number of units of Metropolitan-Vickers | 
outdoor switchgear, is given in Fig. 3. Metropolitan- | 
Vickers transformers and switchgear are also installed | 
at the outdoor sub-stations at Dannevirke and Bunny- | 
thorpe on the Mangahao section. 

At the Arapuni station, which is under construction, | 
it is estimated that a total capacity of 160,000 h.p. 
will ultimately be installed. The power is being 
obtained by diverting the Waikato River from the | 
Arapuni Gorge into its old river bed, The contract 
for the first equipments for this station were obtained 
by Messrs. Sir W. G. Armstrong, Whitworth and Co., 
Limited, of Westminster. It is expected that the | 
first sets will be in operation by the end of next year. | 
The greater part of the output from this station | 
will be taken by the City of Auckland, but a con- | 
siderable amount of energy will be required for some | 
nearer towns, and for farming and dairy work in the | 
Waikato country. 

The new station near Lake Waikaremoana will form 
the first of a group of stations which, it is expected, 
will have a total capacity of 150 000 kv.-a. Contracts | 
have just been placed for this first station, consisting | 
of two 20,000 kv.-a. Metropolitan-Vickers alternators | 
driven by water turbines to be supplied by Messrs. 
Sir W. G. Armstrong, Whitworth & Co. The Metro- | 
politan-Vickers Company is also supplying two banks 
of transformers, for stepping up from 11,000 volts | 
to 110,000 volts for transmission, and four large 
synchronous condensers, including one machine of 
10,000 kv.-a. capacity, for voltage regulation and | 
power-factor correction at sub-stations. The two} 


| 
| 


main sets will be arranged horizontally and will run | 
at 428-6 r.p.m. under a new head of 631 ft. to 645 ft. | 
The supply will be taken from Kaitawa Lake, which 
is fed by the Waikaretahete River. 


The turbines 
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will be of the Francis reaction type, overhung on | switchgear. Two machines, each of 1,500 kv.-a. 
the alternator shafts, and with the thrust bearing | capacity and running at 1,000 r.p.m., equipped with 
incorporated in the alternator bearing. The alternators | fully automatic starting gear, will be placed in the 
will be 14 pole machines, 16 ft. 6 in, in diameter, | Dannevirke and Bunnythorpe sub-stations, while 
and weighing 130 tons, of which total the rotor| another similar machine will be installed in the 
weight will be 68 tons. The machines will generate | Waikino sub-station on the Arapuni section. Synchro- 
at 11,000 volts, and will have an overload capacity | nous condensers, up to 6,000 kv.-a. capacity, have 
of 25 per cent. The output of the alternators will | already been supplied by the Metropolitan-Vickers 
be stepped up to 110,000 volts by two three-phase |Company to the New Zealand Government for similar 
banks of transformers, each bank consisting of three | service in the South Island. 
6,667 kv.-a. single-phase shell-type units, water cooled| Of the projected 110,000-volt transmission line, 
and arranged for outdoor service. The equipment will | 185 miles in length, between Waikaremoana and 
include oil-conservators and air-breathers, while | Khandallah, via Masterton, the portion between 
thermometers and alarm devices will be fitted to | Napier and Masterton, a distance of over 100 miles, 
indicate the oil temperature, and to draw attention to|is already constructed. Of the present programme 
any failure in the cooling-water supply. drawn up by the Public Works Department, it is 
The scheme of interconnection of power stations | expected that the remaining sections of the line and 
includes provision for power transmission fromthe construetion of the first Waikaremoana power 
the Arapuni and Waikaremoana stations to the | station will be completed and in operation by June, 
southern part of the system, to supplement the | 1929. It is also expected that the scheme of trans- 
limited supply available from the Mangahao generating | mission to supplement the Mangahao supply will be 
station. Such transmission involves special arrange- | ready at the same time. 
ments for voltage regulation and power-factor correc- | 
tion, and it is for this work that the synchronous | 
condensers, already mentioned, are to be installed. | 
The 10,000 kv.-a. machine is for the Khandallah | ogpital of Kiang-su province, China. All the equipment 
sub-station. It is designed for operation at 750 r.p.m., | at the station is of Chinese make, with the exception 
and will be supplied with semi-automatic starting | of the generator which has been imported from America. 





Wrretess Station at Nanxine.—A wireless station 
has just been completed at Pehchikoh, Nanking, the 
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ROYAL METEOROLOGICAL SOCIETY. | 


THE usual monthly meeting of the Royal Meteoro- 
logical Society was held on Wednesday, the 15th inst., 
in the Society’s Rooms, 49, Cromwell-road, South 
Kensington, Sir Gilbert Walker, F.R.S., President, 
being in the Chair. The following papers were read 
and discussed :—‘‘ Some Meteorological Observations 
made at Sea,” by Mr. N. K, Johnson. This paper gave 
a brief account of some meteorological readings which 
were taken over a period of 24 hours on a ship steaming 
eastwards in the Mediterranean Sea. “The observations 
included measurements of wind velocity and direction, 
air temperature and humidity, sea temperature and the 
vertical distribution of temperature in the air up to a 
height of 22 m. The last quantity was measured by 
means of a specially designed apparatus, and precau- 
tions were taken to determine all the other quantities 
as accurately as possible. The observations were 
made on May 12-13, 1926, and the sky was practically 
clear throughout the 24 hours, The readings of air 
temperature showed a diurnal variation of 1-9 deg. F. 
There were also indications of a small diurnal variation 
in the sea temperature. The vertical temperature 
gradient between heights of 5 m, and 22 m. was found 
to possess the dry adiabatic value throughout the 
day, but exceeded this value during the night. This 
result, which was exactly the reverse of what occurs on 
land, was discussed, and reasoning was given to show 
that it probably represented the normal occurrence at 
sea. 

“Some Measurements of Temperature near the 








Surface in various kinds of Soil,” by Messrs. N. K. 
Johnson and E, L. Davies. This paper contained an | 


account of a series of measurements made throughout | 
the year 1925 of the maximum and minimum tempera- | 
tures recorded below the surface of six kinds of “ soil.” | 


It was found that in summer the maximum soil 
temperatures were considerably in excess of the 
maximum air temperatures recorded in a Stevenson 
screen, This excess was 37 deg. F. in the case of 
tarmac, and 14 deg. F. in the case of grass-covered soil. 
In mid-winter the soil maxima were all practically 
equal to the screen maximum, The minimum tempera- 
tures recorded in the “ soils ’”’ agreed closely throughout 
the year with the minimum air temperature in the 
screen, The only exception was in the case of the 
grass-covered soil, in which the minimum averaged 
about 5 deg. F. higher than the air minimum. A pair 
of recording thermometer bulbs, buried in undisturbed 
chalky soil, enabled the conductivity of the soil to be 
calculated, firstly from the decrease with depth of the 
diurnal temperature wave, and secondly, from its change 
of phase with depth. The values deduced by the two 
methods were in good agreement. By employing this 
value it then became possible to extrapolate the 
temperature observations up to the actual surface of 
the soil. In this way it was found that the average 
summer maximum for the surface of tarmac was about 
115 deg. F., and for earth and sand about 100 deg. F. 
The extreme maxima for these “ soils ’’ were calculated 
as about 140 deg. F. and 130 deg. F., respectively. It 
was also concluded that in the tropics dn extreme 
maximum surface temperature for ordinary soils might 
he estimated as about 180 deg. F. 

“* Investigation on the behaviour of Hair Hygrometers.”’ 
By Mr. A. N. Puri. In this paper a study was made of 
four types of hair hygrometers, in which the total load 
on the hairs consisted of a weight. These were taken 
through a series -of humidity changes controlled by 
sulphuric-acid. water mixtures. It was shown that, 
when the hair was loaded with a weight of two grams, 
or more, it underwent a slow extension which continued 
over a period of several weeks, Hair under a smaller 
load showed no such effect, and the readings at various 
humidities could be reproduced with sufficient accuracy 
to measure humidity within two per cent. Alterations 
in the length of the hair due to changes in humidity 
showed a hysteresis effect which was apparently in the 
reverse direction from that when measurements were 
taken in terms of change in weight. 














YEAR BOOKS AND ANNUALS. 

Whitaker’s Almanack, 1927.—Established in 1868, 
Whitaker has become a national institution, and the 
secret of its success lies in the fact that it renders 
easily accessible an enormous amount of information 
upon a wide variety of subjects. The new volume for 
1927, to which the name “‘ The Complete Whitaker ” 
has been given, has been almost entirely rearranged, | 
and the contents redistributed. The usual statistics, 
lists, and general miscellaneous data are given; these 
include the results af the 1926 census of Northern 
Treland, the Irish Free State, the Commonwealth of 
Australia, the Dominion of New Zealand, and the 
Union of South Africa, Among other items of general 
interest, the book contains an article concerning New 
Zealand, contributed by the Prime Minister of that 
Dominion. Questions of the day are dealt with in 
57 short. articles, and these are followed by annual 
summaries of events, notable deaths, wills, meteorology 
for the year, and sections devoted to such subjects 
as science and invention, art, music, and sport. A 
diary of events scheduled to take place during the 
coming year is also included. A new item of interest 
is that which gives details of the meteorological condi- 
tions in the harvest and holiday months for the past 
51 years. The price of the complete edition is 6s. net. 
The “ Abridged Whitaker” is a new departure, replac- 
ing the former, paper-covered, 3s, popular edition, 
which consisted of the first part of the larger edition 
without changes of setting. The new book, which is 
priced at 1s, 6d. net, is an abridgement of the whole 
of the complete edition. The publishing offices of 
Whitaker’s almanacks are at 12, Warwick-lane, 
London, E.C.4. 





The China Year Book, 1926-7.—The past year has 
been the most: critical through which China has passed 
since the Boxer outbreak of 1900, and recent events 
in the Far East are giving rise to grave anxiety in 
Europe. The disturbances taking place in China at 
the present time, however, are of such a complex 
nature that the average English-speaking citizen finds 
the whole Eastern question a most bewildering one. 
The 1926 edition of the ‘“‘ China Year Book,” which 
contains much information on the present situation in 
China, the events leading up to it, and the future 
outlook, is therefore certain to receive a good reception 
at the hands of all responsible persons. Edited by Mr. 
H. G. W. Woodhead, C.B.E, editor of the Peking and 
Tientsin Times, and printed and published in China 
by the Tientsin Press Limited, the book comprises 
32 chapters and over 1,300 pages. The people, 
language, trade, manufactures and commerce of China, 
the various government departments of the country, 
and its railways, harbours and shipping, are all exhaus- 
tively dealt with, and the book is completed by an 
admirable ‘“‘ Who’s Who ”’ of Chinese notable persons. 
The volume contains a large number of statistical 
tables; it is not, however, illustrated. Perhaps the 
only criticism which can be levelled against the book 
is that it contains only one map (depicting the railways 
of Manchuria). A large folding map of China, or 
several smaller, sectional maps, would, we feel sure, 
have further enhanced the undoubted value of the 
work. The sole agents for the volume in Great 
Britain and Europe are Messrs. Simpkin, Marshall, 
Hamilton, Kent and Co., Limited, 4, Stationers’ Hall- 
court, London, E.C.4., and the price is 42s, net. | 








Roneo Indexed Diary, 1927.—We have received from 
Messrs. Roneo, Limited, 5-11, Holborn, London, E.C.1, 
a copy of their indexed desk diary for 1927. Strong 
celluloid tabs enable the user to turn up any month 
quickly, and any day in the month may be found by 
means of a thumb index. The whole process of turn- 
ing up any particular date occupies about two seconds. 
The book is strongly bound and measures 9} by 64 in. 
Its price is 7s. 6d. net. 





The ‘* Practical Engineer” Electrical Pocket Book 
and Diary, 1927.—With the current edition, which 





CHART FOR Pump Catcunations.—We have received 
from Messrs. Hathorn, Davey and Co., Limited, Sun | 
Foundry, Dewsbury-road, Leeds, a copy of a useful chart | 
they are now distributing to facilitate pump calculations. | 
In the case of reciprocating pumps, the chart shows at a 
glance, for any delivery, head and speed, the ram diameter | 
and stroke, the water horse-power, the brake horse-power | 


has just appeared, this publication reaches its twenty- 
eighth year of issue, a fact which suggests that its 
editor, Mr. Conrad Arnold, A.M.I.E.E., must have | 
accurately gauged the needs of the users, although in | 
this he has doubtless been assisted by readers’ sugyes- | 
tions, which are still welcomed and are carefully 
considered. In general, the matter, although brought | 
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of the pocket-book are a buyers’ guide, dictionaries of 
technical terms in the French, Spanish and Russian 
languages, and a diary having spaces for one week on 
each page. The book is published by Mr. Humphrey 
Milford, Oxford University Press (Technical Depart- 
ment), Falcon-square, London, E.C, 4, and its price is 
2s. 6d., in cloth binding, and 3s. net in Pluvinsine 
binding. ° 








“The Mechanical World Year Book.—It is probable 
that the undoubted popularity of the ‘‘ Mechanical 
World Year Book” is due in no small measure to no 
pains being spared to keep it up to date. Not only 
are the standard articles revised in conformity with 
the latest available information, but new sections are 
constantly being added as the need arises. In the 
edition for 1927, for example, a new section has been 
included dealing with rails and wheels, and another 
dealing with belt conveyors. As regards the revisions, 
the article dealing with air pumps has been extended, 
the section on toothed gearing has been rewritten, and 
tables have been added in the appropriate places giving 
the dimensions of vertical boilers, cutting speeds, and 
details of extra-heavy steam piping. The new section 
on rails and wheels gives particulars of the rails, 
sleepers, chairs and fishplates in the cases of flat- 
bottom, bull-head, and bridge-type rails; much of 
the information being based on the publications 
of the British Engineering Standards Association. 
The chapter on belt-conveyors covers such points as 
the most economical running speed, capacity, life, and 
forms of drive. Useful information is also given on 
details of construction, such as the correct number of 
pulleys in idler sets, the spacing of idlers, the employ- 
ment of trippers, and so on. There are two small 
criticisms of the year book which we have made in 
former years, and which are still pertinent, The 
logarithmic tables are somewhat difficult to read, and 
it is not too easy to find the index, which commences 
on page 107. If the index could not conveniently be 
placed before the advertisements, it would greatly 
facilitate. reference being made to it if the admirable 
plan adopted by The Autocar for its advertisement 
index were adopted. This consists simply in printing 
a black edge on the page in question,’ which enables 
it to be located without the slightest difficulty. With 
these small exceptions, we have nothing but praise for 
the book, which is now in its fortieth year of publication. 
The publishers are Messrs. Emmott & Co., Ltd., of 
65, King-street, Manchester, and the price is 1s. 6d. net. 





Almanacs and Calendars.—We have received monthly 
tear-off calendars from The Associated Machine Tool 
Makers, Limited, 17, Grosvenor-gardens, London, S.W.1 ; 
Messrs. Alfred Herbert, Limited, Coventry; Messrs. 
Evershed and Vignoles, Limited, Acton-lane Works, 
Chiswick, London, W.4; Messrs. Marshall, Sons and 
Co., Limited, Gainsborough; Messrs. British Brown- 
Boveri Limited, Trafalgar House, Waterloo-place, 
London, S.W.1; The Brown Hoisting Machinery 
Company, Cleveland, Ohio, U.S.A.; and Messrs. 
C. A. Parsons and Co., Limited. Heaton Works, 
Newcastle-on-Tyne. Illustrations, depicting early 
engines, which indicate the growth of motive-power 
engineering through the centuries, are given on each 
leaf of the last-mentioned calendar. We have also 
received a daily tear-off calendar from The Hoffmann 
Manufacturing Company, Limited, Chelmsford, Essex, 
a fortnightly tear-off calendar from Messrs. A. Borsig, 
G.m.b.H., Berlin-Tegel, Germany, and weekly tear-off 
calendars from Tae Superheater Company, Limited, 
195, Strand, London, W.C.2, and Messrs. Allen Everitt 
and Sons, Limited, Kingston Metal Works, Smethwick, 
near Birmingham. 


Diaries and Pocket Books.—A diary bound in a hand- 
some leather case has reached us from Messrs, the 
Staveley Coal and Iron Company, Limited, near 
Chesterfield. Tables of data relating to cast-iron pipes, 
and other information useful to engineers, are included.— 
Messrs. E. Brook, Limited, Empress Works, Hudders- 
field have sent us a neat little leather-bound diary. 
Amongst other information, tables giving the outputs, 
speeds, and ratings of single-, two-, and three-phase 
motors, in sizes from 1 to 75 h.p., are included. 





Tue INstrruTION oF MECHANICAL ENGINEERS.—The 
ouncil of the Institution of Mechanical Engineers has 


for any assumed efficiency, and, in the case of a steam- | 


: Yess bet i ag aa at i, | #warded prizes to three of the authors of papers read 
driven pump, shows the diameter of the low-pressure | UP t© date wherever necessary, is similar to that in P PoP 


| before the graduates’ sections of the Institution during 





cylinder for a direct-coupled engine. For centrifugal 
umps, the chart gives the water horse-power, brake 
orse-power and diameter of pump branches assuming a 
water speed of 600 ft. per minute. The chart, which 
measures about 4 in. by 7 in., is pasted in a folder covered 
with imitation leather and bearing the title ‘‘ Magna 
Carta Hydraulica.”” We understand that lithographed 
copies of the chart on a larger scale, so that more accurate 
i can be obtained, will be supplied by the firm on 
request. 





| mining industry at the present time. 


previous editions, including tables of data and full 
information on electrical instruments, measurements, 
wiring, machinery, batteries, switchgear, traction, 
telephones, and many other branches of the electrical 
industry, which are dealt with in 32 separate sections, 
The section on mining has, however, been re-written 
by Mr. R. M. Chalmers, of the Wigan Mining College, a 
circumstance of interest in view of the position of the 





Other features 


the session 1925-26. These comprise a prize of the 
value of 5/. to Mr. J. P. Walters, B.Sc., Tech. (Student), 
for his paper “The Mechanical Equipment of Modern 
Electric Lifts,” an abstract of which will be published 
in the Institution Proceedings; a prize of the value of 
4l. to Mr. G. Lyon, M.Sc. (Student) for his paper, ‘* An 
Analysis of Tests on a High-Speed Petrot gine ”’ ; 
and a prize to the value of 3/. to Mr. F. C. Johansen, 
B.Sc. (Eng.), (Graduate), for his paper, “‘Some Factors 
Affecting the Speed of Passenger Trains.” 
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CORROSION OF SHIP PLATES 
AND RIVETS. * 
By W. Bennett, B.Sc. 


Srncg the introduction of iron, over a century ago, 
as a material for shipbuilding, and its later development 
in the form of steel, the subject of corrosion has become 
of increasing importance. The ever-increasing modern 
demand for steel, both for shipbuilding and all kinds 
of engineering structures, warrants careful consideration 
as to its preservation. A conservative estimate of the 
depreciation in the value of steel ships, due to simple 
corrosion is probably from 14 per cent. to 24 per cent. 
per annum. While this wastage may be considered as 
a natural process which cannot be absolutely stopped, 
it is the business of the shipbuilder and engineer to use 
such means as will retard the phenomenon as much as 
possible. That the subject is regarded as of first-rate 
importance, may be adduced from the amount of money 
and time now spent by manufacturers and other 
technical bodies in research work along this line. 

Some Recent Examples of Corrosion on Shell Rivet 
Points,—Many vessels have lately been dry docked and 
repairs made to the under-water riveting (not including 
ordinary cases of damage repairs), due in some cases to 
slack rivets, and in others to corroded rivet points. 
This condition has been specially noticeable in some oil 
tankers in the coastwise service, although it has also 
been found in some freighters and in a few transatlantic 
oil tankers. The condition does not seem to be con- 
fined to vessels built in the same locality, nor at the 
same time, although most of the worst cases seem to 
have been built towards the end of the war period. In 
order to depict the conditions found, the cases indi- 
cated below may be cited. 

An oil tanker of about 10,000 gross tons, built in 
1918, came into dry dock in 1925. Approximately 
113,000 rivets (steel) were cut out and renewed, and, 
in addition, about 2,000 were re-caulked. The vessel 
had been dry docked nine months previously. Several 
shell plates were renewed on account of wasted butts 
and seams. ‘The vessel had been trading to shoal water 
ports, and it was stated that she had not “been dry- 
docked for cleaning and recoating for more than a year 
after the completion of her construction. A freighter 
of about 6,000 gross tons, built in 1920, came into dry 
dock in 1925. Approximately 108,000 rivets were 
renewed in the landing edges of the keel plates, in the 
bottom plating generally, on the sides from upper bilge 
to ‘“‘H” strake, and higher than this, in way of the 
oil fuel tanks. Nearly all of these rivets were renewed 
on account of general wastage and corrosion. One 
year had elapsed since the previous dry-docking. 
The bottom appeared bare of paint, and slight pitting 
was observed generally over the bottom and sides. It 
was stated that she had not been dry-docked for recoat- 
ing of the bottom for a period of eighteen months after 
she was built. A freighter of about 1,300 gross tons, 
built in 1907, went into dry dock in 1925, when approxi- 
mately 8,500 rivets were re-driven in certain plates of 
the kee] and bottom strakes, which had been renewed 
only nine months previously, due to wastage and 
corrosion. This vessel had been trading between 
New York and the West Indies. An oi] tanker of 
about 4,000 gross tons, built in 1912, went into dry dock 
in 1923 for repairs due to heavy weather. About 
1,300 leaky and started rivets in the shell were renewed, 
and 1,100 caulked. In addition, about 12,000 more 
were renewed due to wastage and corrosion of the 
points. A self-propelled oil barge of about 1,300 gross 
tons, built in 1921, was dry docked in 1923. Approxi- 
mately 7,000 rivets were renewed on account of general 
wastage and corrosion, and these were found principally 
on the flat of the bottom in the after body. 

These examples will serve as typical of many more 
which could be mentioned, and will show the nature of 
the trouble. In citing these cases it is not the inten- 
tion to alarm shipowners and others unnecessarily, with 
prospects of big repair bills, but by inviting criticism 
we may be enabled to know along what lines others 
view this very unsatisfactory condition which has 
recently developed, and possibly help in suggesting a 
prevention, if not a cure. On the other hand, it is 
hoped that this contribution will at least help to 
emphasise the need for a more careful selection of 
materials, efficient inspection jand workmanship 
during construction, and the exercise of reasonable care 
in the vessel’s subsequent upkee> and repair. 

Although oil tankers seem ‘to suffer more than 
freighters, and while some of the bottom rivets have 
been renewed owing to slackness (which might have 
been occasioned by heavy weather, overloading, or 
severe stresses under certain conditions of loading or 
ballasting), the majority of the renewals have been 
occasioned by wastage and corrosion of the rivet- 
points. 





* Paper read at the Meeting of the Society of Naval 
Architects and Marine Engineers, New York, November 
1l and 12, 1926. Abridged. 
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Many of these rivet points, on being cleaned off, 
showed the rivets wasted to } in. below the surface 
of the plating, and as much as } in. has been found 
in some cases. The point of the rivet on close exami- 
nation has shown a honeycomb appearance (see Fig. 1). 
In some cases the tip of a knife-blade could be inserted 
all round the rivet-point. It should be noted that 
in practically all the cases quoted the affected rivets 
were of steel. Fig. 2 shows a typically corroded 
iron rivet taken from the bottom of a vessel trading 
to Gulf ports. The difference between the kind of 
corrosion found on the points of steel and iron rivets 
will be observed by comparing Figs. 1 and 2. In 
some of the cases of corroded rivet points given 
above, it has been found that the heads were also 








works, fertilising plants, oil plants, &c., has been 
blamed. It is a common custom to allow sewage to 
drain into canals and rivers, and it is thought by some 
that this practice may increase the corrosive effect on 
the shell of any steel vessels lying in the vicinity. The 
long period that sometimes elapses between dry- 
dockings has also been blamed ; as also insufficient time 
in dry-dock for adequate cleaning and re-coating ; 
not to mention the insufficient amount of paint applied, 
and the inefficient methods of applying this. There is 
no doubt that this very essential operation is given 
neither the time nor attention which it deserves. It 
frequently amounts to a daub of anti-corrosive followed 





affected. In some cases the heads have been found 














Fic. 1. Corroprep Stern. Rivet Point. 





Fie. 2. CorropEep Iron Rivet Pornt. 
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to be entirely gone, while in others they have been 
partly wasted. 

In seeking an explanation as to the cause or causes 
that would account for the foregoing rather serious 
condition, the difficulty of providing a satisfactory 
explanation becomes apparent. Various suggestions 
have been advanced, such as the rubbing of the vessel’s 
shell on the bottom of a canal or shallow river at 
certain of the shoal-water ports, causing mud to lodge 
at seams, butts, and rivet-points. Vessels trading in 
deep waters continuously are not affected so extensively, 
and corrosion is not so severe. So severe is the 
scoring action in certain cases that some of the bottom 
plates have had to be renewed. In one particular 
case the keel and adjacent strakes were renewed for 
practically the whole length of the ship. These had 
iron rivets, but none were found scored or corroded 
below the level of the plate. The chemical action 
due to impurities, such as those coming from chemical 





closely by a daub of anti-fouling, and before the last 
stroke of the brush is made and before the paint is 
thoroughly dry, the vessel is out of dry-dock. The 
ship’s electrical equipment and wireless outfit have 
sometimes come under investigation. 

Statements have been made that the rivets have 
been overheated, and that the pneumatic hammer, if 
not carefully used, has a damaging effect on the point 
of a rivet, particularly a steel rivet. Practically all 
ship riveting in this country is by pneumatic tools, 
and it is contended by some that the stroke is too 
short to stave up the rivet properly. The result is 
that the point is battered up, but the body of the 
rivet is not staved. Although the rivet may ring’ 
true to the testing hammer, the bearing surface is 
small; consequently, when any stress comes on the 
rivet it has a tendency to “ work.” That the use of 
the pneumatic hammer may have some bearing may 
be concluded from the cases of corroded rivets found in 
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rudder arms. If these are riveted by a hydraulic 
machine, corrosion of rivet points does not seem to 
be nearly so rapid as when the rivets are air-hammered. 
The trouble has also been attributed to the difference 
in temperature between heated oil in tanks and the 
cold sea water outside. The oil is heated to as high 
as 135 deg. F., so that, in winter, there is a possible 
difference between interior and exterior temperatures 
of about 100 deg. F. 

The frequent overloading of tankers has also been 
mentioned as a possible cause, due to which, it is 
stated, there is a slight straining action on the rivet- 
point on account of the excessive sagging stresses 
increasing the tendency to corrosion on the rivet points. 
As against this theory, however, it may be stated that 
very much worse stresses can be set up due to a badly 





Fie. 12. Sponeay Steet Rivet Port. 
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ballasted condition, which is not at all uncommon. 
It should be noted that the rivets affected were 
scattered evenly over seams, butts and longitudinals, 
although in way of the bulkheads the trouble has been 
found to be slightly accentuated. The proportion of 
rivets renewed at such times due to slackness to 
those renewed on account of wastage and corrosion 
is small. No appreciable alteration in the size or 
shape of the rivet-holes has so far been discernible, 
nor has there been any visible sign of shear or deforma- 
tion in any of the backed-out rivets which have been 
examined. 

Influence of Copper Content on Steel.—Public atten- 
tion was recently directed to the influence of copper 
on steel plates by Dr. G. B. Waterhouse, as the result 
of some tests, which he made on samples taken from 
the bottom shell of the Leviathan. It seems that 
when the ship was at Liverpool, five years prior to 
being drydocked at Boston, a skeg of British steel 
was riveted to the bottom shell to carry the rigging 
for the paravane or otter gear—a mine-sweeping device. 
In contradistinction to the plates of the hull, this skeg 
was found to have been badly corroded, having been 
under water for five years. An investigation was 
made of the chemical composition of the British 
and German steels, and the implication from the 
results of the investigation was that the latter resisted 
corrosion in sea water, due to the presence of a compara- 
tively high percentage of copper. From the analysis 
given, the German steel showed an average of 0-15 
per cent. copper, while the English steel showed only 
0-099. Whether the copper content in the shell 
plates of the Leviathan tended to render them anti- 
corrosive in the presence of sea water is still without 
practical corroboration. In a recent communication 
the writer had with Dr. Waterhouse, he stated that 














some further experimental work had been done on 
the Leviathan’s shell plates, and while this confirmed 
the earlier results, the resistance of the vessel’s plates 
to corrosion seemed to have been chiefly due to the 
very marked banded* structure, and not so much to 
the presence of copper. Much has been written 
recently on the influence of copper on the anti- 
corrosive tendency of steel, but very little, so far, of 
practical importance to the shipbuilder. It should 
be borne in mind in discussing this subject that it is 
necessary to differentiate specifically whether we have 
reference to (a) simple atmospheric corrosion, (6) 
simple immersed corrosion, or (c) compound immersed 
corrosion. By the term ‘“‘ compound” is meant the 
association of different metals, or of two similar metals 
of different composition. 

There seems to be ground for the belief that a copper 
content in steel for structural or railroad purposes 
(where the steel is exposed only to atmospheric corro- 
sion) prevents or retards the tendency to corrosion. 
Railroad companies have been specifying for some 
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extent associated. Nine sets of plates have been 
riveted, three sets being low copper steel, three sets 
being high copper steel, and three sets being high 
silicon steel. Each of these sets was riveted together 
with rivets of the following qualities: One row of low 
copper steel rivets, one row of high copper steel rivets, 
one row of puddled iron rivets, and one row of ordinary 
ship quality rivets. Three sets of the above plates 
(i.e., one low copper, one high copper, and one high 
silicon) have been immersed at Portsmouth, N. H., 
Key West, Fla., and Port Arthur, Tex. They have 
been immersed in positions below the lowest tide, 
to prevent excessive wave action. It is hoped to 
have some very interesting results, from these and 
other tests which are under way, at an early date. It 
should be noted, in connection with the above-mentioned 
A.S.T.M. tests, that in using the terms “ copper- 
bearing” and ‘non-copper-bearing” steels, by 
‘* copper-bearing ’’ the A.S.T.M. Sub-Committee mean 
0-15 per cent. copper content or over, and by “ non- 
copper- bearing ’’ is meant less than 0-15 copper content. 
In the writer’s opinion, the line of demarcation might 
more reasonably have been placed at 0-05 per cent. 
Application of Electrolytic Theory.—By means of this 
theory it is possible to explain many cases of corrosion 


-which are frequently found in ships’ structures. For 


example, a corroded shell in way of brenze propeller 
blades, due to the former being electro-positive to 
the latter; or the pitting of shell plates, produced 
by local electrolysis, due to irregularities in composi- 
tion, rolling, etc. Theoretically, a homogeneous plate, 
chemically and physically, would not be affected in 
this way. Plates for shipbuilding purposes are, how- 
ever, usually heterogeneous both chemically and 
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years back, and during the war period, a certain 
copper content in the steel for their rails, cars, pipe- 
lines, tanks, &c., to prevent atmospheric corrosion. 
On investigation it will be found that the presence of 
copper in almost all kinds of steel plates now manu- 
factured is very general. There is a slowly increasing 
demand for steel with a copper content up to 0-30 
per cent., especially for sheets and railroad equipment 
such as tie plates and spikes. This means that more 
and more scrap containing copper is being returned 
or used in the open-hearth furnaces. In the process of 
manufacture this copper is not eliminated, but remains 
in the finished steel, and it is therefore practically im- 
possible to get steel, nowadays, free from copper. Tests 
carried out by the American Society for Testing 
Materials clearly indicate, however, that a copper 
content in the material does not appear to be a factor 
of importance in producing rust-resisting qualities in 
steel or iron submerged in running water. When we 
turn to a consideration of the corrosion caused by two 
different metals or two similar metals of different 
compositions, immersed in contact in sea water (either 
actual or synthetic), we find that we have an entirely 
different problem to solve. Experiments are now 
being made, some of which have been commenced 
by the Sub-Committee on Immersion Tests of Com- 
mittee A-5, of the American Society for Testing 
Materials, with which the writer has been to some 
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* Professor Waterhouse explained this term in greater 
detail by stating that by ‘‘ banded structure ” is meant 
the presence of prominent planes or bands of low carbon 
material (ferrite), which showed plainly in the micro- 
structure of the Leviathan’s steel plates, and as is notice- 
able in some cases of low-carbon steels. (See ‘‘On Ghost 
Lines and the Branded Structure,” by J. H. Whiteley, 
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physically, due to imperfections in process of manu- 
facture, shearing, punching, cold flanging, reaming, etc. 
It can be demonstrated that the stressed portions of 
plates are more prone to corrosion than the unstressed 
portions, due to the former being electro-positive to 
the latter. Floor plates are sometimes found eroded 
at the round of the flange long before the remainder. 
Burgess* has described some interesting experiments, 
which showed that there is a tendency for a heated 
specimen to become electro-positive, as compared with 
a cooler portion of the material, when immersed in the 
same solution. In this connection, it might be noted 
how frequently, in cold weather, the oil cargo in oil 
tankers is heated to 130 deg. or 135 deg. F., whereas 
the sea water may be almost freezing, causing inequali- 
ties in the temperature of the shell rivets inside as 
compared with outside. The conditions of varying 
temperatures under boilers should also be noted, as it 
is not infrequently found that the structure at this 
part suffers severely. Leakage of electricity, or, as it 
is frequently called, “‘ stray currents,” can cause & 
serious state of electrolysis. This is shown by the 
accelerated corrosion found in many cases of steel 
underground pipes. 

In considering the cases of corrosion of rivet points, 
it was thought that this condition might be due to a 
difference in electrical potential, caused by varying 
combinations of plate and rivet, or by stressed condi- 
tions, in the presence of a suitable electrolyte (such as 
sea water or internal bilge water). An interesting case 
of wastage and corrosion on shell rivet points which 
came to the writer’s attention was that of a freighter 
which came into drydock for bottom repairs. She had 
about half the bottom shell plating renewed, parti- 
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cularly at the fore end. She was built about nineteen 
years ago, the original plates being of steel, and the 
rivets of iron. The renewed bottom shell plates were 
of the normal ship quality, coming up to the usual 
standards for physical tests. On completion, the repairs 
were thoroughly examined, and the steel rivets were 
found reasonably full and well driven. The bottom 
was coated with two coats of anti-corrosive and one coat 
of anti-fouling paint. After being in service continu- 
ously for about nine months, sailing mostly in the 
Atlantic, and not trading to shoal-water ports, she was 
again drydocked, when it was found that the steel 
rivets which were driven in the new plating about ten 
months previously were very badly corroded on the 
points. A photograph of the condition is reproduced 
in Fig. 10. The points were wasted away, in some cases 
well below the surface of the shell plating, and were 
of a honeycomb appearance, as shown in Fig. 12. 
Practically, all the steel rivets driven ten months pre- 
viously were affected, with the exception of those in 
the upper seam connecting the original plates to the 
renewed plates; although it should be noted that 
this seam was still partially coated, whereas the 
bottom of the vessel in way of the new plates was 
practically bare of paint. The question at once arose 
as to the reason for this distressing condition. She had 
been nine months in the water without drydocking, 
but the wastage and corrosion affected only the new 


riveting. The remainder of the bottom riveting (nineteen | 


years old) appeared to be unaffected. Naturally, there- 
fore, some explanation was sought, and, in an endeavour 
to establish whether there was any pronounced electro- 
lytic action going on between the plates and the new 
steel rivets, a series of tests was made. Drillings were 
taken from the new and from the original plates, and 
rivets, from a bronze propeller, and from plates and 
rivets of known good quality. The samples were then 
immersed in proximity, in salt water. They were then 
connected together by wires through a very sensitive 
potentiometer. In each of the tests, the two samples 
making up the couples were separated by a strip of 
wood 0-175 in. thick. The salt water contained 3 per 
cent. by weight of sodium chloride, this being approxi- 
mately the saline strength of sea water. A fresh 
portion of the same salt water was used in each test, 
and to this extent the conditions were parallel in each 
of the tests. 

These tests were made on open circuit—that is, 
at the time of balance on the galvanometer (zero 
reading), no current passing. The apparatus was 
set up as illustrated in the diagram, Fig. 13. The 
potentiometer was a Leeds and Northrup type “ K.” 
The potentiometer slide wire contact was such that 
the resistance at any point was proportional to the 
length of the wire, the maximum reading being 
0-2 volt. The measurements taken during the tests 
were made by means of this potentiometer, which 
drew no current from the electrodes. This was assured 
by the galvanometer showing zero when the readings 
were taken. In other words, the dry cell current 
produced a certain difference of potential, determinable 
on the slide wire contact of the potentiometer, and 
this was balanced by the wet cell potential difference. 
The galvanometer was a Cambridge and Paul portable 
instrument. The results obtained are shown in 
Table I; the readings were taken at the end of 
10 minutes (open circuit). As a result of these 
experiments, practically all the steel rivets which 
had been driven 10 months previously (approximately 
8,500) were removed and replaced by iron swell-neck 
rivets. The analysis of these iron rivets was: carbon, 
0-08; manganese, 0-02; phosphorus, 0-115; sulphur, 
0-010; silicon, 0-10; copper, 0-02; slag and oxide, 
0-50. The bottom was again re-coated, and the 
vessel placed on her regular run. She has since been 
examined twice in drydock, at periods of about 
seven months apari, and it has been found that the 
riveting has remained in good condition, with no 
evidence whatever of a condition developing on the 
points of the iron rivets, similar to what had been the 
case with the steel rivets. 

On completion of the above tests it was thought 
desirable to carry out some supplementary investi- 
gations to determine the cause, and amount of electro- 
lytic action, which results from the use of different 
quality materials (particularly plates and rivets) in 
the under-water hull structure It is an established 
fact that metals can be arranged in an electromotive 
series, such that any metal is electro-positive to any 
other following it, in the sense that it will dissolve 
(or corrode) and cause a flow of current through the 
solution to the metal lower on the list, if immersed 
in contact in a suitable electrolyte. The following is 
such a list: Zine (positive), strained steel, steel, 
strained iron, iron, tin, lead, copper, silver, platinum, 
gold (negative). In the following investigations one 














copper steel plates and rivets, high-silicon steel plate, 
and high elastic limit mild-steel plate, were obtained. 
Samples of various qualities of rivets were driven at 
different heats, and samples of rivets taken from the 
bottom of vessels in drydock were also secured. 
These samples, together with specimens of bronze, 
zinc, cast iron, cast steel and forged steel, are shown 
in Table IT, the samples being numbered from 1 to 22. 
Before commencing these tests the question of the 
method of testing was first considered, there being 
three which could be used for this purpose. The first 
consists in measuring the voltage produced by the 
immersion of two steel samples in a suitable solution, 
voltage readings being taken by means of a potentio- 
meter, which gives the difference in potential under 
zero conditions. This was the method adopted in 
the tests already described. The second method 
considered, consisted of measuring the potential of 
each sample against a calomel (standard) electrode, 
using a potentiometer as before. This amounts to 





a determination of the potential developed between 


solution of the entire piece, or sometimes pitting, 
while the larger cells, which cause wastage of rivet 
points, are those which we are more interested in. 
(3) The rate of solution of the anode (electrolytically) 
is proportional to the current which flows from it. 
The current in turn is proportional to the potential 
difference which causes it, and inversely proportional 
to the resistance of the solution (since the resistance 
of the return path through the hull is negligible). 
(4) The potential difference between steels of different 
compositions is not high enough to cause the flow of 
current unless one piece (the cathode) is oxidised, 
or in some other manner depolarised. It might be 
stated here that the potential necessary to causé a 
current to pass between clean surfaces of steel in 
sea water is about 1 volt, which is several times 
the highest observed potential difference in these 
tests. As the cathode (or both electrodes) become 
rusted, the voltage required to cause a current to 
flow decreases. This explains why rivets may dissolve 
(corrode) electrolytically, even though the difference 


TABLE I.—Open Circuit Tgsts. 










































































Voltage 
Test. Sample used. at end of Se Remarks. 
10 min. 
A Si .-| Nos. 2 and 5 (original plate and 0-008 From old plate to old iron | Plate 2 electro-positive to rivet 5. 
original iron rivet rivet. J 
B a .-| Nos. 1 and 4 (new plate and new 0-0496 | From new rivet to new plate. Rivet 4 electro-positive to plate 1 
steel rivet) 
Cc a ..| Nos. 1 and 2 (new plate and origi- 0:0115 | From new plate to original | New plate 1 electro-positive to 
nal plate 1 late. original plate 2. 
D 7 ..| Nos. 3 and 4 ( plate and new steel 0-0082 From plate to new rivet. Plate 3 electro-positive to rivet 4. 
rivet 
E ar .-| Nos. 3 and 8 (plate and bronze) 0-143 From plate to bronze. = . electro-positive to 
ronze 8. 
_? ..-| Nos 3 and 6 (plate and steel 0-005 From rivet to plate. Rivet 6 electro-positive to plate 3. 
rivet) 
G : ‘| Nos. 1 and 7 (new plate and an 0-01 | From new plate to iron rivet. | Plate 1 electro-positive to rivet 7. 
iron rivet) 
TABLE JI.—E.tzectrotytio Tests (CLosgeD CrRcuItT) 
5 : 
a Chemical analysis. Voltage a 
= Specimen. é Amperes to (calomel 
gs = Copper. fi 
a Cc. | Mn. P. | s. | Si. | Ni. | Cr. | Cu. standard). 
1| Zine... Pome fe | me | et ef me) eh ae oe 
2 | Cast steel -- — -- _- — _ — — | 0-000710 | 1-433 1-657 
3 | Cast iron ‘“ - ~- _ — —_ _ _ _ 0-000709 | 1-432 1-656 
4 | Forged steel as a |— _ _ _ —_ _ _ _ 0-000665 | 1-406 1-630 
5 | High silicon steel plate. . ..| 0°34 | 0-58 | 0-015) 0-024; 0-19 —_ — 0-03 | 0-000681 | 1-406 1-630 
6 | High elastic limit steel plate ..| 0-28 | 0-64 | 0-049) 0-035) 0-07 | 0-04 | 0-01 | 0-088) 0-000687 | 1-395 1-629 
7 —, a from bottom) 0:44 | 0-01 | 0-048) 0-010) 0-03 | — — | 0-008) 0-000656 | 1-391 1-615 
of freighter 
8 — steelrivet from bottom} 0-16 | 0-38 | 0-026) 0-051! 0-01 | 0-02 | 0-01 | 0-008) 0-000637 | 1-380 1-604 
of tanker 4 
9 | Ordinary mild steel plate 0-16 | 0:43 | 0-024) 0-059) 0-09 | 0-06 | 0-04 | 0-14 | 0-000637 | 1-380 1-604 
10 | Low copper steel plate 0-21 | 0-42 | 0-015) 0-036) 0-02 - — 0-04 | 0-000657 | 1-378 1-602 
11 | Low copper steel rivet ..| 0-08 | 0-32 | 0-010; 0-026) 0-01 — _ 0-07 | 0-000619 | 1-378 1-602 
12 | Good steel rivet from bottom of | 0-28 | 0-31 | 0-018] 0-051) 0-06 | 0-59 | 0-15 | 0-110) 0-000622 | 1-376 1-600 
tanker J 
13 | Ordinary ship steel rivet 0-20 | 0-45 | 0-022} 0-039) 0-01 —_ _ 0-03 | 0-000587 | 1-358 1-582 
14 | High copper steel plate 0-15 | 0-34 | 0-023; 0-034) 0-01 —_ — 0-23 | 0-000582 | 1-334 1-558 
15 | High copper steel rivet ..| O-11 | 0-48 | 0-008) 0-029) 0-01 - —_ 0-27 | 0-000544 | 1-332 1-556 
16 | Hammered low copper steel | 0-23 | 0-45 | 0-022} 0-060! 0-02 | 0-02 | — | 0-012) 0-000685 | 1-614 1-638 
rivett ’ 
17 | Hammered low copper steel | 0-21 | 0-46 | 0-023) 0-065) 0-01 | 0-01 — 0-004) 0-000657 | 1-396 1-620 
rivett J ¢ 
18 | Hammered low copper steel | 0-27 | 0-44 | 0-019) 0-064) 0-01 | 0-01 — 0-020} 0-000644 | 1-384 1-698 
rivet* , 
19 | Hammered high copper steel | 0-10 | 0:46 | 0-010) 0-033) 0-01 | 0-01 — | 0-320) 0-000615 | 1-371 1-595 
rivett i 
20 Hammered high copper steel | 0-09 | 0-47 | 0-018) 0-035) 0-01 | 0-01 — 0-270) 0:000584 | 1-352 1-576 
rivett 
21 | Hammered high copper steel | 0-15 | 0-47 | 0-012) 0-036) 0-01 | 0-01 — 0-260) 0-000576 | 1-331 1-555 
rivet* 
22 Bronze (from propeller). . — _ —_ _ — — -- — 0-000119 | 1-072 1 “296 
| i , 





* Rivet heated to cherry-red. 
NorvE : The above results are corrected to 23-6 deg. C. 


mercury and each sample, the difference in voltage 
in each case being taken as the potential difference 
between the samples. Both of these methods, it 
will be observed, are on open circuit, but after careful 
consideration it was decided that more reliable data 
could be obtained on the potential or ‘corrosion 
tendency”’ by measuring the average voltage over 
a period of actual electrolysis, than by taking an 
instantaneous potential reading. In other words, 
a closed circuit test seemed more in keeping with 
actual service conditions than the open circuit test, 
for the following reasons: (1) Electrolysis is caused 
by the flow of current from one point on the hull to 
another, through the surrounding sea water, and can 
be considered as the simultaneous operation of a large 
number of electrolytic cells. Each consists of a point 
of high potential (anode) which dissolves, and from 
which current flows through the sea water to a point 
of low potential (cathode), returning through the 
metal of the huli. (2) The cells may be divided into 
two classes, according to size : (a) the microscopic cells 
which are made up of crystals of different compositions, 
or of inclusions within a single piece of steel ; and (5) the 


of the objects was to ascertain the position on this | larger cells made up of pieces of metal of different 
list. of various samples of materials used in ships’ | potential, such as a rivet and the plates which it holds. 
hulls. For this purpose samples of high and low! The microscopic cells cause either a slow and even 


+ Rivet heated to light red. 








t Rivet heated hotter than f. 
The average duration of each test was 400 minutes. 


in potential between plates and rivets is only a fraction 
of a volt. ; 

Description of Closed Circuit Tests—The following 
closed-circuit method was adopted to determine the 
average voltage of different samples while in the process 
of corrosion. Glass tubes of uniform length and bore 
were fitted with rubber stoppers, through which passed 
machine screws holding together cylindrical pieces of 
copper and of the various samples. The copper 
cylinder was placed in the upper end of the tube and 
surrounded by a saturated solution of copper sulphate. 
The tubes were immersed in a 3 per cent. solution of 
common salt and left for a period of about 400 minutes. 
Current flowed during this time, dissolving the sample 
and precipitating copper on the copper cylinder. The 
gain in weight of copper gave an accurate measure of 
the average current flowing during the test, and, 
knowing the resistance of the cell, the average voltage 
could be determined. A special cell of the same 
dimensions, in which the metallic side of the circuit 
was broken in order to determine the variation of 
resistance with temperature, was also constructed. 
Fig. 16 shows graphically the variations found, and 
Fig. 17 the lay-out of the apparatus, used in its deter- 
mination, together with the special cell. ’ 

The results of the tests made are given in Table II. 
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MARINE OIL-ENGINE TRIALS. 


TABLE XIV.—THERMAL BALANCE SHEETS (ALL QUANTITIES IN UNITS OF 1,000 B.TH.U. PER MINUTE). 
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j | ec] A j A 
Test Number | 13 s|12| of 5s! 7 6 1 3} 2 44a | 12 | aw | 1 
Se | eet ee | el! | bs We 
To heat in fuel ..|156-5 ||157-8 [137-2 |120-9 | 103-3 | 92-6 | 81-2 || 63-2 | 55-6 | 48-0 | 31-6 | 28-0 24-6 | 150-5 137-0 
By thermal equiva- | i! 
lent of — | ii | 
Fy heel conga 47-4 || 47-7 | 48-2 | 837-9 || 32-0 | 28-2 | 24-2 || 17-9 | 15-3 | 12-6 || 6-8 5°5 4-2 || 46-7 | 42-8 
Air-Compressor | | 
horse-power ..| 4-2 4-2 3°3 2°8 2-6) 2-4 2-2 2-4 2-3 2-0 2-3 1:5; 1:0 3°5 3-1 
By heat rejected } | } | 
from— | | | | 
Jackets, &c. ..| 36-0 || 38-2 | 32-4 | 29-2 || 23-4 | 22-0 | 19-1 || 14-7] 18-9] 11-0) 7-3] 4-2) 5-1 | 44-2 | 98-6 
Pistons --| O94 9-5; 88; 80] 7:3 6-3 6-2 4-3 3°8 8-2 || 2-3 2-0 | 2-0 9-7*| 8-8* 
By heat carried | | | 
away in exhaust | } | | 
gases... .-| 46°7 || 49°6 41-1 | 85-5 || 32-2 | 27-2 | 28-8 || 15-7 | 15-3 | 12-6 8-9 7-1 5-9 || 42-8 | 39-6 
By radiation, &c. 12-2 8-1 | 8-41 7:5 | 5- 6-5 5-7 | 8-2 5:0 6-6 4:0 7-7 6-4 3-6 4-1 
, vf | seth l | 
156°5 ||157-3 |137-2 h20 9 103-3) 92-6 81-2 | 63-2 | 55°6 | 48-0 || 81-6 | 28-0 | 24-6 |150-5 |137-0 
| 


























* Taken as 6-4 per cent. of heat in fuel, by analogy from Test No. 10. 


The test numbers in the first column are followed by a 
description of the samples used; this is followed by 
analysis of each plate and rivet specimen ; and in the 
last three columns are given the current in amperes, the 
voltages with respect to copper, and the standard 
electrode potentials, respectively. The column headed 
Amperes, gives the average current flowing in cells 
during the period of the test (400 minuteseach). These 
values were obtained by weighing the deposited copper, 
from the relation—one ampere flowing for one minute 
deposits 0-395 gramme of copper. The column headed 
Voltage to Copper, gives the average voltages calcu- 
lated by multiplying the current by the cell resistance, 
and correcting for temperature (voltage equals resistance 
by current), the cell resistance being obtained from the 
curve shown on Fig. 16. The final column, headed 
Electrode Potential, gives the average potential of 
each sample referred to the standard calomel electrode. 
The potential of this electrode was taken as 0-56 volt, 
and that of copper in saturated copper-sulphate solution 
as 0-336 volt. The difference (0-224) is the amount 
added to the Voltage to Copper to give the 
Standard Electrode Potential. The average amount 
of low copper steel dissolved during these tests in 
400 minutes was found to be about 0-09 gramme. As 
a matter of interest it might be noted that, assuming 
that the electrolytic action between high and low copper 
steels proceeded at the same rate as given in Table IT 
continuously, a new rivet woud be wasted to ~~ in. 
below the surface of the shell in about eighteen months. 

The following deductions are made from the closed- 
circuit tests, the results of which are given in Table II: 
(a) As the copper content in rivet-steel increases 
(within the range of the specimens used in these tests), 
the lower is the position of the metal in the electrode 
potential series; consequently the more electro- 
negative (or corrosion resisting) is the rivet, when in 
contact with steel of ordinary (low copper) shipbuilding 
quality and immersed in sea water. (b) High elastic 
limit mild steel and high silicon steel (both high carbon 
steels) are electro-positive to steels of ordinary low 
copper quality when in immersed contact in sea water. 
(c) The positions of zine and bronze in the electrode- 
potential series agree with the series already given in 
this section. (d) The potential of the rivet after being 
driven is higher than before, and the higher the driving 
temperature, the higher the potential. With regard 
to the latter point, it might be stated that the driving 
temperatures of the rivets were gauged by the colour 
alone. The results of the closed-circuit tests supple- 
ment those made earlier on open circuit, and in general 
the results substantiate each other. The specimens 
in the later tests were all of the same size and shape. 
They were clean and unrusted at the commencement of 
the test, and it is hoped to continue some further tests 
to establish the effect of oxidation (rust) on electrolysis 
of rivet points. 

It is obvious from these tests that the component 
parts of the hull structure should, after the riveting 
operation is completed, have no difference in electrical 
potential, especially those portions which are con- 
stantly immersed. In particular, the bottom shell of 
vessels which scrub over shoal water, and are therefore 
generally bare of paint, should be given very careful 
consideration in this respect. As it is difficult and 
almost impossible to realise this in practice, the alter- 
native is to make those portions slightly electro-positive 
which can more easily endure the effects of this corrosive 
action, in the same way that zinc strips are placed in 
way of bronze propellers ; or, in the case of shell plates 
and rivets, to arrange that the former be slightly 
electro-positive to the latter. The resulting corrosion 
can be more easily taken on the larger area of the plates 
than on the smaller area of the rivet points, with 


comparatively less intense and localised wastage. It 
would seem at first thought that the plates and rivets 
should be of exactly the same chemical composition, 
but, as already explained and as the tests show, a rivet 
has generally a higher electrical potential after being 
driven than it had before, which would upset the 
potential balance between the plate and rivet. It has 
been shown, on the other hand, that an iron rivet is 
generally electro-negative to plates of ordinary ship- 
building quality, and it has been established in practice 
that iron rivets are much more corrosion-resisting than 
are the steel rivets ordinarily used. Further, the type 
of corrosion on iron rivets is of the nature of an even 
pitting in the central portion, whereas in ordinary steel 
rivets the corrosion is spongy and shows evidence of 
severe wastage not only in the centre but all around 
the countersink. 

An interesting conclusion drawn from the later 
tests, however, is that high copper-steel rivets, when 
fitted in plates of ordinary shipbuilding quality, are 
electro-negative to the latter, which would probably 
render them corrosion-resisting. This has not been 
tried out in practice, but the immersion tests now being 
carried out will supplement our information on this 
hypothesis. If steel rivets are preferred, it is suggested 
the copper content be specified from 0-20 per cent. to 
0-30 per cent., with a maximum carbon content of 
0-20 per cent. On the other hand, the shell plates 
should have a maximum copper content of about 0-15 
percent. Such a combination of plate and rivet should 
render the plate slightly electro-positive to the rivet, 
and, for this reason, could be considered as a suitable 
alternative to the iron rivet. Some experimental work 
has recently been carried out by Dr. F. N. Speller, which 
confirms the aforementioned deduction regarding the 
suggested use of high copper-steel rivets in low copper- 
steel plates. He has made tests at Pittsburgh on steels 
containing various amounts of copper up to 1¢ per cent., 
separated and in contact. He found that, when the 
specimens were immersed, but not in contact, very little 
difference in the rate of corrosion took place ; but when 
they were immersed in contact, the corrosion of the 
non-copper steel was n every case about four or five 
times as great as that,of the copper-bearing steel. It 
has been found in railroad tracks, where the rails, made 
of high carbon steel, rest on tie plates of low carbon 
steel, and held in place by track spikes also of low 
carbon steel, that where high carbon steel comes in 
direct contact with low carbon material, and moisture 


on the low carbon steel. It is interesting to note that 
vessels, plying on the Great Lakes, scrub on the bottom 
of the Soo Locks and portions of the Detroit and 
St. Clair Rivers. They are very rarely dry-docked, 
however, except for damage repairs, and yet, in spite of 
this, no riveting trouble of the type mentioned above 
has been found on any of these vessels. This would 
seem to substantiate the electrolytic. theory, inasmuch 
as fresh water has a very high resistance (i.e., it is 
practically a non-conductor when considered as an 
electrolyte), whereas salt water is a good conductor. 

Rivet Materials.—Iron rivets are less liable to be 
spoiled by overheating than are steel rivets; further, 
being softer, iron rivets do not require to be heated to 
as high a temperature. It is usually stated that rivets 
should be heated to a cherry red. That is good 
practice in the case of an iron rivet, but a steel rivet, 
to be efficiently closed-up, requires to be heated to a 
light cherry-red (almost a white heat), which is 
probably at least 200 deg. higher; 7.e., probably 1,400 
deg. F., and 1,600 deg. F., respectively. An interesting 
paper* has recently been read on the subject of the 


* See “‘ Carbon Steels at High Temperatures,”’ by Slater 








and Turner (ENGINEERING, 1926, vol. cxxi, page 711.) 


covers the two grades of steel, corrosion is accelerated | pb 





change in hardness of steel due to varying carbon 
contents. The results show that the hardness increases 
withthe carbon content; that, at the higher temperature, 
the difference in hardness between steels of low carbon 
content and those of high carbon content is not as 
great as at medium or low temperatures; the higher 
the carbon content, the harder is the rivet to drive, 
but the total expenditure of energy in shaping the rivet 
is less if, with high carbon content steel, a higher rivet 
temperature is employed; further, the number of 
rivets driven per hour depends more upon the speed 
with which the first blow is struck, than upon the total 
physical energy expended. This paper is interesting 
in view of the suggested use of high carbon-steel plates 
and rivets for shipbuilding purposes. 

Fig. 2 shows a typically corroded iron rivet recently 
removed from the bottom of an oil tanker. The 
difference between a corroded iron rivet point and a 
corroded steel rivet point will be realized by comparing 
Figs. 1 and 2. Whether a general return to iron for 
bottom steel rivets, in the case of vessels trading to 
shoal-water ports, will be made, is questionable; pro- 
bably not until the material can be manufactured at a 
price comparing more favourably with that of steel, 
than is at present the case. To that end it will be 
necessary to devise methods for operating the puddling 
furnace mechanically, in order to eliminate the great 
amount of manual labour involved by the present 
antiquated hand-puddling process. 

Pitting and General Corrosion.—It is interesting to 
note that, whereas American oil tankers are found to 
suffer more from wasted rivet points than from pitting 
of plates, the reverse is the case in many British oil 
tankers. A positive explanation of this may be due to 
the fact that in American tankers, steel rivets are used 
which have frequently been found to be electro- 
positive to the plates (thus causing wastage on the 
rivets), while in British tankers iron rivets are used 
which are usually electro-negative to the plates (thus 
tending to cause corrosion or accelerate pitting on the 
plates). 

Pitting on the outer shell is usually found between 
the light and load waterlines. As regards internal 
pitting and corrosion, this is found more often in oil 
tankers carrying petrol, and particularly in those 
tanks which are used frequently as ballast tanks. 
Tanks used for the carriage of heavy oils do not seem 
to be affected to the same extent. It is thought this 
may be due to the fact that the latter, being more 
viscous, forms an adhering and protective layer on 
the plating, whereas the volatile refined oils leave the 
plating exposed. Analyses of scrapings taken from 
the inside of oil tanks have shown the presence of 
acid in small quantities. Regarding the pitting 
on the inside of the bottom shell, this may be caused 
by the presence of water due to the tanks not being 
properly cleaned out after carrying ballast, or it might 
be due to the presence of water in the oil, which, separa- 
ting out, would naturally collect in the bottom of the 
tank. It is very undesirable that an oil tanker be 
retained in the refined oil trade exclusively. Such 
vessels should be changed, say about every five or six 
years, from the refined to the heavy oil trade. This 
has a tendency to check the serious corrosion found in 
tankers engaged exclusively in the light oil trade. 





MARINE OIL-ENGINE TRIALS. 
(Concluded from page 769.) 


THE quantities exhibited as radiation, &c., in Table 
XIV, above, are obtained by subtracting the total of 
the quantities of heat accounted for from the thermal 
input to the engine. The thermal equivalent of the 
horse-power expended in friction (being i.h.p. — 
-h.p. — compressor h.p.) is excluded from the amounts 
of heat brought to account, as the principal amount of 
heat generated in friction, namely, that of the rings 
against the walls of the cylinders, is dissipated into both 
jacket and piston cooling-water circuits, and is 
therefore already included, although indeterminately, 
under these amounts. The heat rejected to the 
compressor jackets and coolers has also been excluded 
from the thermal balance sheets. 

Turning now to tests additional to the programme 
already dealt with, a trial of the engine developing 
power in excess of its rating was made using the fuel 
of which the analysis is given in Table VI, col. 3, page 
767, ante. The external conditions under which the 
excess power was developed, namely, the brake load and 
the speed, were calculated from the relation, torque = 
constant x speed*, used in the compilation of Table 
IV, the amount of excess power developed being 
10 per cent. above the rated full power of the engine. 
The duration of the test was one hour, and the average 
of the periodical observations are recorded in the tables 
in Test No. 13. 

A slow running test was carried out on December 13 
after the conclusion of Test No. 13. The brake was 
full of water but carried no load (other than the 30 Ib., 
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indicated pressure when running at 125 r.p.m. (service 
speed), a further group of runs, namely at 129 r.p.m., 
were not attempted. 

The fuel consumption runs were arranged as follows : 
Between the Cloch and Pladda Lights, 3$ hours run at 
nominal engine speed of 125r.p.m. Between the Pladda 
and Cloch Lights, 4 hours run at nominal speed of 108 
r.p.m. 

The above pair of runs are referred to in the Tables 
as Nos. 11 and 12 respectively, and the observations 
and deductions are recorded along with those of Runs 
Nos. 1 to 10, in the tabulated results. 

Throughout the trials the sea was smooth, the waves 
being short and between 1 ft. and 2 ft. high only. The 
wind was mainly across the course, squally in character, 


TABLE XVII.—A, EncInE Controts ; B, PRESSURE 


were maintained until the vessel was turned out of 
her course on its completion. It was possible to 
obtain one set of indicator cards from each main 
engine during each run. Temperatures, &c., were 
also recorded during each run. In the case of the fuel 
consumption runs (Runs Nos. 11 and 12), the revolu- 
tions made by the engines and the level of the fuel in 
the main measuring tank, and in the smaller measuring 
tanks, supplying respectively the electric generators 
in use and the boiler, were observed every half hour, 
when also indicator cards were taken and other observa- 
tions in the engine-room were recorded. The speeds 
of the main engines were arranged so that, for no 
helm on the ship, the revolutions per minute should be 





as near as possible to the respective nominal revolutions 


In CytinpErs; C, Exuaust GAS TEMPERATURES; D, 


TEMPERATURES OF COOLING WATER CIRCUITS. 



































{ | 
Run Number : 1-4 5 & 6 7&8 | 9 & 10 11 12 
| 
P s P 8 F 8 1 8 Pp s P Ss 
A. Engine Controls*— 
Fuel Pump Control, numeral .. oo] -aRt sé a0. ae 43 $3 38 ae se ae $7 ag 
Fuel Distribution Boxes, numeral ook Sel 9-2 8-1 9-2 8-1 9-2 8-1 9-2 . 9-1 8-0 9-1 
Air-Compressor Suction Throttle, nu- 
meral aie ‘es Pe of BBY: 27 | D7 26] 2-5] 2-5 9-4 off 2:5 2-2 2-4 2-4 
B. Pressures (lb. per square inch) in 
Cylinders— 
At End of Compression .. sa .-| 455 475 | 445 475 435 475 430 | 460 | 465 | 475 | 445 470 
Maximum during Firing. . “ter --| 580 590 565 580 555 570 550 555 575 | 580 565 590 
At End of Expansion .. wa vs 41 38 34 29 29 23 18 15 36 40 33 29 
C. Exhaust Gas Temperatures (deg. F.) 
by Pyrometer at Exit from— 
Cylinder No.1 for’d. .. te ..| 600 628 486 467 345 329 | 204 112 630 702 502 456 
cy % a be --| 984 673 762 522 548 | 364 374 140 783 734 | 642 | 492 
H y 3 704 756 576 570 | 374; 446 269 399 709 | 830 590 | 598 
; , 885 605 716 493 514 | 332 | 284] 241 759 761 628 490 
we | as re .-| 1005 | 802 830 626 634 | 456 451 352 919 | 833 759 568 
oa 6 aft ro ae ..| 666 780 552 652 383 511 298 361 664 799 556 594 
D. Temperatures (deg. F.) of Cooling | 
Water Circuits, at Exit from— 
Cylinder Beam .. oe = oot 2064 292 120 100 107 92} 113 91 135 | 133 146 | 130 
Pistons .. ee A ae Be 99 96 103 98 100 98 96 95 105 | 107 110 107 














* The Mancuvring Hand-wheel Dial indicated ‘‘ 6-cylinders, Fuel,” throughout. 
+ The pressure of supply of the cooling water to the engines varied between 18 and 23 Ib. per square inch. 


TABLE XVIIIs.—InsEctTIon AtrR-COMPRESSOR—PERFORMANCE. 




















Run Number : | 1-4 | 5 & 6 7&8 9 & 10 11 | 12 
| | 
P Ss P 8 P Ss b &. f 2 GS. } F Ss 
Pressures (Ib. per square inch) by gauge : | 
Blast-Air .. a ne ae ..-| 889 885 785 760 707 695 677 655 890 883 788 801 
H.P. Delivery .. we ee --| 890 901 785 770 707 705 677 0 | 893 895 788 811 
M.P. Delivery... ae pt oo] axe 392 1380 387 227 402 265 Oo |; 199 214 188 223 
L.P. Delivery .. is i A ae 41 24 32 32 38 31 o | st 31 27 33 
a eens (deg. F.), Port Engine | 
0) eeu | 
Blast-Air sa od We oa ~ 94 82 78 74 93 | 89 
HP. Delivery .. « a a 268 256 216 171 275 252 
“*\ Suction .. Le SS ie 87 80 78 75 | 87 86 
a oe ee 347 319 317 295 | 339— | 319 
““*\ Suction re a's oe 88 76 80 738 | 90 92 
L.P. Delivery .. ae one od 319 275 260 230 | 297 | 268 
iy 











TABLE XVIII3s.—InJEcTION AIR-COoMPRESSOR—MEAN INDICATED PRESSURES AND INDICATED Horsr-PowER. 














Run Number : 11 | 12 
Engine. | Port. Stbd. | Port Stbd 
| 
a 
Mean Indicated Pressure (Ib. per square inch)— | | | 
H.P. Stage an os ee af =< | 294 | 324 |} 244 318 
M.P. Stage | 105 | 103 | 89 | 113 
L.P. Stage re ae re | 16-9 | 20-7 ! 16-4 19-7 
Total Indicated Horse-Power .. | 59 | 66 45 57 








and varied in velocity between 12 and 15 knots. The 
foregoing conditions were substantially the same on 
both days of the trials. 

During the measured-mile runs, a Walker log was 
trailed from aft, so that the fish was on the outer 
edge of the propeller wake; readings of the log enabled 
the corrections necessary to obtain the true speed 
from the log record to be derived. The speeds obtained 
by log in the two long runs have been corrected to 
true speed by means of the calibration data obtained 
on the mile runs. The mean of means, or the mean of 
the speeds obtained by direct timing over the measured 
mile, and by corrected log for the consumption runs, 
are recorded in Table XVI. In every case the vessel 
was on her course four or five minutes before entering 
on the measured mile, and the angle of the helm was 
very small throughout. 

In the case of the measured mile runs (Run Nos, 1 
to 10), the revolutions made by the engines were 
recorded when the signal was received from the bridge 
that the vessel was passing the line of posts on entering 
the mile course, and again on leaving, as well as at 
intermediate intervals. The level of the fuel in the 
measuring tank was observed at one-minute intervals 
from the time that the vessel had been put on a straight 
course before entering the mile, and the observations 


mentioned in thé paragraph relating to speed and course 
above. For the measured-mile trials, the controls 
of the engines were altered as little as possible between 
the successive runs at any given nominal revolutions 
per minute, once the required speed had been attained. 

The running conditions are given in Tables XVI 
and XVII, and the observations made in the engine- 
room, mainly for comparison with those obtained 
during the trials ashore, are shown in tabular form 
as follows :— 

Table XVI.—Ship and engines’ speeds, indicated 
power, fuel for main engines and deduced torques. 
Table XVII.—Engine controls, pressures in cylinders, 
exhaust gas observations, and temperatures of cool- 
ing-water circuits. Table XVIIIa.—Injection air- 
compressor—performance. Table X VIIIB.—Injection 
air-compressor—mean indicated pressures and I.H.P. 
In Tables XVII, XVIIIa and XVIIIs, averages only, 
from the observations made throughout all runs at a 
given nominal speed, are recorded. The temperatures 
(approximate) at the top and bottom platforms in the 
engine-room on both days of the trials were 67 deg. F. 
and 63 deg. F. respectively. 

The fuel consumptiogs and the deductions made from 
the indicator diagrams are recorded in Table XVI 





and should be inspected in conjunction with the 





remarks which follow on fuel and its measurement, 
indicated horse-power, and estimation of torque 
deduced from main engine data. Both main engines 
and the auxiliary engines exhaust into a common 
silencer situated in the funnel casing, within which also 
the boiler uptake is carried. The colour of the exhaust 
gases could therefore be observed only when the boiler 
furnace was not in operation, and such observation 
represented the mixed exhaust gases of both main and 
generator engines; however, except at the highest 
powers, the funnel outlet showed nothing but a vapour 
probably arising from the coldness of the atmos- 
phere, and at full power the gases showed merely a 
slight tinge of sooty particles. The silencing of the 
exhaust appeared to be effective. 

For normal running at sea, the main engines and the 
electric generator engines receive their supply of fuel 
from one or other of the settling tanks which contain 
filtered oil; when the boiler is in use (normally only 
in port) the supply of fuel for the furnace is drawn from 
the same source. For the purposes of the trials at sea 
the committee’s fuel measuring tank was interposed 
in the supply-pipe common to the two main engines, 
the arrangement being similar to that described in the 
First Report. Readings of the level in this tank there- 
fore give the fuel consumption in the two main engines 
together. The individual consumptions, shown in 
Table XVI, have been obtained by dividing the total 
consumption in the proportion of the indicated horse- 
power developed by each main engine. The fuel 
was delivered, by the transfer pump to the measuring 
tank, through filters direct from the bunkers, and was 
generally in a somewhat frothy condition. Froth gained 
access to the gauge glass on the tank on Run No. 7, 
thereby vitiating the observations made during that 
run, and this record is therefore excluded from 
Table XVI. No leakage from the pipes between the 
measuring tank and the engines was observed, other 
than the slight drip from the valves automatically 
controlled by the floating vessels. The weight of fuel 
which escaped by this means was measured and found 
to be 1 lb. per hour, and this quantity has been duly 
credited to the engines. 

The fuel consumptions in tons per day for all purposes 
obtained during Run Nos. 11 and 12 were as follows :— 
Run No. 11, main engines together, 10-38; generator 
engines 0-33; total fuel (all purposes except boiler and 
galley) 10-71. The corresponding figures for Run 
No. 12 were, 6:89, 0-31, 7-10. 

The analysis of the fuel used is recorded in Table VI, 
page 767. The samples of fuel were drawn from the 
measuring tank at a level 6 in. above the bottom of the 
tank. The temperature of the fuel in the main measuring 
tank was noted during each measured-mile run, and 
periodically throughout the fuel consumption trials, 
and the rates of consumption recorded in Tables XVI 
and as given above, duly include a correction for tem- 
perature, which remained sensibly constant between 
64° F. and 64-5° F., during both days of the trials. 
No correction to the observed fuel consumption, in 
respect of a curve obtained by plotting fuel consump- 
tions against the aggregate indicated horse-powers, 
has been applied. 

Indicator diagrams were taken from both engines 
on every run. The indicated horse-powers developed 
are recorded in Table XVI. Indicator diagrams from 
the injection air-compressors on both engines were 
taken during Run Nos. 11 and 12 only, the deductions 
from these are recorded in Table XVIIIB. 

Using the mechanical efficiency-M.I.P. curve (Fig. 
17a) deduced from the trials ashore of the port 
engine, the shaft horse-power (forward of the thrust- 
block), corresponding to the indicated horse-power 
developed by the engines at sea, can be derived; 
whence, knowing the revolutions per minute, the torque 
can be computed. The shaft horse-power and torque 
for each run determined in this way are recorded in 
Table XVI. Similarly, the use of the torque-M.I.P. 
curve, Fig. 18, also drawn for the shore trials, gives the 
torque delivered by the engines ; but as these agree with 
the torques obtained by means of the former alternative 
method, they are not recorded therewith. The torques 
read off the characteristic diagram, Fig. 20 (page 769, 
ante), using the fuel consumption and engine speed only, 
are recorded in Table XVI. 

Torsional displacements were measured on the 
port shaft only, by means of a Ford torsionmeter, 
lent by Messrs. Siemens Brothers, Woolwich. The 
torques transmitted by the port shaft during the 
measured mile runs are exhibited, as mean of means 
or as means for the sets of runs, in Table XVI. The 
instrument was placed on the shaft at the after end 
of the tunnel, and the torques should, therefore, be 
less than that deduced from engine data by a small 
amount representing losses in shaft transmission. 
No attempt was made to obtain direct measurements, 
by thrustmeter, of this quantity. 

A starting air consumption trial was carried out 
with the port engine on the morning of December 17, 
at the Tail-of-the-Bank, Greenock, before the anchor 
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802 ENGINEERING. 
TABLE XXI.—Manevveine TRIAL, 
Pressure in 
= to ek Reg Starting-Air Reservoirs 
Order on Telegraph. “s sounds) ° (Ib. pet sq. 
R.P.M. on | Bn ag . ) n.). 
eceipt 0 
Tachometer. | nade, 
l | Port | Starboard| Before After 
No Direction. Speed | Engine. Engine. Order. Order 
| m. 8. 
a ri _ — | 0 0 8 9 — 254 
2 | Ahead {Row \ oberg 11 13 254 247 
T. ue - : Slow : | - 
3 Astern .. +e ae les |< pagal i 105 |} 0 38 20 33 247 232 
@i@ae eo 2omiew SEE es ig 16 18 232 227 
5 | Astern .. 3 ..| Full 105 | £4 22 29 227 220 
6 | Ahead Half 8. |. 2 48 12 18 220 214 
7 Astern Full 105 | 2 40 19 24 214 208 
8 | Ahead Full 125 | “gt og 32 28 208 203 
9 | Astern Full 105 | 3 45 19 23 203 195 
10 | Stop E — 4 12 6 6 196 = 
11 Ahead Full 125 | 4 23 22 22 = 190 
12 Astern Full 105 5 44 28 238 196 186 
13 | Ahead Full 125 7 Ss 19 26 192 189 
14 Stop _ _ | 7 85 ot 8 — 
| : | 
15 Ahead | Slow 63 7 50 ag | 13 191 188 
16 Astern | pA 55 8 16 21 21 188 181 
17 | Ah * 63 | Tei as 19 20 183 179 
18 | Astern de’ 5. | 9 15 25 25 181 172 
19 | Ahead a 63 | 9 48 21 17 171 170 
20 | Astern is 55 | 10 16 21 21 171 164 
21 Ahead eS 63 10 47 16 17 166 162 
22 Astern ef 55 | 11 13 22 20 164 159 
23 | Ahead es 68 | 11 46 15 15 160 156 
Astern es; 55 } 12 11 20 22 159 153 
25 Stop — 63 | 12 42 7 7 153 154 


























was raised, and for the purposes of the test the| 


manceuvring air compressor was not in use in charging 
the reservoirs, of which only one-half (namely two) 
of the total number of reservoirs was connected. 
Before starting the jackets were steamed. The speed 
attained in all cases was approximately 88 r.p.m., as 
indicated by tachometer, and corresponded to “ Slow” 
on the telegraph. From the results it was found 
(i) that the number of starts possible with an available 
initial pressure of 274 Ib. per square inch, and with 
all the reservoirs connected, was 43; (ii) that the aver- 
age volume of free air used per start was 198 cub. ft. ; 
and (iii) that the lowest pressure at which the engine 
started was 97 lb. per square inch, the engine having 
refused to start with 95 Ib. per square inch at the 
forty-fourth order on the telegraph. 

The manceuvring trial was carried out on the after- 
noon of December 17, off Skelmorlie, the object being 
to determine the rapidity with which the engines 
could be manceuvred, and the ability of mancuvring 
air compressor plant to meet the demands made 
upon it. The compressor was, therefore, in operation 
continuously throughout the test, and all the starting- 
air reservoirs were connected. The orders were given 
from the bridge, and the time intervals between the 
receipt of an order in the engine-room and the attain- 
ment of the given engine speed is recorded for each 
order in Table XXI. The column headed R.P.M. 
represents the speed of the engines as pre-arranged 
to agree with the tilting on the telegraph, and the 
tachometers were relied upon to give the indication 
that a particular speed had been achieved. Imme- 
diately an order had been carried out, a signal was 
sent from the engine-room to the bridge. In the 
case of reversals at full speed (Order Nos. 11 and 12) 
a period of one minute was allowed after full speed 
had been attained in order that the ship should gather 
way, and to ensure as far as possible that the next 
manceuvre should be made under average working 
conditions. In the case of Order Nos. 15 to 25, the 
signals were sent from the bridge at intervals of 
one half-minute. 

A slow-speed test was carried out on the completion 
of the manceuvring trial. At the time when the signal to 
commence the test was given, the engines were not 
running. Readings of the revolution counter were 
taken every half-minute, with the following results :— 
After 10 minutes, the revolutions per minute recorded 
on readings over the final ten minutes were: Port en- 
gine, 40-2; starboard engine, 38. The corresponding 
readings after five minutes were 39-8 and 37-2 respect- 
ively. The pressure of the injection air to the port 
engine was 610 and to the starboard engine 580 Ib. per 
square inch. 





Tue CoLLaPsSE oF THE BRipcE aT GaRTZ, GERMANY.— 
As an erroneous impression appears to have been created 
by reports and illustrations in the Press recently with 
reference to the collapse of the bridge over the river 
Oder, near Gartz, Germany, it may be stated that the 
bridge, which collapsed suddenly, before it had even been 
tested, a few days before it was to have been officially 
opened on September 26, 1926, was a reinforced concrete 
structure. The bridge was constructed by Messrs. Alle- 


meine Bau-A.G., of Berlin. It was 812 ft. long; it had 





our piers and three arches. 


BOILER EXPLOSION INQUIRIES. 


In accordance with the provisions of the Boiler 
Explosions Acts, 1882 and 1890, preliminary inquiries 
and formal investigations have recently been conducted 
by Board of Trade officials into a number of explosions. 
Of some of these we give brief summaries below. 


Rupture of a Stop-valve Chest on 8.8. ‘‘ Tuscanstar.”— 
The explosion of a cast-iron stop valve chest on board 
the 8.8. Tuscanstar, which occurred on February 4 last, 
when the vessel had just left Newcastle, formed the 
subject of a recent inquiry. The Tuscanstar is a 
steamer of 5,718 tons gross, and was built in 1898. 
The propelling machinery consists of a set of triple- 
expansion engines, and steam for all purposes is 
supplied by three cylindrical multitubular boilers. 
The stop-valve chest cracked circumferentially around 
the outlet branch, close up to the flange, for a distance 
of about 10 in.; the flange itself was cracked in three 
places. Through these openings steam escaped into 
the boiler room. The stop valve failed because the 
stresses on a four-way piece, connected to the 
centre boiler stop valve, were transferred to the 
stop-valve chest, owing to the defective nature of 
the anchoring stay of the four-way piece. A rigid 
attachment has now been provided for the lower end 
of the steam pipe, and a new cast-steel valve chest 
installed. The latter will be able to resist any 
movement which may occur, better than the cast-iron 
chests previously fitted. 

Explosion of a Traction-engine Boiler.—A formal 
investigation conducted recently dealt with the 
explosion of the boiler of a traction engine at Temple 
Farm, Temple Bruer, Lincolnshire. The accident 
occurred on February 11 last, while the engine was 
being used for threshing in the Temple Farm stack- 
yard. The explosion was of a violent nature; almost 
the whole of the firebox crown was torn out, and 
much damage was done, not only to the engine, but 
to the stock in the stackyard. The cause of the 
accident was shortness of water in the boiler. The 
fusible plug, which might have saved the engine 
from destruction, was found to have been plugged 
on the underside with a piece of iron rod, thereby 
rendering it quite inoperative. 





UNIVERSAL HAND OR MacuIne VICE WITH REVOLVING 
Heap.—Messrs. Perkin and Co., Limited, Junction 
Works, Whitehall-road, Leeds, have recently produced 
a vice incorporating some novel and useful features. 
It consists of two arms and two screws, after the style 
of the old carpenter’s cramp, At one end the arms are 
fitted with feet, whilst at the other, one has a jaw and 
the other a revolving rectangular head, the four faces 
of which are finished in various ways, i.¢., flat and 
grooved, vertically and horizontally. For such work as 
shaping, drilling or milling, the vice is likely to prove 
very handy, as with the four faces of the revolving head 
cut to accommodate all shapes of work, a good grip is 
ensured on all kinds of sections within its capacity, the 
maximum opening being 4 in. The revolving turret 
further accommodates itself to any taper automatically. 
Another point worthy of note is that the vice may be 
used in either the vertical position or on oneside, thus two 
faces may be machined without a resetting of the work. 
The dimensions of this type of vice are :—Height, 
5 in. ; width of face 2} in. ; and the weight is 5 Ib. 6 oz. 


CATALOGUES. 

Turbines.—The Rateau Company, 40, Rue de Colisée, 
Paris, have sent ‘us a copy of their technical periodical, 
describing turbines and centrifugal pumps, and giving 
efficiency curves. 

Electric Lamps.—The General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
have issued an interesting booklet describing the materials 
construction and qualities of the Osram lamp. 


Air Compressors.—A catalogue of air compressors for 








pressures from 1,000 Ibs. to 3,500 lbs. per square inch, 
has been issued by Messrs. G. and J. Weir, Limited, 
Catheart, Glasgow. The capacities range from 5 to 
460 cubic ft. of free air per minute, 


Hot- Water Supply.—A list of cast-iron boilers made in 
sections which permit of enlargement is to hand from 
Messrs. James Keith and Blackman, Company, Limited, 
27, Farringdon-avenue, London, E.C.4. A full range 
of sizes is made and the design is substantial and easy 
to clean. 

Cables and Accessories.—The British Insulated Cables, 
Limited, Prescot, Lancs., have issued a new and fully 
detailed catalogue of mining boxes, and a circular explain- 
ing their new method of rendering armoured cables 
waterproof while preventing the decentralising movement 
that occurs under heat. 


Steel Stairs.—Stairs of all kinds, including those for 
internal fitting in high-class houses, are the subject of a 
special catalogue issued by Messrs. Frederick Braby and 
Co., Limited, Petershill-road, Glasgow. The stairs are 
made of pressed steel and are sent out complete with all 
fittings ready for erection. 


Concrete Finish—A coloured surface hardening 
composition for application to cement or concrete 
surfaces is described in some catalogue matter received 
from the makers, the Master Builders Company, 7016, 
Euclid-avenue, Cleveland, Ohio, U.S.A. The colours 
are dark shades of green brown and tan. 


Oil Cans.—A new edition of their catalogue of cans, 
funnels, fillers, kettles, bottles, barrel-emptying pumps, 
economiser tanks, torch lamps, &c., for oil is to hand from 
Messrs. Joseph Kaye and Sons, Limited, Leeds. The 
variety of oil cans is very great, and it is satisfactory to 
find that strong, well-made utensils are appreciated by 
buyers. 

Road Making.—A catalogue issued by Colas Prolucts 
Limited, 38, Parliament-street, London, S8.W.1. takes 
the form of a practical handbook on grouting, surface 
dressing and patching roads. It gives full particulars 
of the materials used, and the methods of applying them, 
with the company’s product, Colas, an emulsion of pure 
bitumen, as a binder. It is applied cold. 


Electrometers.—A catalogue of electrometers and photo~ 
electric cells, made by the Cambridge Instrument 
Company, Limited, 45, Grosvenor-place, London, S.W.1, 
describes electrometers of the tilted gold leaf, Cambridge 
string, Dolezalek quadrant, recording quadrant, Compton, 
and Lindeman types. Sections are added giving sensi- 
tivity data, particulars of photo-electric cells, and a 
list of relevant technical books. This firm also issues a 
loose circular with a full list of their catalogues. 


Centrifugal Castings.—An explanation of the operation 
and advantages of the centrifugal process of casting is 
given in a new catalogue issued by Messrs. Newton, 
Chambers and Co., Limited, Thorncliffe, near Sheffield. 
Sections of the catalogue deal with the machines, 
micro-structure of centrifugal and sand _ castings, strength 
and cutting tests, and others include illustrations of 
castings for special purposes, and a dimensioned list of 
piston-ring drums kept in stock for immediate dispatch. 





Tue Junior Institution oF ENGINEERS.—At the 
forty-fifth general meeting of the Institution, held on 
November 12, 1926, the following officers and members 
of council were elected by ballot for service during the 
1926-27 session : chairman, T. L. Kirlew, A.M.I.Mech.E. ; 
vice-chairmen, H. P. Wright and W. M. Hurrell; hon. 
treasurer, C. O. Mourant; hon. librarian, T. W. P. L. 
Mullings; hon. auditors, H. S. Rentell, A. P. Long, 
W. T. Marchment, and C. R. Bird ; members of council, 
W. J. Leston, J. F. Petrie, and F, Squirrell; as junior 
member under 23, W. H. G. Churchill. The annual 
audited accounts which were presented and accepted, 
showed a substantial surplus of income over expenditure 
for the year to be added to reserve. The result was an- 
nounced of a referendum which had been addressed to all 
the members in Great Britain regarding the desirability 
of admitting duly quaiified women engineers to corporate 
membership of the Institution. There was a large 
majority against their admission. On Friday, November 
26, Colonel the Master of Sempill read a paper entitled, 
“* Petrol and its Substitutes for Use in Internal-Combus- 
tion Engines.” After giving a brief historical summary 
of the oil industry and a short description of the sources 
and destination of the oil consumed throughout the 
world to-day, the author discussed the different grades of 
petrol, paying special attention to the highest useful 
compression ratio and the chemical analysis stated. 
With regard to cracked and straight-run spirits obtained 
from the same petroleum crude, Colonel Sempill. con- 
sidered the former superior as regards compression ratio, 
and he described a cracking plant in detail. Ihe various 
substitutes for petrol were then dealt with, from this it 
appeared that the possibility of a serious rival was very 
remote. The author was also very sceptical of there 
being any immediate decrease in the world’s oil supply. 
Colonel Sempill concluded with remarks on substances 
added to petrol to prevent detonation. A general dis- 
cussion followed, centred chiefly round dopes. 
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CABLE CONSTRUCTION ON THE 
BEAR MOUNTAIN BRIDGE. 


THe Bear Mountain Bridge over the Hudson 
River at Antony’s Nose, about 42 miles up river 
from New York, has a clear span of 1,632 ft., 
with a clearance above high-water level of 155 ft. 
The bridge is devoted wholly to highway traffic, 
but is designed to carry 15-ton and 20-ton lorries, 








| Figs. 1 to 19 on Plate XLVII, and on this page and 
| pages 804, 806 and 818, we give a series of illustrations 
which will assist in making our description clear. The 
construction was completed in eighteen months. 
The bridge provides a roadway 38 ft. wide, 
and two footpaths ach 5 ft. wide. The two towers 
are 350 ft. high and rest on concrete piers, carried 
down to solid rock. At the base, the towers have 
a width of 89 ft. 10in., and at the top of 61 ft. 4 in. 
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the specified live load to be met being 70 Ib. per, 0000 ‘ 


sq. ft., equivalent to 216 10-ton lorries on the | 
deck at once, or four lines each of 54 vehicles. | 
It affords the first means of crossing the river | 
by road, above New York, and thus provides | 
a much-needed connection, between two important | 
areas, a bridge at Albany, 145 miles from New | 
York having previously been the nearest. 

While the span of the Bear Mountain Bridge 
has been exceeded, the methods of construction | 
and the speed attained in the work make this | 
bridge of considerable interest, and we therefore 
propose to give some description of it and of the 
means adopted in spinning the main cables. In 


(9873.8) 37Strands The main cables are two only, 
of the parallel wire type, the 

back stays, or shore lengths, being unloaded. The 
stiffening truss of the main span is of the Warren 
type of 64 panels, each 25 ft. 6in. in length, and 
hinged at the towers. The main girders are 30 ft. 
deep and spaced 55 ft. apart. The roadway is carried 
as a deck on the top member, thus giving an unin- 
terrupted view of the river. A horizontal truss below 
the bottom chords is provided for wind bracing. 
The stiffening truss is given a camber of 15 ft. 
which, with an approach gradient on the west side, 
makes the design comply with the Government 


requirements of 135 ft. clearance at the side and 
155 ft. at the centre as stated above. 

The two main cables are 18} in. in diameter, 
and each contains 37 strands, each of 196 wires. 
There are thus 7,252 wires to each cable, and the 
strength is approximately 23,600 tons. The wire 
used is made from open-hearth acid billets, and 
has a. minimum strength of 215,000 Ib. after 
galvanising. The suspension ropes for the stiffening 
trusses and road system are 2} in. in diameter, 
and consist of six strands of 37 galvanised steel 
wire, with 7 <x 19 independent wire rope centre. 
The ultimate strength of these cables is 420,000 lb. 
|The stiffening trusses are of silicon steel having 
an ultimate strength of 80,000 Ib. to 90,000 Ib., 
| the silicon content being from 0-20 per cent. to 
/0-35 per cent. 

The conditions laid down for stringing the main 
cables were that under full dead load, the centre line 
of the cable at the centre of the main span should have 
a sag of 195-46 ft. atnormal temperature below the 
tangent point of cable and the tower saddle curve. 
The assumed dead load was 11,540 lb. per linear 
foot of bridge. The finished cable under full. dead 
load was assumed to be a parabolic curve: The 
dead load, exclusive of the weight of the cables 
themselves, was assumed as 10,033 Ib. per linear foot 
of bridge. 

The length of the parabolic cable between tangent 
| points of the main span was 1,681-81 ft. With an 
| elongation caused by load, of 10,033 Ib. per foot of 
| bridge, of 2-50 ft., the unloaded length of the main 
| span cable was 1,679-31 ft. The side span cables 
| carried no truss load. The length of west land span 
| cable from tangent point at tower to centre line of 
|} anchor chain pin was 522-354 ft. With an elonga- 
| tion of cable due to the load on centre span of 0-84 
'ft., and for the anchor chains of 0-02 ft., giving 
| & total of 0-86 ft., the unloaded length of the 
| west side span cable worked out at 521-494 ft. 
'The loaded length of east land span cable from 

tangent at tower to centre line of anchor chain pin 
| was 389-823 ft. Elongation of cable under dead 
| load was taken as 0-628 ft., and for the anchor 
| chains as 0-021 ft., giving a total of 0-649 ft., and 
| making the unloaded length of the east land span 
| cable 389-174 ft. 
| These three unloaded lengths of cable for the main 
| and two side spans, respectively, were the basis of 
| all computations for the stringing of the cables. The 
| curve of, the unloaded cable is a common caten ary 
|and equations for this curve, namely, 


¢(-. -*) 
mzee féec-+re 
y= 3 
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were used in the calculations. Calculations sLowed 
that during stringing, the tension of a wire in the side 
span was greater than that in the main span, if the 
towers remained plumb, and it was found necessary 
to shorten the side spans and lengthen the main 
span. For this purpose the main tower saddles 
were placed on rollers, and the saddles moved back 
landward 13 in. at the east tower, and 23 in. on the 
west tower. Three-inch cold-rolled shafting was used 
| for these rollers, and 36 rollers were placed under 
leach saddle. With these positions of the tower 
| saddles, no trouble was encountered in construction 
of the cable by the wire creeping through the saddle 
after it had been adjusted. 

Work on the anchorage pits and piers was com- 
menced in May, 1923. The main towers were 
completed in March, 1924, and work was imme- 
diately started on the footbridge required for cable 
construction. A footbridge or working platform 
was erected for each cable, and each footbridge was 
carried on four wire ropes, 2} in. diameter. Resting 
on these ropes and clamped thereto were 6-in. by 
6-in. crossbeams, spaced at panel points of the span 
and at mid panel points. These crossbeams sup- 
ported two 4-in. by 12-in. stringers, upon which 
the deck of 2-in. planks 8 ft. wide was placed. 

The footbridge deck was built up in panel lengths 
at the base of the tower on each side of the river, 
while the towers were being completed, and stored 








| and length 








there until the footbridge ropes were adjusted. 
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The footbridge ropes were delivered at the west 
side of the river on reels containing one complete 
rope sufficient to reach from anchorage to anchorage. 
Four reels were placed on a barge, as shown in 
Fig. 1, and one end of each rope was taken back 
to the west anchorage, where it was socketed and 
fastened to an anchorage below the anchor chains 
of the main cables. The barge was then towed 
across the river, and the ropes allowed to sink into 
the river. Upon reaching the east shore, the 
other end of each cable was taken back to the east 
anchorage. 

Calculations were made determining the position 
of the unloaded footbridge ropes so that when loaded, 
the footbridge would hang parallel to the finished 
unloaded cable, and one rope at a time was pulled 
up and set by transit at the correct elevation in the 
side and main spans. This procedure was repeated 
for the four ropes of the other footbridge, and when 
all ropes were adjusted into position, erection of 
the footbridge deck was started simultaneously in 
both directions from the top of both towers in the 
land and main span, on both footwalks. The panels 
of the decking previously constructed were raised 
to the top of the towers and slid out on the ropes and 
fastened in position. This stage of the work is 
shown in Fig. 4, page 804. The ends of stringers in 
adjacent panels overlapped each other and were 
bolted together, and the cross beams were clamped 
to the footbridge ropes. The decking for both foot- 
bridges over the main and side spans was put in 
place in the remarkably short time of 8 days. 

As soon as the panels of the footbridges met at 
the centre of main span, storm cables were put in 
place. These were two 1}-in. diameter wire ropes 
for each footbridge. They were set in an inverted 
parabola, the ends being fastened to main towers 
near the base. These ropes were connected to the 
footbridge cables by wire ropes, and were used 
to steady the light footbridges during high winds, 
and prevent them turning turtle. Three trussed 
wooden crossbridges, spaced at the centre and 
quarter points of the main span, connected the 
two footbridges. 

Frames to carry the hauling rope for construction 
of the main cable were then erected. Seven were used 
for the main span, and two in each side span. These 
frames were simple gallows frames of timber, guyed 
in position by wire ropes. These frames or hauling 
rope towers are shown in the west land span in Fig. 
5, page 804. At the top of each tower were erected, 
also, wooden towers, with iron guides and sheaves 
for the hauling rope; these are also to be seen in 
Fig. 5. 

The hauling rope, a }-in. wire rope was then erected 
oneach bridge. This rope was continuous, extending 
from the driving machinery at the west anchorage 
across the river to the east anchorage, where it 
passed around a 5-ft. diameter sheave and returned 
over the same bridge to the driving sheave. The 
ends of the rope were spliced together, and proper 
tension was secured by moving the sheave at 
theeast anchorage. To this hauling rope were fixed 
the travelling sheaves, shown in Fig. 14, page 806, 
used to carry the cable wire, one sheave being 
attached to the hauling rope near the west anchor- 
age, and one on the return side of the rope near the 
east anchorage. The driving machinery for the 
hauling rope was placed at the west anchorage for 
both north and south footbridges as there was 
very little working space at the east anchorage. 
Fig. 2. gives a diagrammatic layout of the hauling 
rope, driving machinery, and travelling sheaves for 
one bridge. The layout for both footbridges was 
identical. 

As mentioned previously, the tower saddles had 
to be moved landwards for stringing the cables, 
and when this was done and the footbridge com- 
pleted, one wire similar to that to be used in the 
main cables, i.e., No. 6 gauge galvanised wire, was 
set in this saddle, and each end of it fastened to the 
east and west anchor chains. This wire was then 
set by transit at the correct elevation for the centre 
line of a bottom strand of the cable. 18-in. turn- 
buckles were placed at the ends of this first wire, 
which was known as a guide wire. The turn-buckles 
allowed for changing the length of this wire to suit 
the varying length of the different strands of the 
cable. Eight of these guide wires were set, there being 





one for each strand to be strung at the same time. 
Sheaves to carry the strand wires temporarily during 
stringing, were set up at the towers on either side of 
the main saddles, and near the splay point of the 
cable at the anchorage where the wires made a slight 
change in angle during stringing. After setting the 
guide wire exact as to elevation, it was lifted from 
the main saddle into these temporary strand sheaves, 
and everything was in readiness for stringing the 
cable wires. 

As stated above, there are 37 strands in each main 
cable, consisting of 196 wire per strand. Four strands 
were strung on each foot bridge simultaneously. 
The cable, during stringing, and before squeezing, 
was built up in the form of a hexagon, as in Fig. 3. 
The cable wire was delivered at each anchorage 
on reels weighing about 4 tons, and containing 
approximately 80,000 linear ft. of No. 6 galvanised 
wire. The wire was made in lengths of about 
3,000 ft., and spliced with sleeves threaded right 
and left hand. Shop wire splices had rolled threads 
and field splices were cut threads. 

The method of stringing was as follows, referring 
to Fig. 2:—A bight of wire was passed over the 
travelling sheave at the west anchorage, and the 
end of the wire fastened at any convenient spot after 
passing it round the strand shoe attached to the 
main anchored eye bars. The hauling machinery 
was then started, and travelling sheave A carrying 
its bight of wire, moved across the river to the east 
anchorage, while travelling sheave B, with its 
bight of wire, moved to the west anchorage. When 
the travelling sheaves had reached the opposite 
anchorage, there were thus four wires strung across 
the river, two wires from sheave A and two wires 
from sheave B. Upon reaching the opposite 
anchorage, the bight of wire was removed from the 
travelling sheave and placed round a strand shoe 
set on the anchorage eye bar. These wires were 
then adjusted to hang parallel to the guide wire set 
for that particular strand, and after adjustment in 
each span, the wire was tied temporarily to the 
guide wire to prevent movement in the wind. 
Fig. 8, Plate XLVII, shows wires being adjusted 
by signal. Fig. 5, page 804, and Fig. 6, Plate 
XLVII, show four strands ‘being strung and the 
completed strands set in permanent position for the 
main cable. Fig. 7, Plate XLVII, shows a strand 
being lifted from its temporary position during 
stringing into final position in the main saddle on 
the top of the tower. During spinning, the wires 
were held in temporary clamps, which were 
loosened on the approach of a fresh wire. These 
clamps are shown in Fig. 15, page 806. 

On arrival at each end, the driving machinery 
was reversed and travelling sheave B moved back 
to the east anchorage, carrying a bight of wire from 
the west side, and A moved to the west anchorage, 
carrying a bight of wire from the east anchorage, 
and thus for one complete trip of A and B across 
river and back, four strands were strung with two 
wires per strand, This process was repeated until 
196 wires were strung in each strand. 

Upon completion of the stringing of four strands, 
the wire was cut from the reels and the end spliced 
to the original end of the wire; thus there were 
four strands, each made up of a continuous wire. 
The 196 wires of each strand were then squeezed 
together by hand tongs and bound every 4 ft. with 
flat wire bands 3-in. wide. The diameter of each 
strand was approximately 3} in. When completely 
seized with the flat wire bands, the strand was 
adjusted into its final position as follows :—Starting 
at one anchorage, the strand shoe of the completed 
strand was set on its permanent pin between two 
eye bars and the strand was adjusted to correct 
elevation at the centre of side span by transit. The 
strand was raised or lowered by moving it through 
the main tower saddle. When the side span was 
adjusted, the main span was set by moving the 
strand through the saddle of the far tower, and the 
other side span was adjusted by means of shim 
plates in the strand shoes between the bearing 
block and the rear of the slot in the strand shoe. 
Thirty-ton hydraulic pulling jacks were used for 
setting the strand shoes at the anchorages. A view 
looking down on the strand shoes, and showing the 
tree separators at one of the anchorages is given in 
Fig. 16, page 806. 





One strand for each cable was set by instrument 
to proper elevation, and all the following strands 
were set with this first strand as a guide. After 
about 12 wires had been strung in each strand, the 
guide wire was removed, and after the strands had 
been adjusted, the guide wires were corrected for the 
length of the next set of strands, and when set up, 
the stringing of the next set of strands was started. 

At a point about 35 ft. from the end of the 
strands where they are attached to the eye-bar 
chain, the strands spreadout from the compact cable, 
so as to be set on individual strand shoes between 
each pair of eye bars. This is shown in Figs. 9, 
Plate XLVII, and 19, page 806. On the finished 
cable, there is a flared cable band at this point, and 
during the stringing of the strands, a temporary 
support was placed at this point to receive the 
adjusted strands. Figs. 10 and 16 show this sup- 
port and the strands before the final cable band 
was placed. From the splay point to the anchor 
chains, the cable is not wrapped, and the seizings 
placed on the strands were permanent seizings of 
No. 10 galvanized wire. 

Stringing was started on June 9, 1924, and 
completed August 22, 1924. Labour troubles 
caused delay in stringing for the first two weeks. 
The best day work in stringing was 580 wires for 
both cables, which was an average of 10 min. for 
each trip, including adjustment of wires. 

Upon completion of the stringing the 37 strands 
in each cable, the strands were carefully arranged in 
hexagonal form, and were then compacted by 
hydraulic squeezers into a compact cable. On 
former bridge cables, the seizings of the individual 
strands had been made with No. 10 galvanised wire, 
and these seizings were removed before the strands 
were squeezed together. On this bridge, the 
seizings, as mentioned before, were flat wire of 
about No. 26 gauge, and these seizings were left 
on the strands when they were squeezed together. 
The 37 strands were squeezed together at one 
operation. Former practice had been to squeeze 
a core of seven strands first, and the complete cable 
later. As the strands were squeezed together, the 
seizings on the outer bands broke, and these seizings 
were pulled out, but all interior strand seizings were 
allowed to remain on the strands in the finished 
cables. The cable was first squeezed at points 
approximately 150 ft. apart, and then the spaces 
between these points were squeezed and the com- 
pacted cable was seized every 3 ft. with about six 
turns of No. 10 galvanised wire. Squeezing jacks 
were of the hydraulic type, of 25-ton capacity. 
They are shown in use in Fig. 11, Plate XLVII, 
and Fig. 17, page 818. 

When the cable was squeezed, the panel points 
were accurately measured off, and the cast-stee! 
cable bands for holding the suspender ropes were 
next clamped to the cable. 

The next step was the transferring of the foot- 
bridge load from the footbridge cables to the main 
cable, so that the ropes used to support the foot- 
bridge could be removed and cut up into suspenders. 
Wire rope $ in. diameter was used to lash up the 
footbridge crossbeams to the cable. The storm 
cables were removed and then the footbridge cables 
were taken down and brought to the west land span. 
Here the 2} in. ropes were cut up into suspender 
lengths and socketed with closed sockets, and 
these suspenders were hoisted up over the top of the 
tower and set in the cable bands ready to receive 
the stiffening trusses. The suspenders were formed 
each of one cable length doubled and hanging over 
saddles on the main cables. The two bottom ends 
fitted with sockets carried an equalising beam by 
means of two bolts. From this the transverse floor 
beams were hung by asingle adjuste '\le bolt, so that 
adjustment could be made as the work proceeded. 
The stiffening trusses were erected by travellers 
working toward the centre of the main span from 
each tower, and the parts were raised from barges in 
the river. The main span erection of the trusses 
and floor system was completed in 32 working 
days, between September 10 and October 15, 1924. 

As the stiffening trusses were erected, the saddles 
at the tops of the towers moved on the rollers toward 
the river, and were assisted in this movement by two 
50-ton jacks, until, when the final dead load was 
on the bridge, the saddles were in position on 
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the centre line of the towers. The rollers were then 


“frozen” in position by filling the interstices with | 








ADJUSTMENT OF WIRES IN TEMPORARY CLAMPS. 


| Hudson River Bridge Company, of which Mr. Wilson | 


Fitch Smith was Chief Engineer. Mr. Howard C. 


a mixture of iron filings and salamoniac, making | Baird, Consulting Engineer, New York City, designed 
e Se « 


a compact rust joint. 


The saddles were then bolted | the bridge and supervised construction. 


permanently to the top of the towers, projecting ends | was built by the Terry and Tench Company, after- 


of the 


placed around the saddies, as shown in Figs. 12 | City. 


rollers were cut off, and finishing plates | wards the Tench Construction Company, New York 


Mr. Holton D. Robinson, Consulting Engi- 


and 18, The concrete roadway with asphalt wearing | neer, New York City, acted as consulting engineer on 


surface and concrete footpaths were then con- 
structed, and bridge opened to traffic. 

When the full dead load was on the cables, wrap- 
ping was begun. The wrapping was No. 10 gal- 
vanised wire tightly wound around the cable wires. 
To do this work, a wrapping machine illustrated in 
Fig. 13 was used. 


This consisted of a 5 ft. gear | 


cables. 


| tions, was engineer in charge of cable construction, 
| while Mr. H. D. Leopold was resident engineer. 


revolving on a saddle which slid along the cable | 


and was driven by a 1} h.». motor, Supported on 
this gear were two bobbins holding sufficient wire 
for wrapping one panel length. The wrapping ma- 
chine worked up hill and the weight of the machine 


The special seizings used on the cable strands, 
the cable squeezing jacks, and the cable wrapping 
machine, were designed by Mr. Holten D. Robinson. 
Wire for the main cables and suspender ropes was 
manufactured by the John A. Roeblings Sons 


| Company, Trenton, New Jersey, and the structural 


jammed the turns of wrapping close together; | 


tension in the wrapping wire was obtained by 
friction discs on the bobbins. Between 50 ft. and 
75 ft. of cable were wrapped in 8 hours. As the 
wrapping machine advanced, the temporary seizings 
of No. 10 wire were cut off. In the side spans where 
no cable bands were placed, the wrapping was 
continuous from splay casting tc tower, and lengths 
of wrapping wire were brazed together. In the 
main span, the wrapping was continuous from cable 
band to cable band, and ends of the wrapping wire 
were caulked into counterbores made in the cable 
bands. Lead wool was used for caulking. Cable 
wrapping proceeded after the bridge was open to 
traffic, and was completed early in 1925. When 
wrapping was completed, the footbridges were 
removed, A view of the completed bridge is given 
in Fig. 19. 

he bridge was constructed for the Bear Mountain 


| serving two cables. 


steel and castings were made by McClintic Marshall 
Company, Pittsburgh, Pennsylvania. 

We stated above that the construction of this 
bridge had been accomplished at unusual speed. 
The method of spinning adopted on this work for 
the first time was largely responsible for this. In 
the case of the Brooklyn Bridge, built in 1883, one 
tramway only was used, crossing from one side, 
and only one strand was spun at atime. On the | 
Williamsburg Bridge, completed in 1903, one 
tramway was used with two travelling sheaves, 
On the Bear Mountain Bridge, | 


|as we have seen, one tramway with two travelling 


sheaves served each cable, so that four strands 
were spun at once. The speed was thus four times 
that of the work on the Brooklyn Bridge. 





Automatic TELEPHONES IN CANnTON.—The Canton | 
municipal authorities have recently signed a contract | 





The bridge | 


Mr. W. E. Joyce, to whom we are indebted | 
for the foregoing account of the construction opera- | 


View SHow1na SPACER TREES AND THROAT 
Cramp AT ANCHORAGE. 


A METAL-CLAD AIRSHIP FOR THE 
UNITED STATES NAVY. 


Many will be interested in the announcement in 
|the American papers that the United States Navy 
| Department has placed an order with the Aircraft 
Development Company of Detroit, for an experi- 
mental airship in which the envelope will be con- 
structed of sheet metal in place of the usual rubbered 
fabric. The order was placed in August, at a price 
stated to be 300,000 dols., and the contract provides 
for its completion within 400 days from the date of 
the order. The metal-clad airship has been suggested 
on previous occasions, and one, at least, has been built. 
So long ago as the ‘eighties of the seventeenth 
century, Francisco Lana, in a paper presented to 
the Royal Society of London, suggested a “ flying 
ship’ of spherical form constructed of thin brass 
sheets weighing 3 oz. to the superficial foot. Taking 
a diameter of 14 ft., Lana estimated the weight of 
the envelope to be 1,848 oz., whilst the weight of 
air displaced he calculated to be 2,255 oz. He 
proposed to exhaust all the air from the envelope, 
and thus obtained a useful lift of 407 oz. He 
proceeded to state that by increasing the diameter, 
whilst retaining the same thickness of metal in the 
envelope, “a kind of ship may be made to swim 
in the air and carry two or three men in it.’” Robert 


| Hooke, the experimental philosopher, who was 


present at the meeting at which the paper was 
discussed, stated that in his opinion the metal 
sheeting was not of sufficient thickness to withstand 
the external atmospheric pressure to which it would 
be subjected, and for that reason the project was 
impracticable. 

A little over two centuries later, in 1894, the 
Austrian engineer Swartz designed and constructed 
an airship with an aluminium sheet envelope. This 
vessel was about 135 ft. long and 42 ft. diameter, 
and, although partially successful, the death of the 


with an American firm for the installation of 4,000 | designer put a stop to further development. The 


automatic telephones, each provided with an automatic | 
switch dial. 


thickness of the sheeting employed for the envelope 
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nearly ten times as great. So far as the diffusion 
of gas is concerned, the metal envelope is greatly 
superior to the fabric, but a small loss of gas on 
the metal-clad airship was the subject of a paper | this account will take place through the fabric of 
read by Baron Roenne. The airship he suggested, | the ballonet. Transverse and longitudinal framing 
was 850 ft. in length and 72 ft. diameter, with a | as in rigid airships will not be fitted, but internal 
capacity of 3,000,000 cub. ft. and a displacement of | wire staying is proposed for the purpose of assisting 
104 tons. The envelope was to be constructed of|the envelope to withstand the slight excess of 
chrom-aluminium sheeting, 0-016 in. in thickness, | internal pressure. 

weighing 1 kg. per square metre, and with a strength; Unlike the ordinary airship, which has two vertical 
of 25 tons per squareinch. Nothing further appears |and two horizontal tail-fins, to secure stability of 
to have been attempted in this case beyond the design | motion when in flight, the metal-clad design is to 
of the airship. have eight fins equally spaced around the circum- 


‘The Aircraft Development Company of Detroit | ference and at some little distance from the tail. 


has been engaged for some time on the design and | Elevators are to be fitted to two fins on either side, 


experimental work incidental to metal-clad airships, | and presumably the four will be operated together 
and in September of last year forwarded their first | by the control wheel in the car. It is stated that 
design to the United States Navy Department. }model experiments in the wind tunnel have shown 
The Congressional Committee on Naval Appropria- | that the form adopted for the envelope is a most 
tions, whilst considering the estimates for the efficient one for speed, and that in other aerodynamic 

‘respects the design should prove satisfactory. 


present financial year, discussed the design referred | 
to, and reported strongly in favour of airships as| The Aircraft Development Company of Detroit 


an adjunct to the fleet. The committee con- | is a relatively young corporation, and one interesting 
sidered that large airships would develop their | contract it has already carried out is the construction 
greatest utility when employed over the water, | and erection of an airship mooring mast at Detroit 
their long radius of action, large range of speed,|for Mr. Henry Ford. This mast appears to be 
and ability to keep:the air for long periods both | somewhat similar in design to the few which have 
by day and night, without support from other craft, | been erected in this country and the United States, 
making them very useful for scouting, recon- /but it has an additional and useful feature. A 
naisance, bombing, anti-submarine and convoy | curved girder extends from the masthead nearly to, 
duties, and also for transportation and communica- | the base, and is fitted outside the general structure 
tion with detached units. The committee recom- | of the mast. It revolves with the masthead around 
mended that provision should be made in the | the fixed structure, and serves as a vertical guide 
estimates for the current year for two rigid airships | to the. “‘ flower-pot” fitting at the masthead to 
of 6,000,000 cub. ft. capacity each, and also an| which the airship’s nose is secured. By a ‘suitable 
experimental metal-clad airship. The appropria-| system of ropes and sheaves, the “ flower-pot ” 
tion suggested for the latter was 300,000 dols., | fitting, with the airship attached, can be hauled 
and this was approved by Congress and President |down to the ground level, engines repaired or 
Coolidge. replaced, hull structure repaired or renewed, and 
According to information which has been pub-| other modifications carried out, which would be 
lished, the airship, which has been named MC.2, | impracticable or dangerous with the airship at the 
will have a length of 150 ft., a diameter of 53, andan| mast-head, A second similar mast is being con- 
overall height of 62 ft. The capacity of the envelope | structed by the company for the United States Army 
is to be 200,000 cub. ft., and this includes a ballonet | Department. The-company is certainly an enter- 
of rubbered fabric, whose volume, when fully | prising one, and the progress which it makes with 
extended, will be 50,000 cub. ft. The airship will be | the construction, completion, and trials of its first 
propelled by two duralumin screws, each driven | metal-clad airship, together with the results of the 
by an air-cooled radial engine capable of developing | trials, will be eagerly watched by airship experts and 
200 h.p. at 1,700 revolutions. A single car about|a great number of the general public of America 
30 ft. long and 9 ft. wide is to be suspended from | and other cauntries. 
the envelope, and on platforms at the rear of the 
car the engines will be mounted, the distance between 
the shafts being such that the propeller discs clear 
each other. Filled with hydrogen, the gross lift is 
estimated at 13,800 lb., whichis reduced to 12,600 Ib. 
when helium is used. The fixed weights are stated 
to amount to 8,700 lb., giving a useful lift of 5,100 lb. 
with hydrogen, and 3,900 with helium. The radius 
of action with a crew of four, is stated to be 1,200 
miles with helium, and 2,200 with hydrogen, but 
the latter figure assumes the partial use of hydrogen 


l 
was } mm., 7.e¢., about 0-008 in., approximately | 
twice that suggested by Lana. In 1913, at the | 


meetings of the Institution of Naval Architects, 














INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
Scortanp.—The report of the council for the sixty-ninth 
session (1925-26) of the Institution of Engineers and 
Shipbuilders in Scotland, shows that the total number of 
members on the roll is 1,602. The membership at 
the end of the previous session totalled 1,627. Fourteen 
meetings were held during the session under review ; 
all of these were well attended, and an active interest was 
taken in the papers and discussions. The Students’ 
section held seven successful meetings, and visits were 
paid to a number of shipbuilding and engineering works, 
; one collieries, and various manufacturing plants. The 
as a fuel. When used as a commercial airship to surplus revenue of the Institution for the year ending 
carry six or ten passengers, the radii of action with | September 30 last amounted to 1141. 17s. 3d. During 
the two gases become 720 and 1,200 miles respec- | the session the accessions to the library comprised 283 
tivel Th, d with full ? —400 h + | volumes and pamphlets. The Institution exchanges 

ively. e speed with full power -P-—S | transactions with 77 scientific societies ; it also receives 
expected to reach 70 m.p.h., and at half-power 53. | in exchange 74 periodicals. The president for the session 


The ceiling is estimated at 8,000 ft. for helium and | was Mr. A. J. Campbell. The honorary treasurer of the 

10,000 for hydrogen | Institution is Dr. R. T. Moore. The address of the 
3 y ) gen. EES | secretary and general offices of the Institutionis Elmbank- 
For the erection of the airship, the company are | crescent, Glasgow. 

constructing a hangar 110 ft. high, 110 ft. wide, and | 

180 ft. long, which they expect to have ready in | SPECIFICATION FoR Rapio Esonite Panets.—In 


five months. It is proposed to lengthen the hangar | November, 1925, a specification, which contained a list 
to 240 ft. for the purpose of erecting the second | of recommended sizes for ebonite panels for radio recep- 

a. ie: tion purposes, was issued by the British Engineering 
airship of the same type, but of 300,000 cub. ft. Standards Association. This list was drawn up in the 
capacity, an order for which the company is confi-| light of the normal requirements of constructors, as 


dent of obtaining after completion of MC.2. The | reflected in articles appearing in wireless technical 
periodicals. Since that date the external design of 


most interesting details are those of the envelope. | secciving sate het. sibesed, sommewhel, end. the oniginal 
Duralumin sheeting of a thickness of 0-008 in. is panel sizes are no longer the most convenient. In co- 
to be employed, the sheets being connected together | operation with the B.E.S.A., manufacturers of ebonite 
at the laps and butts by three rows of rivets | —" revised the list of recommended size, —_ this _ 
° nd | list is now incorporated in the specification. e 
diagonally arranged. The piercing of the holes, | standard thicknesses have been reduced from three to 
insertion of the rivets, and the riveting will be) two, by the elimination of the fs in. thickness, but 
effected in one operation by an ingenious machine | the number of standard panels remains in the neighbour- 
especially designed by the company forthe purpose | hood of 2, The, speciteaton, unaltered e regards 
Compared with the rubbered fabric generally interesting to learn that two or three manufacturers 
employed for the envelopes of non-rigid airships, | have already obtained a licence to use the standard 
the thickness of the duralumin sheeting is about |™artk “BESA” in connection with their products. 
two-fifths that of the fabric, while its weight is 
25 per cent. more. Its ultimate strength is also 











Copies of the revised list of panel sizes will be forwarded 
by the B.E.S8.A. Publications Department, 28, Victoria- 
street, London, S.W.1, on receipt of a stamped envelope. 














THE VARIATION IN THE FATIGUE 
STRENGTH OF METALS WHEN 
TESTED IN THE PRESENCE OF 
DIFFERENT LIQUIDS.* 

By G. D. Lenmann, B.Sc. (Eng.). 

TuE Research on the Fatigue Strength of Metals 
in the presence of aqueous solution of various 
chemicals was suggested to the Aeronautical 
Research Committee by Dr. Haigh, who published. 
in 1917, a series of experiments on the “ Fatigue of 
Brasses.”’*+ Dr. Haigh stated at the end of his work 
that he had noticed that fatigue was accelerated in 
mild steel and other metals when exposed to corro- 
sion by acids, sal ammoniac and salt water, ¢.g.. 
railway carriage axles when exposed to acid 
effluents from the lavatory compartments, and steel 
structures immersed in salt water, subject to vibra- 
tion, showing abnormally rapid fatigue. Other 
work that seemed to have a direct bearing upon this 
subject has been carried out by J. A. Jones, B.Sc.,t 
who, while experimenting upon the action of hot salt 
solutions upon riveted plates, made a series of tests 
upon various steels stressed and placed in hot 
aqueous solutions of chemicals. With some solu- 
tions, intercrystalline cracks appeared across the 
area of maximum stress; the time of appearance 
varying with the concentration of the solution and 
the stress sustained by the specimen. Others 
produced no cracking effect even when corrosion 
was very marked. No cracking effect was obtained 
with steels above 0-2 per cent. carbon. Turner and 
Jevons also placed strained specimens of steel in 
solutions of mercuric nitrate, mercuric chloride and 
stannous chloride,§ but no fractures occurred. 

G. Slater, in some recent work, has shown that 
pickling steel in sulphuric acid has a marked effect 
upon the mechanical properties of the steel. A paper 
published in || Stahl und Eisen in 1925 makes the 
following statement :—“ Plane bars, showing very 
light tool marks, will stand a much higher number 
of stress reversals or blows after immersion (for say, 
10 hours) in concentrated hydrochloric acid. 
Comparative curves show that, in the case of a plain- 
turned bar, }}-in. diameter, unattacked, the resist- 
ance was 11,600 blows in a Krupp Endurance 
machine, and 16,500 after 10 hours’ attack in 
concentrated hydrochloric acid. A polished bar 
of the same size had a resistance of 12,000 unattacked 
and 15,000 after acid attack.” S. C. Langdon,{ in 
a discussion upon the electroplating of springs, states 
that a steel rod, 0-37-in. diameter, has its fatigue 
limit reduced 30 to 50 per cent. by five minutes’ 
immersion in a 10 per cent. solution of sulphuric 
acid at 50 deg. C. The greatest effect was produced 
in high-carbon steels which had been heat treated. 
This lowering of the fatigue limit is probably due 
to the embrittling effect caused by the occlusion of 
hydrogen in the metal. When iron is placed in 
sulphuric acid, hydrogen gas is evolved, and the 
metal passes into solution. After exposure, the 
undissolved portion very frequently exhibits a 
peculiar brittleness, but reverts to its original 
condition if kept for one or two days at the ordinary 
temperature. This was observed by Johnson, in 
1873, and was proved by Reynolds to be entirely 
due to the occlusion of hydrogen within the pores 
of the metal. “‘ Steel appears to be more susceptible 
than cast iron.” ** 

There is some evidence that motor-car bearings 
break in fatigue when lubrication fails. One fatigue 
test was therefore carried out in oil at 17 deg. C., 
but as no alteration in fatigue strength was pro- 
duced, further tests were not made. 

Preliminary tests, on the lines of the work done by 





* Research, carried out in the Engineering Labora- 
tories, Oxford, performed for the Engineering Research 
Board of the Department of Scientific and Industrial 
Research. Published by permission of the Engineering 
Research Board. 

t Journal of the Institute of Metals, 1917, No. II, 
page 71. 

A general discussion. 
Internal and Prolonged Stresses : 
Cracking of Mild Steel in Salt Solution.” J. 
B.Sc. 

§ The Journal of the Iron and Steel Institute, Turner 
and Jevons, 1925. No. I, page 179. 

|| Stahl und LHisen, September 17, 1925, vol. xlv, 
pages 1589-1596. ; ’ f 

Trans. American Electrochemical Society, 1917, 
vol. xxxii, and 1919, vol. xxxvi. 

** Stahl und Eisen, 1887, vol. vii, page 681. 
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J. A. Jones, were carried out by the author in order 
to find out if the fractures noticed by him at the 
boiling point of the solutions also took place at 
100 deg. C., the temperature at which the fatigue 
tests were to be made. Test pieces of the size and 
shape shown in the Fig. 1 were stressed by tightening 
up the nuts equally until the flat bars of steel were 
bent round the centre piece and the ends touched. 
They were then immersed in various chemical solu- 
tions, surrounded by a steam bath, which kept them 
constantly at 100 deg. C. Every morning and 
evening the test pieces were removed and viewed 
under a magnifying glass. The time at which inter- 
crystalline cracks appeared was noted in each case. 
A mild steel, of low carbon content was used, since 
J. A. Jones has shown that higher carbon steels are 
not affected by this immersion. The results are 
shown in Table 1. 

From the results shown in Table I and the work 
done by J. A. Jones, it appears that hot aqueous 
solutions of sodium chloride, ammonium salts 
(excepting the nitrate), sodium nitrate and am- 
monium hydroxide at 17 deg. C. show no cracking 
action on stressed steel, while hot sodium nitrate 
solution causes fractures in stressed steel, which, as 
they are intercrystalline in character, appear to be 
similar to those caused by ammonia, ammonium 
salts, mercuric and mercurous salts in brass.* As 
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a consequence of this work, the following fluids were 
selected for use in the fatigue tests: aqueous solu- 
tions of sodium nitrate, sodium chloride, ammonium 
chloride and sulphuric acid. A number of control 
experiments were made, using distilled water in 
order to get a series of results with which to compare 
those obtained, using solutions of various chemicals. 
Dr. Hanson, in a paper on intercrystalline cracking, 
| states that temperature may greatly influence that 
|phenomenon, and that a temperature of about 
300 deg. C. would be the most favourable. The 
effect of temperature on the fatigue strength appears 
to be considerable. 

Chemical Solutions used in Fatigue Tests 
(a) Sodium Nitrate.—A solution of 2 parts of water 
to 1 of sodium nitrate was used in the tests, because, 
from the work done by J. A. Jones on the action of 
various concentrations of sodium nitrate on stressed 
plates, it seemed probable that earlier fractures 
would be produced by the more concentrated 
solutions. 

(b) Sodium Chloride.—A strong solution of 3 parts 
of water to 1 part of sodium chloride was used in 
order to minimise corrosion, which decreases with 
the concentration and rise in temperature of the 
solution (vide Newton and Friend, vol. ix, No. 2). 
Dr. Haigh* stated that sea water affected the fatigue 





strength, but as this was not available, a solution of 


Fig. 2. 
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TABLE I. 





Concen- 
tration. 


: 
= 


Solution. Temp. Remarks. 


Salt. 








g° CG, Sa Not cracked after 4 

months ; specimen be- 

came black ; large quan- 

tities of hydrated ferric 

oxide formed. 

Cracked in 18 hours. 

¢ Plates unstressed, left in 
liquid for 48 hours. Then 
plates stressed ; no sign 

| of cracking. 

Polished plates, left in 

| liquid unstressed for 120 

| hours, plates remained 


> 


Sodium 
Nitrate 





100° C. 








| 
ep although a few 
lack spots appeared on 
them, and a little brown 
| precipitate appeared (hy- 
; drated ferric oxide). 
| Plates were then stressed 
j and when replaced in 
| fresh hot liquid, cracked 
| after 30 hours. Very 
badly cracked after 48 
| hours. 
i Very badly cracked after 
} 42 hours. 
No cracks after 32 hours. 





Sy 
Sodium | 
Chloride | 

! 


@; 


i No cracks after 42 days, 
specimen remained po- 
lished, no precipitation. 


Ammonium 
hydroxide 
sso | 

(4 strength) } 


| 
Ammonium =| | i Nocracks after 135 hours. 
Chloride | | | 
| 
| | and upon filtering liquid 
| showed presence of 
} in solution (Test with 
potassium ferrocyanide). 
| | Surface of specimen 
| | } deeply etched. 
| { i 


* Effect only appears when the material is in a state | 
E. Heyn, | 
“Internal Stress in Cold Wrought Metals,” Journal | 
Moore, | 


of initial tension, as in season cracking of brass. 


Institute of Metals, No, IT, 1914, vol. xii, page 3. 
Nechinsale and Mallinson, Journal Institute of Metals, 
No. I, 1921, vol. xxv. “The Season Cracking of Brass 
and Copper Alloys,” 


bars, which had been normalised. The mid-lengths 
of the specimens were finished with a very fine 
French emery paper: In some preliminary tests a 
| diminution in diameter of ~ in. was made at the 
point where the specimen entered the chuck, in order 
to fit the size of chuck available. This caused a 
concentration of stress at this point, leading to 
failure, and had to be abandoned. 

The chuck originally used was of the six-screw 
type, but fractures occurred where the points of 
the screws bore upon the specimen. A chuck 
with three hard steel pads inside the six screws 
was finally adopted. The specimens for the tests 
run in air, including those which had been pickled, 
are shown in Fig. 3. These two series of tests 
were carried out in a horizontal Wéhler machine. 
The specimens for the hot test, which were carried 
out in a vertical Wohler machine, are shown in 
Fig. 2. The hollow specimen used to measure 
the temperature reached in the hot tests is shown 
in Figs. 4 and 7. 

As rotating specimens were used in this research, 
special apparatus had to be designed for holding 
the chemical solutions, and for keeping them at 
the required temperature. These are shown in 
Figs. 5, 6 and 7. Dr. Haigh used a pad of cotton 
wool (tied round the mid-lerigth of the specimen) 





moistened with the liquid and exposed to the 
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sodium chloride was used. The effect produced by 
this would not be altogether the same as sea water. 
A statement was made to this effect by Bengough 
and May in the Seventh Report to the Corrosion 
Research Committee.¢ ‘Solutions of sodium 
chloride of equivalent strengths in chlorine behave 
very differently from natural sea water. Also 
sea water itself varies very widely in composition. 
Butter and Costet have shown that salt water may 


dioxide up to 70 per cent. as regards the former in 
certain conditions. A variation of either of these 
gases in solution will have an important effect on 
corrosion.” 

(c) Ammonium Chloride.—A solution of 3 parts 
of water to 1 part of ammonium chloride was used. 





Considerable quantity of | 
| ferric oxide precipitated, | 


ron | 


(d) Sulphuric Acid (1:23 specific gravity at 
| 17 deg. C.).—The tests were not run in the acid but 
|in air, after the following treatment : The specimens 
| (excepting the ends upon which the ball bearing 
|ran) were placed for two hours in a test tube con- 
| taining the acid. 
washed for 10 minutes in running water. 


the Wohler machine and a fatigue test started. 


Materials and Apparatus used in the Fatigue | 


| Tests—In order to make the results comparable 





with the work of other investigators for the Aero- | 


nautical Research Committee, the A.R.C. standard 
steels of the following compositions were used :— 


A.R.C. Standard A.R.C. Standard 
Medium Steel. Mild Steel. 


Per Cent. Per Cent. 
Carbon 0°33 0-13 
Silicon 0-22 0-18 
Manganese 0-59 0-70 
Sulphur 0-057 0-042 
Phosphorus 0-049 0-046 


The test pieces were made from 4j-in. diameter 





* Journal of the Institute of Metals, 1917, No. II. 

+ Journal of the Institute of Metals, 1924, No. II. 

| Bengough and May. 

Research Committee. 
t Biochemical Journal, 1923, vol. xvii, No. I. 


Seventh Report to the Corrosion 


be super-saturated with either oxygen or carbon | 


They were then taken out and | 
After | 
being wiped dry with a soft rag, they were placed in | 





atmosphere. But this simple device could not be 
used with the rotating specimens. In the present 
research the tests run in liquids were carried out 
in a vertical Woéhler machine, of the revolving 
cantilever type, with single-point suspension (vide 
Fig. 6). The motor transmitted the torque to the 
spindle through a rubber coupling J. The spindle 
itself F was supported on ball bearings in the 
U-shaped casting G, and carried at its upper end 
a six-screw chuck E, in which the test piece L, Fig. 5, 
was clamped. The load was applied to the specimen 
by means of a ball bearing housed in a cast-iron 
block C, from which through gimbals B the weight 
carrier was suspended over a pulley K running on 
ball bearings. An oil dash pot was arranged below 
the weight carrier. The liquids were contained in 
| a tube M, Fig. 5, one end of which was bell-mouthed 
| to fit a similar curve turned on the specimen. The 
'tube was attached to the specimen by means of 
/a low temperature solder. In some preliminary 
| tests the tube M was attached to the specimen by 
Chatterton’s compound. This proved satisfactory 
for the cold liquid tests, but had to be altered for 
the hot tests. An iron cement was unsuitable and 
| finally a low-temperature solder was used for all 
the liquid tests. A piece of rubber tubing D was 
'used to prevent the liquid from being thrown out 
at the top when the specimen was revolving; at 
the same time it allowed the specimen to bend over 
freely when stressed.’ When the specimen fractured 
it was pulled over against a wooden block, Fig. 6, 
upon which was arranged an automatic cut-out A, 
which stopped the machine and turned out the 
‘gas flame which heated the boiler. The wooden 
block also prevented the specimen from bending 
‘over against the tube M containing the liquid. In 
'the tests run in hot solutions this tube was 
surrounded by steam. Fig. 5 shows the test piece 
‘and the tube containing the liquid, around which 
| was a brass cylinder O encased in a wooden block N, 
| through which the steam passed. Two cork washers 
‘at the top and bottom of the outer cylinder O kept 
‘the mechanism steam-tight. The position of the 
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cylinder O, and hence the pressure on the lower 
cork washer, was adjusted by the four set screws 
by which the block N was supported. 

When running a test, after attaching the tube M 
to the specimen and centring the specimen in the 
chuck, with the block N around it, the space 
between the tube and the specimen was filled 
with hot liquid and the rubber tube D put into 
place. The motor was then started, and after 
steam had been circulating for a little time, the 
specimen was loaded and run at a speed of 2,000 
r.p.m. The specimens were run continuously day 
and night during a test. The revolutions of the 
test piece were recorded on a counter, operated by 


Fig. 5. 
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means of a spur wheel H and a worm on the middle 
length of the spindle. When used in previous 
tests the motor had been carefully balanced by the 
addition of small weights at the circumference of 
the armature. The tests were run at 2,000 r.p.m., 
as it was found that the machine ran particularly 
smoothly at that speed. 

The water level was kept constant in the steam 
boiler by a simple adaptation of the “ bird trough ” 
arrangement. 

In order to ascertain the temperature at which 
the hot tests were carried out, a hollow specimen 
Fig. 4) was prepared. This was designed so that 
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| the cross-sectional area was the same as that of the 
specimens used for the fatigue tests. The specimen 
| Was run in distilled water with the heating arrange- 
|ment attached. After about a quarter of an hour, 
| a steady temperature of 96° C. was registered. The 
drop in temperature of 4 deg. C. being due to some 
}extent to radiation, but mostly to conduction 
| through the chuck and spindle. 
Conclusions.—The effect of raising the tempera- 
ture to 96 deg. C. shows a reduction in fatigue 
| strength which is greater in the 0-33 per cent. than 
| the 0-13 per cent. carbon steel. This effect is in 
| the opposite direction to that quoted by Gough* 
'on a 0-49 per cent. carbon steel. The results were :— 





produces no change on the fatigue strength of the 
0-33 per cent. carbon steel either hot or cold. But 
the hot solution lowers the fatigue strength of the 
0-13 per cent. carbon steel by 4-2 per cent. For 
0-13 per cent. carbon steel the fatigue limit in 
sodium nitrate solution at 96 deg. C. was 15-9 tons/ 
sq. in., and in distilled water at 96 deg. C., 16-6 
tons/sq. in. For 0-33 per cent. carbon steel the 
fatigue limit in sodium nitrate solution at 96 deg. C. 
was 17-45 tons/sq. in., and in distilled water at 
96 deg. C. it was 17-3 tons/sq. in. 

Sodium Chloride.—The sodium chloride solution 
at 96 deg. C. raised the fatigue strength by 6-35 per 
cent., as shown by the following figures :—0-33 per 





Fie. 7. 


|0-13 per cent. carbon steel, fatigue limit of 17-2) cent. carbon steel gives a fatigue limit in sodium 
tons/sq. in. at 17 deg. C.; 16-6 tons/sq. in. at| chloride solution at 96 deg. C. o1 18°4 tons/sq. in., 
| 96 deg. C. For 0-33 per cent. carbon steel, fatigue|and in distilled water at 96 deg. C., 17-3 
limit of 18-3 tons/sq. in. at 17 deg. C.; 17-3 tons/sq. | tons/sq. in. 
‘in. at 96 deg. C. This shows a reduction in fatigue| Ammonium Chloride.—The ammonium chloride 
strength of 3-5 per cent. for the 0-13 per cent. | solution at 96 deg. C. lowers the fatigue strength 
carbon steel, against 5-5 per cent. for the 0-33 per| by 16-2 per cent. In this case 0-33 per cent. 
cent. carbon steel. |earbon steel gives a fatigue limit in ammonium 
Acid.—The acid pickling produces a reduction in chloride solution at 96 deg. C. of 14-5 tons/sq. in., 
fatigue strength of 8-7 per cent. in the 0-13 per cent. | and in distilled water at 96 deg. C., 17-3 tons/sq. in. 
carbon steel, and 8-2 per cent. in the 0-33 per cent.| In conclusion, I wish to thank Professor C. F. 
carbon steel, as shown by the following figures :— | Jenkin for the interest he has taken im this research, 
0-13 per cent. carbon steel, fatigue limit in air | and for his valuable suggestions, advice and 
at 17 deg. C., 17-2 tons/sq. in.; after acid treat- | criticisms. 
ment, 15-7 tons/sq. in.: 0-33 per cent. carbon steel, | 
fatigue limit in air at 17 deg. C., 18-3 tons/sq. in.;| Fur. Om IN THE senmpeee penemaem lesmanr. 
. 2 : | —-Ficures rece 70 _ , 3) s 33 p 
“ seks preteen, dethe Semning 30- + | of Miao cen hat ; duiing 1935, the Ameriean pet roleum 
Lubricating Oil.—Lubricating oil at 17 deg. C. tiidastry eonstimed.’ tel the toutes of oll-relibing’ Opava 
| produces no change in the fatigue strength. | tions, over 50 million barrels of fuel oil, some six million 
Sodium Nitrate—The sodium nitrate solution | tons of coal, and more than 120,000 million cub. ft. of 











|gas. The oil-refining industry, therefore, ranks with 
| the railways and the shipping industry, as a large con- 
* The Fatigue of Metals. H.J. Gough. ' sumer of fuel oil. 
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Brassey’s Naval and Shipping Annual, 1927. Edited by 
Sir ALEXANDER RICHARDSON and ARCHIBALD HuRp. 
London: William Clowes and Sons, Ltd. 
25s, net, ] 


almost any recent phase of development in the | 
science of sea transportations cannot do better than | 
turn to Brassey’s Annual for guidance. It is| 
possibly the only publication of its kind which | 
summarises comprehensively the views of experts | 
on the various developments which have taken place, 
or are likely to take place, in connection with the 
commercial and political positions of shipping ; the 
articles and statistics on mercantile work, which | 
were first introduced about six years ago, have 
added interest to what has always been a very 
popular book. Possibly the most useful part of the 
volume, at least to those interested in naval defence, 
are the reference tables and drawings, which have 
been compiled, on this occasion, by Mr. H. H. 
Palmer, R.C.N.C., with official approval. These data 
have always been one of the important features of 
Brassey’s Annual; they provide detailed’ and 
valuable guidance on the trend of development, and 
permit of a fuller understanding of the articles on 
naval affairs. "a 

Commander Charles N. Robinson is again the 
principal contributor on British naval progress, and, 
in his broad survey, indicates that when the battle- 
ships Nelson and Rodney are put into commission, 
the navies of the world will be in a state of equili- 
brium according to the ratios fixed by the Washing- 
ton Naval Treaty. Although there are no signs of 
further development, either here or abroad, towards 
additional increases in capital ships, he premises 
that, so long ag the strength of offensive weapons is 
not limited, heavily protected ships must be built 
to withstand the effects of mines, submarines, and 
aircraft bombs.’ He deals exhaustively with the costs 
of naval personnel and shows that, compared with 
1914, while the numbers of the fighting forces have 
been reduced: by 31 per cent., the dockyards staffs 
are only 5 per cent. less, in spite of the fact that 
Pembroke and Rosyth Yards have been closed. The 
small reduction in the dockyards staffs is due to 
the Government action in regard to unemploy- 
ment, and it is fairly urged that charges for such 
purposes should be placed against a civil vote 
rather than against the Navy. The new status of 
naval engineers is dealt with at considerable length, 
and Commander Robinson, like many other deck 
officers, supports the view that the recent changes 
were derogatory and undesirable. Some remarks 
by Rear-Admiral Sir Alfred Chatfield are quoted in 
connection with the assessment of tonnage for 
warships under the Washington Treaty, it being 
stated that the “wise men” had decided that the 
— ae of a ship should not include the weight 
or ruel, 

Captain Alfred Dewar, R.N., discusses the pro- 
posals which have been made to set up a Ministry 


LITERATURE. | 








ENGINEERING. _ 


[DEc. 31, 1920. 


other hand, Denmark contemplates almost total | acting oil engines; he also reviews the position 
disarmament. The position of Japan is very well | of the Government Research Committee in connec- 
described by Commander Ishiro Sato, who ridicules | tion with pulverised-coal fuel. Mr. John P. Taylor 


|the statements that the recent developments are | contributes an article on the passenger ship as a 
[Price | indications of an offensive purpose, and explains that | freight carrier, and Mr. W. H. Clapham gives a 

| they are the bare necessities to protect Japanese | short general description of outstanding ships which 
THosE in search of the latest information on | 


sea traffic. He states that Japan was formerly an | have been built or are building. The drawings of the 
agricultural and self-supporting nation, but on | ships by the art editor, Mr. J. W. Burgess, give 
account of the large increase of population, export | an attractive finish to the volume, and the editors 
of manufactures is a vital necessity, and this seems | are to be congratulated on the continued success 
to bear out the general view that, as time pro-| of this publication. 
gresses, each nation becomes more dependent upon | 
assistance from others. Several of Commander | pandbuch der Eisenhiittenkunde. By A. LEDEBUR, Sixth 
Sato’s remarks are replies to points contained in| Edition, Vol. II. Revised by HANs FREIHERR VON 
Admiral Jellicoe’s article of last year. | Jiprver, Leipzig: Arthur Felix. [25°00 marks.] 
The views of an authority such as Sir George | Tuescope of any book on ironworks practice—unless, 
Thurston, on his proposed super-destroyer, will be|as Professor von Jiiptner remarks, it is too large 
studied minutely. Sir George urges that a more sea- | to be sold—must be restricted to bring it within 
worthy type of vessel than those presently in use, | the requirements of some particular class of readers. 
should be designed to enable them to face all} Professor Ledebur’s classical treatise is no excep- 
kinds of weather conditions, and bases some of his tion to thisrule. Himself a gifted and accomplished 





views on the opinions given by Admiral Viscount | 


Jellicoe and the late Sir Doveton Sturdee, the former | 
having stated that ‘‘the sea had become so heavy 
that destroyers with a battle fleet could not safely 
steam at 10 knots,” while the latter stated that 
‘“‘in the North Sea waters the fleet has to ease 
speed or the destroyer has to be detached.” This 
shows a need for better seagoing qualities ; 
possibly most of these qualities will be met in the 
future by light cruisers. Lieutenant Commander 
A. Colquhoun Bell, R.N. contributes a very thought- 
ful article on cruiser design and cruiser warfare, and 
discusses at some length the possibilities of such 
craft for the protection of, as. well as their raiding 
possibilities on, mercantile vessels in wartime. He 
concludes that vessels such as the German Moewe, 
Wolf, and Seealder effected as much, or possibly 
more, destruction than the Emden or the Karls- 
ruhe ; these vessels enjoyed a- longer lifetime on 
account of the difficulty of detecting them from 
ordinary mercantile ships. 

Sir Westcott Abell, chief ship surveyor of Lloyds’ 
Register, is responsible for the first chapter in the 
mercantile section ; the statistics he gives do not 
encourage optimism for an early return to prosperity. 
They show that to-day there are still from 10 to 
15 million tons more vessels than in 1914, and, that 
although the United States now have six times the 
tonnage they had immediately before the war, only 24 
times the original amount is in use. The hysterical 
acclamations to the effect that the motor ship is 
a panacea for our present difficulties is discouraged. 
Sir Westcott’s statements on the positions of German 
Russian, French and Italian shipping are well worth 
reading. Italian prosperity, he says, is due to the 
‘**most complete scheme of shipbuilding subsidy | 
the world has ever seen,”’ while in France, in 1914, | 
the number of berths available for vessels above 
250 ft. in length was 56, and to-day it is 89. 

The article by Mr. Cuthbert Maughan dealing | 





teacher as well an investigator into all branches of 
the metallurgy of iron, he devoted his work to what 


'may fairly be called the technical education of his 


readers in the practice with which it was concerned. 
Whether on this ground it is fairly to be described 
as intended primarily for students may be questioned. 
though, perhaps, no more admirable book has been 
produced for their service in any technical art. 
What characterises its treatment is that it explains 
the science of the art with direct reference to the 
technical constructions and processes connected with 
it, and, in Ledebur’s own words, goes no farther into 
reiterated technical detail than is necessary to 
make sure that the subject is fully understood as 
a whole. It is not an encyclopedia of iron and 
steel works practice, but in its successive editions 
it has contained enough of such material to exhibit 
the entire practice intelligibly to the full extent 
that the state of the art, and of the scientific know- 
ledge on which it has been founded, has permitted. 

At the end of last century the art in question was 
not distinguished by epoch-making inventions, 
comparable with those of Bessemer or of Gilchrist 
and Thomas, but on the other, it has seen numerous 
advances both in the more intimate knowledge of 
processes already well known, and in the elabora- 
tion of methods that even now have not yet. been 
brought to perfection. How rapidly this was 
affecting Ledebur’s work at the beginning of the 
century may be seen from the fact that only three 
years elapsed between the publication of the last 
volume of his fourth edition and the first volume 
of his fifth edition, which was not completed before 
his death. Since then, some 17 years passed before 
the first volume of the sixth edition appeared, and 
some 20 years before the appearance of the second 
volume, which deals with the properties and manu- 
facture of cast iron. That publishing has its 
troubles in Germany as well as elsewhere is illus- 
trated by the fact that this book has been two years 





of Defence, with a view to unifying the work which 
is being done by our military, naval and aircraft 


administrations, and, after reviewing the evidence, | 


suggests that it is ‘“‘superbly absurd” to suggest 
that a common administrator could adequately 
deal with all the problems arising in connection 


with each branch of the services. Captain Edward | 


Altham, C.B., deals with the industrial benefits 


which accrue to the wage earner from the naval | 


programmes, and indicates that between 60 per cent. 


and 70 per cent. of the 2,000,000/. to be spent on | 


new works will be disbursed in wages, while Captain 
P. D. Acland touches on the possible future of 
seaplanes, flying boats and \amphibians. Com- 
mander H. L. Hichens’s statistics on foreign naval 
developments are highly instrictive, and show that 
aviation problems have practically monopolised the 
time of the United States naval experts during the 
year; he states that they have now perfected a 
catapult arrangement suitable for discharging one 
of the heaviest aeroplanes from a ship. The article 
shows that all the other Powers besides Britain | 
seem to be concentrating on cruiser construction, and | 
that Brazil, Argentina, and Turkey intend further | 
developments ; : 


with Freight Developments in 1926, indicates that | in the press, during which time some of the neces- 
the coal strike did not encourage shipping, and that | sary amplifications were lost and had to be rewritten ; 


| the transportation of foreign coal did not reduce | but it has at last appeared, and, like the previous 


the amount of idle tonnage. The remarks of the | volume, is about half as large again as its prede- 
Right Honourable Walter Runciman, LL.D., are | cessor, both in text and in number of illustrations. 


of very practical interest, and his is undoubtedly | 


an outstanding chapter for all who are interested | 


in the economics of shipping. State management | 
has been conclusively proved to be unsound for any | 
commercial proposition, and the author asks how | 
the state would deal with certain difficult conditions | 
which the individual is called upon to handle daily. | 
Investors in shipping are to be found in every | 
hamlet and village in Britain, but they would not | 
support an enterprise unless there was reasonable 


The present editor has been careful to preserve 
all of the original text that had not actually become 
obsolete, and, as he remarks somewhat pathetically, 
would have found it easier to write a new book than 
to fit in to the very coherent structure of Ledebur’s 
original text the numerous additions required by 
the progress of the art since the last edition was 
published. He does not seem, however, to have 
allowed this difficulty to prevent him from incor- 
porating the most important developments that 


signs of profit forthcoming. The chapter on’ have occurred in the interim, both in Germany and 
“Invisible Exports and Socialism ” is most illumi- | elsewhere. Not unnaturally, perhaps, the largest 
nating, and figures are given to show that invisible | individual addition seems to be the account of the 
exports amounting to 429,000,000/. per annum are | development of the theory that has been elaborated 


directly concerned with the prosperity of the | to define the reactions within the blast-furnace, to 


nation. 

Sir John Biles contributes a short historical sketch | 
of turbine developments, and again indicates that 
he believes that there is a bright future for the | 


high-pressure steam turbine in competition with | 


which Dr. von Jiiptner himself has been a notable 
contributor. The importance of a satisfactory theory 
in the determination of the best proportions for the 
charge and the composition of the slag is obvious, 
and it is possible that further developments may be 


oil engines. Mr. Jas. Richardson again deals with | reached, which may simplify the sometimes compli- 


the latter has already placed general engineering problems and indicates his | cated application of the theory to practical work. 


orders for two submarines in Holland, while, on the | change of view with regard to the field for double | Meanwhile, the present volume gives a helpful 
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account of its modern form, as worked out by 
Dr. von Jiiptner and others, with some of the most 
notable trials by which it has been tested. In par- 
ticular, a short account is given of the interesting 
experiments made by the United States Bureau of 
Mines on a test blast-furnace some 19 ft. high; 
though probably it is the printer, who is also a little 
capricious in spelling English names, who is respon- 
sible for attributing this new and important method 
of investigating blast-furnace processes to the year 
1823. An account is also given of the considerable 
amount of work that has been done, and seems by 
no means to be completed, on cleaning blast-furnace 
gases, with the several objects of sparing wear of 
regenerators, recovering materials, such as potash 
and zine, and fitting the gas for use in internal-com- 
bustion engines. Other recent developments that are 
also described may be carried farther in the future ; 
these include the use of air enriched with oxygen, and 
the manufacture of iron and other Portland cements 
as blast-furnace products. Another subject on which 
the experience of the last twenty years has given 
much material is the use of electric blast-furnaces. 
Whether, or not, Dr. von Jiiptner is strictly right 
in giving priority to Keller over Stassano in the 
original application of electricity to the smelting of 
all kinds of iron ores, both designers were in the 
forefront of the little band who began to attempt 
the operation just at the end of last century and the 
beginning of this. The particulars given in this 
volume, some of them of very recent date, seem to 
show that, under some circumstances, the electric 
blast-furnace may be practicable economically. 
A similar conclusion is suggested for the electric 
treatment of scrap by the short account given of 
synthetic cast iron, and in either application, any 
economic advantage will be reinforced by con- 
siderable practical convenience, which at present 
seems to be sought more keenly in the United States 
and Germany than in this country. 

What has been added to the text of the last 
edition, while not sufficient to mask the original 
form and character of the work, brings it conscien- 
tiously up to date, and maintains the high standard 
of the previous editions. 


The 
KIRsQpp. 
40s. net.] 

In the design or selection of the arrangement of a 

colliery power plant, the engineer of to-day is faced 

with a much more difficult task than his predecessor 
of three or four decades ago. The present industrial 
troubles have naturally produced financial difficulties 
which form an additional factor in the problem. 

But apart from this, the actual progress of science, 

as exemplified in the variety of developments in the 

production, no less than in the extended scope of the 
application, of power, has led inevitably to com- 
plexities which fifty years ago were undreamt of. 

This is clearly realised when we reflect that in 

those days there was only one form of power avail- 

able, and, although the collieries early used steam 


Use of Power in Colliery Working. By Joun 
London: H. F. and G. Witherby. [Price 


power, its application was for a long time limited’ 


to pumping water out of the mines, and later to 
hoisting. 

The steam engine has never been replaced, but 
rather developed and extended in its uses. The 
alternatives to steam, such as compressed air and 
electricity, are in practice usually accessories which 
supplement its application to various specified 
purposes. Electricity, apart from its generation 
by water power, when it may fairly be claimed to 
replace the steam engine, is also available in most 
industrial districts, supplied by central generating 
stations. Although not usually so, it has thus 
come to be looked upon as a power which is inde- 
pendent of steam. Another genuine alternative to 
steam for the generation of power is, of course, the 
internal-combustion engine, whether driven by gas, 
petrol, or heavy oil; but as far as collieries are 
concerned, this form of power is only likely to be 
used for subsidiary purposes, and that for suffi- 
ciently obvious reasons. 

New methods, often involving what may be 
termed new principles because not heretofore 
employed, are introduced, and when their advan- 
tages have been proved, take their place alongside 


the old ones ; it is the exception for them completely | 





to oust the old ones. Thus, we find amongst the 
methods of generating steam, water-tube boilers, 
automatic stokers, oil-burners, and the use of 
pulverised coal. Yet none of these has ousted the 
others, or even caused the total disappearance of 
the old Lancashire boiler. The same might be 
said with regard to pumping machinery ; the old 
Cornish pump, essentially the same as it was a 
hundred years ago, still commands the respectful 
consideration of mining engineers, for under certain 
conditions it is still regarded as being the most 
suitable. 

Clearly, no one of the multiplicity of modern 
methods and designs, whether of power production or 
its application, can be selected as the ideal for 
universal employment; but each one has special | 
conditions for which it is pre-eminently adapted. | 
The problem facing the mining engineer, therefore, | 
resolves itself into one of carefully considered selec- 
tion, in which local individual conditions play an 
important part. It is probably no exaggeration to 
say that in no industry do conditions vary so widely 
as in coal mining. Mines may be deep or shallow, 
coal seams may be thick or thin, clean or dirty, 
fiery or safe, comparatively dry or very wet—to 
mention but a few of the alternative conditions 
which affect the question of the kind and quantity 
of power and the type of equipment which is 
desirable to obtain a specified output. 

To engineers interested in these problems, whether 
from the technical or from the commercial aspect, 
Mr. Kirsopp’s treatise may be cordially recom- 
mended. He has collected within the space of 
560 odd pages a veritable compendium of useful 
and up-to-date information covering a very wide 
range of subjects, all, nevertheless, embraced within 
the meaning of the title. The subject matter of 
the volume is divided under the main headings of 
General Considerations, Winding, Pumping and 
Haulage, with appendices on Material and Stores, 
Wage Fluctuations, and other allied matters. 
Under the heading of General Considerations all 
kinds of power plant suitable for colliery practice 
are described and illustrated, from Cornish boilers 
to pulverised-coal plants. In all cases the important 
question of capital and running costs receives 
attention. 

Although compressed air is a wasteful method of 
power transmission and has been largely superseded 
by electricity, it continues to be the most suitable form 
of power for use in fiery mines, especially for driving 
machinery at the coal face. The author discusses 
the factors to be considered in deciding whether 
compressed air or electricity should be adopted 
underground. It is, perhaps, to be regretted that 
more space is not devoted to this subject, and 
especially to the description of one or two modern 
air compressors, together with capital and running 
costs. 

Winding, or hoisting as many prefer to call it, 
is dealt with at considerable length, and again 
comparisons between the employment of steam and 
electricity, with special reference to costs, are made. 
Although electric winding has made great strides 
during the past two decades, it has not yet super- 
seded steam to any great extent in colliery work. 
But a number of factors subject to great variation 
make generalisations on this point impossible. 
The availability of cheap power supplied by a 
municipal power station or power company would 
be obviously a strong inducement for the adoption 
of electricity for new pits. 

The most important adjunct of the winding 
engine, but one which the author states has been 
rather badly neglected in English technical litera- 
ture, is the wire rope. The chapter devoted to this 
subject is therefore doubly welcome and of real 
utility. The fact that aerial ropeways are briefly 
touched upon is all to the good, and the reproduc- 
tions of photographs of existing plants not only 
make the descriptions clearer but add greatly to 
the general interest. 

Pumping, electrical pumping and haulage, are 
each treated at length in separate chapters. It is 
unfortunate that so much matter which comes 
under the main chapter headings should have been 
relegated to a position at the end of the book under 
“additions to Chapter 1, 2,” &c. Presumably 








this information was collected after the first part 


was in the press, but it detracts from the con- 
tinuity of the subject matter and gives the book 
rather a patchy effect. Nevertheless we feel sure 
that the hope expressed by the author in his pre- 
face that the information contained in the volume 
will be found of real utility, not only to the practical 
engineer, but also to the commercial and general 
manager, will be fulfilled. Both the text and the 
reproductions of illustrations, which are very 
numerous, are excellent. 





WORKSOP POWER STATION 
EXTENSIONS. 


THE plant of the electricity works of the Worksop 
Urban District Council was increased on Thursday, 
December 23 by the formal starting of two new heavy- 
oil engine generating sets. This station, which was 
opened in 1901, was originally wholly equipped with 
steam-driven plant generating direct current. In 1922, 
arrangements were made for a supply of alternating 
current in bulk from the Wigan Coal and Iron Company 
to augment the station output. The new plant pro- 
duces direct current at a higher pressure than the 
original sets, so that the station has now the following 
range of supply: direct current at 220 volts and 440 
volts, 3-wire ; alternating current at 220 volts, single- 
phase, and at 380 volts three-phase, 50 cycles. The 
last-mentioned is the supply from the Wigan Coal and 
Tron Company. 

The new machines consist of two six-cylinder 
“*C” type Vickers-Petter heavy-oil engines, of 510/550 
brake horse-power each, direct coupled to generators, 
which are Metropolitan-Vickers shunt wound interpole 
direct-current machines each with an output of 320 kw. 
at 460/550 volts. The generators are carried on separate 
base plates with a bearing at each end. The shaft is 
coupled to the engine crankshaft at the flywheel which 
is of heavy section provided with teeth on the inner 
edge of the rim for barring, a hand winch being fitted 
for this service. The engine cylinders are 16 in. in 
diameter and of 18 in, stroke, with the low compression 
and water-cooled heads characteristic of the “ C” type 
engine, the leading features of which have already 
been described in ENGINEERING, vol. cxx, page 707, 
and vol. cxxii, page 475. The engine works on the two- 
stroke cycle, scavenging being effected by crank-case 
compression through ports in the cylinder, no valves 
being employed. Ignition is effected at any load 
entirely by the temperature of compression, though 
an electrically-heated spiral is used to fire the initial 
charges when the engine is started by compressed air. 

Particular attention has been paid to silencing. The 
silencers are water-cooled, and the pipes.from them are 
led underground to concrete pits outside the buildings. 
The cooling water, including that for the cylinder 
jackets and main bearings, is supplied from an overhead 
tank by gravity, to which tank it is pumped by motor- 
driven Gwynne pumps. The fuel oil is stored in two 
cylindrical tanks, each of 20 tons capacity, a Beardmore 
self-measuring pump being used to transfer it to the 
daily service tanks, The two switch panels were 
supplied along with the generators by Messrs. Metro- 
politan-Vickers Electrical Co., Limited, Trafford Park, 
and the engine by Messrs. Vickers-Petters ‘Limited, 
Ipswich, now Messrs. Petters (Ipswich), Limited. 

The existing brick-built power station has been 
enlarged by an asbestos-sheeted, steel-framed extension 
in which an overhead travelling crane by Messrs. 
Herbert Morris Limited, Loughborough, is provided. 
The whole of the work has been carried out to the 
designs and under the superintendence of Mr. F. L. 
Pedley, the chief engineer and manager of the Worksop 
Urban District Council. 








WeEstPHALIAN Exectriciry Worxs.—The Vereinigten 
Elektrizitiitswerke Westfalen, G.m.b.H., Dortmund- 
Bochum-Minster, represents a combination of several 
electricity works, founded since 1922 in the three towns 
mentioned, with others at Hagen, and in Westphalia. 
The association ranks fifth as to aggregate capacity in 
Germany. The largest German electrical combines and 
their capacities are as follows, in million kilowatt- 
hours per year: Elektrowerke Berlin, 1,360; Rhenish- 
Westphalian Electricity Works, Essen, 1,099 ; Municipal 
Electricity Works, Berlin, 450 ; Saxon Works, Dresden, 
356; and the Westphalian firm mentioned, 270. All the 
capital, amounting to 42,000,000 marks, of the latter has 
been taken up by the three largest companies, except 
2,000,000 marks which the Prussian State has contri- 
buted. The new company has two collieries of its 
own, which can supply about 1,000,000 tons of coal a 
year. According to F. Schulte, of the Provincial Steam 
Supervision Association, steam from this unwashed low- 
grade coal used is cheaper than steam from Rhenish brown 
coal, 1,000,000 kg.-calories costing 0:95 mark and 
1-39 mark, respectively, when steam is raised at the 
colliery. The boiler plants are being refitted for pul- 
verised fuel. At one of the two collieries, at Hattingen, 
a turbo-generator developing 25,000 kw. at 3,000 r.p.m, 
has been installed, 
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LABOUR NOTES. 


Few of the country’s trade unions have cause 
to remember 1926 with pleasure, as, during the whole 
year, unemployment figures have been high, and, as a 
consequence, funds and memberships have suffered 
severely. The immediate effects of the general strike 
were disastrous—it will, in fact, take most of the bigger 
organisations years to recover from them—and the 
long-drawn-out trouble in the coalfields has served 
further to make worse the conditions for everybody. The 
Labour Movement’s extremists still affect, of course, to 
believe that, with better organisation, a national 
general stoppage of work is desirable, and can be 
effective. The great majority of trade unionists do 
not, however, share the view that the general strike 
is + good, and, potentially, an effective, instrument ; 
and, in any case, they are now significantly insisting 
that before any sympathetic action of this kind is, in 
future, decided on, they shall be ballotted on the 
proposal in constitutional fashion. In spite of the 
fact that the general strike is generally recognised to 
have been a disastrous failure, the various units of the 
National Minority Movement—otherwise the Red 
International Labour Union—are as active as ever, 
both in London and in provincial centres of industry. 
Slowly, but surely, however, the workers generally are 
coming to the conclusion that if the unions do not 
smash the Minority Movement the Minority Movement 
will smash them. 





The Railway Review, the organ of the National Union 
of Railwaymen, states that at a meeting of the Execu- 
tive Committee, it was decided to impose a levy of 
3d. per member per week during 1927 ‘to restore the 
exhausted funds of the union.” The levy may be paid 
weekly, or in one sum, as members desire. Other 
recommendations were made, it is added, which have 
been sent to the branches. 





According to the industrial news service of the 
Trades Union Congress, funds amounting to more than 
2,750,000 Dutch guilders, or approximately 231,5001., 
were raised as a result of the relief action organised by 
the International Federation of Trade Unions on 
behalf of the British trade unions. The amounts were : 
—For the General Strike, 472,839 guilders ; loan to the 
British T.U.C., 949,225 guilders ; collection for miners, 
through I.F.T.U., 928,643 guilders; collection for 
miners through Miners’ International, 424,896 guilders. 
These figures do not include, it is explained, amounts 
sent by various unions on the Continent direct to the 
British T.U.C., the miners, or other trade unions. 


The Adelaide correspondent of The Times states that 
a split has occurred between the Parliamentary and 
Industrial sections of the South Australian Labour 
Party over the 44-hour week, the proposal being 
defeated at a lively meeting, at which an effort was 
made to get it embodied as a plank in the fighting 
platform for the next State elections. The Parliamen- 
tary members of the party present included the Premier, 
Mr. Hill, the Attorney-General, Mr. Denny, and the 
Minister of Lands, Mr. Butterfield, whose vigorous 
opposition to the 44-hour week provoked noisy protests 
from the industrialists, who gave the Premier an un- 
pleasant time. The restiveness of the industrialists 
is viewed with concern, and it is understood that, at 
the next conference of the Australian Labour Party, a 
determined effort will be made to exclude al! members 
of Parliament from the executive because they stand 
in the way of the industrialists reaching their objectives. 








At a meeting in London, last week, the General 
Council of the Trades Union Congress discussed the 
question of the future relationship of the British and 
the Soviet trade unions, and decided to adhere to the 
position which it adopted at Bournemouth after the 
receipt of the Tomsky telegram. It then took emphatic 
objection, it will be recalled, to the ‘‘ unwarranted 
censure,” ‘“‘ personal abuse ” and ‘* unprovoked attack ” 
contained in the Moscow message, and declined to 
countenance what was described as “an intolerable 
interference in British trale-union affairs.” The 
matter is to come up for consideration, it is understood 
at the meeting of the General Council of the Inter- 
national Federation of Trade Unions, which is due to 
take place next month. 

The question of the ratification of the Washington 
Hours’ Convention was also discussed by the General 
Council at last week’s meeting. The members ex- 
pressed. themselves as disconcerted by the result of 
their recent interview with the Minister of Labour on 
the question. The suggestion was put forward that 
there was not much inclination on the part of the 
Government at the present time to carry out its 
obligations under the Convention, and it was decided 
to write to the Minister of Labour with a view to 





bringing pressure upon the Government to ratify the 
Convention. 

Writing in Man and Metal, the journal of the Iron 
and Steel Trades Confederation, Mr. Herbert Tracey 
says that during the last five or six years of trade 
depression the trade unions, as official accounts show, 
have been the mainstay of their members. They have 
spent on unemployment, travelling and emigration 
benefit alone, nearly 40,000,000/.—including payments 
recoverable from State insurance—a sum equal to the 
total contributions paid in by members during the 
period ; and no less than two-thirds of the expenditure 
under this head represents disbursements from the 
unions’ own funds. In addition, the unions spent 
nearly 10,000,0001. in dispute benefit, in their endeavours 
to maintain wages during the slump. Much more 
than 3,000,000/. went in sickness and accident benefit ; 
more than 1,500,000. in funeral benefit; and more 
than 4,000,0001. in superannuation and other benefits. 
When it is realised, Mr. Tracey claims, that for all the 
unions the aggregate income from members’ contri- 
butions does not average 10,000,000/. a year, and in 
the period of slump has been much less, one can 
appreciate better the significance of these figures. 
Nothing but skilled and efficient administration, 
careful husbanding of union resources, and prudent 
leadership, enabled the unions to meet the claims of 
their members in this stormy period of economic history. 





The increase of unemployment in Germany has led 
the Federal Minister of Labour to issue a further 
circular to the State Departments of Social Welfare 
with regard to the restriction of overtime. Industrial 
and mining inspectors are to be instructed to exercise 
the greatest care in the granting of overtime permits. 
As regards public works and similar undertakings, 
overtime is only to be permitted when it is necessary 
for technical and administrative reasons. In this 
connection, a decision recently given by the Federal 
Court is of interest. The directors of the Leipzig 
branch of a Berlin bank were summoned for contra- 
vention of the Hours of Work Order in respect of 
overtime. The Leipzig State Court dismissed the 
case, on the ground that the employees had performed 
the overtime in question voluntarily in connection 
with the making up of the half-yearly balance sheet, 
and that such voluntary overtime in special circum- 
stances was permissible under Section 11 (3) of the 
Order. The Federal Court reversed this decision, 
on the ground that the overtime was not really 
voluntary, as the employees had agreed to do it under 
fear of dismissal. 





The latest issue to hand of Industrial and Labour 
Information, the organ of the International Labour 
Office, contains a summary of the discussions which 
took place at the fifteenth congress in Moscow of 
the Communist Party. One of the questions dealt 
with related to ‘Conferences on Production.” It 
will be remembered that for the last two years, in 
order to allow the staff in undertakings to be kept 
informed of the situation as regards production and 
to make suggestions, conferences have been held and 
reports made to the workers by the management. 
As one of the speakers in this discussion remarked, 
there have been three main phases in the development 
of these conferences. At the beginning, the workers 
showed a certain enthusiasm for the arrangement, 
but in this they were not followed by the technical 
staff. In the second phase, there was a certain decline 
in interest on the part of the workers, but the manage- 
ment endeavoured to utilise the conferences as a means 
of increasing production. Recently, as the third 
phase, there has been a resumption of interest in the 
conferences. Mr. Tomsky pointed out that now that 
the institution had passed the preliminary stage, 
it would be necessary systematically to organise 
the conferences, which had hitherto dealt only with 
small questions of detail. He proposed that each 
conference should appoint a committee to study the 
reports of the management for the next meeting, 
two or three months in advance. These committees 
would be called Supervisory Committees. 





It was this somewhat ambiguous term which gave 
rise to the chief discussion. Not only economists, 
but also trade unionists, protested against the creation 
of these new institutions. The economists con- 
tended that there was already more than a sufficiency 
of supervisory organisations. One trade unionist, 
Mr. Riazanov, observed that the conferences on 
production could not expect to possess any authority 
so long as the trade unions and their primary nuclei in 
the undertakings—the works’ council—had no autho- 
rity themselves. Others, in particular the delegates 
from Leningrad, quoted figures showing the work of 
the conferences, and explained that the indifference 
of the workers to these institutions arose from the 








fact that the managements of undertakings generally 
treated the recommendations adopted by the meetings 
as a dead-letter. 





The Ministry of Labour Gazette states that during the 
month of November, 1926, 65,595 applications for 
unemployment books were made at local offices of 
the Ministry of Labour in Great Britain. The applica- 
tions were in respect of 8,461 men, 7,997 women, 
27,656 boys and 21,481 girls of 16 and 17 years of age. 
In the ordinary course an application for an unemploy- 
ment book is made only upon initial entry into insur- 
ance, and the figures given are exclusive of cases in 
which duplication of such applications has been dis- 
covered. In the case of juveniles of 16 and 17 years 
of age, it is explained, a large proportion of the applica- 
tions are from boys and girls who have attained the 
age of 16 while already working in an insured industry. 
In the case of men, the applications are mainly from 
those who, although previously in employment, have 
been outside the scope of the Acts. They include 
non-manual workers whose rate of remuneration has 
fallen to 2501. a year or less, persons previously in busi- 
ness on their own account, or persons who have returned 
from abroad, etc. In the case of women, the applica- 
tions are mainly from those who have previously been 
working in an excepted occupation, for instance, from 
those in private domestic service, or out-workers, and 
from married women who have not previously been in 
employment. 





Independent American trade unions are naturally 
not very well pleased at the favour which the company 
union idea is finding in the United States. “It is 
true,” writes the editor of the Machinists’ Monthly 
Journal, the official organ of the International Associa- 
tion of Machinists, “that wages increases have been 
granted by a number of company union roads, but 
only after railroads on which legitimate trade unions 
exist had months previously granted the request of 
their employees for adjustments of wages, overtime 
rates and other concessions beneficial to all concerned. 
. . . The company union has not, will not, and cannot, 
obtain for the workers of this country that status in 
industry to which the importance of the workers entitles 
them. This can only be obtained by working men and 
working women’s organised unions absolutely free 
from interference or domination on the part of the 
employing interests. Because company unions are not 
free from this domination, the workers now under the 
baneful influence of this form of organisation will 
eventually revolt and return to the ranks of legitimate 
unions from which so many thousands have strayed.” 





The Grading Committee of the National Joint 
Council for the Building Industry met in London on 
Wednesday for the purpose of considering claims for 
up-grading submitted by various provincial centres. 
All the applications involved increases of wages. The 
proceedings were private. 





An Industrial Court, composed of Mr. Harold Morris, 
K.C. (chairman), Mr. J. McKie Bryce and Mr. Frank 
Hodges is to sit at the Middlesex Guildhall on 
January 10, for the purpose of hearing wages claims 
referred to it by the Union of Post Office Workers, 
the Guild of Postal Sorters, the Association of Counter 
Clerks and Telegraphists and the Postmaster General. 
The unions desire certain increases, while the Post- 
master General counter-claims for a reduction of the 
scales of pay for new entrants to the service. The 
concession of the men’s claims in full would, it is 
stated, add a very large sum to the wages bill of the 
Post Office. 





In the course of an allusion to the general strike in 


a message which they have circulated to members, — 


the executive of the Transport Workers Union say :— 
“* Consciously, and with our eyes wide open, and in the 
belief that the Miners’ Federation had done likewise. 
we placed the power and resources of the union un- 
reservedly in the hands of the General Council of the 
T.U.C. Having done that, whatever the orders and 
decisions made by the General Council, we gave effect 
to them promptly and efficiently. When the strike 
ended we were able, in the main, to secure the rein- 
statement of the great majority of our members and to 
obtain the restoration of agreements. We have not 
joined the ranks of those who hastily said ‘ Never again.’ 
It may be, and probably is true that, in the present 
stage of trade union development, the General Council 
is not the body to control and direct large-scale indus- 
trial disputes. If the Executive Council of the Miners’ 
Federation on May 12 had accepted the principle which 
was previously accepted at the Memorial Hall... it does 
appear that the results accruing from the general 
strike would have been totally different from what they 
are, and no one would ever have had cause to say 
‘ Never again.’”’ 








Saat 








= Spotl he = NOS 


DEc. 31, 1926.] 


ENGINEERING. 


813 








A COMPARISON OF STEAM AND 
ELECTRIC LOCOMOTIVES. 


A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held in 
Manchester, on Thursday, December 16, 1926, at 
7.15 p.m., when the paper on “ Electric Locomotives ” 
by Mr. T. A. F. Stone was presented for discussion 
by Mr. T. Ferguson. This paper was reprinted on 
page 674 of our issue of November 26, and in the 
same issue (page 669) we reported the London 
discussion. 

After reading the paper, Mr. Ferguson said it 
was the author’s broad idea of comparisons between 
types that they would have to bear in mind when 
discussing the paper. Merely refuting isolated state- 
ments in the paper need not affect in any way the 
general idea he had in mind. After touching upon 
the steam locomotive, Mr. Ferguson said, when they 
turned to the power or rating of electric locomotives, 
they were, as the author indicated, sometimes rather 
puzzled, as a mere statement of the horse-power of 
the electric engine as being so much, told them nothing 
beyond the fact that if they could induce the loco- 
motive, by attaching a sufficient weight of train 
behind it, to exert that power, its electric motors 
would warm up to a certain temperature. That was 
quite important, but not very helpful. It was the 
tractive effort-speed characteristic, such as the author 
illustrated on Fig. 1 of his paper, which really told 
them what the locomotive would do as regards speed 
under different train-load conditions, and also the 
horse-power thereby developed; then, by referring 
that horse-power to the locomotive nominal horse- 
power rating, they could get some measure of the 
temperature rise. There was, relatively speaking, 
infinite power behind the electric locomotive which 
it was in a position to utilise, and one had only to add 
train-load to the machine and it would pull it. 

The speed at which it pulled the load would 
automatically adjust itself to the tractive effort-speed 
characteristic of the electrical equipment. The problem 
for the electric locomotive designer was largely one of 
temperature rise for his machinery, and of obtaining 
a reasonable shape of characteristic curve. The author 
co-related the horse-power of the steam locomotive 
to the one-hour rating of an electric locomotive. 
The one-hour rating of an electric locomotive was 
the particular condition of tractive effort and speed 
which the locomotive was capable of giving for a 
certain definite temperature rise of the motors at 
the end of a run of one hour’s duration. That did not 
mean to say that the locomotive was incapable of 
taking that load for more than one hour, but if it did, 
the temperature ‘would continue to rise, but at a 
gradually decreasing rate of increase, until a definite 
temperature were reached. It was generally accepted 
that that final temperature would be too high for 
normal working. Continuous rating was the load 
or horse-power which, when applied continuously, 
would not cause the temperature to rise above a 
definite figure (80 deg. rise on B.E.S.A. rating). The 
temperature rise permitted depended very much on 
the class of insulation used, but with modern methods 
of insulation no harm would come to the motor windings 
if the final temperature were 120 deg. C., or there- 
abouts. In temperate climates, where the air tem- 
perature was seldom more than 20 deg. or 25 deg. C., 
that would mean a maximum allowable temperature 
rise of 95 deg. to 100 deg. C., but in hotter climates, 
of course, the temperature rise would have to be 
reduced, and the designer would have to put more 
ample capacity of electrical machinery in a loco- 
motive which was destined for tropical climates 
than in one for use in England. It would be clear 
that the basis on which horse-powers were compared 
(which was fundamental to everything that followed 
in the paper) was the co-relation of two quantities 
which in themselves were not strictly comparable. 

He agreed with the author that the three-phase 
locomotive was rather lighter and rather cheaper than 
any of the others. The direct-current system was 
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standardised throughout a fairly large proportion of 
Europe, and was now becoming standard in South 
Africa, India, Australia and other parts of the world. 
The three-phase system appeared to be used only in 








Italy, while the single-phase system was used in 
Switzerland, Germany, Austria, Norway and Sweden. | 
The United States of America had both direct-current | 
and single-phase locomotives in operation. The approxi- | 
mate distribution of the world’s electric locomotives 
was as shown in the accompanying table. 

Mr. Hopkins, who followed, said that with regard 
to the point of the horse-power being twenty times the 
grate area in square feet, he thought that figure, for 
England at any rate, was rather low. Perhaps the 
author, who appeared to have had experience of 
some Indian railway, might have had small grates 
and native stokers, and inferior coal, so that twenty 
suited him better. With regard to the ratios, the 
horse-power/adhesive weight ratio, giving one the idea 
of the speed for which a locomotive was designed, 
seemed to be thoroughly useful, but there were one or 
two which confused the issue and might reasonably 
be left out. There was one which the author called 
the index of the utilisation of total weight by the 
weight of the motive power, which seemed to be 
rather useless. There was obviously no relation between 
the power equipment on the motor coach to the total 
weight. It just depended on the number of passengers 
one wanted to get on it. He did not know whether 
he would care to agree that the horse-power/adhesive 
weight ratio was always an indication of the speed ; 
the tractive effort was not always directly proportional 
to the adhesive weight. The maximum tractive effort 
was appreciably below the slipping value. It would 
be rather more useful if they knew the number of loco- 
motives that the author had taken in making up some 
of the tables. To take one particular example, that of 


the = table, if the author had taken 10 single-phase, 
10 direct-current and 1 three-phase, it would be hardly 
fair to say that the = was 15-4 for steam and 30-9 


for electric. Actually, for a direct-current locomotive, 


2 
the = figure, in the case of a passenger machine, 


was somewhere about 31 or 33. The New York Central 
Railroad had some high-speed machines for which 
that figure was only 23. 

Mr. R. W. Bailey said he would like to ask how 
the two systems of locomotion had been compared ; 
whether the electric locomotive had been based on 
the power of the motors or the power. of the locomotive 
as compared with the steam locomotive. The figure 
of 20 h.p. was certainly very low. 24 sq. ft. grate 
area could maintain an indicated horse-power of the 
order of 1,200. Two-thirds of that was usually about 
the figure that one found at the draw-bar. Tractive 
resistance based on a 3 per cent. grade was not of great 
interest here. He did not think that in England on 
ordinary lines we had anything approaching that. 
Something of about the order of 14 per cent., was more 
probable. .The author had taken a steam locomotive 
as a constant horse power machine for a fairly good 
range, and he (Mr. Bailey) thought that tests more or 
less bore that out. There was one thing, however, 
which was sometimes overlooked in a steam locomotive, 
and that was the reserve thermal capacity of the boiler. 
This was quite a good help. A skilful driver would take 
care that the pressure was well up when he was 
approaching an incline. The thermal capacity of the 
boiler would supply about 100 h.p. in this way. He 
did not know how that affected the conclusions of the 
author. 

Mr. B. Venkataraman said that Indian coal was far 
inferior to English coal. Regarding inclines, it was 
very common to get inclines like 1 in 16 and 1 in 20, 
in India, and on ordinary lines, there were grades of 
1 in 40 and 1 in 35. 

Mr. Cecil Bentham said the electric locomotive was 
developing at a much greater rate than the steam loco- 
motive. He had taken the trouble, when he had been 
in America two years ago, to have a run on one of the 
electric locomotives. He had obtained permission from 
the Chicago, Milwaukee and St. Paul Railway to travel 
on the locomotive over part of the 600 miles of electri- 
fied railway track through the Rocky Mountains. It 
was one of the most interesting runs one could have. 
They had informed him there that, but for the introduc- 
tion of the electric locomotive, they would have been 
compelled to double the track, but the electric loco- 
motives could get more trains over the line. They had 
been rather proud that they had been going up a 2 per 
cent. grade and keeping the train travelling at 20 
m.p.h. On down grades regenerative control was used. 

Mr. Ferguson, in closing the discussion, said he 
really had no power to reply on behalf of the author. 
With reference to the ratio which Mr. Hopkins had 
mentioned (equipment weight/the total weight), it 
was rather noticeable that the ratio for the electric 
locomotive was low in plate-framed machines. The 
mechanical parts of these were light compared with the 
American system of using heavy bar frames in cast steel, 
In a locomotive for South America, the horse power per 





ton weight was fairly high; the total weight of the loco- 


motive had been something of the order of 100 tons, 
They had a very good comparison between that loco- 
motive and a similar locomotive of the 1 —6 + 6—1 
type. An American firm had supplied some loco- 


| motives of that type for the same railway, and these 


had weighed some 30 per cent. more than the British 
locomotive. That was not due to the weight of 
the electrical machinery, but to the difference in the 
mechanical construction. The American locomotives 
would be rather at a disadvantage in that case. He 
did not think the author mentioned continuous rating. 
The paper compared what appeared to him to be rather 
a low continuous rating of the steam locomotive with 
what was really an intermittent rating. The electric 
locomotive was able to keep up a much higher speed on 
long gradients., Regeneration was used on the Chicago, 
Milwaukee and St.Paul line with all locomotives. On 
2 per cent. grades, quite a reasonable amount of power 
could be sent back into the line. It was not always, 
however, that the load was available. 





THE BUELL PULVERISED FUEL 
SYSTEM. 


One result of the coal dispute has been an increase 
of attention to the subject of pulverised fuel, as this 
method of boiler and furnace firing makes possible the 
use of fuels too small or too friable to be successfully 
burned on ordinary grates, and, therefore, usually 
classed more or less as waste products of the colliery. 
We are not now referring to schemes for large new 
installations, but to the conversion of medium and 
small size plants already in existence. 

Normally, the change over to a system of burning 
pulverised fuel in such installations presents difficulties, 
because, hitherto, the chief characteristic of most of 
the systems in vogue has been the relatively large size 
of furnace or combustion chamber required which would 
have involved too drastic a re-construction. There 
are, however, two methods of burning pulverised fuel 
in external additions to furnaces of normal size de- 
signed for the use of solid coal which seem to promise 
good results. One of these we noticed in the article 
on turbulent combustion on page 267 of our present 
volume, the other we described more recently, 7.¢., on 
page 294. Both these methods deal with the problem 
from the same angle, for there is no endeavour in either 
case to modify the jet of pulverised fuel itself, that is, 
there is no attempt to mix it with air or alter its velocity, 
&c., before it passes into the furnace for combustion. 
An open-ended pipe is used, as is the common practice, 
but combustion is rendered more efficient than in the 
ordinary type of large furnace by making four jets 
impinge one on the other in the first case, and by turn- 
ing the jet back upon and through itself in the second 
case. 

As already stated, though the large furnace common 
in the ordinary systems is not necessary, both the 
systems just referred to require some external addition 
to the boiler or industrial furnace concerned. The 
present article describes a third method of solving the 
problem, the essential feature of this being that a special 
burner is employed, to prepare the fuel for efficient 
combustion before it enters the combustion space. 
From this there follow two important advantages, the 
first being that no external structure is required on the 
boiler or furnace, the second that the shape and size 
of the flame is thoroughly under control. 

This method is known as the Buell-Kek pulverised- 
coal burning system, and it originated in the United 
States. It has, however, been developed, and a new 
type of burner invented, by British engineers, who 
hold patents in connection with it. It is controlled 
by Messrs. Bolton and Partners, Limited, Iddesleigh 
House, Caxton-street, Westminster, S.W.]. An im- 
portant feature of the system, particularly in some 
industrial applications, is the entire elimination of 
the dust nuisance, both in pulverising and burning. 
This is an important factor in certain indus- 
trial processes as well as in metallurgical operations, 
in which latter direction the system has been chiefly 
extended in Great Britain. The installations under 
boilers are, at the moment, most numerous in Australia, 
where good results have been obtained. A _ boiler 
installation is now being made in Great Britain by 
Messrs. Babcock and Wilcox, Limited, who are putting 
in the apparatus in their works power.station. Some 
views of plant now in operation, and various details 
of the system, are given in Figs. 1 to 11, on pages 
814 and 815. 

This system can be applied either by the direct or 
unit method, in which the pulverised fuel is blown 
from the pulveriser directly into the furnace without 
an intermediate storage hopper, or by the individual 
storage system in which the pulveriser and storage 
hopper form one combined unit. It can also be applied 
by the central system, in which the pulverising can 
be done in a separate building. In each of the above 
named methods, the control of the air is very exact 
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and most of the air for combustion meets with the| A and i. The inner one fA carries a pair of conical | 
coal dust as it is leaving the burner. rings c, expanding from the direction of the jet, while 
Any system that relies, wholly or partly, on the con-| the outer casing « terminates in a conical portion 
veying air only to supply oxygen for combustion is likely | contracting against the direction of the jet. The 
to be inefficient, for, in addition to the deficiency in | external primary air supply from the fan is introduced 
volume, the fact that the particles of coal travel at the | through the annular space between h and i, either from a 
same rate as the particles of air, prohibits proper mixture | continuous chamber g,’ or, more normally, through 


Fig. 1. 
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Fig. 5. The internal primary air inlet a is adjustable 
horizontally by a screw motion controlled by a-hand- 
wheel. The hollow cone 6 is made with a solid central 
cone so that the jet of air issuing from it is, like the 
coal stream, hollow. When the cone is in the extreme 
forward position 1, the jet of coal dust has been 
opened out only a little way by the internal primary 
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Fia. 4. Non-DispersiveE TyPE Burner. 
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of thetwo. In the Buell burner, the air for combustion | four pipes connected by a common ring. 
is supplied in three separate streams, two of them from} The secondary air, induced by the in- 
the fan additional to the propelling air, and the | jector action of the coal stream, enters 
third an induced flow from the stokehold. This} through louvres at j, into the space 
practice is common to two types of burner, viz. the | between the inlet pipe f, and the casing 

















dispersive Buell burner and the non-dispersive Buell | h. These louvres are distinguishable in 
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burner. The first of these is the most characteristic, 
and is illustrated in section in Figs. 5 and 6. The 
curved fuel supply pipe f is prominent in both figures. 
The coal is discharged through an annular space 
round the internal primary air inlet a, this space 
being greater or less according to the position of the 
hollow cone 6, which forms the end of the inlet pipe. 
Outside the fuel inlet are two concentric casings 





| 
| 


Fig. 3, as is also, in the lower half of 
the figure, the ring for the external 
primary air with its flexible supply pipe from the fan. | 
The flexible pipe shown in the upper half supplies the 
internal primary air. Sometimes the external primary | 
air pipes function as secondary air inlets in which 
case the louvres are closed. 

The working of the burner will be followed from | 





air jet, when it meets the converging stream of external 
primary air at the mouth of the casing h, the two 
streams striking one another at an acute angle. The 
result is a comparatively long flame carried between 
two sheets of eddying air. When the cone 6 is drawn 
back to the extreme rearward position 2, the coal 
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stream is opened out immediately it leaves the inlet | recognisable in both. Behind the end of the coal- 


pipe, to such an extent that it impinges on the edge | inlet pipe, in the foreground of Fig. 4, 
of the casing h, striking in its course the rings c, which | 


break it up and assist in mixing it with the air. At the | 
outer edge of the casing h, the coal stream, which is 
then spread over 74 times its original area, meets with 
the external primary air at a much less acute angle 
than in the former case, and the destruction of the 
velocity effected by the converging currents is much 
more marked. There is, under these conditions, a 
region of combustion immediately outside the mouth 
of the burner, where a turbulent effect is very notice- 
able. The velocity of the coal and air jets being 
absorbed in creating this disturbance, the resultant 
flame is short and of a bushy character, with practically 
perfect combustion. The shape of the flame can, 
obviously, be varied between the two limits by suitably 
adjusting the cone between: positions 1 and 2. One 
important feature of the burner, which is shown in 
Fig. 5, has not yet been alluded to. This is the conical 
ring e over the end of the coal-inlet pipe. By means of 





is a triple 
branch for air from the fan. The centre pipe of 
this branch runs through the burner to the end of 
the sliding sleeve, above mentioned, which is, indeed, 
controlled through the movement of the pipe by the 
handwheel shown. The two side pipes run into the 
external primary-air space, each of them dividing on 
the way so as to provide the four air pipes previously 
mentioned. Each of these pipes is fitted with a stop 
valve for the purpose of regulating the volume and 
distribution of the external primary air, which is a 
very important point when the calorific value of the 
coals used varies from time to time. The correspond- 
ing valves in Fig. 3 are visible as small knobs on the 
external primary-air ring. Although combustion 
commences close to the burner in both cases, and is 
completed within a very short distance of it in the 
dispersive type, the casting of which it consists is not 
affected by the heat owing to the three streams of air 





will perhaps make clearer the course of the latter. 
Under the hopper is a worm feeder which passes the 
coal down a closed chute on which is fitted a magnetic 
separator. From this it passes into the feed tundish 
of a Kek mill, and, after pulverisation, is discharged into 
the receiving chamber as mentioned above. 

Fig. 11, on this page, gives a cross section of this mill, 
which is manufactured by Messrs. Kek, Limited, 
Aldwych House, W.C.2., and is used for the pulverisation 
of many other materials besides coal. A 30 h.p. 
motor, running at 950 r.p.m., is employed for driving 
this mill, being direct coupled to the horizontal driving 
shaft by means of a centrifugal clutch coupling. The 
drive is transmitted to the bottom disc, or rotor, 
through a worm and worm wheel running in an oil 
bath. The worm is cut in the vertical steel spindle, 
which is also provided with a flange at the top for 
holding the rotating disc. Both the horizontal driving 
shaft and the vertical spindle are fitted with double, 
hollow-race ball bearings. A seal under the bottom disc 
prevents any ground material finding its way into 


ME aa ee 


Sie ear ea ENE SRE NS SM 


Rae 


eet aty 


SY anal ela 








Fig.7. 





1!1134" 








which pass through it when working. 
6. 





~-------- 3/3" 


MLL 


til 


SSS mex 








(9708.6) 


this it is possible to change the flame from a strictly 
axial direction to one at a considerable angle to it, a 
feature which is very useful, in some cases, with indus- 
tria] furnaces. The ring is pivoted in the middle and 
can be tilted round this axis by the sliding rod shown, 
the fuel stream being diverted either upwards or down- 
wards as required. 

This type of burner can be used for burning oil 
should this become necessary owing, say, to a sudden 
failure of the coal supply. This is effected, as shown 
in Fig. 6, by inserting a pressure-jet burner of any of 
the well-known types in lieu of the internal primary- 
air inlet pipe. Further, should there happen to be 
a supply of gas available, which it would be economical 
to utilise along with the coal, it can be readily burned 
by passing it through the internal primary-air inlet 
pipe. In this case, the louvres regulating the secondary 
air supply would have to be more widely opened than 
usual. 

The non-dispersive burner has a long flame, suitable 
for such applications as cement ‘kilns, &c., and we 
reproduce in Fig. 4 a photograph of this type. Intern- 
ally, the cardinal difference between the two types 
is that in the non-dispersive type the casing h tapers 
inwards, and the rings c are omitted, while a sliding 
sleeve is fitted over the coal-inlet pipe, so that the 
position of its outlet end may be varied relatively to 
that of the tapered casing, and the width of the zone 
of junction of the secondary air with the coal supply 
can be controlled. The burner shown in Fig. 4, 
being for a large cement kiln, is considerably larger 
_than the burner shown in Fig. 3, apart from the 
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Top Grinding Disc; 
Stationary 
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Turning now to 





some actual installa- 
tions, we may refer to 
Figs. 1 and 2, which 
show the Buell plant 
applied to one of the 








smelting furnaces at 








the Clydach Works of = 9708.» 
Messrs. The Mond 
Nickel Company, Limited. Fig. 3, which has 


already been referred to, shows the burner as 
fitted, and the fuel and primary-air supply pipes 
leading to it are well seen in Fig. 2. In this 
figure, perhaps the most noticeable feature is the 
conical receiving chamber with its ring of dust filters. 
About this little more need be said, except that the 
bags permit the escape through them of the air 
entrained in the entering coal dust, but completely 
retain the dust. The receiving chamber is 7 ft. in 
diameter and catches the dust, flowing from the pul- 
veriser, in the upper part of the inverted cone. An 
internal cone, of different taper, is fitted ry. this 
outer cone and effectively minimises packing of arch- 
ing of the pulverised fuel, though should a hold-up 
occur from any reason, means are provided by air pipes 
from the fan to break it down. The feed, owing to the 
internal cone, is very regular, and, as will be seen in 
Fig. 1, the pulverised fuel is led into the air pipe from 
the fan and is there picked up and delivered to the 
burner. The motor drive for the fan is discernible in 
the bottom right-hand corner of Fig. 2. The small 
square hopper in the top left-hand corner of this 


difference in type, but the distinctive details are | figure receives the raw fuel, but a reference to Fig. 1 
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the bearings or the oil bath. The bottom grinding disc 
rotates and consists of a dished steel disc with a cover 
plate underneath which holds the teeth in place. 
The top disc is stationary and is dished in the 
opposite way to the bottom one, so that the vertical 
distance between the two becomes less from the centre 
tothe periphery. The pitch of the teeth is also de- 
creased in this direction, though not necessarily their 
size, this depending upon the precise nature of the ma- 
terial to be ground. The teeth are of hard steel. With 
the shaft speed stated above, viz., 950 r.p.m., the bottom 
disc makes about 3,500 r.p.m., and will reduce coal to 
a fineness enabling 92 per cent. to pass through a 
200-mesh sieve. The size of coal fed into the 
centre should not exceed that of a cube of 2 in. 
side. The pulverised fuel is thrown off the rim of the 
bottom grinding disc on to the conical casting just 
below it, to which is attached the chute leading to the 
receiving chamber. Figs. 7 to 10 show a Kek mill 
coupled to a receiving bin 6 ft. in diameter. The top 
of this bin is formed by a ring flanged in the centre, 
the flange being fastened to the top grinding disc, and 
the outer portion carrying six branches for the 
dust-catching bags. The method of regulating the 
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entry of air to the mill is shown in Big. 9. The lower 
portion of the bin consists of two funnels somewhat 
resembling irregular oblique cones. The inner surfaces 
of these are fixed to the conical casting under the 
bottom grinding disc, and meet at the centre, as shown 
in Fig. 8. The arch resulting from this construction is 
necessary to clear the driving gear of the mill, which 
in this case is shown as fast and loose pulleys, with a 
handwheel belt-striking device to ensure a slow start 
to the disc. 

In addition to ordinary bituminous and anthracite 
coals, fuels such as lignite and other low grades have 
been successfully handled by Buell burners. Thus, a 
Cornish boiler burning powdered brown coal of a calorific 
value of only 9,410 B.Th.U. per lb., evaporated 7-24 lb. 
of water per lb. of fuel from and at 212 deg. F., the 
thermal efficiency working out to 74-7 per cent. 
Installations fitted to boilers using bituminous coals 
have shown an increase in steam output for the con- 
sumption of the same weight of coal, of over one-third. 

This system has been very successful under water-tube 
boilers, In systems in which turbulent combustion 
is not created by means of a burner, it is necessary 
to provide a large combustion chamber and to insert 
the burners at the top so that the fuel has a longer 
pathway to follow. With the Buell system this 
is not necessary. The combustion is completed 
within 6 ft. of the burner, and the velocity is so reduced 
that there is no damage to the brickwork. The plant 
operating at Messrs, Babcock & Wilcox works, Renfrew, 
proves that combustion chambers of the size formerly 
employed for chain-grate stoker firing can be used 
even for a considerable overload and give a CO, per- 
centage of 15, Similarly, at Stretford Corporation 
Electricity Works, the Buell system is working satis- 
factorily with a comparatively small combustion 
chamber, and is showing, we understand, high 
efficiencies. This system makes the conversion of 
existing boilers a simple matter, and the heavy capital 
charges which become necessary when the raising of 
the boiler has to be undertaken, are avoided. 

The saving in metallurgical processes is equally 
marked, and one advantage of the system for such work 
lies in the fact that, with the three-fold air supply at 
the burner, precise regulation is an easy matter, and an 
oxidising or reducing flame can be produced as desired. 

In the tin-smelting industry, an additional recom- 
mendation is that the low velocity flame does not carry 
away with it the valuable tin oxides. In one case a 
furnace has a combustion chamber measuring 8 ft. by 
2 ft. by 2 ft. 6 in., with a furnace beyond it 20 ft. in 
length. The Buell burner is opposite the bridge of the 
combustion chamber, which is 2 ft. away, and maintains 
a temperature of between 1,500 deg. and 1,600 deg. C. 
The saving of fuel is reported to be 50 per cent. on 
hand-firing, while the time of production is shortened 
by one day per week. In copper smelting, figures 
show that with hand firing it needs about 26 hours 
to produce 190 tons of copper anodes: A Buell 
furnace is doing the same work in 10 hours less time. 
The coal consumption per ton of metal produced is 
300 1b. with hand-firing, while with the Buell burner it is 
only 200 lb. In another works the fuel ratio was 4-1 
tons of copper produced to 1 ton of coal, but using the 
same coal pulverised increased the ratio to 7-4. Con- 
siderable improvement has also followed from the use of 
pulverised fuel in re-heating furnaces. In one rolling 
works, the coal expenditure with hand-firing was 
600 Ib. per ton of sheets rolled; with pulverised coal 
it was only 280 Ib. 





PErsonaL.—Mr. G, E, Bailey, works manager, Metro- 
politan-Vickers Electrical Company, Limited, Trafford 
Park, Manchester, has been elected, for the second year, 
president of the Manchester District Engineering Trades 
Employers’ Association.—-Major A. Moncrieff, M.C., M.A., 
A.M. Inst.C.E., having accepted an appointment under | 
the Indian Cement Manufacturers Association, has 
retired from the firm of Messrs. J. Mitchell Moncrieff and 
Partners, consulting engineers, Westminster. In con- 
sequence of this it has been decided to close the Newcastle 





office of the firm. Messrs. Moncrieff’s practice will 
henceforth be carried on solely from their London office, | 
57-59, Victoria-street, S.W.1. 

Trai Tr oF THE §.S, “ Rasura.”—Built for the | 
British India Steam Navigation Company, Limited, by | 
Messrs. Barclay, Curle and Co., Limited, at their West | 
Ship building Yard, Scotstoun, the 8.8. Rajula carried out | 
successful trials on November “6, when a mean speed of | 
15$ knots was attained. The vessel, which has been | 
built for the B.I.S.N. Company’s eastern service, has 
the following dimensions: Length, 460 ft.; beam, | 
61 ft. 6 in.: depth, 41 ft. The propelling machinery 
consists of twin-screw, four-crank, triple-expansion | 
engines, served by five single-ended boilers arranged to | 
burn coal or oil as required. There are five large, well- | 
furnished public rooms, and accommodation is provided | 
for 60 European, passengers as well as for a large number | 
of Indian passengers. Mechanical ventilation, on the | 
high-pressure supply and exhaust system, is installed 
throughout the accommodation, in’ order to ensure 
thorough ventilation suitable for the climatic conditions. 





THE LATE MR. HOWARD ELLIS. 


Ir is with great regret that we have to record the 
death of Mr. Howard Ellis, who, until his retirement a 
few years ago, had been a member of the commercial 
staff of ENGINEERING since 1876. During the whole of 
his career with this paper, Mr. Ellis was attached to 
the outdoor staff of the advertisement department. He 
began work in Birmingham in 1876 and gradually 
extended his: field of operations to the whole of the 
country, with the exception of London and the southern 
counties. His field also extended to Ireland. With 
the growth of the work and of his personal connections 
the sphere gradually became greater than Mr. Ellis 
could attend to and, although he retained a large part 
of his area, he, in due course, cheerfully agreed that 
other men should take over some of his districts. 

Mr. Ellis was a man of a strong individuality and 
great pertinacity and, in spite of a measure of brusque- 
ness of manner, made a very large circle of friends in 
the very extensive field over which his duties took 
him. Owing to advancing years he ceased his active 
work at the, end of 1923, but retained a very close 
interest in ENGINEERING and was always ready to 
assist younger men on the staff with advice or help of 
any kind. He died somewhat suddenly at Nice, where 
he had gone for the winter, on the 18th inst., within a 
few weeks of his eightieth birthday. The regret and 
sense of loss felt by the Proprietors of ENGINEERING 
will be shared by a very large circle of his friends in all 
branches of the engineering profession. He leaves a 
widow, to whom the Proprietors offer their condolences 
and sympathy in her loss. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—With the advent of cheaper coal in 
abundant quantity, production in the steel and allied 
trades is gradually broadening, and if the present rate of 
progress is maintained, it will have reached a basis at the 
end of January, or the middle of February, comparable 
with that obtaining at the beginning of the coal stoppage. 
More open-hearth steel furnaces have been put into 
commission in and around Sheffield, and there is also 
more pig iron being produced in Lincolnshire and Derby- 
shire. Owing to the fact that the bulk of current output 
is required by plants immediately allied to the steel 
furnaces and blast furnaces concerned, there is very little 
steel and iron available for disposal in the open market. 
Consequently some foreign material is still being used to 
enable intermediate departments to cover emergency 
needs. That the general position has improved is shown 
by the fact that, in Sheffield alone, some two thousand 
operatives have been re-absorbed during the past fort- 
night. Engineering masters are confident of the advent 
of much improved conditions, providing labour remains 
tranquil over a reasonable period and mutual co-opera- 
tion is assured, Sufficient work has been booked in 
railway, automobile, and, in a lesser degree, in ship steel, 
to warrant an early expansion in outputs immediately 
larger supplies of semi-finished products are forthcoming 
from mills and forges, which, at the moment, are handi- 
capped by the shortage of raw steel. Coaches under 
construction at Nottingham, by Messrs. Cammell Laird 
and Co., for the electrified service on the Bombay, Baroda, 
and Central India Railway are not, as is customary, to be 
dismantled after erection and packed in cases for ship- 
ment, but, being too large to be handled in an erected 
state by the home railways, are to be transported in 
barges constructed for the purpose via the River Trent 
to Hull, at which port shipment will be made in special 
steamers. The woodwork and interior parts will be 
fitted to the complete steel shells when the coaches arrive 
in India. Strip and bar iron makers report that, under 
increased competition from abroad, prices have been 
unremunerative, but that prospects are now better. 


South Yorkshire Coal Trade.—Though there was a 
rush for house coal to cover the holiday period, supplies 
at depots were sufficient to meet all requirements. 
Retail prices vary between 2s, 3d. to 2s. 6d. per cwt., 
representing an advance of 3d. per cwt. on the average 
quotation ruling before the coal stoppage, and comparing 
with the maximum price of 4s, per cwt. obtaining three 
weeks ago. Nofurtherreduction is anticipated before the 
end of March. The abundance of supplies for industrial 
purposes, coupled with cautious buying, has caused a 
general pruning of quotations, The average rate at 
which contracts are being accepted is not more than Is. 
to ls. 6d. per ton above the April quotations. Coke is 
less plentiful, but supplies are improving, and the latest 
business booked at ovens is on the basis of 18s. to 19s. 
per ton. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The weekly market has 
not been held. While holidays have checked business, 
traders take a very hopeful view of the situation, and 
look for brisk business when pig-iron is again available 
for the open market. As yet only trifling parcels of 
Cleveland qualities are purchasable for prompt delivery, 
but more furnaces are to be re-kindled as coke supplies 
come forward, and arrears of deliveries under old contracts 
promise to be overtaken sooner than at one time seemed 
likely. Quotations are settling to steadiness. No. ! 
Cleveland is 90s. ; No. 3 g.m.b., 87s. 6d. ; No. 4 foundry, 
86s. 6d.; and No. 4 forge, 85s. 6d. 

Hematite.—Makers of East Coast hematite are unable 
to offer prompt lots of ordinary marketable brands, but 
customers report that they have been able to place orders 
for delivery within a month. Nos, 1, 2 and 3 are 92s. 6d. 

Foreign Ore.—Conditions continue such as to prohibit 
anything like extensive transactions in ore. Sellers 
continue to insist on quoting on a freight basis only, and 
consumers are as disinclined as ever to accept the stipula- 
tion. Users have very considerable stocks, and sub- 
stantial parcels to come forward against contracts, 
delivery of which have been necessarily suspended. 

Coke.—Complaints are still heard that coke quotations 
are too high. For delivery over periods up to six months 
hence, good average blast-furnace descriptions are in the 
neighbourhood of 25s. 

Manufactured Iron and Steel.—Producers of finished 
iron and steel have good order books, and customers are 
pressing for deliveries, particularly as regards ship- 
building materials, and constructional steel. Prices are 
firm. Messrs. Dorman, Long and Co., Limited, re-started 
their North Eastern Steelworks on Christmas Day. 








LARGE ExcavatinG Macuines: Erratum.—We find 
that in our issue of November 5, page 568 ante, it was 
stated that the 250-ton Ruston excavator, described in 
these columns in 1923, was the largest in the world. 
This machine was correctly described in the original 
instance as the largest built in this country, but in the 
United States machines of greater size were even then in 
existence, In 1921 we described a Bucyrus machine 
weighing 300 (short) tons, and in 1923 there were both 
Bucyrus shovels and dragline excavators in use weighing 
350 tons. Lately these large machines have been fitted 
with chain-track equipment, and their weight in this 
form runs to about 500 tons. The English offices of the 
Bucyrus Company are at 83, Kingsway, W.C.2. 
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NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Though there is a fair tentative 
inquiry for coal, actual business is restricted by the hold- 
off policy generally adopted by buyers in anticipation 
of a further fall in values as output increases. Lack of 
trade has already been responsible for temporary stop- 
pages at various pits, while difficulties in regard to wagon 
supplies is also making it impossible to avoid temporary 
idleness. A considerable number of wagons are being 
used for transporting imported coal, while a large 
number are still inland, where they were sent during 
the strike. Best Admiralty large coal is now freely 
available at 29s. to 29s. 6d., and best steam smalls at 
18s. to 18s. 6d., and though some collieries are in a 
position to adhere to quoted prices, the majority are 
in need of business, col. to secure a quick release of 
empty wagons, are prepared to discount prices by at 
least 6d. per ton. xports of coal as cargo foreign 
from South Wales in the past week amounted to 227,310 
tons compared with 299,680 tons in the preceding six days, 
the reduction being due to the stoppage of work con- 
sequent on the Christmas holidays. Shipments from 
Cardiff were éo0wered from 197,900 tons to 159,030 tons, 
at Newport from 60,450 tons to 25,350 tons, at Swansea 
from 23,170 tons to 17,620 tons, and at Llanelly from 
400 tons to 250 tons, but at Port Talbot were increased 
from 17,170 tons to 25,060 tons. Exports to the Argen- 
tine were reduced from 21,250 tons to 11,000 tons, to 
Italy from 30,000 tons to 14,900 tons, and to Egypt 
from 14,700 tons to 3,700 tons. but to France were 
increased from 34,330 tons to 35,500 tons. In the past 
week imports of foreign coal totalled only 7,420 tons, 
which were brought into Cardiff from America. Three 
vessels have, however, since arrived at Barry with 
23,000 tons of United States coal, and others are due 
in the near future. So far, 361 vessels have discharged 
1,426,147 tons of American, South African, Indian and 
Continental coal at the Welsh ports, and at least another 
100,000 tons is coming on. 


Coal Loading Hours.—General satisfaction has been 
given to traders by the decision of the coal trimmers to 
fall into line with the coal tippers and work by night 
as well as by day after February 1 next, when a broken 
shift system will become operative, the hours of work 
being as follows :— 

Day—7 a.m. to 4 p.m., with two half-hour breaks for 

meals. 

iio p.m. to 5.30 a.m., with one-hour break for 

ood, 

Saturdays—7 a.m. to 12 noon, work to be continued 

until 1 p.m. to finish vessels. 

When the new hours of work become operative, shorter 
loading hours for steamers will also come into force in 
accordance with an agreement reached between the 
South Wales Coalowners’ Association and the Coal 
Exporters’ Association, by which it is hoped to speed-up 
shipments and attract business to the Bristol Channel 
ports. 








THE CrystaL Patace ScHooLt or ENGINEERING.— 
Certificates gained by students at the winter term exami- 
nation, held recently at the Crystal Palace School of 
Practical Engineering, were presented on December 22 
last by Sir William H., Ellis, G.B.E., Past President of the 
Institution of Civil Engineers. Certificates to the 
number of 39 were awarded ; 18 of these were gained by 
students in the first year’s mechanical engineering 
course, and 21 in the second year’s civil engineering 
course. Six diving certificates were also awarded. The 
examination in the mechanical engineering section 
was conducted by Mr. Hoare, M.Inst.C.E., 
while students in the civil engineering section were 
examined by Mr, A. Struban, O.B.E., A.M.Inst.C.E. In 
the course of his speech, Sir William Ellis stated that a 
successful career in engineering depended largely on 
constant application and dogged perseverance on the 
part of the student, during the early period of training. 
In after years, when responsibilities became increasingly 
heavy, mental and physical diversions were essential. A 
spare-time occupation which was to be strongly recom- 
mended was the learning of a modern European language. 





TENDERS.—The State Electricity Supply Works, 
Montevideo, Uruguay, are inviting tenders for the supply 
of 65,000 kg. of unvarnished, black, malleable iron wire 
of various diameters, and 10,000 kg. of galvanised iron 
wire. Tenders must reach Montevideo by 4 p.m. on 
February 18, 1927 (Ref. No. A.X. 4019). The same 
administration is calling for tenders for the supply of 
high-quality wrought-iron angles, ties, bolts, &c., to 
form supports for overhead lines. Tenders will be 
received at Montevideo until 4 p.m. on February 15, 1927 
(Ref. No. A.X. 4018). In each case, local representation 
is essential.—H.M. Consul-General at New York reports 
that a local firm desires to be put in touch with United 
Kingdom exporters of chemically-pure glycerin (Ref. 
No. B.X. 3116).—The Department of Navigation and 
Ports of the Ministry of Public Works, Buenos Aires, 
Argentina, is inviting tenders for the supply of three 
10-ton, electric, shunting locomotives of the Diesel type. 
Tenders must be presented in Buenos Aires on February 
24, 1927, by a locally authorised representative (Ref. No. 
A.X. 4016).—The Municipality of Batavia, Dutch East 
Indies, is inviting tenders for the supply and delivery of 
water-service materials, such as taps, pipes, sockets, and 
the like. Tenders will be received in Batavia until noon 
on February 10, 1927 (Ref. No. A.X. 4031). Further 
particulars regarding any of the above tenders, or 
inquiries may be obtained from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1. 
The reference numbers given should be quoted in all 
instances, 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Scottish Steel Trade.—The conditions in the Scottish steel 
trade have altered very little as yet, but high hopes are 
entertained alt round that the early days of the new year 
will witness a change for the better. The whole position 
is governed by the coal industry, and until fuel is much 
lower in price and supplies are regular, there will be no 
opening out of general business. Of course the prices 
for coal are coming down steadily, and it is anticipated 
that quotations even less than those prevailing just 
previous to the strike will be ruling in the near future. 
Such a state would be one of the first steps towards a 
complete revival in industry. In the meantime the output 
from the steel works in commission is small and is mainly 
for special purposes. Inquiries do not show much sign of 
expanding, but with the dawn of the new year a change 
for the better is hoped for. The amount of work already 
booked by steel makers is fairly satisfactory, and ensures 
a@ good start whenever more normal conditions prevail. 
In the black sheet trade there is much activity at the 
works, and the percentage of orders at the moment is 
much above the average for this time of year. The 
inquiry is also good, and would seem to indicate the prob- 
ability of a very large output for the next month or two. 
The current market prices are as follows :—Boiler plates, 
1ll. per ton; ship plates, 8J. 7s. 6d. per ton ; sections, 
71, 17s. 6d. per ton ; and sheets, under ¥% to } in., 127. 10s. 
to 131. 10s. per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—In the malleable iron trade 
of the West of Scotland there has been rather more doing 
during the past week. Not only has there been a better 
turnover, but orders and inquiries are more numerous, 
and the outlook has a healthier appearance. Prices are 
firm with ‘“‘Crown”’ bars called 121. per ton delivered 
at Glasgow stations. 


Scottish Pig-Iron Trade.—There has been little change 
in the Scottish pig-iron trade since the last report. There 
is a keenness on the part of producers to start operations 
at the earliest possible moment, but conditions are not 
yet very favourable. The beginning of the new year, 
however, will probably see an increased number of the 
furnaces in operation. Stocks of all grades have become 
exceedingly low, and until supplies of iron are available 
again, prosperous times cannot return to the industries 
of the country, and the iron-masters, recognising this, are 
endeavouring to secure fuel at better prices than prevail 
to-day, in order to meet the situation. Foundry iron 
No. 1 is quoted at 4/. 17s. 6d. to 5l. per ton, and No. 3 
at 41. 12s. 6d. to 41. i5s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, December 25, only amounted to 123 tons. 
Of the total 100 tons went overseas and 23 tons coastwise. 
For the corresponding week of last year the figures were 
396 tons to foreign destinations and 80 tons coastwise, 
making a total shipment of 476 tons. 





German Rattway-Wacon Works ComBINE.—H.M. 
Consul at Leipsig has informed the Department of 
Overseas Trade that, according to local Press reports of 
recent dates, it would appear that negotiations for the 
formation of a combine in the railway rolling-stock 
industry have led to a successful result as, on December 13 
last, the Deutsche Waggonbauvereinigung was founded in 
Berlin. The combination has been formed on the under- 
standing that the Reichsbahn would conclude a treaty 
with the new concern. It is expected that the Reichsbahn 
will shortly approve of the treaty, when the new federa- 
tion, to which 30 firms belong, will be definitely estab- 
lished. The federation intends to centralise its purchases, 
and, as it will expect regular orders from the Reichsbahn, 
it should be in a position to give regular orders to the 
heavy industries. The contract between the federation 
and the Reichsbahn will probably be concluded for a 
period of from three to five years. The firms who were 
responsible for the formation of the organisation and 
who have studied the whole question are the Waggonfabrik 
van der Zypen und Charlier, Cologne ; Waggonfabrik 
Talbot, Aachen; Gebr. Castel, Mainz; Waggon und 
Maschinenfabrik A.G., vormals Busch, Bautzen ; 
Gothaer Waggonfabrik, A.G., Gotha ; and Waggonfabrik 
Steinfurth, Konigsberg. 


Contract.—Messrs. Metropolitan-Vickers Electrical 
Company, Limited, Trafford-park, ‘Manchester, have 
obtained an important contract for complete electric- 
railway equipment for the Southern Railway. The 
contract covers the supply of motors, control gear, light- 
ing, heating and braking equipment for 116 three-coach 
trains, and 47 two-coach trailer units, for enger 
service-on the central section of the Southern Railway 
suburban system. The value of the contract is over 
600,000/7. The new equipment will be identical with 
that supplied on the previous contracts. Each motor 
coach will be equipped with two 275-h.p. motors of the 
totally enclosed, self-ventilating type. These machines 
are arranged in pairs on the bogies underneath the 
driving compartments at the two ends of the train unit. 
They are four-pole machines, and have also four commu- 
tating poles and two sets of brushes. They are series 
wound for operation at 600 volts d.c. The control gear 
is of the Metropolitan-Vickers all-electric type, with 
automatic acceleration, and arranged for multiple-unit 
working. The main contactors are operated by solenoids, 
energised from the line, and controlled through train 
lines connected to the master controller in the driver’s 
compartment. The master controller incorporates the 
dead-man’s handle arrangement. 
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NOTICES OF MEETINGS. 





Tue Junior INstITuTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Questions 
and General Technical and Practical Discussions. Friday, 
January 7, at 7.30 p.m. ‘“* Distortion in Heat-Treated 
Case-Hardened Carbon Steels,’’ by Mr. P. J. Haler. 


THE InstTITUTE oF TRANSPORT.—Monday, January 3, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. ‘“‘ Growth 
and Form in a Modern City,” by Mr. F. Pick. 


Tue INsTITUTION OF AUTOMOBILE ENGINEERS.— 
Tuesday, January 4, at 7 p.m., at the Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘‘ The Place of the 
Tractor in Soil Cultivation,” by Dr. B. A. Keen. 


THE Royat Socrety or Arts.—Wednesday, January 
5, at 3 p.m., at John-street, Adelphi, W.C.2. Juvenile 
Lecture. ‘‘ The Story of a Wireless Valve * (Lecture I), 
by Prof. Charles R. Darling. 


THE InstituTION or ELecrricaL ENGINEERS.— 
Wednesday, January 5, at 6 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. Wireless Section Meeting. 
“The Acoustic Problems of Microphones and Loud- 
Speakers,” by Mr. G. H. Nash.—Thursday, January 6, at 
6 p.m., at Savoy-place, Victoria-embankment, W.C.2. 
** Electrical Equipment of Track on the Underground 
Railways of London,” by Mr. A. R. Cooper. 


THE LivERPOOL ENGINEERING Socrety.—Wednesday, 
January 5, at 6 p.m., at the Temple, Dale-street, Liverpool. 
“The Engineering of Distribution,’ by Mr. C. H. 
Douglas. 


THe INstiruTION oF HEATING AND VENTILATING 
ENGINEERS.—Wednesday, January 5, at 7 p.m., at 
Caxton Hall, Westminster, S.W.1. ‘‘ The Supervision 
during Erection and Maintenance of a Low-Pressure 
Hot-Water Heating Apparatus,’’ by Mr. R. E. Herring. 


THe Institution oF MECHANICAL ENGINEERS : 
NortH-WesTeRN Brancu.—Thursday, January 6, at 
7.15 p.m., at the Engineers’ Club, Manchester. “‘ Pul- 
verised Fuel,’’ by Mr. R. Potter. 


Tue Institution or Furen Economy ENGINEERS.— 
Friday, January 7, at 6 p.m., at the Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘ Utilisation of 
Low-Grade Fuels for Steam Generation,”’ by Mr. W. F. 
Goodrich. 


THE InstITUTE OF TRANSPORT: YORKSHIRE LOCAL 
Section.—Friday, January 7, at 7 p.m., at the Town 
Hall, Leeds. ‘‘Some Applications of Road Traction,” 
by Sir John Eaglesome. 


Tue InstiruTION oF MEcHANICAL ENGINEERS.— 
Friday, January 7, at 7 p.m., at Storey’s Gate, S.W.1. 
Informal Meeting. ‘‘ Developments in the Carbonisation 
of Coal.”’ Introduced by Dr. C. H. Lander. 


THE INsTITUTION OF ELECTRICAL ENGINEERS: SoutTH 
MIDLAND CENTRE.—Friday, January 7, at 7 p.m., at 
the Engineering and Scientific Club, Queen-street, 
Wolverhampton. Lecture. ‘‘ Electrical Research,” by 
Mr. W. Wilson, 








Surppine Casvatties.—Returns recently issued by 
Lloyd’s Register of Shipping showed that the vessels 
of 100 tons gross and above totally lost or condemned 
in consequence of casualty or stress of weather, during 
the quarter ending June 30, 1926, numbered in all 37 
steamers and motorships of a total tonnage of 67,415, 
of which four vessels, aggregating 7,724 tons, belonged 
to Great Britain and Ireland. During the same period, 
15 sailing ships, totalling 5,429 tons, were lost. All of these 
belonged to foreign countries. Vessels otherwise broken 
up, condemned, &c., numbered, in all, 42 steamers and 
motorships, making 113,362 tons gross collectively, of 
which 15 ships, totalling 45,525 tons, belonged to Great 
Britain and Ireland. Sailing ships to the number of 
five, totalling 7,227 tons, were broken up or condemned. 
None of these was @ British vessel. 





Tue WILLIAMS Prize oF THE [RON AND STEEL INstI- 
TuTE.—As announced in the report of the annual meeting 
of the Iron and Steel Institute, contained in our issue of 
June 11 last, on page 685, Mr. Illtyd Williams, on his 
retirement from the honorary treasurership of the Insti- 
tute, in May, 1926, presented to the Institute the sum of 
3,0001.; the yearly interest of which was to be applied 
to provide a money award for the best paper, of 
a practical character, presented to the Institute, and 
accepted for publication at the annual or autumn meet- 
ing each year. The award is to be known as the 
Williams Prize, and intending candidates must be 
British subjects regularly employed in a British, or 
Dominion, iron or steel works. The author, at the 
time of presenting the paper, should be employed in a 
position not superior’to that of manager of any one 
technical department ; he may be departmental manager, 
head forenian, roller, roll turner, melter, apprentice, etc. 
The paper must be of a practical character, bearing on 
the manufacture or treatment of iron or steel. In the 
event of two papers being submitted and found to be of 
approximately equal merit, the Council may, at their 
discretion, divide the award between the two authors. 
If two or more qualified candidates collaborate in sub- 
mitting a paper, which is adjudged suitable for an award, 
the Council may divide the award among the joint 
authors. Further particulars regarding the Williams 
Prize may be obtained from the Secretary of the Iron 
; and Steel Institute, 28, Victoria-street, London, 8.W.1. 











‘apdIdg GaLIATdWNO) IHE *6I “OMT ‘HIGGVG UAAO ONISSVd ATAVO ‘ST “OL 
| 








[DEc. 31, 1926. 





RING. 


~ 
4 
~ 


“dNVT) DNILOVIWOS) OLTNVUGAH “LT “Oly 








ENGINEE 














(‘g08 avg vee ‘uondrsosagq 40g) 


818 


“‘UHATH NOSGOH FHL NO WOdCIYa NIVINOOW UVAE AHL NO NOMOAULSNOO ATAVO 














\ *‘SuVaEAD OL SGNVHLG 4O INAWHOVELY °*6 ‘DIT ‘SDVUOHONY LV SGNVEYLG JO SHUIAA ONILSOLaAY °*8 “OLT 





Oe ET ~ 
ou. =r ae 














‘aTGadVg NO @oVId OLNI GALAIT ONIGH GNVULG “YL “SI ‘NOdg ONIDA SGNVULS AIAVM NIVIT ‘9 ‘OLA 





ew AISPOID AF 





























} 
| 
| 
| 
| 
(‘g08 26ng aas ‘uoudisosaq 40,7) 
| 
| 
| 
} 


| auk ‘ : . | 
| YHAlTa NOSGNH HHL NO HOCIYd NIVINONOW UVHE AHL NO NOILONULSNOD ATAVD 





TIATX GALVTd ‘9261 ‘IE “OFC “ONIUAANIONA 















‘ASQ NI GNIHOVJY ONIddVU\\ ATAVO 


“€L “OI 





“SHT&VY NIVJY AHL dO ANO ONLLOVdUWO,) 


“IT “Ol 


‘SHTGGVG AHL JO ANO diQ) ONIHSINIY GNV ONIXIT 











‘ZI ‘OI 





























*“SHVERAW OL SGNVHLG 40 INDTWHOVLLY 


6 “SI 


‘dNVIM LVOYUH]T, AUVYOUNAT, GNV SHOVYUOHONY AHL JO ANG) 





‘HDVHYOHONY LV SGNVELG JO STHUIAA ONILSOLay *s8 


OU “SIA 





‘DIT 





i Oo baa ul Sess Kon, Cr SOM. SWY OFM BS Sa FA OG et SF YS — ae vw Vv = FS SPH ABA A | ad 


























819 








DEc. 31, 1926. ] 
ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to oall the attention of our readers to 
the fact that the above is our SOLE ADDR&Ss, 
and that no connection exists between this 
ournal and any other publications bearing 
somewhat similar titles. 
TxLEGRAPHIC ) ‘“‘ ENGINEERING,” WESTRAND, 
» ADDRESS LONDON. 
TxLEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 














For the United Kingdom _.................... £3 5 0 
For Canada— 
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Thick paper copies....................:+ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
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the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
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the wrapper and on the inside pages may be obtained 
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guaranteed. 
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later than First Post on Thursday. In con- 
sequence of the necessity of gone to press 
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THE STIFFNESS OF SUSPENSION 
BRIDGES. 


Tue Port of London Authority seems to share 
with Peroo of ‘‘The Bridge Builders” a preference 
for “‘ sus-sus-pensheen bridges that fly from bank 
to bank with one big step,” but their wishes in this 
respect have so far met with but scant recognition. 
It is possible, however, that a paper recently read by 
Dr. J. A. L. Waddell before the American Society of 
Civil Engineers may induce bridge designers to 
consider anew the merits of this system of construc- 
tion. Dr. Waddell gives (vide page 827) estimates of 
the cost of suspension bridges ranging in span from 
500 ft. up to 5,000 ft. The lower limit is, he states, 
at present, hardly justifiable from the standpoint of 
economics, but as the cost of steel wire suitable for 
cables is tending to fall, he has taken 500 ft. as the 
limit at which it may be possible in the future to 
build a stiffened suspension bridge at no greater 
cost than that of an equivalent cantilever structure. 
As matters stood ih the year 1918, this limit stood at 
1,000 ft., below which the cantilever bridge was 
the cheaper structure. 

The bridges considered in Dr. Waddell’s estimates 
are intended for highway traffic inclusive of electric 
railway services. The width of roadway provided 
for is 8) ft. up toa span of 3,300 ft. Beyond this 
limit it is assumed to increase, so that the width 
between centres of chains is never less than 5 of 
the span. Hence for a 5,000 ft. span the roadway 
is assumed to be 129 ft. wide, exclusive of the space 
reserved for sidewalks. Curves, given in this 
paper, show the live loads provided for. In the case of 
a span of 500 ft., it is assumed that the load imposed 
by the electric railway system is equivalent to about 
180 lb. per square foot of floor. This figure falls 
to about 100 Ib. per square foot at a span of 3,500 
ft., and to about 90 lb. per square foot at a span of 
5,000 ft. Other highway traffic is assumed to be 
equivalent to a load of about 80 lb. per square foot 
of floor for a span of 500 ft., which falls to 47 lb. 
at 3,500 ft., and to a little over 43 lb. per sq. ft. 














with a span of 5,000 ft. Further curves show the 
wind load provided for, and the weights of the 
steel work in the floors, trusses, cables and lateral 
systems, and there is also a series of curves 
representing the probable cost of anchorages under 
different conditions. The roadway of these bridges 
is designed to take a 20-ton load on a trolley. 
A working stress of 70,000 lb. per square inch is 
allowed on the cables, whilst on the other steel 
work it ranges from 16,000 lb. per square inch 
for carbon steel, up to 28,000 Ib. per square inch for 
nickel steel. The total cost of a bridge of 3,800 ft. 
span is worked out in some detail, and inclusive of 
expropriation costs and incidentals, is estimated at 
48 million dollars, which Dr. Waddell holds to be 
not beyond the limit of financial feasibility. Indeed, 
in favourable cases he considers that it might be pos- 
sible to finance a span of 5,000 ft., although the total 
cost would be about 150 million dollars. So far 
as purely technical considerations are involved, 
Dr. Waddell considers that it would be possible to 
construct a bridge of 7,000 ft. span, but the cost 
would be 300 million dollars. 

Dr. Waddell’s estimates, as already noted, refer to 
stiffened suspension bridges. The weight of the 
stiffening girders was in the first instance computed 
by the usual theory, and the results were then 
corrected to correspond with certain figures given 


| by Mr. L. 8. Moisseiff in a paper published in the 


Journal of the Franklin Institute, October, 1925. 
This paper described, but with great brevity, the 
‘deflection theory” on which have been propor- 
tioned the stiffening girders of the great suspen- 
sion bridge recently erected over the Delaware 
River between Philadelphia and Camden. This 
bridge has a span of 1,750 ft. between centres of 
towers, and the stiffening girders, being designed 
on the basis of this new theory, weigh not much 
more than half as much as if the older theory had 
been adopted. Presumably, a fuller description of 
the new theory has been given elsewhere, but what 
may perhaps be dubbed the philosophy of the new 
method is not fully explained in Mr. Moisseiff’s 
paper. No doubt the usual assumption that the 
shape of a structure is sensibly the same whether 
it be light or loaded, is less legitimate in the case 
of a suspension bridge than it is in the case of a 
truss oranarch. For example, the deflection of the 
great arch now in course of erection at Sydney 
Harbour will be only 11 in. Amongst the alter- 
native designs considered in this connection was one 
for a stiffened suspension bridge, which would have 
had a deflection of 7 ft. There are indications in 
Mr. Moisseiff’s paper that his new theory is based 
on the principle that, in the case of large distortions, 
the stresses maintaining the equilibrium of a 
structure should, in strictness, be deduced from its 
actual shape under load, and not from its un- 
strained form. The matter, however, is only briefly 
referred to. 

The theory of the stiffened suspension bridge 
originated with Rankine, whose aim was to fix, 
to a first approximation, the strength and _ stiff- 
ness of girder necessary to distribute the load 
uniformly over the suspending cable. In this first 
approximation “ the effect of the resistance of the 
chain to disfigurement upon the figure of the auxiliary 
girder ” was neglected, but in a note subsequently 
added, Rankine states that the above effect 
was discussed in an editorial article which appeared 
in the Civil and Mechanical Engineers Journal in 
1860. He, himself, thereupon went into the matter 
further and found the maximum correction thus 
introduced to be of the order of 6 or 7 per cent. 

In his original paper, Rankine deliberately 
ignored the effect of the uniformly distributed 
dead load in assisting the chain to resist distortion 
by the non-uniform live load. He did this on the 
ground that any error thus arising must be on the 
safe side. Mr. Moisseiff has apparently taken into 
account this effect ignored by Rankine, and has 
found it possible accordingly to adopt very much 
lighter stiffening girders than the older theory 
demands. Little is said, however, in the Franklin 
Institute journal paper as to what the function of 
the stiffening girder is assumed to be. Rankine, as 
stated, proceeded on the hypothesis that the object 
of the girder was to secure a sensibly uniform 
distribution over the chain of a non-uniform load 
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applied to the girder. Other assumptions are, 
however, possible. 

As an alternative to that made by Rankine 
we might propose to find the stiffest girder which 
could follow the distortion of the chain without 
being subject to excessive stresses, or we might, 
on the other hand, seek to find the lightest and 
most flexible stiffening girder which could be used 
without the accompaniment of inconveniently large 
distortions. 

The answer to this last problem would, however, be 
indeterminate, since the amount of permissible dis- 
tortion would depend very much upon the judgment 
of the individual engineer concerned. In fact, if the 
stiffening girder were reduced to a mere ribbon of 
steel, the stresses in it, due to uneven loading of the 
bridge, would be negligible, but the distortions might 
be large. With stiffer girders we would get closer to 
the Rankine limit. 

Once the dimensions of a stiffener girder are decided 
on, the distribution of stress is, of course, definitely 
fixed by the principle that in every statically inde- 
terminate structure, the total potential must be 
a minimum. In the case of ordinary frames or arches 
this theorem is identical with Castigliano’s 
principle of least work, according to which the 
work stored in a loaded elastic structure is always the 
minimum consistent with the maintenance of equi- 
librium. In this case the potential is wholly elastic 
potential. In the case of a simple catenary, the 
potential is gravitational, and the chain takes such a 
form that the centre of gravity of the total weight is 
the lowest possible for the given length of chain. In 
fact, one method of deducing the equation to the 
common catenary is to equate the gravitational 
potential of the chain to a minimum, subject to the 
restriction that the unstrained length of the chain 
is given. 

In the case of a stiffened suspension bridge, the 
total potential is in part gravitational and in part 
elastic, and the distribution of the stresses can be 
found by making this a minimum, subject to the 
restrictions that not only is the unstrained length 
of the chain fixed, but also that everywhere the 
deflection of the chain and girder must correspond 
point for point. Certain closely approximate expres- 
sions can legitimately be adopted for some of the 
terms involved in the complete potential and in the 
restrictive conditions, and when this is done the 
equation to the curve of the chain under any system 
of loading can be determined by means of the 
calculus of variations, and in many cases the result 
can be expressed in a finite form. 

In all cases. however, no matter how compli- 
cated the conditions, the theorem that the total 
potential must be a minimum leads to equations, 
which can always be solved numerically, even when 
a general solution in algebraic form might prove 
impracticable. 








THE MIDDLE EASTERN AIRWAY. 


So much prominence has been given recently to 
the importance, in Imperial policy, of the air service 
which is being inaugurated to connect Egypt with 
India, that it may well be asked whether a fort- 
nightly service with five machines and six pilots, 
on a route a third of which is already in regular 
operation by a military service, and after eight 
years of post-war aeronautical development, is 
really so bold or significant an enterprise as is 
generally pretended.“ As an earnest of greater 
things, however, it is to be welcomed, and, if the 
advantages it offers to trade and Imperial integra- 
tion are too obvious and have been too often re- 
peated to need recapitulatio1, the fact that commer- 
cial aviation is about to commence operations in a 
new field, in what appear to be favourable circum- 
stances, may justify some reference to the peculiari- 
ties of the route and the modifications of technical 
and operational practice which have been made to 
conform to them. 

Climatic characteristics are, on the whole, more 
favourable than in Europe. Fog, the bane of 
commercial aviation, is absent, but the intense heat 
and, consequently, the rarefied atmosphere, present 
certain difficulties. At the high summer tempera- 
tures experienced on parts of the route the engines 
to be used, each of which is capable of developing 
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450 h.p. in the atmospheric density of Europe, will 
give only some 400 h.p., for the same number of 
revolutions, in the Middle East. The high tempera- 
ture, and the high relative humidity, have also 
influenced the construction of the machines and, 
while the wing structures and internal cabin are of 
wood, the fuselage is of steel. 

The dust-storms met with in Arabia and Iraq are 
a troublesome peculiarity of sections of the route. 
Not only are the weather conditions which accom- 
pany them dangerous to flying, but their influence is 
felt at great heights. Fortunately, however, these 
dust-storms are confined to certain seasons and 
regions, and the elaborate meteorological organisa- 
tion that is being perfected should provide an 
adequate safeguard against misadventure from this 
cause. 

More important than the climatic difficulties are 
the obstacles presented by topographical and political 
characteristics, and Imperial Airways, Limited, 
have adopted the policy of making preparations 
which err on the side of excess, as a provision 
against the chance of a forced landing. Across 450 
miles of the Arabian Desert, between Gaza and 
Baghdad, natural landmarks are absent, and the 
summer mirage may limit visibility to three or four 
miles. The furrow ploughed by the Royal Air 
Force, although now obliterated in places by dust- 
storms, has served for five years to guide their 
pilots, but, should sight of this be lost and the 
machine be forced to descend, the plight of the pas- 
sengers would be unenviable, not only because the 
detection of their position from the air would be diffi- 
cult, but because only at Rutba, about midway on 
the desert stretch, is water available. The pre- 
cautions made by the operating company should, 
however, be ample. Not only does the use of 
multi-engined machines make a forced landing 
improbable, but emergency landing stations are 
being prepared at intervals of approximately 25 
miles ; a spare machine will be stationed for relief 
purposes at one end of the desert stretch, and 
adequate supplies of water will be carried on each 
machine. 

Arrangements for policing the route on the desert 
section along the Persian Gulf are proceeding on 
the part of the Governments concerned, and forts 
are being, or have been, erected at important posts, 
such as Rutba Wells, where the availability of water 
attracts nomadic tribesmen and where the re-fuelling 
tanks also require guarding. It may be noted, in 
this connection, that the Nairn Transport Com- 
pany, which provides a cross-desert motor transport 
service for the Middle East, adopts the common 
policy of subsidising one Arab chief to keep the 
rest in order; this method seems to have been 
justified by results. 

A further guarantee of safety is the fact that con- 
stant communication will be maintained by wireless 
between the aircraft in flight and the main aero- 
dromes, and a very elaborate system of meteoro- 
logical intelligence has been perfected to keep the 
pilot informed of weather conditions likely to affect 
navigation. The western section, having been 
developed by the service instituted for military 
purposes by the R.A.F. in 1921, is already well 
equipped, and, by April, 1927, it is hoped that the 
Basra-Karachi section will have attained a similar 
pitch of perfection. The aerodromes at Cairo, 
Amman, Baghdad, Basra, Bushire, Bandar Abbas, 
Charbah and Karachi, are eyuipped for the trans- 
mission and reception of wireless messages, and all 
the foregoing, except Bushire, Bandar Abbas and 
Charbah, have the advantage of possessing their 
own meteorological stations. Owing to atmo- 
spheric conditions in the Middle East, and to the 
fact that wireless communication is far less dense 
than in Europe, the wireless system will be tele- 
graphic and not telephonic. 

The planning of the operating schedule is made 
intricate by the number of factors needing to be 
taken into consideration. The length of the route, 
which exceeds 2,500 miles, and the speed of travel 
lead to an appreciable loss of daylight in flying 
eastward, against the apparent motion of the 
sun, and to a corresponding gain when proceeding 
in the reverse direction. This is to some extent 
offset, as far as concerns speed, by the fact that 





the prevailing winds, being westerly or north- 


westerly, at a speed throughout the year averaging 
from 10 to 15 miles an hour, aid the eastbound 
and hamper the westbound machines. A further 
restriction to the schedule is the shorter twilight 
in this region, limiting the elasticity of the schedule. 
Factors affecting the daylight available will, of 
course, lose their importance if, with a greater 
experience of the conditions obtaining on the route, 
it is decided to inaugurate night-flying, a develop- 
ment to which, superficially, the conditions obtaining 
in the region would appear to be not unfavourable. 

If any error is being made, from the point of 
view of efficient operation, in the framing of the 
schedule, it is by the exercise of excessive caution. 
When all five machines are in service, they will 
cover the route in relay stages, and, after eight 
weeks’ operation, which will involve only some 
86 hours of flying and will subject each machine 
to approximately the same conditions and stresses, 


|they will return te the workshops at Heliopolis 


aerodrome, Cairo, for complete overhaul under 
rigorous A.I.D inspection. Until April 6, the 
machines will fly only over the first section, from 
Cairo to Basra. Three of the machines have left this 
country for Cairo in the past month. The first on 
December 18th, with Sir Sefton Brancker, Director 
of Civil Aviation, on board, the second on the 20th, 
and the third, carrying the Secretary of State for 
Air, accompanied by Lady Maud Hoare and Air 
Vice-Marshal Sir Geoffrey Salmond, on the 27th. 
Sir Samuel’s party will be joined at Baghdad by Sir 
Sefton Brancker, and will complete a flight of some 
5,500 miles from Croydon to Delhi. One of the first 
two machines to leave will fly through to Basra and 
begin its return flight to Cairo on January 7th, thus 
inaugurating the service. In the meantime, the 
other machine will take its departure from Cairo 
to Basra. 

When the line is in regular operation, departures 
will be timed to make connection with the mails 
from England, which will be taken aboard at 
Ismailia, and the machines will fly to Basra by way 
of Gaza, Rutba and Baghdad, avoiding the R.A.F 
aerodromes at Amman, Ramleh and Ramadi. The 
route from Basra to Karachi passes over Bushire, 
Lingeh, Bandar Abbas, Charbah, and Pasni. 

It was the desire of the Air Ministry that the 
service should, from the beginning, be a weekly one, 
but, as Imperial Airways, Limited, declined to accept 
responsibility for operating the line except with multi- 
engined machines which would render negligible 
the possibility of forced descents, the enhanced 
initial and operating costs prohibited a service 
more frequent than fortnightly. There is no 
doubt, however, that, after experience has been 
gained of the performance of the new machines 
in sub-tropical conditions, and if evidence is given 
of the likelihood of sufficient traffic support being 
forthcoming, the service can be improved with little 
addition to the aircraft and equipment, owing to 
the wide margins on which the preparations have 
been made. 

The Hercules D.H. 66 machine, which has been 
adopted for service on the new airway, embodies a 
number of interesting features. The first three- 
engined craft constructed by the De Havilland 
Company, it is claimed to have a higher performance 
than any other such machine in the world. The three 
radial air-cooled Bristol Jupiter Mk. VI engines 
with which it is equipped give a good climb by 
reason of the fact that there is a reserve of nearly 
1,000 h.p. over the minimum of 375 h.p. necessary 
to maintain height with a full load. Being air- 
cooled, as the exigencies of the route demand, the 
disadvantages to which water-cooled engines are 
subject will be obviated. The machine is capable 
of flying with one of its engines cut out; with 
only its centre engine operating, it loses height on 
a full load at the rate of only 200 feet per minute, 
thus enabling a landing ground to be chosen within 
a radius of 30 miles, if the failure takes place at a 
height of 4,000 ft. Two engines will enable the 
machine to maintain a speed of 100 m.p.h., the top 
speed being 130 m.p.h. The wing engines are set on 
the lower plane, instead of between the planes, while 
the twin petrol tanks, the combined capacity of which 
is 300 gallons, providing fuel for five hours’ flying. 
or a range of 525 miles, are mounted in the top wing, 
so that the risk of fire is negligible. The wing 
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span of 79 ft. 6 in. has been necessitated by the 
size of the hangars available. The length is 66 ft. 
and the overall height 18 ft. The machine itself 
weighs 9,220 Ib., and the leaded weight of 15,100 Ib. 
includes a paying load of 3,284 lb. 

In the measures taken for the comfort of the 


‘ passengers, the craft is specially notable. The 


success of the constructors in their attempt to 
overcome the discomforts so familiar to the air 
traveller, has been considerable. The cabin, which 
measures 16 ft. 6 in. long by 6 ft. 5 in. high, by 
4 ft. 3 in. wide, will accommodate 12 passengers, 
and consists of a separate compartment of wooden 
construction, with walls embodying a sound-proof 
lining which fairly successfully mitigates the noise of 
the engines and also possesses insulating properties, 
helping to maintain a tolerable temperature. Prob- 
ably no other passenger-carrying aircraft is so well 
ventilated as the Hercules, a feature which will be 
fully appreciated by travellers in the Middle East. 

Details of the time which will be saved by the 
airway have already appeared in the daily Press, 
and it is only necessary to add that the four days 
which will be occupied on the whole journey from 
Cairo to Karachi need only be regarded as a pre- 
liminary estimate, since of this the actual flying time 
is only some 33 hours westbound and 29 hours east- 
bound. Improved organisation and, in particular, the 
inauguration of night-flying, should reduce the 
four-day period considerably. Such improvements, 
in conjunction with a more-frequent service, effected 
with small additions to operating costs and a reduc- 
tion in the proportion of overhead charges, should 
also lead to substantial reductions in the rates and 
fares. 

The development of the Cairo-Karachi line will 
probably be watched with an interest rather dis- 
proportionate to the importance of the enterprise 
itself. The service will test the capabilities of the 
aeroplane under conditions which allow full scope 
for the demonstration of its qualities. It will be 
operating over a route long enough to allow sub- 
stantial benefits to accrue from the aircraft’s super- 
iority in speed ; it will be in competition only with 
the comparatively slow steamship services, following 
an indirect route, instead of the highly efficient rail 
and sea transport undertakings that compete with 
it over short distances in Europe ; and the climatic 
conditions are not unfavourable. The use of a 
horse-power of 1,350 to transport a paying load 
of a ton and a-half, even at a speed of 130 m.p.h., 
does not, of course, suggest a very efficient freight 
service, but the prospect of aircraft becoming an 
established means of transport will depend mainly 
on its application to those fields in which it can best 
exploit its great gift of speed. The Middle East 
appears to be such a field, and the auguries for 
success are, on the whole, propitious. 





CEMENT RESEARCH. 


Ovr attention having been invited recently to a 
comparison made between the Boulogne, Vicat and 
Flow Table methods of testing the consistency of 
cement pastes, etc., we find ourselves under the 
necessity of making certain comments upon the re- 
port of which this comparison forms part. The 
report in question is the Building Research Technical 
Paper No. 5, published for the Department of 
Scientific and Industrial Research,* the particular 
part of which brought to our notice was a certain 
Table, No. 2. This table, as stated, compares the 
Boulogne, Vicat and Flow Table tests, and on the 
strength of the data set forth, the report asserts 
that the last of these is the most reliable of the 
three, while the first is the least so. 

The table records the results of three series of tests 
by workers possessed of varying degrees of skill, 
who were set the task of making tests by all 
three methods, the difference in the percentage 
of water used, being recorded. The workers were 
grouped in three classes. The first was composed of 
persons accustomed to gauging regularly; the 
second, of persons not accustomed to gauging 
regularly ; and the third of persons who had never 
gauged cement briquettes before. With due respect 
to this Board of scientific research, we confess to 
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some difficulty in appreciating the scientific value of 
this form of examination. We do not understand 
what object is to be gained from the employment of 
tyros and inadepts on work of this kind. If material 
is subjected as a check to a Proving House, 
the National Physical Laboratory, or other inde- 
pendent body, we should not expect the office boy 
or some street loafer to carry out the test we required, 
and upon which the acceptance or rejection of large 
quantities of material might depend. The assump- 
tion would be made, of course, that the tests would 
be carried out by experts, and not only so, but by 
experts practised in the tests to be conducted. 
Results by any others would be considered to be of 
no value. For this reason, at least, two-thirds of 
this table relating to the personal factor are use- 
less, and, to our mind, quite unworthy of being 
embodied in a report of the kind before us. It is 
admitted that the whole subject of the consistency 
of these cements and mortars is involved and 
difficult to deal with, and one on which expert 
opinion is still unsettled. It is a commonplace that 
in scientific research variables should be isolated 
and dealt with under the simplest conditions. Until 
some generally-approved practice is adopted among 
experts, it is clearly absurd complicating matters 
unnecessarily by introducing elements of uncer- 
tainty which, ordinarily, commonsense would take 
every possible step to avoid, even in everyday 
routine work, not to speak of scientific research. This 
report deals in the main with laboratory work. 
Tests, therefore, other than those by experts are, 
we think, quite irrelevent. The only data of interest 
in this particular table relate to the first group of 
workers, five in number. Before building up too 
much on these, we think it would have been well 
if it had been stated how familiar these gangers were 
with all the tests, while it would have been better 
also if they had heen considerably extended, and the 
data given in detail, instead of merely averaged. 
Anyone who has had to plot curves of results, or 
deal with averages, knows how carefully facts must 
be weighed. If the data had been given in full, the 
value of the individual divergences could have been 
more scientifically appreciated. 


It is to be noted that though the Ball (Boulogne) 
test is rejected as unreliable in this report, largely 
on the evidence of this particular table, no notice 
appears to have been taken of what we consider to 
be a contribution of some interest on this subject. 
We recently had occasion to refer to the work 
of Mr. H. G. Lloyd on the subject of gauging, 
and feel it necessary to revert to this again. Mr. 
Lloyd last year read a paper on the subject of 
cement testing before the Institution of Structural 
Engineers, in which he advocated the Boulogne 
test, recommending, however, in conjunction with 
it what he termed a “ plate test,” which he fully 
described and demonstrated. As the present report 
is discussing consistency from all aspects, and 
in doing so draws upon information from many 
sources, which incidentally seem mostly to be 
foreign, it. is rather surprising that this paper 
is not considered worthy even of mention. This 
is the more surprising since its existence is, we 
believe, known to the Board. Moreover, the 
author of the present report appears to be acquainted 
with some of Mr. Lloyd’s earlier work, which he 
utilises, without acknowledgment, in his Appendix I. 
If reference be made to our columns in 1920 
(vol. cix, page 587), it will be found that we 
recorded the fact that Mr. Lloyd had advanced 
at that date, in a paper read before the Concrete 
Institute, a formula which we considered to be of a 
novel character. The present author brings forward 
the same formula, but, while other names are 
mentioned, the reader is left to imagine that this 
particular part of the report is original reasoning. 
Such an omission, where credit should properly be 
given, is, to say the least, unfortunate, and does not 
redound ‘to the credit of these technical papers or 
the Board acting as sponsor for them. 


In conclusion, we may briefly touch on what, per- 
haps, is a lesser point. In Appendix III there is to 
be found a series of calculations. In these it will 
be noticed that the question of percentages is 
handled in a rather unusual manner. In cement 
work generally it is customary to treat the water 
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percentage as additional to the 100 per cent. of 
cement or solids. In the calculations we refer to, 
the quantities for the cement, &c., and water 
are taken as together making up 100. The point 
is one of custom, and we think on the whole it 
would have been better to start at the usual 
beginning rather than with a reduced form which 
involves a term “ percentage of mixing water,” 
which is not the quantity commonly known to 
testers by this name. 








NOTES. 
Tue FLEXxisinity oF Pier BeEnpDs. 


In discussing the strength and stiffness of hooks 
and other bent beams, such as, for example; the 
frames of slotting or punching machines, the 
common practice has been to confine attention 
to the longitudinal or, better, tangential stresses, 
and to ignore the radial stresses. In an article 
published in Enerneerine, Sept. 5, 1913, page 
307, in which it was shown that the compli- 
cated Pearson-Andrews formula for the stresses 
on hooks was inaccurate, attention was drawn 
to the fact that in the case of curved beams 
of hollow or I-shaped section, the radial stresses 
might be quite as important as the tangential 
stresses. In a paper recently published by the 
Massachusetts Institute of Technology on ‘“ The 
Elastic Deformation of Pipe Bends,’ Professor W. 
Hovgaard shows that it is the neglect of these 
radial stresses which is responsible for the wide 
discrepancy which exists between the observed 
and calculated deflections of pipe bends. In such 
bends the metal in the “ flanges of the beam” is 
very inefficiently supported against the radial 
stresses. The result is that when a curved pipe is 
subjected to a bending moment its cross section 
flattens, thus reducing the effective depth of the 
beam. ‘The deflection is accordingly very much 


greater than can be accounted for on the ordinary ° 


theory. In some cases the observed deflection 
is five times the theoretical. Professor Hovgaard 
discusses the problem mathematically and finds 
that, representing by i the angular deflection of 
the curved pipe as calculated in the ordinary way, 
the true angular deflection will be 

& X 48h2R2 + 10r4 
48h2R2 + 74 
where 2h is the wall thickness, r the mean radius 
of the pipe section, and R the mean radius of the 
bend, in its unstrained condition. A comparison 
between this corrected formula and actual test 
results shows, it is stated, a very satisfactory agree- 
ment between observation and calculation. 








DEDUCTIONS FROM WAGES FOR BAD WORK. 


Ir is not often that His Majesty’s Judges are 
called upon to decide questions arising under the 
Truck Acts. The principle that the wages of an 
artificer “‘ shall be made payable in the current coin 
of this realm ”’ is now so generally recognised, that 
complaints of payment in “‘ truck ” are very seldom 
heard. In a recent case, however (Riverside Mill 
Company Limited v. Hart) which was decided in 
the King’s Bench Division on November 11, a some- 
what novel point arose. A textile pieceworker was 
under a duty to weave a good merchantable cloth 
by performing her work carefully, and she was to 
be paid according to a standard list. There was a 
custom that if the workmanship of a weaver was bad 
or negligent, the employers deducted fair and 
reasonable compensation for damage to their cloth. 
The employers in paying the piece-worker deducted 
on this head, and she claimed that, although she 
had in fact been negligent, the deduction was 
unlawful. It was conceded that the deduction of 6d. 
represented less than the actual loss caused to the 
employers. The magistrates held that the “ stan- 
dard list”? was the rate of wages applicable, and 
that there had been an illegal deduction by way of 
fine. On appeal to the King’s Bench, their lord- 
ships, by a majority, held that as there was an 
implied contract that the respondent was to be 
paid for her work according to a standard list, 
subject to a fair and reasonable deduction for bad 
work, the amount paid represented the entire 
wages due, and, the deduction not being from the 
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standard list, the judgment of the justices was 
wrong and must be set aside. It will be seen that 
the decision rests upon this: that the employers 
and the artificer had, in effect, agreed upon a certain 
method of arriving at the wage to be paid. In the 
old case of Redgrave v. Kelly ( (1889) 37 W.R. 54), it 
had been held that the deduction of fines from 
wages for spoilt work is merely non-payment ; but 
in Smith v. Walton (L.R. 3 C.P. 109) it was decided 
that if an employer requires a weaver to take a piece 
of cloth damaged by him in weaving in discharge of 
wages, he pays “‘in goods,” and is liable to be fined. 
The decision in the case under review is based upon 
Redgrave v. Kelly (supra), and serves to emphasise 
the point that there is no objection to an employer 
making deductions from wages for bad work. 


THE WorkiNnG Costs or HEavy-O1 
ENGINES. 

A report just issued by the Diesel Engine Users’ 
Association gives an analysis of the returns made 
by members on the working costs of heavy-oil 
engines under their supervision for the year 1925-26. 
In the majority of cases, the conditions under which 
the engines are employed are not such as to lead to 
the maximum efficiency. Thus, in some of the 
examples quoted, the engines are only installed as 
a stand-by plant, but it is in such cases that the 
returns are likely to be of the greatest value, as data 
for engines of modern types running under favourable 
conditions are more readily obtainable. The results 
are tabulated for 37 home and 9 overseas stations, 
but the value of the table would have been increased 
had the make and type of engine in each station been 
specified. A separate table shows that the results 
are based on the performance of 73 enclosed-type 
Diesels, 95 open-type Diesels, 4 solid-injection, high- 
compression engines, and 5 semi-Diesels, but the only 
clue as to the type is given in a table dealing 
with lubricating oil consumption. While there 
may be good grounds for not giving the makers’ 
names, there seems no particular reason why 
the type of engine employed should not be given in 
the main table. The best results are recorded at 
the private station of Messrs. Crompton & Co., Ltd., 
where 1,385,085 units are generated annually. This 
station shows the excellent figure of 0-47d. per unit 
generated, but an explanatory note in this case gives 
the information that the station is exceptionally 
favourably placed as regards maintenance costs on 
the engines. The highest recorded cost for a home 
station is that of the Sheerness and District Electric 
Supply Company Limited, where the inclusive figure 
works out at 1-482d. per unit generated. In this 
case the plant is run for stand-by and peak-load 
purposes only, the units generated in the year being 
77,045, and the annual plant load factor 9 per cent. 
The average engine cost per unit generated for all 
the home stations tabulated is 0-799d., against 
0-805d. in the previous year, notwithstanding a 
slight increase in the price of fuel oil, and a slightly 
less favourable running plant load factor. Among 
the overseas stations, the corresponding figure shows 
an increase from 0-746d. to 0-753d., the rise coin- 
ciding exactly with the higher price paid for fuel 
oil. The report calls attention to some comments 
made in Oil Engine Power on the results recorded 
in the previous year. In these comments, the 
operating costs are given for four large American 
stations, the average being 0-425d., and the con- 
clusion is drawn that American costs are less than 
those ruling in home stations. The outputs of the 
American stations quoted vary from 2,500,000 to 
22,500,000 units, so that the average is much higher 


than that of the British stations on which the | 


comparison is based. The Committee of the Diesel 
Engine Users’ Association, in commenting upon 
these figures in the present report, state that when 
all the factors and corrections in regard to fuel and 
lubricating oil prices are taken into account, there 
is no evidence that American results are generally 
better, under similar working conditions, than those 
comprised in the report for British stations. It 
is unlikely that this conclusion will be seriously 
disputed. 





Mintyc Exuiprrion, BucHarrst.—Messrs. Philips | 
Lamps, Limited, have been awarded a gold medal and 
certificate for their miners’ lamp at the Mining Exhibition, 
held recently at Bucharest, Roumania. 








TRAPPING DUST PRODUCED BY 
ROCK DRILLS. 


Ir has been recognised for a number of years that the 
dust produced by rock drills in mining certain rocks, 
especially those containing silica, is not merely pre- 
judicial to health, but the cause of that serious disease 
commonly known as miner’s phthisis. The best-known 
instances of injurious dust of this nature are provided 
by the quartzite of the Transvaal gold mines and the 
granite of the Cornish tin mines, while the same effects 
have been observed in mining in ganister, sandstone 
and millstone grit. Coal dust. is non-injurious, but 
when working in stone drifts, coal miners are exposed 
to similar risks. Although the subject has received 
a great deal of attention, and much has been done by 
legislation, both in this and other countries, to combat 
the dust evil, a really satisfactory solution of the 
problem has hitherto not been found. 

The Health Advisory Committee of the Mines Depart- 
ment have devoted attention to the question, and 
expressed the view that water sprays are inefficient, 
as the small volume of water does not wet the smallest 
and most injurious particles of dust; further, the 
men object strongly to the effective use of water 
through hollow drills. 

The problem of devising alternative means for dealing 
with dust was recently investigated by the Safety in 
Mines Research Board, and the results of the work 
are now published in Paper No. 23.* Mr. P. 8. Hay, 
who carried out the investigation, received assistance 
from Dr. Pirow, of the South African Mines Depart- 
ment. 

A number of appliances which had been devised, 
both in South Africa and on the Continent, were 
investigated, but none appeared to have worked 
satisfactorily in practice. A device evolved by Pro- 
fessor E. L. Collis and Sir Henry Cunynghame, in 
which the exhaust air from pneumatic tools used by 
Aberdeen granite cutters was used in connection with 
an ejector to create a suction current, seemed to give 
more promise. Arrangements were accordingly made 
for experimental work to be carried out at the Royal 
School of Mines, in a dust-tight chamber 8 ft. long, 
8 ft. high and 6 ft. wide. In this, a Type 26 Lezner 
cradle drill was installed, and a block of grey granite 
3 ft. long by 2} ft. square was provided for drilling. 

The first experimental model comprised a light 
collapsible hood of rubberised canvas supported by 
means of an internal conical spring, the top being 
provided with a loose collar that could rotate with 
the drill steel and slide up it as the steel entered the 
hole, thus enabling the bottom of the hood to keep 
close up against the rock face. Between the hood and 
the outlet pipe for the dust was a simple form of ejector, 
which was operated by the exhaust air from the drill. 
Experiments showed that not only was it not essential 
for the hood to be in close contact with the rock, but 
that better results were actually obtained when there 
was a clearance of about an inch; hence, an irregular 
rock face tended rather to increase the efficiency of the 
device. 

The second experimental model consisted of a light 
steel telescopic strut, or stretcher bar, provided with 
a screw jack at one end. By means of the adjustment 
provided it was possible to vary the length of the strut 
from 4} ft. up to 8 ft. An adjustable bracket attached 
to the strut carried a length of light steel tube. A 
length of flexible metallic tubing carrying a cup-shaped 
hood of tough rubber was attached to one end of the 
tube, while the other end was an improved form of 
ejector. Rubberised canvas tubing delivered the dust 
from the ejector to the filtering device. This ejector, 
when fitted with a 3-in. diameter jet, and using exhaust 
air at a pressure of 7 lb. per sq. in., maintained a suction 
equivalent to 6 in. water gauge in the hood. The 
attempt was first made to filter the mixture of dust 
and air by means of two superposed sieves of 200 mesh, 
kept continually watered by splashings of water. 

The resistance offered to the passage of air proved, 
however, too great, even when only one screen was 
used; soap and emulsions were added to the water. 
Coarser screens proved ineffective in arresting the 
fine dust. Filters formed of layers of coke and sawdust, 
in boxes, saturated with a sticky substance, were found 
to choke up too rapidly. The solution was found to 
be a simple bag of the finest-quality close-woven 
flannel or selected chamois leather skins, the air escaping 
through the material and the dust dropping into a 
removable receptacle at the bottom of the bag. 

The efficiency of the apparatus was tested by means 
| of the konimeter—an instrument devised in 1916 by 
| Sir R. N. Kotzé, of the South African Mines Depart- 
/ment. The konimeter consists essentially of a valveless 
| cylindrical suction pump, with a capacity of 5 c.c. 











* A Method of Trapping the Dust Produced by Pneu- 
| matic Rock Drills, by P. S. Hay. Safety in Mines 
| Research Board, Paper No. 23. H.M. Stationery Office, 
! Adastral House, Kingsway, W.C.2, price 6d. net. 





When the piston rod is depressed it is held by means of 
a catch, which is released by a trigger; a brass helical 
spring forces the piston rod up to the end of its stroke, 
and thus 5 c.c. of the dust-laden atmosphere to be 
tested are sucked in through an inlet nozzle of 0-8 mm. 
bore. 

In a small chamber behind the nozzle is placed a 
vaseline-coated glass slide. Each sample is repre- 
sented by a dust spot less than 1 mm. in diameter, 
and as the glass slide is movable within the chamber, 
from 6 to 12 samples can be taken on one slide. The 
samples are examined under the microscope with a 
magnification of about 150, the ocular being provided 
with a glass micrometer ruled into squares having 
sides of 0-04 mm., and with two sector lines crossing 
at its centre point and making an angle of 9 deg. 
to each other. The dust spot is placed with its centre 
coinciding with the intersection of the sector lines, 
and all particles within the angular sector on both sides 
of the centre are counted. As the sample is equivalent 
to dust contained in 5 c.c. of air and the sector is one- 
twentieth of the circle, the number so obtained, when 
multiplied by four, gives the number of particles per 
cubic centimetre. 

The Miners’ Phthisis Prevention Committee of the 
Union of South Africa (Final Report, 1919) came to 
the conclusion that if the dust concentration of an 
atmosphere is less than 300 particles per c.c., it may 
be considered as safe and “‘ that it is the very fine 
particles which are the most important factor in the 
causation of the disease. Itis, therefore, very probable 
that particles over 12 microns in diameter are rela- 
tively unimportant, and that only those lying under 
the limit of 12 microns need be taken into account.” 

In laboratory trials with the second experimental 
model, an Ingersoll Rand No. 26 Leyner drill and an 
Ingersoll Rand B.C.R. jack hammer drill, with hollow 
drill steel in both cases, were used on hard grey granite. 
Twelve samples of the surrounding air were taken in 
each test. The average number of dust particles per 
c.c. found in the air surrounding the filter bag and 
inside the experimental chamber before drilling com- 
menced (average of eight tests) was 56. The average 
of 15 tests made whilst drilling was in progress with 
the dust trap in use, sampled close to the drill man’s 
head, was 284 particles per c.c., while average of 
tests of air delivered from and sampled within 1 ft. 
from the filter bag was 195 particles per c.c. The 
contrast without the trap in use is shown by tests 
for which air samples revealed dust particles exceeding 
2,000 per c.c. and too numerous to count. 

As the apparatus seemingly provided a means of 
keeping the atmosphere free from any harmful quantity 
of dust generated in rock drilling, the appliance was 
tried under practical conditions at the pit of the Glass 
Houghton and Castleford Colliery Company, Limited, 
in a cross-measure drift, being driven to the rise from 
the Silkstone to the Flockton seam. This drift was 
7 ft. high by 12 ft. wide. Two Sullivan jack- 
hammer drills were in use. Air tests made before 
drilling commenced at the face gave an average of 105 
dust particles per c.c., and during drilling, with the 
dust trap in use, the number of dust particles in suc- 
cessive holes ranged between 163 and 220 dust particles 
per c.c. Again, six samples taken after one machine 
had been drilling for 30 seconds without the dust 
trap gave over 2,000 particles per c.c. (too many to 
count). 

When drilling rounds at the face, certain difficulties 
arose with regard to setting, which resulted in the 
design of a new form of stretcher bar suitable for use 
in either vertical or horizontal positions and adjust- 
able to any length from 4 to 15 ft. In the latest 
form, this consists of three pieces of steel tubing 4 ft., 
5 ft., and 6 ft. long, respectively, fitted with bayonet 
joints, so that one, two or three sections can be used 
as required. A stee] foot is fitted at one end of the 
box and a telescopic tube at the other, 3 ft. long, pro- 
vided with holes at 3-in. intervals for the insertion 
of a pin so that the length can be adjusted as required ; 
to this tube is attached a screw jack permitting the 
complete column to be secured rigidly in position. A 
swivel bracket, adjustable for height, is used for attach- 
ing the steel suction tubes to the stretcher column. The 
rubber suction hood can thus be placed at any point 
on the drift face with one setting of the column. The 
flannel filter bag and dust container are further provided 
with a protecting case constructed of perforated steel, 
and the complete filter can be either placed on the 
ground or suspended from the roof. The time taken 
by two men to assemble and fix the complete apparatus 
ready for drilling is about five minutes. 

Underground tests were made with this model at 
the Frickley Colliery of the Carlton Main Colliery 
Company, in a drift 11 ft. wide by 7 ft. high, being 
driven through a down-throw, fault in the Barnsley 
bed, in shaley bind. Large quantities of dust were 
produced owing to the rapid rate of drilling in this 
material. The ventilation at the face was not good 
and the dust remained in suspension a considerable 
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time. The drills were using compressed air averaging 
85 lb. per square inch at the face. In one case, tests 
of the air before drilling gave 58 particles per c.c., 
and during drilling, with the dust trap in use, from 
210 to 242 particles per c.c. (taken close to the opera- 
tor’s head). Without the dust trap, over 2,000 par- 
ticles per c.c. were obtained (too many to count). 

As a side issue, an ejector has been developed 
which can be connected through a screw-down needle 
valve to the live-air supply to enable the dust trap 
to be employed for clearing out holes. after drilling. 
The previous practice of connecting a length of §-in. tube 
direct to the live air main to blow out the dust from 
the ‘“‘ down” holes, resulted naturally in the formation 
of thick dust clouds. The apparatus was found simple 
and efficient under working conditions, and increased 
the comfort of the men so that they appreciated its 
use. 





THE SOCIETY OF GLASS 
TECHNOLOGY. 


THE President, Mr. Walter Butterworth, Senr., 
presided at a meeting of the Society of Glass Technology, 
held at University College, London, on December 15. 
The first paper presented, entitled Further Note on 
Sillimanite as a Glass Works Refractory, and contributed 
by Professor W. E. S. Turner, dealt with various 
experiences with sillimanite. A pot ring, made from 
a mixture of 5 parts of fine, 1 part of medium, and 1 part 
of coarse sillimanite, with 3 parts of ball clay, was 
broken in use after doing service for 10 weeks in a pot 
melting a potash-lead oxide-silica glass. The ring 
showed little sign of attack by the glass. A sillimanite 
pot, holding 30 lb. of glass, had been in use in the 
Department of Glass Technology at Sheffield, for melting 
a series of soda-ferric oxide-silica glasses. The pot 
stood up well under this work, exhibiting no signs of 
honey-combing. This result was rather remarkable, 
since sillimanite usually offered little resistance to the 
attack of ash rich in iron compounds. Photographs 
were exhibited of another pot which had been used for 
23 successive meltings and had ultimately a porosity 
of 14 to 15 per cent. In order to prove the great 
resistance offered by sillimanite to changes in tempera- 
ture, photographs were shown of a pot which was 
allowed to cool in the bottom of afurnace. After some 
days the furnace was heated again. The pot was still 
being used for glass melting a month afterwards, the 
temperature of the last run in it being 1,450 deg. 

The next paper, by J. F. Hyslop, R. Gumm and 
H. Biggs, was entitled Some Corrosion and Erosion 
Phenomena and their Bearing on the Macrostructure of 
Refractories. In this paper the importance of the 
macrostructure of refractories was emphasised in 
connection with corrosion and erosion phenomena. 
The use of an indirect method indicated that the 
characteristics and grading of grog were factors of 
considerable moment. Data were given which showed 
that the disintegration in a solvent of a composite 
material, such as wax loaded with burnt clay particles, 
depended on two factors, these being :—(a@) the density 
of the solute-rich layer relative to the solvent ; (6) the 
size of the particles. If a light upward-flowing layer 
was formed, the material with large particles would be 
more rapidly broken up than that containing small 
particles. The reverse held, if a dense downward- 
flowing layer was formed, the finer the particles the 
more rapid being the corrosion. 

Laboratory experiments on clay rods immersed in 
chosen glasses confirmed the above statements in 
respect to the corrosion of clay by glass. Ina lead glass, 
the clay with the larger grog was more corroded than 
that with the finer, but in a soda-lime glass the finer 
material was the more attacked. Consistent with 
safety in other directions, the evidence indicated that 
a refractory meant to withstand corrosion by a lead 
glass should contain as large a fraction of fine grog as 
possible, whereas one for use with a soda-lime glass, 
say, should contain the maximum of large grog. It 
was also shown that where erosion was the principal 
tactor in the break-up of the refractory, the conditions 
demanded different characteristics in the grog in that 
the material must hold the maximum of fine particles. 

A Note on the X-Ray Patterns of Mullite and Silli- 
manite was contributed by J. F. Hyslop and H. P. 
Rooksby. In two former notes it was stated that 
sillimanite and mullite gave X-ray patterns which could 
be distinguished, and the object of this further note 
was to record the data which had been obtained for 
several alumina-silica materials. By paying attention 
to the necessary technique, such as the degree of fineness 
of the powder and the time of exposure to the beam of 
X-rays, consistent results were obtained. It was 
concluded that there were, on close inspection, real 
and consistent differences between the patterns of 
sillimanite and of the crystalline substance formed in 
the samples examined. Further, these differences, 
although small, had been found sufficient for identifica- 


tion purposes, since they depended upon the relative 
spacing of the lines and not on differences in intensity 
which could be caused by preferential orientation of 
the crystals. 

A further paper entitled Note on the Design of Parison 
Moulds was read by 8S. English. This stated, that of 
the three moulds, the ring, parison and blow moulds, 
ordinarily used in the making of bottles by machines, 
the parison mould was by far the most difficult to 
design properly. There was only one feature of a 
parison mould that could be determined even approxi- 
mately by a study of the finished bottle it was desired 
to reproduce, and that was its internal size or glass- 
holding capacity ; but even in this respect allowance 
had to be made for the preliminary blow-up, which 
varied from one machine to another and from one 
type of bottle to another. For the purpose of parison 
mould calculations it was convenient to use the volume 
occupied by 1 oz. of hot glass. Assuming that 1 oz. 
of glass at 1,250 deg. C. occupied } cub. in., a gob of 
glass to form a 24-oz. bottle should have a volume of 
18 cub. in. In regard to the shape of parison moulds, 
the only feature which was recognised as essential 


was the absence of sharp corners. The inner surfaces. 


should always be continuous smooth curves. The 
primary function of parison moulds was to give a 
preliminary shaping to a quantity of glass, and the 
moulds could only do this efficiently by cooling the 
glass surface in contact with the mould. It had been 
found that a heavy-walled mould always kept cooler 
than a light-walled mould under similar conditions. 
The thicker mould required less external cooling, 
and retained its good condition longer than the thinner 
one; but it was much heavier, and in the case of a 
charge of moulds it heated up to the proper working 
temperature so slowly that a considerable loss of 
output was entailed. Cast-iron appeared to be per- 
fectly satisfactory as a parison-mould material. It 
was suggested, however, that stainless steel parison 
moulds might be tried in the case of small bottles. 





YEAR BOOKS AND ANNUALS. 

The ‘‘ Practical Engineer”? Mechanical Pocket Book 
and Diary, 1927.—The selection of material for a 
pocket book is undoubtedly a difficult task, but that 
the contents of The Practical Engineer Mechanical 
Pocket Book meet the requirements of the majority 
of mechanical engineers is suggested by the fact that 
the book is now in its thirty-ninth edition. The scope 
of mechanical engineering is so wide that the treatment 
must inevitably be brief in many cases, but the space 
devoted to heavy oil engines hardly appears propor- 
tionate to their importance. The current issue has been 
brought up-to-date by the deletion of obsolete data, 
and by the addition of new matter dealing with ball 
bearings, boiler mountings, clutches, fuel oils, roller 
bearings and valves, while a number of new illustrations 
have been added and some of the tables re-set in clearer 
type. One of the most useful features of the work is a 
dictionary of technical terms in French, Spanish and 
Russian. These dictionaries do not occupy much space, 
and the addition of German and Italian would un- 
doubtedly be appreciated. It might reasonably be 
claimed that a German would be of more importance 
than the Russian dictionary, but the latter is of consi- 
derable value as it is difficult to obtain elsewhere. 
The pocket book is published by Mr. Humphrey 
Milford, Oxford University Press (Technical Depart- 
ment), Falcon Square, E.C.4, at 2s. 6d. net in cloth 
binding, and 3s. net in pluviusine binding. 





The“ Motorship Year-book.’’—One of the most inter- 
esting year books now issued is this volume published by 
the Motorship, 220, West 42nd-street, New York, and 
priced 3 dollars (net). The material and its arrangement 
in tabulated data, in this, the fourth edition, is compre- 
hensive, and, so far as we have examined, is easy to refer 
to. The combination of a large page (74 in. x 10} in.) 
and two columns of comparatively small but clear type 
may not appeal to all, but it is evidence of the large 
amount of matter dealt with in the first 112 pages, which 
is about half the work. The second half is statistical, 
and comprises a variety of tables. Details are given 
of all oil-engined vessels of over 300 h.p. built from 
1904 to 1925. The information given comprises: 
names of ship and owner; where built; dimensions 
of hull and tonnage; type of engine, with number of 
cylinders, bore and stroke, and revolutions per minute ; 
number of engines and total brake-horse power. Foot- 
notes cover less normal types of vessel, and they 
furnish an instructive epitome of characteristics 
which are more or less peculiar to combustion-engined 
vessels of American construction. Though well- 
known European builders of Diesel engines figure more 
largely than others, it is noteworthy that the American 
contingent is larger than is commonly supposed, though 
the h.p. ratings of American craft are much lower than 





European vessels. Six-cylinder units predominate in 





the list, and there is at least one of 10 cylinders— 
a four-cycle two-unit M.A.N. equipment of 3,300 brake 
horse-power, in a 10,000 tons vessel. Vessels with 
triple sets of engines are a speciality of the American 
firm of MacIntosh & Seymour, but the highest output 
listed is 3,150 brake horse-power for three sets of 
four-cycle six-cylinder units. Agairist this combina- 
tion of comparatively small units may be set the 
B. & W. 13,750 brake horse-power, two-engined 
17,300 ton vessels by Messrs. Sir W. G. Armstrong 
Whitworth & Co., Ltd., for the Svenska Amerika Line. 
The progress of the marine type of internal combustion 
engine is notably demonstrated by the list of vessels 
given for the years 1904-5, 1908, and thence annually 
to 1925. Incidentally the figures during the war 
period when European production was limited, and in 
most countries was concentrated on naval requirements, 
furnish a criterion of the number of American builders 
of Diesel engines and the comparative importance of 
their output. In 1904-5 the gross output of Diesel 
craft listed was two vessels each of 360 brake horse- 
power. In 1909 there were seven vessels ; a few more 
in 1910, but only sixin 1911. The output in numbers 
and power was more than doubled in each succeeding 
year, and in 1914 (the war year) it reached 34 vessels. 
For 1925 the number detailed in this record is 185 
vessels, of which the 15,200 h.p. set on the Asturias 
(22,500 tons) of the Royal Mail Steam Packet Company, 
engined by Messrs. Harland and Wolff, was the largest. 
That figure has been surpassed this year by two 
Italian vessels, the Augustus, 33,000 tons and 28,000 
shaft horse-power, with four sets of two-cycle double- 
acting M.A.N. type engines, and the Saturnia, 23,500 
tons and at 24,000 (i.h.p.) with two sets of Burmeister 
and Wain four-cycle, double-acting engines. The 
ostensible purpose of the book as a year-book is 
supplemented, and its size necessarily increased by 
mechanical tables and text usually reserved for 
students’ manuals. No doubt this matter increases 
the scope and appeal of this sort of book; it also 
accounts for the bulk, and renders necessary a smaller 
type than would be selected by older readers. Of 
the utility of the book there is no doubt. 





Manual of Electrical Undertakings and Directory 
of Officials, 1925-1926.—There is, we believe, no 
more valuable source of financial, technical, commer- 
cial and general information relating to electrical 
undertakings than this manual originally compiled 
under the direction of Mr. E. Garcke. Still known as 
Garcke’s Manual, or simply as Garcke, although it has 
now been edited by Mr. F. C. Garrett for several years, 
the edition for 1925-26, just published, gives particulars 
of the character above referred to of about 3,430 
electrical undertakings, as compared with some 200 
undertakings dealt with in the first edition, which 
appeared in 1896. These figures are a striking indi- 
cation of the growth of the electrical industry during the 
intervening period of 29 years, but even more remark- 
able is the fact that the capital issued by electrical 
companies registered in Great Britain, together with that 
borrowed by municipalities for electrical undertakings, 
has increased from about 61,000,0001. to 767,000,0001. 
in the same period. Data such as these are given in a 
section of the manual covering the progress made in the 
last year and constituting a statistical analysis of the 
industry, while other sections give particulars of electric 
supply and traction undertakings, telegraph and tele- 
phone companies, manufacturing and miscellaneous 
concerns, and undertakings in the Dominions and 
British Possessions. Directories of officials, of members 
of electric lighting and tramway committees, and of 
electrical contractors are also included, together with 
a general index. As in previous editions, a large number 
of useful maps of tramway systems, electric railways, 
supply areas, and districts provisionally determined by 
the Electricity Commissioners are given; a new map 
of the London and Home Counties Electricity District, 
illustrating the engineering features of the district, is, 
however, included for the first time. The whole of the 
data given have been derived from official sources and 
have been verified, at the latest possible date, by 
responsible officials of the undertakings concerned, so 
that the information is thoroughly reliable. This 
being so, the work must be regarded as almost indis- 
pensable to all engaged in the electrical industry, either 
professionally or commercially. It is published by the 
Electrical Press, Limited, 13 to 16, Fisher-Street, 
Southampton Row, London, W.C.1, price 35s. net. 





The South American Handbook, 1927.—The fourth 
yearly edition of “The South American Handbook,” 
that useful little guide to the countries and resources 
of South and Central America, Mexico, and Cuba, has 
just been issued by Messrs. South American Publica- 
tions, Limited, Atlantic House, Moorgate, London, 
E.C.2. A great reduction in the selling price of 
the book has been made this year, without there being 
any falling off in the quality or the quantity of the 
contents. The price is now 2s. 6d. net; previous 
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OVER-SPEED TESTING CHAMBER FOR TURBINE AND GENERATOR ROTORS. 
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editions were sold at 7s. 6d. Each country is dealt 
with in alphabetical order. The physical features, 
natural resources, trade, commerce and industries of | 
each state are described, and some information is also | 
given upon the historical development and the govern- 
ment and constitution of the country. A fair amount 
of space in each section is devoted to detailed descrip- 
tions of all the principal towns; railway and river | 
communications, air routes, passport information, | 
advice and instructions to commercial travellers and | 
others, list of hotels, and other miscellaneous data are | 
given. Every effort has been made to facilitate | 
matters for intending visitors, and to present a true | 
and accurate picture of the commercial and social life | 
of the South American Republics. In addition to a| 
large, coloured, folding map of South and Central | 
America, there are a number of small sectional maps, | 
depicting railway systems and the like. The book | 
comprises over 600 pages, and the editor, Mr. J. A. 
Hunter, is to be congratulated upon the thorough and 
painstaking manner in which the work has been pre- 


pared. 











OVER-SPEED TESTING CHAMBER. 


WE reproduce on this page three views of a new 
test chamber recently constructed at the Manchester | ’ 
Works of the Metropolitan-Vickers Electrical Company, | 
Limited, for testing at overspeed the rotors of turbines | 
and generators. In Fig. 1 the rotor of a 12,500 kw. | 
steam turbo-alternator, designed to run at 3,000/| alternator running at 3,000 r.p.m., for example, will 
r.p.m., is shown in position for an overspeed test, | weigh about 20 tons, and at overspeed the kinetic 
whilst the rotor to be seen in Fig. 2 has been con- | energy stored in it is about 47,000 ft. tons, or sufficient 
structed for a hydro-electric power station, and is|to lift the whole rotor bodily to a height of about 
intended to develop 12,000 kw. when running at 250 | half a mile. Other rotor forgings may weigh as much 
r.p.m. An external view of the test house is repre- | as 55 tons. 
sented in Fig. 3. As will be gathered from the fore-| To ensure safety, material of the highest quality 
going, this new structure will be used for testing at| is required, as well as exceptional care in the matter 
overspeed both low-speed water-driven rotors of large | of design and manufacture. All forgings are sub- 
diameter, and also the rotors of high-speed turbo-| jected not only to the usual tensile bending, and 
alternators, which, although of medium diameter and | impact tests, but the surface is minutely inspected 
moderate weight, may be very long. Provision is also for any sign of imperfection. Sulphur prints are also 
made for testing single discs for steam turbines, and | taken to discover any segregation, and also any minute 
also other apparatus, which, though of light weight, | flaws which the visual inspection may have failed to 
may be required to run at extremely high speeds. | detect. The rotors are also bored axially from end to 

The energy stored in the moving rotors of modern | end, and the surface of the hole carefully examined 
generating machinery, whether water or steam driven, | by a telescope specially designed for the purpose. This 
is enormous. The rotor of a 20,000 kw. steam turbo. | internal inspection has in several cases led to the rejec- 











Fie. 3. 


tion of forgings, but such incidents are rare, as the 
steelmakers of to-day have fairly well mastered the 
problem of securing soundness in large forgings. 

As an additional precaution the complete rotor may 
be run at an overspeed sufficiently high to ensure 
that there is an ample margin of safety at the normal 
running speed. Steam-driven units, however, have 
such satisfactory and efficient governing arrangements 
that an overspeed test is in many cases unnecessary. 
With water-driven alternators, on the other hand, 
provision must frequently be made for an overspeed 
of 80 per cent., which means that the centrifugal 
stresses developed will be about three and a-quarter 
times as high as at normal full speed. Indeed, over- 
speeds of 100 per cent. are not unknown in the case of 
hydro-electric generators. With such plant, therefore, 
an overspeed test becomes of special importance. 

Such tests are sometimes made in the open shop 
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in spite of the danger to life and property. In other 


cases the test is made in a pit below floor level, which 
is covered during the test by steel joists and sand bags. 
In view of the increasing demand for high-speed steam- 
driven units of large power, and for water-driven 
generators of great weight, the Metropolitan-Vickers 
Company decided to construct this special test-house, 
which is shown in our three illustrations, for making 
these runs at over-speed. Its internal dimensions 
are such as to admit rotors up to 14 ft. 6 in. in 
diameter, and of shafts up to 40 ft. in length. 

The walls are 9 ft. 6 in. in thickness, and consist 
of an outer casing of reinforced concrete with internal 
air pockets, linings of bags of sand, and rafts of timber 
held in place by a light steel framework. Taking 
advantage of lessons learned during the recent war in 
the construction of shell-resisting structures, the com- 
posite walls are designed to take out the sting of impacts 
by bringing the flying parts to rest gradually. In the 
construction of the building 800 cub. yards of concrete, 
30 tons of steel, 2,000 cub. ft. of timber, and 7,000 
cub. ft. of sand have been used, this being exclusive 
of the movable door which is constructed of ferro- 
concrete lined with wood. It is carried on spring- 
mounted wheels, and weighs 17 tons. 

The building is conveniently situated with respect 
to the heavy machine ship, where the work to be tested 
can be erected under the main cranes, and loads of 
120 tons can be handled. Two specially-designed 
bogies mounted on a standard heavy-gauge railway 
track, are provided to carry the rotors to be tested. 
The rotors can be mounted in the main shop, after 
which the bogies are tied together by rigid side bars, 
and are then wheeled into the test house. This done, 
the bogies are lifted by hydraulic jacks to allow of the 
insertion of 2-in, packing plates, after which the bogies 
are bolted down solid on the test soleplate. A 500-volt 
d.c. motor of 1,800 h.p. provides the necessary power, 
and is mounted in a separate chamber, together with 
a specially-designed gear-box arranged to give speeds 
from 250 to 7,200 r.p.m. on the driven shaft. Pro- 
vision is also made for obtaining speeds up to 21,600 
r.p.m. The coupling shaft between the gear-box and 
the rotor to be tested is designed to sever in the case 
of any serious disturbance during a test, thus acting 
as a safety device to save the gear-box from damage. 
Also the flexible coupling used at the test pit end is 
of the large diaphragm type, which allows for a slight 
lack of alignment, and damps out the transmission 
of vibrations. Provision is also made for supplying 
oil under high-pressure to the bearings so as to transfer 
the weight of the rotors on to an oil film between 
journal and brass. The starting effort is thus reduced. 
There is also a supply of low-pressure oil for the 
driving motor and the reduction gears. 

A separate control cabin is situated in the main 
shop, where complete control is centered, and data 
can be recorded here under quiet and convenient 
conditions. This cabin is very fully equipped with 
all necessary apparatus, including speed control gear, 
speed-indicating instruments, power indicators, and 
rheostatic braking control to bring the driving motor 
quickly to rest. The observer has also full control 
of the generator supplying power to the motor, and is 
provided with tell-tale indicators and oil-pressure 
gauges. The cabin also contains instantaneous stop 
valves for the oil service and for use in case of a burst 
pipe. Signal apparatus between cabin, test house and 
motor house is also provided. 

Elaborate provision is made for the measurement 
of deflections, for checking and recording critical 
speeds, and for the use of vibrographs, oscilloscopes and 
high-speed cameras. 

In making an overspeed test the plant is first run 
at a normal speed at which all instruments and the oil 
service are tested to see that they are operating 
properly. This done, all men are withdrawn from both 
test and motor houses. The test house is then 
closed, and the overspeed test controlled entirely 
from the remote control cabin. It will be apparent 
that, apart from avoiding as far as possible, all risk of 
injury to life and risk of damage to property outside 
the test house, many important advantages over the 
underground test pit used previously are obtained for 
routine tests, and also for research work in connection 
with both generators and turbines. 





RESIGNALLING OF THE SOUTHERN RaAtmLway.—Messrs. 
The Westinghouse Brake and Saxby Signal Company, 
82, York-road, London, N.1, have sent us a neat little 
pamphlet which deals with the conversion, from mec- 
hanical to power operation of the signalling system 
between the London Bridge and Cannon-street and 
Charing Cross stations of the Southern Railway. A large 
folding plan of the permanent way, which depicts all 
points, crossings, three- and four-aspect colour-light 
signals, signal cabins, and other details, is given at the 
front of the pamphlet. A series of excellent ——— 
showing track lay-outs, cabin installations, signals and 
point machines is included, 
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LETTERS TO THE EDITOR. 


SCREW VISCOSITY PUMPS. 


(To THE Epitor oF ENGINEERING.) 

Str,—Please allow me to refer to a valuable and 
intéresting paper on page 606 of your issue of 
November 17, 1922, and to suggest a correction in 
equation 5 and the corollary to it. 

In the treatment of the semi-circular groove, the 
groove moves with velocity U and the flat lid is at 
rest, so that the integral of rudrdé@ gives the flux 
through a semi-circle fixed (like a croquet hoop) to the 
flat lid. What is required, however, is the flux along 
the groove, and this is found by inserting —U in the 
equation for u (at the top of the second column on 
p. 607) which would then have a velocity term 

ou (= ah ) 

n™ \pn 
Alternatively, and more simply, the velocity term 
in equation (5) may be deducted from ;: U, leading 


to the equation 
pe P 
Vag (0-6366U — 0-0853 a) 


and the maximum pressure is then given by 
peP _ a. 
. Vi 7-46 U. 
These may be compared with the values for the cireum- 
scribing rectangle of sides 2e and e given in equation 
(2) thus 
2 
V =,p2 (0-72 U — 0-112 Tt) 


with a maximum pressure given by 
ifs 6-43 U 
Al ; 

I am persuaded to offer these suggestions by the 
fact that workers abroad, without acknowledging 
the results of your contributor, propose to misapply 
his work on the screw viscosity pump, to viscometry. 

Yours faithfully, 
H. S. Rowe tt, 
Director of Research, 
Research Association of British 
Motor and Allied Manufacturers, 
15, Bolton-road, W.4, December 23, 1926. 





THE PROPOSED THAMES BRIDGES. 


(To THE EpiTror or ENGINEERING.) 

Srr,—From the standpoint of the ambitious young 
engineer, I think it would be very acceptable if the 
design of one of these bridges was made the subject 
of an open competition. 

I have no wish to belittle in any way the work of 
the men at the head of the profession, for whom I have 
great respect, but I feel very strongly that many 
young engineers would welcome such an opportunity 
to show their worth. 

Yours faithfully, 
CHaruzs S. Gray, 
B.Sc., A.M.I.Struct.E. 


Harrow. December 17, 1926. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


(To tHe Eprror oF ENGINEERING.) 

Str,—With regard to your leading article, “ Pro- 
gress of Engineering,’ with special reference to the 
institution of Mechanical Engineers, undoubtedly 
the eulogies contained therein are justified, as regards 
both the science of engineering and the training of the 
young engineer. However, there are some other points 
of minor importance that remain to be tackled :— 

(a) While the Institution is most satisfactory to the 
engineer who is in an assured position, to the young 
engineer a good dealislacking. Firstly, the Institution 
is not open at suitable hours. The Council should 
realise that many young engineers not only work until 
6 p.m., but also find it difficult to get time off to enable 
them to make use of the facilities at present existing. 

(6) That sufficient thought, untrammelled by con- 
servatism, is not given to the subject of improving the 
existing Institution utilities. 

(c) That some consideration of the salary question 
be given, as quite a large proportion of the best type 
of brain will not be kept (or initially attracted) to the 
profession, without adequate remuneration. 

(d) Finally, that commercial engineering (I use the 
term for lack of a better one) is not adequately dealt 
with. That there is a demand for additional consider- 
ation of such subjects as engineering costs, estimating, 
law, advertising, &c., is evident from the attendance at 
informal meetings. To mention one case only, at the 





recent meeting on estimating, the attendance was a 
record one; that is, excluding the cinematograph 
evenings that were partial entertainments. 

It should be remembered that twice 10,000 members 
would be no more than representative of the great 
engineering industry of this country. 

Yours faithfully, 
A. Powis Bate, 


London, December 22, 1926. A.M.I. Mech.E. 





THE USE OF COMPRESSED AIR 
FOR OIL PRODUCTION. 


WuHaTEVER method of winning oil be adopted in any 
particular field, a considerable portion of the oil is 
always left underground. That portion is variously 
estimated at from 25 per cent. to 90 per cent., and the 
problem of how to bring up this oil is probably the most 
important question which the petroleum industry has 
to face. In Investigation Report, Serial No. 2778, of the 
United States Bureau of Mines, Mr. B. E. Lindley esti- 
mates that 91 per cent. of the oil originally held in the 
Elliott Pool, Oklahoma, still remained in the formation 
two years ago, and that it would take at least twelve 
years at the production rate of 1923 to reduce this 
figure by 1 more per cent. of the original contents. 
Various means are available for reclaiming addi- 
tional oil. At Peihelbronn, in Alsace, German engi- 
neers exploited oil sands, before the war, like coal 
beds by means of shafts and galleries; this process, 
which is still in use, has its risks and is not generally 
applicable. At Bradford, in Pennsylvania, the sands 
have been flooded with water in order to displace and 
to force up the oil. In the Eastern and Mid-Continental 
fields of America, the vacuum method has been used 
extensively for the purpose of stimulating oil production, 
and in recent years the Smith-Dunn or the Marietta 
process has been applied with success in Ohio and 
Apallachian fields, and, since July, 1925, also in the 
Elliott Pool, Oklahoma. In this process air or gas is 
pumped into the oil sands in order to restore the pro- 
pelling power of the gas in the sands, 

The Elliott Pool lies near Nowata, in Oklahoma, and 
its productive area is estimated at 540 acres. Oil was 
discovered there in 1909; the number of wells, about 
1,000 ft. deep, had increased to 111 by 1916, but the 
yearly production of 1911 (12,245 barrels per well) 
declined to 2,366 barrels in 1912 and sank below 
1,000 barrels in 1913. It was, by 1920, below 
200 barrels; in 1923 it was 149-5 barrels. Nearly 
2,000,000 barrels of oil had altogether been obtained 
by the end of that year. Vacuum raising was intro- 
duced in 1913 and was continued till 1925. The 
thickness of the productive sand has recently been 
estigated, from the records of 102 wells, at 44 ft., but 
the upper 11 ft. generally yield only gas, and no oil. The 
pool is estimated still to contain some 22,000,000 barrels 
of oil. Compressors were put in operation in July, 1924, 
while the vacuum method was still being applied. At 
first casing-head gas was forced back into the sands 
through six specially-prepared wells. The available 
quantity of gas being insufficient, the deficiency was 
made up with air. Then the number of air-wells was 
increased to 13, after abandonment of four of the wells. 

The air pumping, however, had no immediate effect 
on the oil flow. When the vacuum was discontinued, 
the oil production dropped at once to 25 per cent. of 
the then existing rate, and continued to drop in the 
next four weeks to as low as 5 per cent. of that value. 
An increase in the production was only noticed after 
six weeks. The wells had to be prepared by lowering 
a packer (consisting of three or four old working barrels 
wrapped with burlap and wire) into each well by means 
of the tubing. This plug was tightened by pouring 
several sacks of neat cement over it. The compressor 
plant consisted of three 110-h.p. engines directly con- 
nected with compressors, which, running at 180 r.p.m., 
discharged air from the high-stage at 150 lb. per square 
inch and 200 deg. F. The gas-air mixtures used are 
of course, explosive, and it was confirmed by special 
experiments that increased pressure (up to 130.1b. per 
sq. in.) raised both the lower and the upper limit of 
explosibility of methane-air mixtures, while an increase 
of temperature (up to 600 deg. F.) raised the upper 
limit and lowered the lower. Attempts made to replace 
the air in the gas-air mixture by exhaust gas were un- 
satisfactory on account of the risks of poisoning. To 
reduce the spreading of any explosive waves, explosion 
preventers were inserted in the 6-in. main pressure line, 
e.g., @ joint of a 12-in. pipe filled with steel shavings. 
The compression of*casing gas-air mixtures is always 
risky, and the use of natural gas alone, or pure air, would 
be preferable. As regards the relative efficiencies of the 
vacuum and the pressure methods, a comparison was not 
easy in this particular instance. The vacuum was sup- 
plied by 170 h.p., the pressure by 330 h.p. ; but it would 
appear that by December, 1925, the average daily pro- 
duction of the wells then in use had been increased by 240 
per cent. by substituting pressure for vacuum working. 
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QUANTITIES AND COSTS OF FLOOR- 
ING FOR LONG-SPAN SUSPENSION 
BRIDGES.* 

By J. A. L. Wappett, M.Am.Soc.C.E. 


Introduction.—In America, due to the wonderful 
development of the automobile, and to its use by all 
classes of people, especially in touring, highway bridges 
have become even more important than railway bridges. 
Moreover, on account of the exceedingly heavy motor 
trucks now used, both the live load and the dead load 
for the new structures are far greater than those in 
vogue a decade or two ago. The building of new post 
roads necessitates the bridging of the largest rivers of 
North America; and some of these are either so wide 
or so important for navigation as to require long spans. 

As shown by comparative computations, t the limiting 
economic span length for highway cantilever bridges, 
pure and simple, as compared with the corresponding 
suspension bridges, was 1,000 ft. in 1918. Some 
engineers contend that it is shorter and others that it 
is longer; hence, probably in most cases this is not 
far from correct. However, the present falling price 
of steel wire for cables tends to lessen this span length 
ot equal cost, as does also the adoption of the deflection 
method of computing moments and shears in the 
stiffening trusses, instead of the elastic method formerly 
used. For this reason that length has been chosen as 
the inferior limit for this investigation, the superior trial 
limit being the 5,000-ft. span. The curves, however, 
have been extended by extrapolation down to spans 
of 500 ft., and one of them up to a length of 7,000 ft. 

Certain river crossings now contemplated demand 
spans well in excess of 1,000 ft., necessitating suspension 
bridges. Among others may be mentioned the one 
over San Francisco Harbour to connect San Francisco 
with Oakland and Berkeley, California, one to cross the 
Hudson River, connecting New York, N.Y., at 179th 
Street with a number of important municipalities in 
New Jersey; and one across The Narrows of New 
York Harbour to join Brooklyn, N.Y., and Staten 
Island. 

As there are almost no reliable data concerning the 
costs of such long spans, the wildest kinds of guesses 
are constantly being made by laymen, and even by 
engineers. This condition has led the writer to make 
the present investigation. During the last few years 
he has had occasion in his practice to compute in detail 
the costs of six proposed highway suspension bridges 
with span lengths‘ of 1,550 ft., 1,750 ft., 1,975 ft., 
2,500 ft., 2,800 ft., and 3,200 ft., inaddition to numerous 
other computations.{ Unfortunately, the widths of 
the decks and the live loads for these six bridges do not 
agree; consequently, it was. necessary to make the 
computations methodically de novo and to use the 
results of all previous calculations merely for checking. 

Assumed data—Roadway.—For the sake of rigidity 
in both the span and the towers, the horizontal distance 
between the central planes of the trusses should be not 
less than one-thirty-fifth of the span. On this basis, 
adopting a clear roadway of 80 ft., with no sidewalks, 
for spans up to 3,300 ft., the width increases gradually 
thereafter to 129 ft., for a span of 5,000 ft. No con- 
sideration has been given to the matter of sidewalks ; 
for, without appreciable error, their cost per square 
foot may be computed as one-half of that for the main 
roadway. For instance, in the case of a bridge having 
an 80-ft. clear roadway and two sidewalks, each 10 ft. 
wide in the clear, the calculations should be made for 
an area of 90 sq. ft. per lineal foot of span. The spacing 
of the electric railway tracks was taken as 10 ft., from 
centre to centre, or eight lines of track for an 80-ft. 
clear roadway carrying tracks only. 

Live Loads.—For the deck and the suspenders the 
live loads adopted were taken from the writer's treatise, 
‘* Bridge Engineering,” being Class A (with a 20-ton 
lorry load, however) for the highway ; Class C for the 
sidewalks ; Class 30 for electric railway stringers ; and 
Class 25 for electric railway cross-girders. The live 
loads for stiffening trusses, cables, towers, and pier tops 
are shown in Fig, 1. 


Impact.—The impact allowances used on floors and | 


suspenders in both highway and electric railway bridges 
are those given in Chapter VII of ‘‘ Bridge Engineering ”” 
for highway structures. This assumption is valid, 
because recent investigations have 
impact in electric railway bridges is far less than in the 


corresponding steam railway structures, and, as nearly | 


as may be, identical with that for the corresponding 
highway bridges. Owing to the great lengths of all 
trusses and cables, the impact upon them has been 
assumed to be zero. 


Wind Loads,—The unit wind loads adopted were | 


30 Ib. per square foot for spans of 1,000 ft., reducing 
gradually to about 20 lb. per square foot for those of 





* Paper presented to the American Society of Civil 
Engineers, November, 1926, Abridged. 

+ Economics of Bridgework, by J. A. L. Waddell. 

t Economics of Bridgework, Chapter xiii. 





proved that the | 





5,000 ft. The exposed area of vehicles was not con- 
sidered for highway bridges, but, for electric railway 
bridges, two lines of cars (one not in any way protecting 
the other) were assumed to be subject to wind pressure 
with 10 sq. ft. of exposed area per linear foot of track, 
reasonable lengths of trains being used. 

Fig. 2 records the wind pressures per linear foot of 
span for both highway and electric railway suspension 
bridges. It will be noticed that for each type of 
bridge there are two lines of loading, the upper one 
being for the structure as a whole and the lower one 
for the trusses and laterals. Modern studies in suspen- 
sion bridge designing have shown that a part of the 
wind load is taken up by the cables and carried by them 
to the tops of the towers, and that the proportion thus 
carried increases with the span. That proportion is 
assumed to be a function of the quotient of the distance 
between central planes of trusses by the span. This 
assumption is probably only approximately correct ; 
but, in view of the present state of professional know- 
ledge, it will have to suffice. It accounts for the 
horizontality of the lines in Fig. 2 beyond the span of 
3,300 ft., where the width of structure begins to 
increase. Theoretically, there should be a slight 
upward tendency in these parts of the lines to corre- 
spond with the upward inclinations of the graphs for 
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Fig. 1.—Live Loaps For SUSPENSION BRIDGES. 
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Fie. 2. Winn Loaps For SusPENSION BRIDGEs. 


the total wind load on the structure; but such a 
refinement is not warranted, as it is claimed by certain 
authorities that in long spans the effect of wind pressure 
on trusses and laterals is hardly worthy of consideration, 
owing primarily to the massiveness of the cables and 
also to the rigidity of the wide concrete platform 
composing the highway deck. Be this as it may, it 
was not considered wise to cut down the effective wind 
loads on trusses and laterals any more than is indicated 
in Fig. 2, notwithstanding that it is never possible for 
great live loads and great wind loads to act simul- 
taneously on any highway bridge, and seldom, if ever, 
on any electric railway bridge. 

Floors.—In long-span highway bridges it is econo- 
mical to reduce the thicknesses and weights of the 
floor-slab and pavement to a minimum, and thus the 
amount of metal throughout the structure (except in 
the stiffening trusses, which are not affected to any 
material effect by the dead load). This may be 
accomplished effectively in three ways, namely, by 
using metal liberally for reinforcement; by adopting 
a light aggregate for the concrete; and by making 
the pavement as thin as is consistent with due pro- 
vision against its failure under heavy traffic. 

In the Philadelphia-Camden suspension bridge, the 
use of a special system of reinforcement reduced the 
thickness of the base to 6 in.; and that is about the 
limit of feasibility, unless the spacing of the stringers 
be made ultra-close. In these computations a similar 


|slab, 64 in. thick, was adopted with 5-ft. stringer 


spacing. 
During the world war, the Federal Government in 
building reinforced concrete ships used concrete weigh- 


ing only from 110 lb. to 120 Ib. per cubic foot. There 


|is also a light aggregate, known as “ Haydite,” made 


of clay or shale burned and aerated by a patented 
process that reduces the weight of plain concrete to 
106 lb. per cubic foot. It is claimed that such concrete 


is stronger and more impervious to water than that 
composed of the ordinary aggregates ; but these asser- 


tions need corroborative evidence. In making these 
computations, however, the writer has assumed that 
a satisfactory light aggregate will be available for 
building the floors of future suspension bridges. 

In respect to bridge pavements, engineers are fast 
coming to the conclusion that a great thickness. is 
not really necessary, but that a thin pavement of 
bituminous concrete can be used and replaced as it 
wears off. In these calculations a thickness of 1} in. 
is assumed. The electric-railway flooring adopted 
consists of the usual wooden ties and guard-rails and 
90-lb. steel rails. 

Towers.—The towers are flat at their bases and are 
rigidly attached to the masonry of the piers, the tops 
of which are about 25 ft. below clearance elevation to 
permit the feet of the columns to be spread trans- 
versely to the structure. Their dimensions are to be 
such as will permit their tops to spring properly in 
the longitudinal direction of the bridge under all 
possible variations of temperature and loading, Theore- 
tically, it would be more scientific to hinge them at 
the bottom. This would require less metal, but would 
involve some trouble and expense in staying them 
during erection. 

Cables.—The cables are assumed to be of the best 
procurable quality of carbon-steel wire. Certain 
engineers are of the opinion that eye-bar cables are 
preferable. It is evident, however,* that no untreated 
eye-bars can compete with wire for cables, except 
perhaps in very short spans, and that heat-treated 
bars might be more economical than wire for fairly- 
long spans. A few years ago heat treatment for eye- 
bars was in an experimental stage, and wire cables 
were very expensive. Now heat treatment is claimed 
to have been well developed but, on the other hand, 
the cost of wire cables has been greatly reduced, and 
is still falling. Hence, until the prices of these materials 
have reached a condition of comparatively stable 
equilibrium, the economy of eye-bars over cables for 
any long-span suspension bridge is questionable. 

Back-Stays.—¥or the purpose of this investigation 
the back-stays are assumed to be unloaded, and to have 
the same inclination to the vertical as the main cable 
has at the tower top. Their lengths were made suifi- 
cient to bring their ends down to an elevation of 20 ft. 
above low water. 

Pier Shafts.—The shafts of the piers are to be of 
plain concrete, extending down to an elevation 2 ft. 
or 3 ft. below low water, where they will rest either on 
rock or on a base of timber and concrete. 

Pier Bases.—When a shallow rock foundation is not 
available, the pier shafts are assumed to rest on pneu- 
matic caissons sunk to bed-rock at a depth of about 
100 ft. below low water—in other words, the bases 
are made 100 ft. high. This is likely to be their height 
in most cases, for the reason that, with bed-rock 
sloping down rapidly from the shore, the pier will 
probably be located, for the sake of economy, as far 
out as practicable ; and the assumption made involves 
the maximum safe air pressure. 

Anchorages.—Two types of anchorages have been 
provided, namely (a) those resting in the dry on bare 
bed-rock ; and (b) those supported on fairly stiff clay, 
reinforced by long piles, and encased in a box 30 ft. 
deep filled with concrete. 

For each of these types it is feasible to construct 
cost curves that will give comparatively accurate 
results. There is, however, still another case, that is, 
when the anchorage is obtained by tunneling into a 
hillside of solid rock; here the governing conditions 
will vary so greatly that it is not practicable to plot 
the cost of the anchorages. However, no great error 
would be made in assuming the same cost as for anchor- 
ages on bare rock. The structures have been computed 
on the assumptions of solid masses of concrete, of no 
attempt at decoration, and of cheap material to obtain 
weight inexpensively. If the anchorages are pierced 
by arched openings, if a stone masonry covering be 
used, or if other decorative features be adopted, the 
costs given by the diagrams will have to be materially 
increased. 

In designing the bases of the anchorages, no reliance 
was placed on the horizontal resistance of the piles, 
and the centre of pressure was always kept within the 
middle third of the base. Each anchorage was made 
in two independent parts, one for each side of the 
structure. For anchorages on pile foundations, in 
plan each part is wide in front and narrow behind ; 
and in elevation it is low in front and high behind. 

Tower Encasement.—The tower encasement adopted 
consists of a shell of reinforced concrete surrounding, 
but never touching, the steel tower. It gives the 
appearance of a solid masonry shaft of a decidedly 
decorative character. Such a method of improving the 
wsthetics of the bridge is legitimate, but, of course, by 
no means necessary. 





* “Comparative Economics of Wire Cables and 
High-alloy Steel Eye-bar Cables for Long-span Suspension 
Bridge,” Proceedings Engrs. Soc. of Western Pennsylvania, 
vol. xxxvi, p. 418, 1920-21. 
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Lighting.—An adequate system of electric lighting for 
each structure has been assumed—of a decorative nature 
to conform properly to the importance of the proposed 
bridge. 

Materials.—For comparatively short stringers, rolled 
carbon-steel I-beams were assumed; but, for the 
longer, nickel-steel built-beams were adopted. That 
alloy was used also for the cross-girders and the 
stiffening trusses. In the lateral system, the diagonals 
were generally computed as nickel steel; but carbon 
steel was used in the over-head bracing wherever mass, 
for rigidity rather than for mere strength, was the prime 
requisite. 

In the suspenders and their connecting details, nickel 
steel was used, and, for the cables, wire rope of the 
greatest strength attainable. For the towers, silicon 
steel was adopted, because per se it is generally more 
economical than nickel steel, the great advantage of the 
latter being in the reduction of dead load—a considera- 
tion that is negligible in towers. 

Intensities of Working Stresses—The unit stresses 
used for proportioning steel members were as follows : 


Carbon steel in tension 16,000 Ib, 
Silicon steel in tension 24,000 ,, 
Nickel steel in tension 28,000 ,, 
Wire cables in tension 70,000 ,, 


For compression members the following formule for 
allowable stress were used : 


Carbon steel 16,000 — 60 : 
r 
Silicon steel 24,000 — 90 . 
r 
Nickel steel 28,000 — 105 H 


For combinations of live load, dead load, and wind 
load, an increase of 30 per cent. in these intensities was 
permitted. 

Unit Prices—The schedule prices adopted for 
materials in place when computing the costs of suspen- 
sion bridges per square foot of floor, were as follows: 


Dols. 
Carbon steel 


whe ‘. 0-07 per Ib. 

Silicon steel in towers... 0-09 ,, ,, 
Nickel steel... bis oe ess an 
Wire cables... “oe acsi) MOAEB os. kt 
Floor slab, including rein- 

forcement a8 --» 35-00 ,, cubic yard. 
Pavement ... ae -- 3-00 ,, square yard. 
Electric railway track ... 6:00 ,, linear foot. 
Shafts of piers... «» 20-00 ,, cubic yard. 
Shafts of anchorages ove (15200 4, me 
Bases of pneumatic piers... 35-00 ,, * 


Bases of pile anchorages ... 30-00 ,, ‘eS 
Piles below anchorage bases 1-25 ,, linear foot. 


Panel Lengths, Truss Depths, and Cable Sags.—Table I 
gives the assumed panel lengths, truss depths, and cable 
sags for the five span lengths on which the calculations 
of quantities of materials were made. 


TABLE I,—Assumed Dimensions of Suspension Bridges. 




















Panel Length Truss Depth Sag of Cable 
Span ia Feet. in Feet. in Feet. 
Length 
in Feet. | High- | Rail- | High- | Rail- | High- | Rail- 
way. | way. | way. | way. way. | way. 
1,000 24:4 25-0 24 25 100 105 
2.000 33-9 40-0 34 40 175 185 
3,000 44-1 54-7 44 55 250 265 
4,000 54:1 70-2 54 79 325 345 
5,000 64-1 84-8 64 | 85 400 425 








The fact that the panel length in every case has been 
made about equal to the truss depth is merely for the 
convenience in computing, and is by no means a 
requisite ; nor are the panel lengths themselves of any 
great importance, in so far as the weight of metal in the 
floor system is concerned, as will be shown. Again, in 
case the panel lengths for the long spans for any reason 
appear to be too great, they can be divided by the 
adoption of sub-diagonais and intermediate verticals. 

The quantities of materials and their costs are sub- 
divided as follows: (1) Flooring, including pavement ; 
(2) metal in floor system and hand railings ; (3) metal in 
lateral system; (4) metal in stiffening trusses; (5) 
metal in suspenders ; (6) metal in main cables; (7) 
metal in back-stays ; (8) metul in towers ; (9) lighting ; 
(10) pier shafts ; (11) pier bases ; (12) anchorages ; and 
(13) tower encasement. ; 

Findings.—Flooring.—For each square foot of high- 
way deck there will be required 0-54 cub. ft. of 
reinforced concrete and 0-125 cub. ft. of pavement, 
weighing in combination 80 lb. The similar quantities 
for the electric-railway deck will be 5-5 ft. B.M. of 
timber and 6-6 lb, of rails and attachments, weighing 
in combination 30 lb. 

Floor Systems and Hand-Rails.—To find the 


quantities of metal in the floor systems ten cases were 
estimated, for panels of different lengths in both 
highway and electric-railway structures. Strange to 
say, up to spans of 3,300 ft.—the point at which the 





width of structure was increased—there was scarcely 
any variation from 46 Ib. per square foot of floor, regard- 
less of either panel length or character of loading. The 
metal was nickel steel for spans of 2,000 ft. and more ; 
one-half carbon and one-half nickel steel in spans of 
less length. Fig. 3 shows the results for both highway 
and electric-railway bridges. 

A valuable deduction may be drawn from these 
data as to the increase in weight of metal with an 
increase in the perpendicular distance between trusses. 

If N is the percentage of increase in the width of the 
structure between trusses, X the corresponding percent- 
age of increase in the weight of metal per square foot of 
floor for the floor system, and A is a constant, then: | 

2 a eee a 

For highway bridges, the value of A is about 0-5, and 
for electric-railway bridges, about 0-8. : 

Lateral Systems.—In Fig. 4 are recorded the weights 
of metal per square foot of floor found for the lateral 
systems of both highway and electric-railway suspension 
bridges. In spans up to 2,000 or 2,500 ft., certain 
members of the lateral system may be built of carbon 
steel ; but most of the weight recorded is that of nickel 
steel. 

For short spans the weights may appear to be too 





high, especially when compared with those for the 





eight of Metal in Pounds per Square Foot of Floor 
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Fia.3. Weicuts or META In FLoor Systems. 


Weight of Meta! in Pounds 


(3626.0.) i 


Fie. 4. Wericut or NICKEL STEEL IN LATERAL 
Systems. 


Philadelphia-Camden Bridge. The explanation is that 
in all the writer’s designs he has used over-head bracing, 
as, on general principles, he is opposed to pony trusses, 
especially in long spans. It is true that the tension in 
the suspenders tends to keep the top chords of pony 
trusses from getting greatly out of line; but, when 
computing the chord sections for compression, it 
would be difficult to determine satisfactorily the 
proper value of the slenderness ratio. 

The peculiar peaks in Fig. 4 are due to the sudden 
widening of the structure, beginning at the span of 
3,300 ft.; for, although the weight of metal per linear 
foot is increased slightly by the widening, the weight | 
per square foot of floor is diminished. 





weight reduction found by Mr. Moisseiff-in the case of 
the Philadelphia-Camden Bridge, in which the quotient 
of truss depth by span is 0-016, are correct for all span 
lengths where that quotient prevails, they would not 
hold good for other proportions. If ¢ is the coefficient 
given by Fig. 6, and q is the quotient of truss depth by 
span for the case under consideration, then the reducing 
ratio r would be given by the equation 

r=1—(1—- c) xX a 


For instance, in the case of a 4,000-ft. highway span, 
Fig. 6 gives a reducing ratio of 0-65, while the quotient 
of truss depth by span is 0-0135; hence the reducing 
ratio used for this case was :— 
0-016 
0-0135 


In favour of ignoring the effect of the live-load stress 
reversal, previously alluded to, there is much to be 
said :— 

1. The latest long-span suspension bridges have 
been thus designed, consequently the pace has been set 
for bridge designers to follow, unless they feel that a 
mistake has been made in so doing. 

2. When the greatest live load is on a highway 


= 0-585 





r= 1—(1— 0-65) x 


3 
= 
: 
: 


In Feet 





Fic. 5. Weicut OF NICKEL STEEL IN StTiFF- 


ENING TRUSSES OF SUSPENSION BRIDGES. 





(9826.F.) - ~ ad ~ 


Fic. 6. PERCENTAGES OF REDUCTIONIN WEIGHTS 
or METAL IN STIFFENING TRUSSES OF SUSPEN- 
ston Bripees as Found By THE ELAstIc 
THEORY, TO AGREE WITH THOSE FOUND BY THE 
DerLection THEORY. 


| 

Stiffening Trusses.—In Fig. 5 are indicated the | bridge, it is generally distributed almost uniformly, in 
weights of nickel steel for the stiffening trusses of both | which case no reversal will exist; in an electric- 
highway and electric-railway suspension bridges. | railway structure the stress reversal is much more 

It will be noticed that there are two curves of weights | probable. 
for each of these types of structure. The upper one| 3. When stress reversal does occur, there is sure 
was computed by means of formule based on the | to be a considerable interval of time between reversals, 
“elastic theory,’’* and the lower one was deduced from | even under electric-railway loading, hence the metal 
the upper one by the application of a reducing coefficienty | wil] have an opportunity to recover before being stressed 
(Fig. 6), computed by Leon 8S. Moisseiff, M.Am.Soc.C.E. | in the opposite direction. 
In discussing the Philadelphia-Camden Bridge, Mr.| On the other hand, modern designing of stiffening 
Moisseiff shows that for the stiffening trusses of the trusses has a single trend, namely, toward cutting 
main span, 1,750 ft. in length, the deflection theory | down sectional areas; and such economising may be 
reduces the weight of metal to 64 per cent. theoretically, | carried too far. It must not be forgotten that some of 
or 67 per cent. actually, of that found by the elastic} the truss members of the Brooklyn Bridge have 
theory, the difference in these percentages being due to | crumpled under live load, without the simultaneous 
the use of certain minimum sections in designing. | existence of any wind pressure worth mentioning : 
Although this reason would hold good in a span of | hence, before an engineer starts the actual designing of 
1,750 ft., it would not apply to a span of 5,000 ft. It| any long-span suspension bridge, he should make 
was this fact and the writer's judgment that induced | some computations to determine the actual unit 
him to assume the percentage as 64 for this longer span. | stresses in those members of that old structure which 
An accurate analysis by the deflection theory probably | were crippled, using the modern theories for finding 
would show a somewhat smaller percentage than 64, | stresses, and, as nearly as practicable, the live load per 


of verifying this surmise. 





* Economics of Bridgework, Chap. xxix. 
t ‘‘ The Towers, Cables, and Stiffening Trusses of the 





and Camden,” Journal Franklin Inst., October, 1925. 


but the purpose of this paper did not warrant the trouble | 


Another assumption is that, although the ratios for 


Bridge over the Delaware River, between Philadelphia | 


linear foot that caused the crippling. 
Wire Cables and Towers.—In Figs. 7 to 11 are given 


the quantities in suspenders, cables, back-stays, towers 
and pier shafts. Fig. 9, referring to the back-stays, 


is based on the assumption that they carry no vertical 
load other than their own weight. When the back- 
stays do carry vertical loads by means of suspenders, 
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this diagram will not be needed, as Fig. 8 only should 
then be used. 

Pier Bases.—Fig. 12 gives the volumes of bases for 
caissons of piers. As the assumed height of base is 
just 100 ft., it is easy to compute by proportion the 
corrected volume for any other depth of foundation. 

Figs. 11 and 12 were plotted on the assumption that 
there were no side spans hung from the back-stays, 
thus throwing the cost of the two piers in with that 
of the main span. If, however, the side spans are 


Weight of Metel in Pounds per Square Foot of Floor 
Weight of Metal in Pounds per Square Foot of Floor 


“ 





(9626.6.) Span in Feet 


Fic. 7. Weicuts oF NIcKEL STEEL Fia.8. WericHtTs or WIRE AND 
In SUSPENDERS. 


Volume in Cubic Yards per Square Foot of Fleer 
Volume in Cubic Yards per Square Foot of Floor 





Span in Feet 


Fie. 11. 








WRraPPInG IN Matn CaBLEs. 





bridge study made by the writer, which features were 
suggested in consultation by Theodore H. Skinner, 
M.Am.Soc.C.E, 

As in the case of the pier shafts and pier bases, the 
cost of encasement for two towers is thrown entirely 
on the main span of the structure. It should be noted 


that this cost is almost the same for both highway and 
electric-railway suspension bridges, the latter involving 
slightly more expense because of a small difference in 
tower heights. 


Weight of Metal in Pounds per Square Foot of Floor 


Span in Feet 


Costin Dollars per Square Foot of Floor 
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Span in Feet 


CONCRETE IN SHAFTS OF Fia. 12. Baszs or PNEuMATIC 


PIErs. OR OpEN-DREDGED PrsErRs. 


Cost in Dollars per Square Foot of Fioor 





Span in Feet 
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Fie. 14. Costs or ANCHORAGES. 


supported by the back-stays, the total cost of the main 
piers will not be increased, as the loadings on the pier 
tops are practically the same for the two cases; but 
the quantities given on the diagrams will have to be 
multiplied by the ratio (less than unity) of the length 
of the main span to the total length of main and side 
spans (generally, but not always, equal to twice the 
length of the main span). 

Tower Encasement.—The cost of tower encasement 
(Fig. 13) will vary materially with the artistic and the 
economic ideas of the designer. The diagram is based 
on the architectural features for a long-span suspension_ 


Total Cost in Dollars per Square Foot of Floor 





(9826.m.) a 


Fic. 15. Torat Costs. 


Lighting.—The cost of lighting is an essential item 
in estimating any bridge of importance. It is inde- 
pendent of the span and varies almost directly as the 
| total area of the deck. Its amount, however, is small, 
| being only 0-10 dol. per square foot of floor for a simple 
lighting system, and possibly twice as much for an 
elaborate one. These prices include the cost of conduit 
for the electric wires. - 

Anchorages.—In Fig. 14 are recorded the costs for 
two typical kinds of anchorage for each of the two 
classes of bridges. The lower curves will suffice 
approximately for the case of anchorage by tunnelling 
into hillsides of hard rock. 

Costs,—Fig. 15 shows the total costs per square foot 
of floor for both highway and electric-railway suspension 
bridges, each type having anchorages resting on dry 
rock and on piles. As the tower encasement is just as 
likely to be omitted as adopted, its cost has not been 





included in this diagram. 








Span in Feet 


Fig. 9. Wericuts or Wrre anp Fia. 10. Wereuts or Siicon 
WRraPPING IN Back-Stays. 


Total Amounts of Metal.—To answer the question 
“How much steel is required ?” for any particular 
suspension bridge, Figs. 16 and 17 have been prepared. 
Fig. 16 gives the weights of structural steel and of wire- 
cable steel for suspension bridges, in which the side 
spans are not hung from the back-stays. Fig. 17 
gives the corresponding weights when the back-stays 
carry the side spans. 

The diagrams, Figs. 1 to 17, furnish all the informa- 
tion required for computing the cost of any ordinary 


Weight of Metal in Pounds per Square Foot of Floor 








Span in Feet 


STEEL IN TOWERS. 





Fie. 13. Cost or Tower ENCASEMENT. 


Weight of Metal in Pounds per Square Foot of Floor 





Span in Feet 
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Fie. 16. Toran Werieut or Mera. 


highway, electric railway, or combined highway and 
electric railway suspension bridge that may be con- 
templated, excluding the approaches. To make this 
paper as complete and serviceable as possible, certain 
diagrams (Figs. 18, 19 and 20) for materials in 
highway bridge approaches taken from the writer’s 
office records, hitherto unpublished, will be included. 
Steel trestle construction, here assumed, is the 
cheapest kind of approach to a bridge; hence, if 
reinforced concrete, or arches, or any unusual or 
fanciful kind of construction be used, the approaches 
will cost considerably more than these three diagrams 
indicate. In a highway steel trestle the roadway 
pavement, with its supporting reinforced concrete base, 
costs, including the -reinforcement, about 1-00 dol. 
per square foot of floor; the open deck of an 
electric railway trestle costs about 0-70 dol. per 
square foot of floor; and the sidewalk slabs cost 
about 0:50 dol. per square foot of floor. The 
weights of structural steel and quantities of concrete 
in the pedestals are indicated in Figs. 18, 19 





and 20. Fig. 18 is primarily for highway trestles. 


‘. 





$30 





The classes A, B and C ere therein are those | 


given for highway structures in the writer’s standard 
specifications.* 

In case the structure is to carry electric ‘railway 
tracks, it will be necessary to add (11 + 0-12h) lb. 
per square foot of floor, for the portion covered by 
the tracks, allowing a 10-ft. width for each track. 
If cantilevered sidewalks are added, the weight of 
metal, w, pr square foot for the additional area can 
be found the formula w = 20 + 0-15h, in which 
h is the height of the trestle in feet. 

In case foundation piles are required for the pedestals, 
the number needed will be one for about every 
80 sq. ft. of deck, irrespective of the length of the 
pile. This estimate is based on the use of small piles, 
each carrying 15 tons. These piles should generally 
be of reinforced concrete (about 12 in. sq., or some- 
times more). If wooden piles are used, they must 
be thoroughly protected from the atmosphere, and 


it will be necessary to increase somewhat the heights 


DADED 


| BACKSTAYS 


Pounes per Square F 
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of the pedestals. For any change in the heights 


shown on Figs. 18 and 19, the quantities of concrete | 


will vary almost proportionately. 


The lighting of the approaches will cost, as is in| 


the case of the bridge proper, about 0-10 dol. 
0-15 dol. per square foot of floor. 


or 


Miscellaneous Costs.—Some items of cost for a/| 


complete estimate cannot be included on a “ per 
square foot of floor” basis, such as the retaining 
walls at the low ends of the trestle approaches, the 


earth embankments with their paving, the plazas | 
for the fare-collecting booths of toll structures, right | 


of way, and property damages. 
have to be allowed for, at least approximately, in 
any estimate, 


These items will | 


The cost of a retaining wall usually will lie between | 


100 dols, and 126 dols. per linear foot ; and its equalised | 


length can be taken as the full width of roadway and 
sidewalks, plus 50 ft. 
The cost of the plazas will depend greatly on the 


location, the amount of travel anticipated, and the | 


architectural treatment. It can be stated for a one- 
way-travel plaza by the equation, C = A w, in which C 
is the total cost, in dollars, wis the width of roadway, in 
feet, for travel in one direction, and A is a coefficient 
varying from 2,000 for a country district, to 3,000 for 
a city district. This assumes reasonably economic 
architectural treatment and the absence of retaining 
walls to sustain the fill. Under adverse conditions, 


this coefficient might have to be 2,000 larger to cover, 


retaining walls, and, in addition, 3,000, 4,000, or even 
5,000 larger to cover elaborate or extravagant archi- 
tectural treatment. 

In respect to right-of-way costs and property 
damages, no estimate can be made, because they will 
depend entirely on the character of the locality through 
which the approaches pass. Ina large city they will run 
high—sometimes into millions of dollars—but in 
country districts they may be small or even zero, 
if the property adjacent to the structure is benefited 
by the building of the bridge. 

Applications,—To illustrate the application of the 
foregoing methods, a specific case will be assumed and 
computations made for the completed structure, 
according to the following dimensions and ruling 
conditions: A toll structure. with a plaza on an 
embankment at the end of each approach for collect- 
ing tolls; tower encasement to be used; span and 
approaches to be elaborately lighted by electricity ; 
estimated time to complete the bridge ready for traffic, 
6 years, 


Dimensions— 
Main span ae ood son : 
No side span, but trestle approaches 

up to the main span. 


3,800 ft. 





* See Bridge Engineering. 
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Vertical clearance above high water— 


At middle of main span 150 ft. 
At ends of main span ne <¢ 135 ,, 
Variation between low and high 
water wat eee vl eee 10 ,, 
Elevations at foundation of main 
piers :— 
One 0‘ 
One # vba : —90 ,, 
Height of trestle (ground to grade): a 
Near river bank . aoe 110 +» 
At outer end . 20 ,, 


Height of retaining wall ‘(base to 
grade) see Sh 

Total length of two approaches ; 

Width of roadway in the clear, con- 
taining four lines of electric rail- 
way tracks with open _ floor, 
located at mid-width * 

Width of sidewalk in the clear, 
side cantilevered beyond 
trusses 


each 
the 


of Floor 


Square 


Pounds 


Foot wide or 


Metal in 


Weigh* 





Height of Trestie in Feet =h 
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Fie. 18. Wericut or FLoor In STEEL TRESTLE 
APPROACHES. 





) Load on Soll in Tons per Square Foot 


Fia. 19. ConcreETE IN PEDESTALS WITH 
SPREAD FOUNDATIONS FOR STEEL TRESTLE 
APPROACHES. 

Financial— 

Cost of right of way and property 

damages 3,550,000 dols. 


Interest on money "required during 


construction fe 5 per cent. 

Bonds to be sold at par, net. 
Unit prices— 

Silicon steel, in place 0-085 dol. per lb. 
Nickel-steel, in place ; 0-095 ,, ” 
Carbon steel in approaches, in 

place ‘ 0-060 ,, 
Wire cables, i in place 0-16 .; : 
Pier shafts * 22 dols. per cub. 

yard, 

Pier bases ... 38 Cs, » 
Anchorages (on bare, dry rock) .. 15 ,, - 
Pedestals (on bare, dry rock) 20 2 os 


Cost of base for pavement, inclu- 
ding reinforcing metal .. . 33 
Cost of pavement . 
Cost of sidewalks, including rein- 
forcing metal 33 dols. 
yard. 
Main Span— . 
The cost of the main span is given in Table II. 


Approaches— 
Flooring.—The flooring will cost as follows : 


Roadway, 60 sq. ft., at 1 dol. 60 dols. 
Sidewalks, 20 sq. ft.,at 0-50dol.... 10 ,, 
Railway, 40 sq. ft., at 0-70 dol.... 28 ,, 
Total cost of flooring - linear 
foot of structure Ae .. 98 dols. 
Lighting— 
18 dols. 


Cost per linear foot of structure 


2 dols. per sq. yard. 


per cub. 


| 
| 
| 


| Trestle 110 ft. high— 


Unit quantities : 


Metal (Class A), (Fig. 18), for roadway 

Metal (Classes 25 and 30), (Fig. 18), for 
railwa, 

Metal (Class C), (Fig. 18), for sidewalks 

Metal hand-rails, four at 70 Ib. per 
linear foot 

Pedestals, 9 ft. high on rock (Fig. 20), 


0-01 cub. yard per square foot of floor. 


Quantities per linear foot : 


Volume in Cubic Yards per Square Foot of Floor 


Roadway, 60 sq. ft. at 80 lb. 


Railway, 40 sq. ft. at 104 lb. = 4,160 
Sidewalks, 20 sq. ft. at 36 Ib. = 720 
Hand-rails, four lines at 70 lb. = 280 
~— w silt of metal . 9,960 


: 10,000 


4,800 lb. per 
li 


80 Ib. 


104 ,. 
Ae 


280 ,, 


in, ft. 


Sa, oe 
Pedextals, 0-01 120 = 1-2 cub. yard per linear 


foot. 


Height of Pedestal in Feet 





Fic. 20. Votumes or ConcRETE IN PEDESTALS 
on Rock FounpDATIONS FOR STEEL 
APPROACHES. 


Total Cost in Dollars per Square Foot of Fioor 


(2626.".) 


Fia. 21. 


Summary of cost per linear foot of trestle : 


Spen in Feet 


SUSPENSION BRIDGES. 


Metal, 10,000 Ib. at 0-06 dol. 

Flooring 

Lighting 4 
Pedestals, 1-2 cub. yard at 20 ‘dols. wets 


Total cost per linear foot of trestle 
110 ft. high = rs Sas 


Trestle 20 ft. high— 


Unit quantities : 


Quantities per linear foot : 


Metal (Class A), ), (Fig. 18), for roadway 

Metal gua 25 and 30), (Fig. 18), for 
railw: 

Metal (Class C), (Fig. 18), for sidewalks 

Metal hand-rails, four at 70 lb. - 


Pedestals, 5 ft. high, on rock (Fig. 
yard per square foot of floor. 


Roadway, 60 sq. ft. at 33 Ib. 


Railway, "40 sq. ft. at 47 lb. 1,880 





Sidewalks, 20 sq. ft. at 23 lb. 460 
Hand-rails, four lines at 70 Ib. = 280 
Total weight of metal . 4,600 


TRESTLE 





SN 


Tora Cost or Lone-Span HigHway 





740 dols. 


33 lb. 
47 


23 
280 lb. per 
linear fovt 


” 


20), 0-002 cub. 


1,980 Ib. ania ft. 


” 


” 


” ad 


Pedestals, 0-002 x 120 - = 0-24 cub. yard per lin, ft. 


Summary of cost per linear foot of trestle : 


Metal, 4,600 Ib. at 0-06 dol. 
Flooring .. ae 

Lighting 

Pedestals, 0-24 cub. yard at 20 ‘dols... 


Total cost per linear foot of trestle 
20 ft. high ... ih me 
Say dns 





276 dols. 
“98 ’ 
18 » 
4-80 
396-80 
400 , 
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Average Cost of Trestle— Dols, 
Cost per linear foot for /110 ft, height 740-00 
” ” ” 20 ft. ” 400-00 
; 1,140-00 
Average cost per linear foot for trestle 570-00 
Retaining Walls— 
Length, 2 x (120 + 50) 340 ft. 
Cost per linear foot... se = 100 
Total cost of retaining walls ... 34,000 
Grand Total Cost of Project. 
Main structure, 3,800 ft. at 8,375 dols. 31,825,000 
Approaches, 2,080 ft. at 570 dols. 1,186,000 
Retaining walls & wes 34,000 
Two plazas, 30 x 3,000 was ‘., 180,000 
Right of way and property damages 3,550,000 
Summation jas 36,775,000 
Contingencies at 5 per cent. 1,838,000 
Summation ae aa p 38,613,000 
Engineering and administration at 
8 percent. ... ps Bh. 3,089,000 
Summation ved ae af 41,702,000 
Interest during construction at 15 per 
cent. et aa wea Se 6,255,000 


Grand total cost of project 47,957,000 





Say... one ay os “te 48,000,000 
Deductions.—In case there are side spans with decks | practically feasible limiting span. 
and stiffening trusses suspended from the cables, the | opinion, that limit is reached at about 5,000 ft. ; but, | 


foundations, the cost per square foot of floor is only 


165 dols. As the minimum clear width of roadway for 
this span is 130 ft., the cost of the bridge proper would 
be 130. x 5,000 x 165 = 107,250,000 dols.; but to 
this must be added a large amount of approaches, right 


| of way, property damages, contingencies, engineering, 


administration, and interest during construction. | 
Judging from the preceding example, the grand total 
cost would amount to about 150,000,000 dols. Under | 
certain conditions, this amount is not beyond the limit 
of feasibility, although it is probably outside that of | 
economics for a toll structure, considered as a business | 
venture. For example, if it should require that amount | 
to build a 5,000 ft. span across The Narrows of New | 
York Harbour, and if the adjacent communities in New | 
York and New Jersey were to demand such a structure, | 
the money undoubtedly could be raised. 
Computations of the “‘ approximate greatest lengths | 
of span” have been made* by William H. Barr, | 
M.Am.Soc.C.E., based on certain assumed unit stresses 
for cables and various ratios of sag to span. His | 
tabulated results are such that, if any additional loading 
were placed on the structure, the cables would be over- 
stressed, no matter how much area were added to their 
cross-section. Using the writer’s assumptions, Mr. 
Burr’s tables would indicate an extreme limit of span 
of about 10,000 ft. This limit satisfies one’s curiosity, 
but does not give information concerning the true or | 


TABLE II.—Cost or Matn Span. 





| 


























| Equiva- 
Quantity per | lent area, | Cost per 
Item. square foot Unit Product, in square | linear foot 
of roadway. price. _feet per of span. 
| | linear foot. | 
— | 
F dols. dols | | dels. 
Highway slab .. 0-02 cu. yd 33-00 0-66 60 | 39-60 
Pavement at --| 0 11 sq. yd 2-00 0-22 60 13-20 
Sidewalk slabs. . Ua :.| 0-012 cu. yd. | 33-00 0-40 | 20 | 8-00 
Railway floor .. a eae So y — | — 0°70 | 40 | 28-00 
Floor system, highway (Fig. 3)’ -.. we ie ‘ 50 Ib. | 0-095 4°75 | 70 | 332-50 
Floor system, railway (Fig. 3) :. 2 as y 52 Ib. | 0-095 4:94 | 40 | 197-60 
Lateral “gener average of highway and railway (Fig. 4) 16 4 | 4 a | = a 
: g trusses, highway . 5 +“ ay m 67 Ib. , 4 . 
Stiffening trusses, railway (Fig. 5).. Rs pi Se 102 Ib. 0-095 9-69 40 387-60 
Suspenders, average of Sawer and railway (Fig. 7) .. 7°5 1b. } 0-095 0-71 110 78-10 
Main cables, highway (Fig. 8) ae “ ‘e as 116 Ib. 0-16 18-56 70 1,299-20 
Main cables, railway (Fig. 8) BN <a x. yy 156 Ib. 0-16 24-96 40 998-40 
Back-stays, highway (Fig. 9) ih ei ZN ™ 94 Ib. 0-16 15-04 70 1,052 -80 
Back-stays, railwa: . 9) is a ds Bs 124 Ib. 0-16 19-84 40 793° 
Towers, highway (Fig. 10) .., .. oe er ae 85 Ib. 0-085 7+22 70 505-40 
Towers, railway (Fig. 10) .. ae 4 aS ae 114 Ib.. 0-085 9-69 40 387-60 
a encasement (Fig. 13) : — _ 4:10 bro 451-00 
ghting au oe #6 mt a _ 0-15 1 18-00 
Pier shafts, highway (Fig. 11) .-| 0-141 cu, yd. 22-00 3:10 70 217-00 
Pier shafts, railway (Fig. 11) ..| 0-152 cu. yd. 22-00 3°34 40 133-60 
Pier bases, highway (Fig. 12) ..| 0-069 cu. yd. 8-00 2-62 70 183+40 
Pier bases, railway ( 12) ne es “e ..| 0-073 cu. yd. 38-00 2:77 40 110-80 
Anchorages, highway (Fig. 14) .. ae " ” ood _ 5-70 70 399-00 
Anchorages, railway (Fig. 14) be a a es = | — 8-20 40 328-00 
fi — | $8,875-50 | 








Total cost per linear foot of bridge proper “7 a — 





In the writer's | 


approaches, with a similar bridge that has suspended 
side spans of 1,900 ft. each. . The deck, the main piers, 
the anchorages, the tower encasement, and the lighting 
will cost nearly the same in both cases, and hence may 
be ignored. 
Cost of Metal—One-Span Structure, 
Per Lin. Ft. 
Structural steel, highway (Fig. 16)— 
240 Ib. at 0-094 dol. (ave.)x 70 ft. = 1,579-20 
Cables, highway (Fig. 16)— 
216 Ib. at 0-16 dol. (ave.) X70 ft. = 2,419-20 
Structural steel, railway (Fig. 16)— 





330 Ib. at 0-094 dol. (ave.) x40ft. = 1,240-80 

Cables, railway (Fig. 16)— 
284 Ib. at 0-16 dol. (ave.) x 40ft. = 1,817-60 
Total Chia eee 7,056 + 80 


Total cost of metal = 3,800 x 7,056-80 dol. = 
26,816,000 dol. 
Trestle Approaches for One-Span Structure. 
Per Lin. Ft. 
Dols. 
, 10,000 lb. at 0-06 dol. = 600 
Pedestals 1-2 cub. yd, at 20 dols, = 24 


Total we nit a= 624 
Total cost of trestle = 3,800 x 624 dol, = 
2,371,000 dols. 
Three-Span Structure. 


Metal 


Per Lin. Ft. 
Structural Steel, highway (Fig. 17)— 


190 lb. at 0-094 dol. (ave.) x 70ft. = 1,250-00 
Cables, highway (Fig. 17)— 

110 Ib. at 0-16 dol. (ave.) x T0ft. = 1,232-00 
Structural teel, railway (Fig. 17)— 

258 Ib. at 0+094 dol. (ave.) x 40ft. = 970-10 
Cables, railway (Fig. 17)— 

140 lb. at 0-16 dol. (ave.) x 40ft. = 896-00 

Total 4,348 +30 


Total cost of metal = 7,600 x 4,348-30 dols. 
= 33,047,000 dols. 
COMPARISON OF CosTs. 
Dols. 
26,816,000 


Cost of one-span bridge 
pe 2,371,000 


Cost of approaches 
29,187,000 
33,047,000 


Comparing cost for one-span structure 
three-span structure 


” ” 


Difference in favour of one-span struc- 
¥ 3,860,000 


ture... eee eee eee ‘ 
The total cost of the one-span structure would be— 


Main structure, 3,800 ft. at 8,375 dols. 31,825,000 
Approaches, 3,800 ft. at 740 dols. 2,812,000 
Retaining walls a ite. 34,000 


Total comparing cost 34,671,000 
Percentage of increase for three-span structure : 
3,860,000 x 100 + 34,671,000 = 11, nearly, 
This is good evidence of the correctness of a claim 
made by the writer many years ago, namely, that there 
is no economy in adopting suspended side spans for 
suspension bridges when steel trestles or even short, 


procedure in making an estimate is to ascertain the |in order to show what would occur beyond it, Fig. 21 | independent spans can be used instead. 


total cost per linear foot for the superstructure of the | 


has been prepared by actually computing the quantities 


Conclusion.—The computations for this paper have 


main span between towers, omitting the item of back- | and the costs for a 6,000-ft. span highway bridge, and | been carefully checked, hence the results are reliable. 


stays, and apply it to the combined lengths of the | 


by extrapolation (as shown by the dotted line) up 


Nevertheless, owing to the meagre treatment to date 


main span and side spans. The total costs of the towers, | to a span length of 7,000 ft. For this illustration, the| of the design of long-span suspension bridges, it is 
piers, and anchorages are about the same whether the | lowest line of Fig. 15, representing highway bridges with | probable that another engineer in making a similar 


back-stays carry vertical loads or not. 


| anchorages resting on bare rock, was chosen as being | investigation would obtain somewhat different results 


It is true that the stiffening trusses for the side spans | the most likely condition. From it is made the follow- | even if he were to adhere to the same specifications, 


are slightly heavier than those for the main span, 

usually 4 or 5 per cent.; but this increase is partly | 
offset by a saving in the weight of the lateral system, 
because the span is only one-half as long as the main | 
span, and therefore the diagonals are lighter. The 

longer the spans, the greater will be the proportionate 

saving from this cause. On the whole, the side spans | 
will be a little more expensive per square foot of floor | 
than the mainspan. As the cost of the stiffening trusses | 
is generally only about 10 per cent. of the total for the 
superstructure, it is evident that the error caused by 
assuming equal unit costs for the side spans and the 
main span is negligible. However, in preparing Fig. 17 
cognizance was taken of this slight variation. 

These studies aid in determining the extreme feasible 
lengths of suspension spans. The criterion of feasibility, 
however, is a mooted point. . The writer in his investi- 
gations concerning the use of alloy steels in bridge- 
work*, assumed for cantilever structures that the limit 
of feasibility is reached when it requires 4 lb. extra 
of metal to support 1 Ib. additional live loading. The 
best possible criterion for a suspension bridge, however, 
is the financial ability of the interested communities 
to raise the necessary funds for its construction. 

Referring to Fig. 15, it is evident that this limit has 
not been exceeded even for electric-railway structures 
with a span of 5,000 ft.; for, with anchorages on pile | 





_* “Nickel Steel for Bridges,” Transactions Am. Soc. 
-£., vol. Ixiii (1909), page 101, and ‘‘ The Possibilities 

Bridge Construction by the Use of High-Alloy Steels,” 
‘Transactions Am. Soc. C.E., vol. kxxviii (1915), page 1. 


| sideration. 


| computed, namely, a 3,800 ft. span, assuming 1,900-ft. 


suspension bridge of 7,000 ft. span : 





Dols. | 
Bridge proper, 1,260,000 sq. ft. at 166 dols. 209,160,000 | 
Approaches, say, 2,600 ft. at 600 dols. ... 1,560,000 | 
Retaining walls, say sah Ay Pel 40,000 
Two plazas, say ... rey ba ee 300,000 
Right of way and property damages, say 3,800,000 
ABARTS ERT Gk) 
Summation dee 214,860,000 | 
Contingencies, 5 per cent. 10,743,000 | 
Summation ies ite vee ... 225,603,000 
Engineering and administration, 8 per 
cent. bid as bie nine 18,048,000 | 
Summation y at pi ... 243,651,000 | 
Interest during construction 4 x 5 per 
cent, for 8 years = 20 percent. .... 48,730,000 | 
Summation vas Kes <4 292,381,000 
Grand total cost of project, say 300,000,000 


This, of course, is a far greater amount than any con- | 
ditions at present conceivable would warrant. 
A similar calculation for a 6,000-ft. span makes the 
grand total cost of project nearly 180,000,000 dols., 
which probably is also too great for practical con- 


Figs. 16 to 20, inclusive, make possible a comparison 
of the costs of suspension bridges with and without 
suspended side spans. Compare the case already 


ee a 





* Suspension Bridges, page 74. 


|ing estimate of total cost of project for a highway | for design, 


It is hoped that many members of the Society will 
discuss these questions from all angles, and will bring 
up and treat important side-lights, thus adding to the 
general knowledge of the engineering profession con- 
cerning long-span suspension bridges. 








* Paruirs’ Parer TRADE DIRECTORY OF THE WORLD.— 
The 1926-27 edition of this Paper Trade Directory has 
lately been published by Messrs. S. C. Phillips and Co., 
London, and no effort appears to have been spared to 
bring it up to date. To those engaged in the produc- 
tion and sale of pulp, paper and allied industries, this 
book of reference is almost a necessity. The compilers 
have collected a large amount of information relating 
to paper and paper making, stationery, paper box and 
paper bag manufacturers. An important feature is the 
index to advertisers, which includes references to the 
principal paper machine and pulp-making machinery 
engineers. Several changes are noted in the British 
section, which includes lists of paper and board manu- 
facturers, merchants and agents, paper buyers, etc. 


| Many additions also have been made, the Colonial and 


Foreign sections being greatly increased. Several interest- 
ing features worthy of mention are included, such as 
the British, American, French and Scandinavian paper 
trade customs; the British wrapping and packing 
Customs duties under the Safeguarding of Industries 
Act, etc. A very useful and alphabetically-compiled 
glossary of trade terms in English, French, German, 
Spanish, Italian and Swedish is given : tables are included 
of standard sizes and equivalent weights. Additions 
have been made to the list of watermarks and trade 
names. The work is strongly bound and, comprising 
well over 1,000 pages, is priced at 21s, net. 
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SALVAGE’ CRANE FOR AUTOMOBILE 
WORK. 

Unvess the tackle available is adequate, there 

are few more awkward jobs than that of transporting a 

car to the garage after a severe road smash. 


damage is so extensive that neither car axle is in running | 


SALVAGE CRANE 


FOR AUTOMOBILES. 


| CONSTRUCTED -BY MESSRS. HERBERT MORRIS, LIMITED, LOUGHBOROUGH. 


If the | 





condition, the only resources are either to lift the whole | 


car on to a large lorry, or to strip it down on the road 
and transport it in separate units. Frequently, how- 
ever, the damage is confined to the fore part of the car, 
and in such cases the front axle can be lifted and 
secured to the back of a lorry, when the car can be 
towed running on its rear wheels only. 


which relieves the towing lorry from the dead weight, | 
has recently been put on the market. by Messrs. Herbert | 
Morris, Ltd., Empress Works, Loughborough. 

We reproduce a photograph of the crane in the | 
figure on this page. When it is required for towing-in | 
a disabled car, the swivelling shackle, just visible | 
behind the uprights supporting the winch, is secured to | 
a suitable lug mounted on the back of any standard | 
lorry, and the crane is towed to the scene of the smash | 
with the open end of the base frame pointing to the | 
rear. The castor visible in the illustration is only | 
employed when it is required to move the crane by | 
hand, and when the crane is being towed the castor arm | 
is swung up and secured clear of the road. The towing 
shackle is mounted on a bracket which slides between | 
the two uprights at the back, and can be raised or | 
lowered by means of a screw passing through a nut in 
the bracket. A bevel wheel at the bottom of the screw 
engages with a corresponding wheel on an inclined | 
shaft terminating in the handle visible below the 
winch, the arrangement constituting the equivalent of 
a luffing gear. When the crane is attached to a lorry | 
in the manner described, the shackle becomes a fixed | 
point, and any movement of the luffing handle will tilt | 
the whole of the crane framework, luffing the arm in 
the process. In travelling, the frame is screwed down 
sufficient to ensure that the ends of the girders forming | 
the base will clear road irregularities. When the 
damaged car is reached, the crane is pushed forward | 
until the hook is approximately over a sling on the | 
dumbirons. The girder ends are brought down to the 
road and the front of the car is then lifted and the crane 
jib luffed until the car axle can be dropped into the | 
swivelling yoke mounted on the crane axle. The shoes | 
of the yoke are provided with plate-steel chains which | 
pass over the car axle and are secured by bolts and wing | 
nuts, and when these are in place the only remaining | 
operation before towing the car away is to again tilt | 
the frame clear of the ground. If preferred, in the case | 
of a Jong tow, the crane mast can be taken down in a | 
few minutes and carried in the lorry. It will be evident | 
that practically the whole weight of the load is taken by | 
the crane wheels, and that consequently a much lighter | 
vehicle can be employed for towing than if the front | 
of the damaged car actually rested on the rescue car 
in the usual way. The crane wheels are sufficiently 
wide apart to make cornering at a reasonable speed 
perfectly safe, and two men are sufficient to carry out 
the road operations required. 

The crane can, of course, be employed for loading up 
the units of a vehicle which is too heavy or too badly 
damaged to be towed, and, with the castor in position, 
it forms a handy crane for general garage work. The 
working capacity is 1 ton, and the crane is tested to 
1} tons before leaving the makers’ works. As will be 
clear from the illustration, the frame is made of rolled 
steel throughout. The wheels run on roller bearings, 
and are fitted with solid rubber tyres. The winch is 
fitted with an automatic brake which will hold the | 
load in any position, A spring-loaded pawl is fitted 
in addition for greater security during the tow. The 
hook is a steel drop forging, and the hoisting cable is 
of plough steel. The dead axle and yoke are of cast 
steel. The dead eye to which the end of the cable is 
attached is readily removable, and the crane can 
therefore be employed with a temporary hook to give 
a direct lift of 4 ton at twice the usual speed. 





THE DuppELL MEDAL or THE PuystcaL Socrety oF 
Lonpon.—The council of the Physical Society of London 
has awarded the fourth Duddell Medal, for meritorious 
work on scientific instruments and materials, to Mr. F. 
Twyman, F.R.S., managing and technical director of | 
Messrs, Adam Hilger, Limited. Among other important | 
work, Mr, Twyman was responsible for an investigation 
on the annealing of glass, which led to the adoption of 
Twyman’s Law, This law deals with the influence of 
temperature on the mobility of the melt. The instru- 
ments devised by Mr. Twyman for controlling the various 
operations involved have been of service to all branches 
of the glass-making industry, and led to a notable increase 
in the output of optical glass during the war years. The 
Hilger interferometers have also been of great service in 
the optical instrument industry. 








I In all the | 
operations referred to, a crane is of the utmost value, | 
and a machine specially designed for this purpose, | 





CATALOGUES. 


Monel Metal.—A catalogue illustrating a large number 
of utensils and machine parts for the dyeing, bleaching 
and finishing trades, is to hand from Messrs. G. and J. 
Weir, Limited, Cathcart, Glasgow. The object is to 
show that Monel metal and pure nickel are the most 
suitable for these purposes, both in strength and corrosion- 
resisting qualities. 


Air Brakes for Road Vehicles.—Air brakes for road 
vehicles form the subject of a special catalogue issued by 
the Westinghouse Brake and Saxby Signal Company, 
Limited, 82, York-road, King’s Cross, London, N.1. The 
construction is fully explained, with illustrations showing 
the action. These brakes are made for application to 
new and to existing motor road vehicles of all kinds. 


Fibre Gear Wheels.—A catalogue of blanks and cut 
gears with fibre teeth, received from the British Thomson- 
Houston Company, Limited, Rugby, covers a very large 
range of sizes and has useful practical notes on the 
classes of work for which they are most suitable. These 
gears are used in a great variety of machinery and in 
comparatively large diameters ; up to 20 in. are shown. 
The stock sizes are up to 12} in. pitch diameter. 


Harbour Machinery.—Messrs. Stothert and Pitt, 
Limited, Bath, have sent us a new catalogue of machinery 
for harbour and marine works, illustrating a great variety 
of cranes and grabs for all forms for heavy lifting and 
travelling, and also machines for mixing and distributing 
concrete, block setting, &c. In this class of very heavy 
machinery the steam engine is generally tpn nan though 
the electric motor and petrol engine find a place. 


Coal-Mining Machinery.—A series of rotary air com- 
pressors driven by explosion-proof electric motors and 
portably mounted for in-by working in coal pits is 
described in a special catalogue received from Messrs. 
Bernard Holland and Co., 17, Victoria-street, London, 
S.W.1. These machines must, of course, be made very 
low in height and compact, and special precautions must 
be taken to ensure safety and easy manipulation. 


Surveying and Drawing Instruments.—A catalogue of 
drawing, measuring, surveying, mining, astronomical and 
similar instruments, issued by Messrs. C. F. Casella and | 
Co., Limited, 50, Parliament-street, London, S.W.1, is | 





Mh 
4 













compiled ‘of its 


one of the most complete and carefull ) 
kind, giving all the necessary particulars, ample illus- 


trations, and some excellent introductory matter. It 
extends to 230 pages octavo, and is strongly bound in 
cloth. 


Tubes.—Messrs. Stewarts and Lloyds, Limited, 41, 
Oswald-street, Glasgow, have published a series of 
tables of net prices of screwed and socketed tubes and tube 
fittings. These prices are stated on a standard (un- 
changing) basis for each item and are varied from time to 
time by an overall discount. There is a table for every 
discount from 20 per cent. to 80 per cent., rising in steps 
of 1} per cent. This catalogue will be of use to both 
buyers and estimators. 


Oil Engines.—Messrs. Ruston and Hornsby, Limited, 
Lincoln, have sent us a copy of their catalogue of 
airless-injection, cold-starting oil engines with specifi- 
cations and illustrations of a large number of sizes. 
and also of some fifty expmplen of sets supplied for 
various industrial plants at home and abroad. One 
of the recent improvements is a device for automatically 
distributing the fuel to multi-cylinder engines to ensure 
that the cylinders each take equal shares of the load. 


Boiler Plant.—Messrs. G. and J. Weir, Limited, Cath - 
cart, Glasgow, have issued a number of catalogues dealing 
with boiler feeding and kindred subjects, as follows : 
A description and instructions for operating and main- 
taining the Weir turbo feed pump; a description of the 
Weir direct-acting feed pump and feed-water heater 
for locomotives and its application to new and existing 
engines; an instrument for detecting corrosion by feed 
water by subjecting a polished metal disc, to the action 
of the feed water, one side of the disc being heated by 
steam, and the other being in contact with the flowing 
feed water. 





MANUFACTURE OF PUMPS IN Canapa.—According to 
a statement issued by the Mining, Metallurgical and 
Chemical Branch of the Canadian Bureau of Statistics, 
Ottawa, the iron and steel pumps manufactured in 
Canada during 1925 reached a total value of 1,635,600 
f about 56 


dols.; this figure represents an increase 0 
per cent. over that for 1924. 
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‘* ENGINEERING’? ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDERTHE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

ces where none is mentioned the Specification is not 
tlustrated. 
Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in italics. 
Copies o, Sper Rortone may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 


The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after abstract, unless the 
Patent has been sealed, when the word “‘ Sealed”’ is a: 


{— may, at any time within two months date of 

advertisement 0. nce of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GUNS AND EXPLOSIVES. 


255,128. Vickers, Limited, Westminster, P. W. 
Gray, Westminster, and E. W. Taylor, York. Gun 
Sighting Telescopes. (2 Figs.) March 12, 1925.— 
This invention relates to gun sighting telescopes 
giving a magnified and erect image of a distant object. 
According to the invention, the gun sighting tele- 
scope has in addition to the eye-piece, three simple 
or achromatic lenses, which are so disposed that the 
posterior focal point of the first lens coincides with the 
anterior focal point of the second lens, and the posterior 
focal point of the second lens coincides with the anterior 
focal point of the third lens, the lenses being designated 
as first, second and third in accordance with the order 
in which the rays of light from a distant object are re- 
ceived by the lenses. The system of lenses and eye- 
piece yields an erect and magnified image of a distant 
object, the degree of magnification depending on the 
powers of the component lenses. The first and second 
lenses A and B have focal lengths a and 6 respectively, 
and are separated by the sum of their focal lengths, as 
shown, in order that the posterior focal point of the first 
lens may coincide with the anterior focal point of the 
second lens. These lenses are mounted in a holder A}, 
which may have a graticule carrying sighting marks, 
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mounted in the common focal plane of these lenses. 
This holder and its lenses and graticule represent the 
first part of the system. The second part of the 
system comprises the objective C and the eye-piece D, 
both mounted in a holder Cl. The objective and eye- 
piece are separated by the sum of their focal lengths and 
mounted on the same optical axis as the first part, this 
second part being so p acca in relation to the first 
part, that the separation between the second lens B of 
the first part and the objective C of the second part is 
equal to the sum of the focal lengths b and‘c of these 
two lenses, in order that the posterior focal point of 
the second lens B shall coincide with the anterior focal 
point of the objective C of the second part. With 
the two parts mounted separately as stated, and the 
first part rigidly fixed in position, the alignment between 
the system of marks on the graticule and the image 
of the distant object will not be disturbed by any small 
want of alignment of the second part, a slight displace- 
ment of the latter not affecting the accuracy of the 
aim. The graticule carrying the sighting marks 
may be mounted in the second part in the focal plane, 
common to both the objective and the eye-piece. 
( Sealed.) 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 


255,151. J. T. Richardson, Newcastle-on-Tyne. 
Roller Bearings. (3 Figs.) April 15, 1925.—The 
invention relates to split roller bearings comprising a 
block and cap, and to such as have means for maintain- 
ing the rollers in position without the use of a roller 
cage while allowing of the ready insertion of the rollers 
into position. a indicates a baseplate having a pro- 
jection b which is cast about a steel core so as to form a 





race bl of channel section. A cap c, also cast about a 
steel core to give it a channel section race cl, completes 
the race, and is held to the portion 6 by nuts d and 
studs dl. Rollers e, se erated by buffer rollers f, are 
inserted in the channel races to support the axle g. 


The dotted lines in Fig. 3 show the bearing adapted to 
take an axle of smaller diameter merely by changing the 


MOTOR ROAD VEHICLES. 


254,561. W. T. Groom, Towcester. Brake 
Drums. (5 Figs.) September 18, 1925.—The invention 
relates to means for reinforcing pressed-steel brake 
drums used on motor-cars, in order to prevent noise 
when the brake shoes are engaged with the drums. 
According to the invention, an adjustable split or 
divided metal ring 1 is lined with a relatively elastic 
packing 7, and is adapted to be mounted and tightened 
upon the exterior of the brake drum 10, near to the 
open or unsupported end 11 thereof, so that the packing 7 
is clamped between the reinforcing ring 1 and the 
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brake drum 10. The packing 7 accommodates itself to 
the contour of the drum, and so ensures an effective 
fit for the reinforcing ring, which thus renders the drum 
silent when the brakes are applied. The split or divided 
metal ring 1 is preferably made in steel of a ‘“ V” or 
channel cross-section, so that the inner periphery of 
the ring forms a cavity or housing to receive the relatively 
elastic packing 7, while the free ends of the split or 
divided ring are adapted to be adjustably secured 
together in any convenient manner, as, for example, 
by means of bolts and nuts, which fit into perforated 
lugs arranged upon the free ends of the ring. (Sealed.) 


255,301. Albion Motor Car Company, Limited, 
Scotstoun, and J. Watt, Milngavie. Front Wheel 
Brakes. (3 Figs.) December 2, 1925.—The invention 
relates to brakes for the steering wheels of motor vehicles 
of the kind in which an arm, 5, mounted on the anchor 
plate 3 to actuate the brake, is connected by a link 12, 
arranged outside the steering pivot pin 9 of the wheel, 





to an arm 11 of the brake-actuating mechanism supported 
on front axle 8. According to the invention, the link 12 
is mounted parallel with the pivot pin 9 when the wheels 
are in the straight-line position, so that, when the latter 
are diverted from this position, the link pivots about the 
arm 11 on the axle 8, and tends to take the brakes off. 
(Accepted July 28, 1926.) 


255,241. The Raleigh Cycle Company, Limited, 
Lenton, and E. Glover, Beeston, Nottingham. Wheel 
Hubs. (4 Figs.) July 31, 1925.—The invention relates 
to wheel hubs of the kind used in wire-spoked wheels. 
According to this invention, the exterior of the barrel A 
is formed with an annular flange recess B, some little 
distance from each of its ends; the flanges C are separately 
formed and finished with a central aperture C! of a 
size that will just pass over the exterior of the barrel A, 
and of a thickness at the aperture corresponding to 
the width of the flange recesses B. The respective 
parts are then assembled and secured together in the 
following manner :—The flanges C are placed over the 
barrel A in register with the respective flange recesses B, 
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as shown in dotted lines in Fig. 1, and are held in this 
position whilst the barrel A is expanded. The amount 
of expansion of the barrel is such that the exterior 
diameter of the bottom of each recess B is increased 
till it corresponds with that of the interior of the openings 
C! in the flanges C. The inner edges of the flanges C 
are then located in the recesses B in the barrel A as 
shown in Fig. 2. They are held on both sides by solid 
shoulders on the latter, so that their removal is impossible 
without destroying the barrel or the flanges, whilst 
the process of expansion of the barrel A can be carried 
to such a point that the several parts are all rigidly 
and permanently locked together, without necessitating 





(Sealed.) 


size of the rollers e. 





any further process such as brazing or welding. (Accepted 
July 28, 1926.) = 





RAILWAYS AND TRAMWAYS. 


253,178. H. S. Whyte, Arbroath, Scotland. 
Automatic Couplings. (8 Figs.) March 9, 1925.— 
The invention relates to couplings for railway vehicles of 
the kind adapted to engage automatically when two 
carriages or wagons are brought together. The coupling 
comprises two similar coupling devices each comprising 
a cast body 1 secured to the draw bar. The body 1 is 
capable of limited swinging movement in two directions, 
but is normally held in the central position by the action 
of a helical spring 5. Mounted in each of the bodies | is 
a pair of cam members 6, fixed to vertical shafts 7, and 
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adapted to receive between them the head 8 of a coupling 
member 9, which is pivoted in the co-operating member 
of the coupling on a vertical shaft 10, disposed adjacent to 
the shafts 7. In operation, when two carriages or wagons, 
each provided with a coupling device are brought together, 
the coupling member 9 of each device enters between the 
cam members 6 of the other device, and engages between 
them. The carriages or wagons thus become securely 
coupled together in an entirely automatic manner and 
the pull of the coupling only tends to tighten the engage- 
ment between the cam members and the coupling 


members. (Sealed.) 
254,763. Cammell Laird and Co., Limited, 
Sheffield, and A. S. Bailey, Sheffield. Spring 


Suspension Arrangements. (3 Figs.) February 10, 
1925.—The invention relates ‘to spring suspension 
arrangements of the kind wherein there is arrang 

between two bodies between which a varying load 
is to be transmitted, a laminated main spring a connected 
to one of the bodies and two pairs of articulated members 
f, h and g, i jointed to the respective ends of the main 
spring and to the other body. The two members 
in each pair are normally inclined to one another and 
connected to an —- spring gear c that tends to 
maintain the angularity between them and to produce 
a gradually increasing cushioning effect on one of the 
bodies, on the transmission of a varying load between 
the bodies. The present invention relates to spring 
suspension a of the general t; referred to. 
The two pairs of articulated members f, h and g, ¢ are 
jointed to the respective ends of the main laminated 
bearing spring a and to the body to be s a 
by pivotal connections arranged substantially one 
above the other, and the associated auxiliary spring 





gear c is so arranged that the articulated members 
in each pair thereof are normally held at an angle to 
one another by the spring gear c, but are capable 
of being gradually moved into alignment or substantial 
alignment with each other, under the action of a 
gradually increasing load, against the action of the 
auxiliary spring gear, which, during such movement 
will exert a gradually increasing cushioning effect 
on the spring-supported body. pon the articulated 
members in each pair thereof being brought into align- 
ment or substantial alignment, they will cease to effect 
any further straining of the auxiliary spring gear, 
the whole load being then transmitted direct to the 
two ends of the main spring. The auxiliary | 
gear may be connected to one of the articulated 
members of each pair thereof, or to the connecting 
joint between each pair of members, and to an abutment 
or support. In this way, overstraining of the auxiliary 
spring gear will be prevented, so that the spring or 
springs constituting such auxiliary gear, can be made 
of a lighter character, and therefore more responsive 
to light or moderate loads than would otherwise be 
practicable. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


254,577. H.E. Yarrow, Scotstoun, near Glasgow. 
Ships’ Propellers. (1 Fig.) October 22, 1925.—This 
invention has reference to screw propellers, which have 
occasion to run in water containing sand or grit, which 
cannot be completely excluded from the propeller tail 
shaft bearing. The object of the invention is to obviate 
the necessity of removing the tail shaft on renewal or 
repair, and this is effected by mounting the propeller on 
a sleeve E which is in driving engagement with the tail 
shaft A and encircles the rear end thereof and is journalled 
in a bearing D provided in the propeller bracket C, the 
sleeve being secured in such manner that, together with 
the propeller, it can readily be removed without disturbing 
the tail shaft of the propeller. Water is excluded from 





the bearings as far as possible by means of a tube K, 
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fitted between the stern tube B and the propeller bracket C, | be moved parallel to itself by the plungers of a hydraulic 
and encircling the tail shaft A, thereby preventing access | press. The operative side of this bar consists of a 
of water to the after stern tube bearing and the forward | number of stepped inclined faces g, each of which is 
preferably flat and arranged to extend transversely 
across the bar. On the side of the die c, opposite to the 
| die d, @ fixed abutment h is arranged, and secured to this 
| abutment is a number of thrust pieces i, which can 
| enter the inspection cover holes 6 in the tube a. The 
| dies are movable in a vertical plane. The’ fixed abut- 
| ment being uppermost, the pressure is applied to the 
| underside of the lower die. The die c is attached to the 
| abutment / and to the lower die d by a pair of slotted 
links j, k, located near one end of dies, leaving the 
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a: : | opposite end clear for sliding the tube on and off the die 
end of the propeller bracket bearing, while the rear end | c. The arrangement of the slotted links is such that 
of the me yr bracket een I may be og rnc Be the initial position of the tools, as shown, the die c is 
yy 4 et e known grit-excluding or sealing device. | ¢j.ar of both the thrust pieces and the lower die, so that 
(Sealed. ) | the tube to be shaped can readily be slipped into and 


s | out of position. In operation, a heated tube a is placed 
STEAM Lee” EVAPO | on the upper die, and shaped by the squeezing action set 


4 when the tools are closed together. The only face 
254,822. R. A. Blakeborough, Brighouse, and | of the tube on which pressure is exerted is that to be 
J. B. Broadhead, Brighouse. Pressure-reducing | shaped, as the pressure on the die c is received or exerted 
Valves. (6 Figs.) April 20, 1925.—The invention| by the thrust pieces. After shaping, the tools are 
relates to pressure-reducing valves of the type in which | separated, leaving the die c clear for removal of the 
the valve 12 has associated with it a piston 11, | finished tube. (Accepted August 5, 1926.) 

arranged to work in a cylinder 10, disposed co-axially 
with the seat opening, and having a regulated connection | _ 255,238. John I. Thornycroft and Co., Limited, 
14 with the inlet side of the valve, the piston having| Westminster, and R. Mackie, Westminster. Water- 
an axial opening 18 controlled by a pilot valve 19,| Tube Boilers. (6 Figs.) July 28, 1925.—The inven- 





the gases and air takes place in a turbulent manner. 
The casing partition is constructed of a series of plates 1, 
bent into U-shape and directly connected together at 
their longitudinal edges 2, the smoke spaces bein 
designated 3 and air spaces 4. The walling thus Rane 
is arranged just beyond the inclined bank of tubes 
connecting upper and lower drums 5, 6 with the joined 
edges 2 lowermost, the extremities being cut so that 
the lower ones 7 are presented vertically to an air box 8 
extending from the back to the front of the boiler, 
‘whilst the upper extremities 11 are at an angle to the 
vertical, remaining practically perpendicular to the 
direction of the ridges or corrugations. In this way a 
vertical trunk 12 of the casing can be arranged so that 
a partition 13 dividing the same lengthwise of the boiler 
will coincide with the uppermost corner edges 14 of the 
ridges. This, coupled with blanks 15 at the lower ends 
of the individual U-shaped plates 1 and other blanks 
16 at the upper ends between the various U-shaped 
plates, will effectually conduct the hot gases upwards 
through the outlet 17, whilst allowing the air to be heated 
to flow by way of the inlet 18, downwards at the opposite 
side of the ridged or corrugated walling. (Accepted 
July 28, 1926.) 


MISCELLANEOUS. 


256,309. J. M. Phillips, Leigh-on-Sea. Filtering 
Apparatus. (6 Figs.) May 2, 1925.—The invention 
provides a filter in which the filtering medium consists 
of a slab or block of rigid, solid, porous material, 
such as earthenware, natural or artificial stone, 
porous metal, bass wood, porous celluloid, or the like, 
provided with holes or ducts therein, through one or 
some of which the liquid to be filtered (hereinafter 
referred to as prefilt) is introduced to the interior of the 
slab or block for passage through the pores of the slab 
or block to the other hole or duct or other holes or ducts 
therein, and an obturator to control the one ends of the 
holes or ducts, into which the prefilt is introduced. The 
obturator is such that in one\ position it closes the 
ends, and, in a second position, opens the ends and forms 





tion relates to water-tube boilers. This invention consists 

a in the provision at each side of the boiler of an upwards | 
wees | inclined casing which is divided lengthwise of the boiler | 
com | by a single, deeply ridged, furrowed or corrugated, and | 
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the opening or closing of which determines the move- | 
ments of the main valve. According to the invention, | 
the pilot valve spindle 17 is pivoted in connection with a | 
weighted lever 1, mounted on a fulcrum 2. A cylinder 7 | 
open at its lower end to the outlet side of the valve | 
by a passage 8, the area of which is adjustable, and | 
open at its upper end to the atmosphere, contains a | { |p 2 : 
piston 6, which also is connected with the weighted lever | V | 
(Wolverhampton), ‘E 

| 











1. (Accepted July 21, 1926.) 


255,651. John Thompson 
Limited, Ettingshall, Wolverhampton, and A. | 
Jeavons, Ettingshall, Wolverhampton. Water Tube | | 
Boilers. (2 Figs.) August 7, 1925.—The invention | 
relates to multi-tubular boilers of the kind in which tubes | 
inclined to the horizontal terminal headers, and in 
which the side of each header adjacent to the tubes is 
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a continuation of the holes or ducts in alignment there- 
with to permit the rapid and easy discharge of the holes 
or ducts. The filter unit comprises a containing casing 
10, endplates 11, 12, and three composite blocks A, B,§C, 
each constituted of two slabs and contained within the 


Fig. 


















































casing 10. The three composite blocks A, B, C, are 
separated by members 13. The composite blocks 
A, B, C, with division members 13, are placed within 
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formed with a number of stepped inclined faces at 
right angles to the axes of the tubes. The header is 
made from a parallel-sided solid-drawn tube a, of rect- jofJerJ- 1 
angular cross section. Holes 6 are first formed along | We 


one side of the tube, to receive ultimately the usual | it 4: -1e+— 11 Be 
inspection covers. Also the holes for receiving the | 1+ | pi ae 54 
a Ae ee a eS 
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tube ends may be formed in vhe opposite side of the tube, 
although these may be formed after the shaping operation. | 
The dies each consist of a pair of bars d,c. One of the | "e 

bars c is such that the tube @ can be slipped over it in| corresponding upwardly inclined partition, into two 
an endwise direction, and the clearance allowed is such | separated zones, one of which is freely exposed to the 
that the tube can readily be moved over it, both before | heating gases and constitutes the uptake, whilst the 
and after the shaping operation. This bar has, on its} other serves to conduct air downwards on its way to 
operative side, a series of bosses f, each having an inclined | the furnace, the ridges being arranged so that they are 
face, corresponding in shape to the configuration to be | alsoinclined upwards. In this way there is presented to the 
imparted to the tube a, at each position where another} air and hot gases, by a single wall, a relatively large 
tube is to be connected. The other bar d is adapted to | surface for effecting heat interchange, and the flow of 
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the casing 10, and the end plates 11, 12, are placed in 
position. The composite blocks A, B, C, and the 
| division members 13 are formed with a series of circular 
holes 15, the end plates 11, 12, being also formed with 
| holes 16 to correspond. As a result, holes or ducts are 
| formed which extend from end to end of the filter unit. 
| The composite blocks A, B, C, and division members 13 
are also formed with a second series of holes 17, the end 
plates 11, 12, being also formed with holes 18 to corre- 
| spond, Prefilt under pressure is passed through the 
holes in the end plate 11, the holes 16 in the other end 
plate 12 being closed, and the holes 15 in the composite 
| block. Percolation takes place through the pores, and 
| the filtrate is collected through the holes 17, whilst the 
| residue is deposited on the filtering surface and in the 
| holes 15. The residue is removed from time to time. 
The filtrate passes from the holes 17, through the holes 
18 in the end plates. (Accepted August 18, 1926.) 
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CULVER STREEL WORKS, COLCHESTER. 
ON ADMIRALTY AND WAR OFFICE LISTS. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See advertisement page 12. 

PATENT bee re TUBE BOILERS. 
ULOMATIC FEED REGULATORS. 


And Auxiliary Machivery as supplied to the 
Admiraity. 217 


| ‘irke Patent as-F ired 


AND WASTE-HEAT BOILERS. 
Sole makers, Spencer-Bonecourt, Ltd., Parliament 
Mansions, Victoria Street, London, S.W. i. 1994 


[Dredging plant—_ 


For ALLUVIAL GOLD, PLATINUM & TIN. 
HARBOUR, RIVER & CANAL.—Gravel Dredgers, 
SCREENS.—DREDGE BUCKETS & Parts, all sizes. 

ARTHUR R. BROWN, L7D., 
54, New Broad Street, London, E.C.2. 
Telephone : —_ Wall 3418. 

Patent 


Gee’ 8S Hydro-Pneumatic Ash Kyjector 
h Great saving of labour. No noise. No dust. No 
dirt. Ashes discharged 20 ft. clear of vessel. - Apply, 
¥. J. TREWENT & PROCTOR, LTD., Naval Archi- 
tects and Surveyors, 43, Billiter Bldgs., Billiter St, 
London, E.C. Od 4835 
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GOLD MED AL—INVENTIONS EXHIBITION-AWARDED 


] juckbams’ Patent Suspended 
WEIGHING MACHINES--EAST FERRY 
ROAD ENGINEERING WORKS COMPANY, Ltp. 
LONDON, E.—Hydraulic Cranes, Grain Elevators, ac. 

See illus. Advt. last week, page 15. 3634 


(‘argo Blecks 


(SELF LUBRICATING). 
FELLOWS BROS., LTp., 
CRADLEY HEATH, STAFFS. 
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(flank Locomotives. 
Specification and Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & CO., Lp.. 
ENGINEERS, NEWOASTLE-ON-TYNE. 3193 


(XRANES. All Types. 


GEORGE 

Bever Dorling & Ce. Ltd. 
BRADFORD. 

HIGH-CLASS ENGINES FOR ALL PURPOSES 

also WINDING, HAULING, AIR COMPRESSING 

and PUMPING ENGINES. 1896 


team Hammers (with or 
without guides), Hand-worked or self-acting 
TOOLS for SHIPBUILDEKS & BOILERMAKERS. 


3227 


DAVIS & PRIMROSE, LiniTep, LeITH, EDINBURGH. 


E. J. Davis, M.I.Mech. E., 


Gas Engines ‘inspected, Tested and 
Reported upon. Over 25 years’ experience. Tel. ; 
Maryland 1736 & 1737. Wire : “Rapidising, London.” 
—Great Eastern Road, Stratford, E.15. 1794 


New Wire Ropes, half 
2 THE LONDON ELEOTRIO FIR 
lw CLUTHA WORKS, GLAsaéw. 
UFACTURERS O 


Croydon. 
Man 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESORIPTION, 


RAILWAY IRONWORK, BRIDGES, ROOFING, &c 
Chief Offices: 129, Trongate, Glasgow. 


Registered Offices: Clutha House, 10, Princes St., 
Westminster, 8.W.1. Od 8547 


RUSSELL & CO., LTD., 


Motherwell. f 3191 


rice. 


3591 


& W. Maclellan, Ltd., 


'W aycoop- Orts 





& CO., LTD. 
GLASGOW. 


VY ARROW 


PASSENGER AND OARGO STEAMERS. 


SHALLOW DRAFT VESSELS. 
3544 


(Yampbelle & Her Le 


Gear Cutting. 


Worm Wheels cut up to 18 ft. diam. 
Bevel and Mitre Wheels planed up to 6 ft. 6 in. diam. 
Spur Wheels cut up to 12 ft. 6 in. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 





RAILWAY AND TRAMWAY ROLLING STOCK. 


Ht N elson & (. L td., 
THE GLASGOW ROLLING STOCK AND PLANT WORKS, 
MOTHERWELL. Od 3383 

B READY FOR IMMEDIATE DELIVERY. 
New Seeennne LATHE, to swing 8 ft. 2in 


dia. £ 
New ‘CHUCKING LATHE, to swing 6 ft. 6 in. 


dia. £23 

New CHUCKING LATHE, to swing 5 ft. 9 in. 
dia. £210. 

New CHUCKING LATHE, to swing 4 ft. 7 in. 
dia. £145. 

8 ft. BENDING and FLATTENING ROLLS by 
Craig & Denaid. £400. 

27% in. Heavy Duty SHAPER, by Handel and 
Reibisch. £185. 

263 in. stroke Heavy Duty SHAPER, by 
Wotan. £130. 

13 in. stroke SLOTTER, £138. 

12g in. stroke SLOTTER. £128. 

New Double-ended ANGLE & BAR CROPPERS, 
for angles, tees and flats, and rounds and squares up 
to 24 in. £300. 

Zin. capacity double-ended PUNCH, SHEARS 
and ANGLE CROPPER, by Cameron. £148. 

jin. capacity double-ended PUNCH, SHEARS 
and ANGLE CROPPER, by Craig & Donald. £158 

PRICES ARE DELIVERED ANYWHERE 

IN ENGLAND. 
Our complete Catalogue will be gladly sent on request 


GEORGE wer SONS & CO., LTD., 
WILLESDEN LANE 
PARK ROYAL, LONDON, N.W.10. 
Telephone : Willesden 0944. 
‘Siege: “ Coborn, —_— 3525 


rgains from our Stock. 


LiFts 


8445 


54 & 55, FeTtErR LANE, LONDON, E.C.4. 
62 & 63, LIONEL STREET, BIRMINGHAM, 
and Principal Provincial Cities and Abroad. 


[idward Rushton, Son 
aND KENYON, 


AUCTIONEERS, VALUERS, and FIRE LOSS 
ASSESSORS of MILLS, WORKS, and 
MACHINERY OF ALL KINDS. 


13, NORFOLK STREET, MANCHESTER. 
Tele. Nos.: 775 City and 5633 City. (Estab. 1855.) 


Telegrams: ‘‘ Rushtons, Auctioneers, Manchester.’’ 
and 21, Richmond | Terrace, Blackburn. 3282 


Petter ()}! [izgines. 


For Paraffin and Crude Oil 
Sizes 14 B.HP. and upwards. 


Yetters Limited, Yeovil. 
Sizes 25 to 500 B. HP. 


7 ickers-Petters, ae 


See advertisement page 71, Dec. 24. 9335 





“Iron and Steel. 


['ubes and Fittings. 


sole Licensees in Great Britain for the manufacture 
of “ Armco” Ingot Lron Tubes, 


The Scottish Tube Co., Ltd. 
HEAD OFFICE: 34, Robertson Street, Glasgow. 
See Advertisement, page 63, 3532 





I oyles, Limited, 
ENGINEERS, [RLAM, MANCHESTER. 
FEED WATER HEATERS 
CALORIFIERS, EVAPORATORS, 
CONDENSERS, AIR HEATERS, 
STEAM and «AS KETTLES 
Merrill’s Patent TWIN STRAINERS 
for Pump Suctions. 
SYPHONIA STEAM TRAPs, REDUCING VALVES 
High-class GUNMETAL STKAM FITTINGS. 
WATER SOFTENING aud FILTERING. 5723 


IRON & STEEL 


Tubes AND Fittings 
Stoel ‘Bvcrss. 


L I 
— AND | Utoyps, Iutd 
GLASGOW. BIRMINGHAM. LONDON. 

See Advertisement, page 44, Dec. 24 3199 


P eter Pretherhood [ 4. 


PETERBOROUGH. 
STEAM ENGINES AND TURBINES. 
GAS AND OIL ENGINES. 
AIR COMPRESSORS. 
REFRIGERATING PLANT. 


See Adv ertisement, page 45. 


Row’s 
PATENTS 


Tylor Your Re airs or 
SPEOIAL MACHINERY, try 
THOMAS HUNT & SONS, 
Albion Lronworks 
Bridge Road West, a 8.W.11. " 


st. 1854. 375 
Planing Machines tor Sale. 


Very Fine Rack Driven Planing Machine, by 
Beyer Peacock, 16 ft. by 5 ft. by 5 ft., four 
tool boxes, 

Rack Driven Planing Machine, by Butler, 10 ft. by 
3 ft. 6 in. by 3 ft. 6 in., two tool boxes on 
cross slide. 

High Speed Rack Driven Planing Machine, by 
Holmes, 8 ft. by 3 ft. by 3 ft., two tool boxes 
on cross slide, and one side tool box. The 
Machine is fitted with change speed gear box 
and double belt drive. 

Screw ey Planing Machine, by Craven Bros., 

by 2 ft. 6 in. by 2 ft. 6 in. four tool boxes 

Two High Speed Rack Driven Planing Machines, 
by Holmes, 6 ft. by 2 ft. 6 in. by 2 ft. 6 in., 
one tool box, double belt drive. 

All the above Machines may be seen here 

IN STOCK. 
THOMAS MITCHELL & SONS, Ltp., Bolton. 
"Phone: 302 (3 lines). *Grams: “ Realize.” 
2811 


any 


THE GLASGOW ROLLING STOCK AND PLANT WORKS. 


| urst, Nelson & Co., Ltd., 


BuildersofR AILWAYCARRIAGES, WAGONS 
ELECTRIC CARS, AND EVERY OTHER DESCRIPTION 
OF RAILWAY and TRAMWAY RULLING S5TOt K. 
Makers of WHEELS and AXLES, RAILWAY PLANT, 
FORGINGS, SMITH WoRK, Ikon & BRASS CASTINGS. 
PRESSED STEEL WORK OF ALL KINDS. Od3382 
Reg. Office and Chief Works: Motherwell. Loudon 
Utlice : 32, Great St. Helen’s, Bishopsgate, E.C.3. 


[the Mitchell (Sonveyor and 


TRANSPORTER CO., LTD. 
CONTRACTING ENGINEERS. 


DESIGNERS and BUILDERS 
of 
all classes of HANDLING MACHINERY, 


Atlantic House, 
45-50, Holborn Viaduct, 
London, E.0.1, 


Telegrams: ‘* Micontraco, Cent, London.” 
Telephone : Holbora 2822. 


z GUMMIT” sass . 


“Qliteing Saws 


AND SCREW SLOTTING CUTTERS. 
JOSEPH THOMPSON (Sheffield) Ltp., 


_ 2418 





Townhead — Ervin. orks, 


A ALLEN EVERITT & SONS, LTD. AY 
A 


Smethwick, Birmingham, 
are the pioneer makers of 


high grade 


CUPRO-NICKEL 


CONDENSER TUBES 
in 80/20 and .0/30 alloys. 


$543 


J ohn PBrlany, [_imited, 


MILLWALL, LONDON, E. 1216 
GENERAL CONSTRUCTIONAL ENGINEERS, 


. * . 

Boilers, Tanks, & Mooring Buoys 

STILLS, PETROL TANKS, AIR RECEIVERS, STEEL 

CHIMNEYS, RIVRTTED STHAM and VENTILATING 

PIPES, HOPPERS, SPECIAL WORK, R&PaIRS OF 
ALL KINDS. 


[[¢24: Wrightson & (%°- 


LIMITED. 


See Advertisement, page 52, Dec. 24 

pure Glasgow Railway 
Engineer! Ing C ompany, 

GOVAN, GLASGOW. Lrp., 


London Office—12, Victoria Street, S.W. 
MaNuracTununs oF 
RAILWAY CARRIAGE, WAGON & TRAMWAY 
WHEELS & AXLES. 
CARRIAGE & WAGON IRON WORK, also 
CAST-STEEL AXLE BOXES. 3279 


R allway 
1 and ‘ 
W witches and 


( ‘rossings, 


T. SUMMERSON & SONS, LIMITED, 
DARLINGTON. 


Mitthew paul & (1%. 7 td 


Centrifugal Pumps and Engines. 

nm r , 

Forced Draught Fans and 
Engines. 


Dynamo Engines. 
tNFORD WORKS, DUMBARTON, 3504 


WAGONS FOR SALE. 


LEVE 
" : 
Sealed lenders will be 
peer by the DIRECTOR OF ARMY 
tae ACTS up to Eleven a.m., 15th 
January, 1927. for the P URCHASE of the following :— 

20 PARRUT WAGONS. 

Length over buffers, 43 ft. 2 in. 

Width of platform, 8 ft. 53 in. 

Tare weight, 17 tons 6 cewt. 

Load, 30 tons at any point, 45 tons distributed. 
Built by Leeds Forge Co., Ltd. 

FOUR KAMP WAGONS. 
Length over buffers, 20 ft. 53 
Width, 9 ft. 0 ins 
Tare weight, 6 tons 18 cwts. 
Built by Stableford & Co., Ltd., Coalville. 

A QUANTITY OF SPARES for the above. 

Tender Forms and further information may be had 

on application to the DIRECTOR OF ARMY 
CONTRACTS (D.C. wood Caxton House West, 
Tothill Street, London, 8.W.1 R544 


in. 


MANCHESTER, 


se 
Works For Sale, within one 


mile of centre of City. Suitable for 
Engineering and other trades, also Warehousing. 
Close to Railway Station. Industrial district. 
Frontage to Barge Canal. Substantial buildings, 
210,000 sq. feet floor ~~ 


ge suitable for 
Engiueering or Motor trades. 500 sq. yards floor 
area. — DUNLOP & CU., Chartered Surveyors, 
28, samen Street, Manchester. R 32 


Works Premises at 


Power Guillotine and Angle 
BENDING MACHINE, to shear and 

mild steel plates 96 in. long up to 1/8 in. thie 

—CONSTRUCTORS, Birmingham. R 587 
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ENGINEERING. 


[DEc. 31, 1926. 








[ihe Manchester Steam Users 
4 ASSOCIATION. 
For the prevention of Steam Boiler Explosions and 
for the attainment of Economy in the Application of 
Steam .9. MOUNT STREET. MANCHESTER, 
Chief Engineer: C. E. STROMBbYER, M.I.C.E, 
Founded 1854 by Sik WILLIAM FAIRBAIRN. 
Certiticates of Safety issues under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions. Engine 
and Boilers inspected during construction. 3: 





(Sorrespondence Courses 
for INST. CivIL ENGINEERS, INST. MECH. 
EnGrs., Lonpon Univ., Inst. M. & Cy. E., 
and ALL ENGINEERING EXAMINA- 
TIONS personallyconducted by Mr. TREVOR 
W. PHILLIPS, B.Sc. (HOnours) Eng., 
London, Assoc.M.Inst.C.E., Chartered Civil 
Engineer M R.S.1., F.R.S.A., etc. #Hxcellent 
resulte at all Exams., comprising hundreds of 
successful Students. Courses may commence 
at any time and all Students receive in- 
dividual attention. 

For full particulars and advice apply to :— 
TREVOR W. PHILLIPS, 
B.So.(Hons.), Assoc.M.Inst.C.E., M.R.S.1., &c. 
8/11, Trafford Chambers, 

68, South John Street, 
LIVERPOOL. 

Tel. Bank 1118. 


Loudon Office: 65, Chancery Lane, W.C.2. 
3328 


A 
( \rystal Palace School 
) ‘PRACTICAL ENGINEERING. 
Founded 1872, 
Principal: MAURICE WILSON, M Inst., C.E., F.S.E., 
Vice-Principal ; F, C. P. LAWRENCE, ML.S.E., 
M Tnst.Struct.E. 
The new Session will commence, January 
1927 1 


of 


12th, 
{ 602. 


" pam ° 
MWechnical Translations. 
: Speciality : Engineers’ & Manufacturers’ Cata 
logues, etc., in all Commercial Languayes. 
References: Leading firms all over the country. 

T. DEMANT, 20, St. Mary's Place, Newcastle-upon 
Tyne. Telegrams: Demant, N/ele Estab. 1891. 3619 


° . os . . 
[Preparation for Examinations. 
Mr. A. J. ANIDO, B.Se., A.C.G.L., specialises 

in the personal preparation of candidates for all the 
examinations held by the Institutions of Civil, 
Mechanical and Wlectrical Kogineers. Arrangements 
made to suit those engaged in business.——60, Chancery 
Lane, W.C. Telephoue: Holborn 5776. Kk 109 


M r. J. J. Guest, M.A., 


M.I.Mech.E., late Professor of Enginecring, 
PREPARES CANDIDATES for atone and 
Professional Examinations.—Abbey House. Victoria 
Street, Westminster. Tele. No.: Victoria 7287. R 599 








TENDERS. 


AND WEST 
BOARD. 


BIRKDALE 
WATER 


SOUTHPORT, 
LANCASHIRE 


TENDERS FOR CAST IRON OR 
STEKL WATER PIPES. 
The Water Board invite 
Menders from British 
Manufacturers for the SUPPLY and DELIVERY 
to Southport of about 337 Tons of CAST LRON, 
SPIGOT and SOCKET PIPES, 12 inches mn diameter, 
or alternatively, an equivalent length of STEEL 
PIPES lined tnternally and protected externally. 
Specifications and Conditions of Contr-ct may be 
obtalned upon application to the undersigned, to 
whom sealed Tenders are to be delivered before 
10 a.m. on Wednesday, 19th January, 1927. 
The Water Board do not bind themselves to accept 
the lowest or any Tender. 
EDE, M.Inst.C.E., 


©. BURTON 
Engineer and Manager. 
14, Portland Street, 
Southport, 
2ist December, 1926. 


R 611 


BOMBAY, BARODA AND CENTRAL INDIA 


RAILWAY COMPANY. 


The Directors are prepared to receive up to noon 
on Wednesday, 12th January, 1927, 


[ [tenders for the Supply of :-— 


1. STEEL MATERIAL (Plates, Angles, 
Channels, Flats, etc.). 

2. PIG IRON (West Coast Haematite). 

3. FERRO SILICON. 

4. GALVANISED STEEL OR IRONWORK. 


Tenders must be made on forms. copies of which, 
with Specification, can be obtained at these ottices 
on payment of £1 each for No. 1, and 10s. each for 
Nos. 2, 3 and 4 (which will not be returned). 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

8. G. 8. YOUNG, 
Secretary. 
Offices : The White Mansion, 
9L, Petty France, 
Westminster, 8.W.1, 
23rd December, 1926. R 613 
GOVERNMENT OF MYSORE, 
The Consulting Engineers are prepared to 
receive by Jauuary 18th, 
enders for Two Metre-gauge 
Indian Standard PASSENGER 4-6-0 LOCO- 
MOTIVES and TENDERS. 

Specification aud Tender Form can be obtained 
from their Otfice on payment of £1 (which will not 
be returned) 

The Government do not bind themselves to accept 
the lowest or any Tender 

RENDEL, PALMER & TRITTON, 
12-14, Dartmouth Street, 


Westminster, 8.W.1. R636 





THE DIRECTOR-GENERAL, INDIA STORE 
DEPARTMENT. Branch No. 16, Belvedere Rvuad, 
Lambeth, 8.E.1, invites 


[Tenders for :— 





1. 400 pairs of DISC WHEELS and AXLES for 
Railway Carriages and Wagons. 

2. 108 BAND SAWS for timber. 

3. OVEKHKAD KLECTKIC 
CRANES 

60 tons lifting capacity 


TRAVELLING 


29 
120 
Bris - ; 3 

Tenders due on Friday, the 14th January, 1927, 
for No. 1, oa Tuesday, the 18th January, 1927, for 
No. 2, and on Tuesday, the 25th January, 1927, for 
No. 3. 

Specifications and Forms of Tender obtainable 
from the above at a fee of 5s. per set, which will not 
be returned. R 631 

BOROUGH 


OF BEXHILL. 


REFUSE DESTRUCTOR. 





(Jonstructional Kugineers who 
/ specialise in Destructors are INVITED to 
SUBMIT their NAMES and ADDRESSES to the 
undersigned, with a view to submitting Scliemes and 
Tenders. Full particulars of the Site, with plans and 
any other information required, will be furnished in 
due course. 
GEO. BALL, A.M. Inst.C.E., 
Borough Engineer and Surveyor. 
Town Hall, Bexhill. 
29th December, 1926. 








APPOINTMENTS OPEN. 


BRISTOL CORPORATION ELECTRICITY 
DEPARTMENT. 
RESIDENT ENGINEER. 


APPOINTMENT OF 


THE ELECTRICITY COMMITTEL 
Corporation of Bristol invite 
\ ppl ‘ations for the Appoint- 
4 ment of a RESIDENT ENGINEER to act 
as Clerk of Works for the construction and complete 
equipment of the PORTISHEAD GENERATING 
STATION, at a Salary at the rate of “S00 per annum. 
Applications, in writing, on the prescribed form, 
which may be obtained from the undersigned, to be 
delivered not later than Saturday, the 15th January, 
1927, to 


H. 


of the 


FARADAY PROCTOR, 
M.1.K6.E., M.Inst.C.E., 
Chief Engineer & General Manager, 
Colston Avenue, Bristol. R 60S 
SOUTHWARK UNION. 


GENERAL ENGINEER’S FITTER. 
The Guardians of the above-named Union invite 


\ pplications before Noon on 
rg Monday, the 10th January, 1927, for the 
APPOINTMENT of GENERAL ENGINEER'S 
FITTER, with electrical knowledge and experience, 
at their Hospital, Kast Dulwich Grove, S.E.22. 

Remuneration at the rate of £4 10s. per week and 
Working Overalls. 

The appointment is subject to the provisions of the 


Poor Law Otlicers’ Superannuation Act, 1896. 

Forms of application will be forwarded upon 
receipt of a stamped directed foolscap envelope. 

BY ORDER, 
A. P. STANWELL SMITH, 
Clerk to the Guardians. 
Union Offices, 
50/51, Utford Street, 
Klacktriars Road, 8.E.1. 
2ist December, 1926. R615 


Yequired_ by the 

rv GOVERNMENT ‘of NIGERIA, for 
ROAD SURVEY and CONSTRUCTION: — 

9 ENGINEERS IN CHARGE OF PARTIES, 
M 15106. 

Salary £800 per annum rising by annual increments 
to £920 with seniority allowance of £72 a year whilst 





in the Colony. Candidates should have had 
experience on road and bridge, or railway 
construction. 

13 ASSISTANT ENGINEERS, M/15093. 


Salary £480 for three years, then £510, rising by 
annual increments to £920. Outtit allowance of 
£60 on first appointment. Candidates should have 


had experience on road and _ bridge, or railway 
construction. 
22 FUREMEN OF WORKS, M/15071. 


Salary £400 rising by annual increments of £12 to 
£500 with outiit allowanee of £45 on first appoint- 
ment. Candidates should have had experience on 
public works, preferably on road or railway 
construction. 

The period of engagement is for two tours of from 
12 to 18 mouths each, with possible exten-ion. 
Free quarters and passages provided, and liberal 
leave on full salary is granted after each tour of 
Service. Age not to exceed 42. 

Apply at once, by letter, stating age, and par- 
teuars of experience, warking envelope aud letter 
with the number shown above aga nst the vacancy 
for whieh application is made. to [HK CROWN 
AWENTS FOR THE COLONIES, 4, Mil bank, 
London, S.W.1. 


UGANDA RAILWAY 
to 30 months’ service with possible extension. 
Salary £480, rising to £720 a year by annual 
increments. Free quarters and passages, and liberal 
leave on full salary. Outtit allowance ‘of £30 on 
first appointment. Caadidates, unmarried, 22-23 
years of ave, must have passed examination to 
qualify for AM.I.C.E., or hold equivalent 
professional qualifications, and have had some 
experience on Radway Civil Engineering work. — | 
Apply at ounce, by letter, stating age, qualifications 
aud experience, to THE CROWN AGENTS FOR 
THE CULONILBs, 4, Millbank, Westminster, London, 
S.W.1, quoting at head of application M/15132 

R 633 


ae 
ssistant Engineers (2) 

REQUIRED for the KENYA and 
for a tour of 20 


HUDDERSFIELD EDUCATION COMMITTEE. 


HUDDERSFIELD TECHNICAL COLLEGE, 
Principal: J. F. HupsoN, M.A., B.Sc. 


A pplications are Invited for 
eg the POSITION of ASSISTANT LECTURER 
AND DEMONSTRATOR in the Department of 
Mechanical Engineering. Good experience of 
experimental work in Appli d Mechanics and Heat 
Engiues is an essential qualification (raduate 
preferred. Salary in accordance with the 
Burohim Seale. Statement of duties and Form of 
Application may be obtained on receipt of a stamped 
addre-sed fool-cap envelope, aud must be returned 
not later than Friday, 14th January, 1927. 
L. G. THORNBER, 

Education Offices, Director of Education. 

Hudderstield. R 641 


| . ° 
#2 (Nhief Engineer Required 
Seeds \/ by the GOVERNMENT of CEYLON 
ones in connection with the completion of the 
Hydro-Electric Scheme and Transmission lines to 
Colombo and their development. The person 
engaged will also assume responsibility for the working 
of the existing power station and distribution in 
Colombo and its extensions, as well as of all 
Government electrical work, except postal and 
railway telegraphs and telephones. The Hydro- 
Klectric scheme now under construction, con:ists of 
a small dam, 8000 feet of tunnel, and two 48-inch 
pipe lines, with a power house containing 15,000 
kilowatts of turbine plant. he transmission line to 
Colombo is about 50 miles. The pressure is 88,000 
volts. Distribution at Colombo will be three phuse. 
Candidates, age 35 to 45, should preferably be 
Corporate Members of the Institution of Civil 
Engineer. and also Members of Institute of Electrical 
Envineers. They must possess practical experience 
in the construction and operation of hydro electric 
installations and especialiy the distribution of 
electricity on a large scale. Good administrative 
abilty essential. Salary. £2000 a year with free 
quarters. Free first-class passages, and. if married, 
for wife and children also, not exceeding four persons 
beside the candidate selected. Period of engagment, 
five years. Intending applicants, should write to 
the CROWN AGENTS FOR THE COLONIES, 
4, Milibank, London, S.W.1, for forms of application, 
quoting M/15000, and enclosing a stamped 
addressed foolscap envelope. R 609 






a 
& 


whe - . . 
Rage ws itt Engineer Required 
Paes : by the GOVERNMENT of NIGERIA 
be naeat a for the PUBLIC WORKS DEPARTMENT 
for two tours of from 12 to 18 months’ service, with 
prospect of pe.manency. Salary £450-15-£600 a 
year, Outlit allowance of £60 on first appointment. 
Free quarters and first-class passages and liberal leave 
on full salary. Candidates should have had a good 
general education and served an apprenticeship with 
an Engineering tirm of repute. hey should have 
had experience in the running and operation of a 
steam power station of not less than 3000 K.W. 
capacity with alternating current generators and 
E.H.T. switchgear ; and be capable of taking charge 
of water tube boilers, Belliss steam engines, and the 
usual auxiliary plant, ironclad K.H.1. switchboard, 
transformers and accumulator cells, They should also 
be competent to effect r noing repairs and sup: rvise 
native staff, Marine experience is desirable.—Apply 
at once, by letter, stating age, and particulars of 
experience. to THE CROWN AGENTS FOR THE 


CULONIES, 4, Muilbank, London, 5.W.1, quoting 
M/15068. R610 
tHE HIGH COMMISSIONER FOR 
INDIA requires an 

Z ™ ; 
ssistant Engineer- 


INSPECTOR (Mechanical) for service 
ia Englaid. The post is on non- 
pensionable basix, aud will be held in the first 
instance on probation for two years, during which 
period the services of the incumbent may be dis- 
pensed with at one month’s notice. Thereatter 
service will be terminabie by six months’ notice ou 
either side. 

Salary £150. rising by annual increments to £300. 
Prospecc of £310.rising by annual increments to £400, 
by promotion to Inspector. These salaries carry a 
variable cost of living bonus on the Civil Service 


{A 


(hief Engineer Required for 
Skinningrove Iron and Steel works.—Apply with 
full particulars, stating age, experience, and salary 
required, to PEASE & PARTNERS, Ltp., 
Darlington. R 639 


\ ming Engineer, age about 

L 25, for important quarry in INDIA. 

Must be k.S.M. man of good type and personality. 

Salary about £500, plus allowances, 

CALL C. W. PETTY & COMPANY 

(APPOINTMENT SPECIALISTS), 

58, HAYMARKET, S.W.1. 

*Phone; GERRARD 3412-3. R635 


> a e 

Wanted for Large Yorkshire 

Colliery, energetic MECHANICAL 
ENGINEER with sound theoretical and pra‘ti-al 
training, qualified to t ke «harge above and below 
ground of plant and machinery installed at a modern 
colliery. Steam, compressed air and electricity in 
use. Must be good organiser and controller of 
labour as well as competent engineer.—Address, 
stating age, salary required, qualifications and 
experienee, RK 626, Offices of ENGINEERING. 


= = 
(Jement Works Engineer 

WANTED ior Cement Works in India. Must 
be competent to assist in construction. Prefer single 
man age 28-35. Saiary about 750 rupees monthly. 


—-Written application only giving fuli particulars of 
experience to F. L. SMIDTH & CO., LTD., Victoria 


Station House, S.W.1. R598 
[Designing Engineer. — A 

really first-class Engineer KEQUIRED for 
the above position with an important and well- 
known firm of British engineers. Fullest details in 
strict contidence absolutely essential. — Address, 
R 622, Offices of ENGINEERING. 


° = ° ° 
A ssistant Engineer Required. 
4 University degree and  contractor’s or 
erection experience. Not over 28 years of age. 
Apply, in first instance, in writing, stating age, full 
particulars of training aud experience, to BRUNNER, 
MOND & O0O., LIMITED, Northwich, Cheshire. R 628 


Wanted, Civil Engineer First- 
Rate Salesman, thoroughly experienced in 
Mining Compressed Air Machines, about 30-35. Must 
he ready to go over to the States to travel and start 
business in the U.S.A. for a German firm of Manu- 
facturers; some knowledge of German preferred. 
Good situation assured to the right man. 
Write, with full particulars, stating age, full 
previous experience and references, salary required, 
etc., to 
BERNARD, 
1, Boulevard Menilmontant, Paris-XI° 
R618 


‘ a ° 
Re uired, First-class Senior 

) ENGINEER-DRAUGHTSMAN for General 
engineering, kitchen and hotel work in all branches. 
Used to complete design of modern heating and 
ventilating systems, and all types of kitchen 
apparatus. State age, experience and salary required. 


—Address, R 606, Otfices of ENGINEERING. 
Qhipyard Draughtsman,— A 
‘ Well-known Firm iv the South of England 
REQUIRE a Skilled DRAUGHTSMAN with ex- 
perience of TUGS, PADDLE BOATS, and YACHTS. 
—Address, stating age, experience, and salary 
required, and enclose copy of testimonials, 
K 607, Offices of ENGINEERING. 


Wan ted Draughtsman- 


DESIGNER of Centrifugal and Turbine 
Pumps of the highest efficiencies, by firm having 
modern high-class machines for accurate production. 
State full particulars of training, previous experience 
and salary required.—Address, R 329, Offices of 
ENGINEERING. 


° ae 
] )raughtsman, with First-class 

‘ Experience of Steam Turbine Design and 
Detail work. State age, salary, experience, and when 
able to commence. — Address, R 556, Offices of 





Scale. At present the bonus on £150 amounts to £52. 

Candidates should be 23 to 35 years of age, have 
good technical and shop training, aud have held some 
position of re-ponsibilty. All-rouud rather than 
specialised experience is desirable. Preference given 
to A.M.t.Mech.E., or equivalent. Previous 
inspection experience not ess ‘nvial. 

Applications, stating age, training and experience, 
and enclusiug COPIES of recent testimonials to be 
sent to the DIRECTOR-GENERAL, India Store 
Department, Belvedere Road, Lambeth, 8..1, pot 


later than the 15th January, 1927. R 622 
fey REQUIRED fcr the PORT 

HARCOURE WORKS, NIGERIA, for 
a tour of 12 to 18 months’ service with possible 
extension. Salary £480 for three years, then £510, 
rising by avunual increments to £920 a year. 
Outtit allowance of £60 on first appoiotment. 
Free quarters and passages and liberal leave on full 
silary. Candidates, 25 to 35 years of age, must have 
had actual experience of Harvour Work~ construction 
and marive survey work, including the taking of 
sounding:.—App y at once, by letter, stating ave, 





Assistant Engineer 


quilitications and experience, to THE CROWN 
AGENTS FOR THE COLONIES, 4, Millbank, 
London, 3.W.1, quoting M/15034. R634 


ssistant Pumper for 
. WATERWORKS REQUIRED by the 
ess GOVERNMENT of NIGERIA for two 
tours of from twelve to eighteen montbs each, with 
possible permanevcy. Salary £500-12-£560 a year. 
Uuttit allowance uf £45 on first appointment. Tree 
quarters and passages, aud liberal leave on full 
salary. Candidates, age 28 to 35. must have had 
th rough experieuce in the working of high pressure 








steam waterworks plant with superneated steam, 
and in the maintenance of slow sand filtration works, 
and have a good general knowledge of the working of 
a& watirworks pumping station.—Apply at once, 
by let er. etating age and particulars of experience, 
to TH CROWN AGENTS FOR THE COLONIES, 
4, Milloank, London, 8.W.1, quoting M/15040. R 647 


ENGINEERING 

1) raughtsman Wanted 
experienced in Rotary Printing Press Work. 

—Address, particulars, experience and wages 

required, R 596 Offices of ENGINEERING. 


z + mi 
N essrs. Dorman, Long & Co., 
1 Ltd.. Middlesbrough, REQUIRE ONE or 
TWO CAPABLE DRAUGHTSMEN, thoroughly 
experienced in designing and detailing constructional 
steelwork for all kinds of s‘eel-framed buildings, 
bridgework, etc. Only first-class men, over 25 years 
of age, need apply. Permanent pesitions to suitable 
men.—Letters stating age, experience, and salar. 
required to be addressed to THE MANAGER, 
Messrs DORMAN, Lona & Co., Ltd., Constructional 
Department, Middlesbrough. R 619 
La al 

ne or Two Draughtsmen 

REQUIRED immedittely, experienced in 
structural and mechanical designing, preference will 
be given to those who al-o have knowledge of gas 
producer and furnace design. 

Apply, stating salary required. experience, age, 
ete., to STEIN & ATKINSON, 47, Victoria Street, 
London, S.W.1. R 624 


Nwo All- Round — General 


MASONS REQUIRED for building and rock 
work ; good workmanship essential and general 
knowledge of all trades desirable ; willing to work on 
outlying distcicts in Kngland and Wales; must be 
thoroughly sober and honest; miotmum weekly 
wage of £5 guaranteed.—Write, stating age, with 
references, to BOX 665, c/o STREETS, 8, Serle Street, 
London, W.C.2. k, R6 


\{ echanics Required, London 
‘ district. High-grade men for Automatic 
glass machinery inst ilations. Adaptability and keen- 
ness essential, must be prepared to travel. Only meno 
with above qualitications need apply, stating age, 








experience, etc,--Address, R 6338, Offices of 
ENGINEEBING. 











DEc. 31, 1926.] 


ENGINEERING. 





Galesman Wanted by Old- 


established Manufacturers of high-grade Bright 
Bolts and Nuts to sell on commission in North of 
England and Glasgow Districts. Ouly those with 
sound connections amongst Engineering, Shipbuilding, 
Electrical and Locomoiive Evgineers necd apply.— 
Address, R 614, Offices of ENGINEERING. 


Wanted, University 

GRADUATE to take over the chemical 
and engineering side of a new industry. Sound 
knowledge of chemistry essential. Commencing 


salary £250 per annum.—aAddress, R 643, Offices of 
ENGINEbRING. 


raughtsman Required by 
Firm ¢ of Engineers in S E. London. Thorough 
practical training, sound Drawing Office experience 
fg of electricity esseatial.— Address, R 629, 


Oifices of ENGINEERING. 
Wanted, Derbyshire, 
Practical DRAUGHTSMAN , age about 30, 


experienced design and operation of Crushing and 
Screening Plants. Full details of training, qualili- 
cations, experience (stating actual jo's done) and 
ele required. —- Address, R 627, Offices of 
ENGINEERING. 


= - 
\\ anted, Engineer- 

REPRESENTATIVE.—-General Engineering 
and Foundry Company Requires Full Time Salesman 
on Salary and Commission. Technical traiuing and 
shop experience essential.—Address, R617, Offices of 
ENGINEERING. 








SITUATIONS WANTED. 


[ixperienced Electric Welder 


with Electrical and Mechanical training, 
SEEKS. SITUATION. Part knowledge of Oxy- 
Acetylene Welding. Good Oil Field experience, control 
of plants, training of welders. At present in South 
America, Married. — Address, R 532, Oflices of 
ENGINEERING. 


‘xcavating Engineer, Public 

4 School and Diploma. > experienced in Steam 
Shovel and Railway work, DESIRES POST at home 
or abroad.—Address, 8.578 Oflices of ENGINEERING. 
(Jommercia! Engineer with 15 
years’ experience in South America Seeks 
Situation, preferably in a Spanish speaking country. 
Highest refs. —Address, R 630,Oflices of ENGINEERING 








WANTED, &c. 


Ks -ended Boiler Shell 


a {fe about 5 ft. by 28 ft. for storage 
purposes. State price and full particulars,._.Address, 
R 545, Offices of ENGINEERING, 


S. Dorabjee & Co., 


\ essrs 
4 Engineering Department, Teheran (Persia), 
will be PLEASED to RECEIVE CATALOGUEs, 
PUBLICATIONS, available Export Price Lists, etc., 
of manuiactures in all branches of Engineering. 

R 58& 





: > > 
'i\he Proprietor of the Patent 
No. 192554 for “Improvements in Machines 
for Treating Skeins of Thread and the like,” is 
DESIROUS of ENTERING into ARRANGEMENTS 
by way of licence and otherwise on, reasonable terms, 
for the purpose ot exploiting the same and ensuring 
its full development and practical working in this 
country.—All communications should be addressed in 
the first instance, to Haseltine, Lake & UCo., 
Chartered Patent Agents, 28, Southampton 
Buildings, Chancery Lane, London, W.t .2. BR 605 


Pp the Proprietors of the Patent 

No. 137574, for ‘‘ Improvements in Steel 
Smelting Furnaces,” are DESIROUS of ENTERING 
into ARRANGEMENTS by way of licence and 
otherwise, on reasonable terms, tor the purpose of 
exploiting the same and ensuring its full development 
and practical working in this couvtry.—All com- 
munications should be addressed in the first instance 
to Haseltine, Lake & Co., Chartered Patent Agents, 
> | aceeeaeia Buildings, Chancery Lane, London 

R 


616 
W ell-known German 


Engineering Firm’ specialising in the 
manufacture of Precision Pneumatic Hammers, 
Riveters, Drilling Machines for Workshop Service, 
also Electric Drilling Machines, Grinding Mac hines. 
Lifting Magnets and Magnetic Clutches, Air 
Compressors, etc., WISHES to APPOINT influential 
and experienced SOLE. AGENT for Great Britain, 
or District Agents. Remuneration would be by 
commission, Write fully in the first instance, 
stating experience and past and present activities.- 
Address, K 645, Offices of ENGINEERING. 


ts . a 

A gent Wanted for the Sale 
4 OF STEEL FORGINGS. Must have first- 
class connections with shipbuilders and manu- 
facturers of oil and Diesel Engines. Should 
possess suflicient knowledge of German to translate 
technical terms into knglish. Smart mau having 
other agencies in a similar line and possessing own 
car preferred, References — essential.—-Address, 
stating all particulars, R 646, Offices of 
E.NGINEERING. 


Sele Agents Wanted by an 


Important Firm of Engineers and Con- 
cessionnaires handling exclusive electric labour-saving 
tools and appliances for the following territories: 
Scotland, Northern Ireland, Irish Free state, 
Midlands, kastern Counties, South Wales, South 
Coast, Wwe st of England. 

Applications will only be entertained from 
Gentlemen with established connections with 
Engineers, Public Authorities, Factors, Motor Trade 
etc. Remuneration on liberal commission basis with 
drawing account. Own car a recommendation. 
Applicants must devote their whole time. Apply in 
strictest confidence with fullest particulars.—Address, 
R 642, Offices of ENGINEERING. 





THE PRACTICAL ENGINEER 


MECHANICAL 
POCKET BOOK 


AND DIARY 


1927 


Edited by Ernrst G. BEck, 
Wh.Ex., A.M.I.Mech.E. 


Cloth 2s. 6d. net 


Leather-cloth 3s. net 


Prospectus free 
with list of 
OXFORD TECHNICAL Books | 
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THE PRACTICAL ENGINEER 
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OxFoRD TECHNICAL Books 





PRESS Lonpon, E.C.4 














FIRST 


Compiled entirely from the 


ISSUED 


advertisement columns of 


Also a Glossary of the Equivalents 


“ENGINEERING” 
DIRECTORY. 


1885. 


** ENGINEERING, ” 


and is sent gratuitously to the principal employers and shippers of 
machinery at home and abroad 

It contains the Registered Telegraphic Address, Key to same, 
Telegraphic Codes and Telephone Nos. of our Advertisers. 


in French, Spanish, Italian and 


German for the use of our Foreign Friends. 


Supplied gratis on application to the Publisher. 


“ENGINEERING,” 


35— 36, Bedford Street, 


Over 400,000 Copies 


gratuitously every year 


Strand, London, w.c. 2. 


of this Directory are distributed 
throughout the World. 








W anted, Quickly. 50 to 100 
; Tons SOLID DRAWN STEEL TUBING 
in lengths of 200 inch and 300 inch, about 15) in. 
outside diameter, wall }in. to fin. thick.—Manu- 
facturers communicate with HINDLE, SON & CO.., 
Lrp., Union Engineering Works, Haslingden. R620 


"he Proprietors of the Patents 


_ Nos. 211853 and 225735 for “‘ Improvements in 
or relating to Power Transmission,”” are DESIROUS 
of ENTERING into ARRANGEMENTS by way of 
licence and otherwise, on reasonable terms, for the 
purpose of exploiting the same and ensuring their full 
development and prac'ical working in this country. 
—All communications should be addreseed. in the first 
instance, to Haseltine, Lake & (o., Chartered 
Patent Agents, 28, Southampton Buildings, Chancery 
Lane, London, W.C.2. R60 








PARTNERSHIPS. 
IF YOU ARE SEEKING 
Partuer or Partnership 


or wish to Buy or Sella 
beens * ork WORKS 
Write :— 


W hbeatley Kr Pree & Co. 


46, Watling Street, LONDON, E.C.4. 


(ESTABLISHED 1850). 3202 








PATENT AGENTS. 


_ 2 b] )d 
Ix ing’s Patent Agency Ltd. 
(Director, B. T. KING, C.1.M.E., Registered 
Patent Agent, G B, U.S., and Canada) Inventions 
advice handbook and consultations free. 1464 





Queen Victoria Street, London, &.C.4. 40 years’ 
reis, ‘Phone: Central 682. 1209 





AUCTION SALES. 


W heatley ~ Kirk, Price & Co. 


(i stablished 1850). 
SPECIALIZE LN 


Valuations & Sales by Auction 














OF 
_ be e Ty Pi ) 
{ngineering W orks - Plant 
LONDON: 46, WATLING Streit, B.C, 
MANCHESTER: 16, ALBERT SQUARE. 
NEWCASTLE-ON-TYNE: 26, COLLINGWOOD STREET. 
, BUCKS. 


THE FRE E HOL Db OF IVER 
TUBE WORKS 


together with the whole of the valuable PLANT and 
MACHINERY. 
Also the attractive ‘ MILL 
PRETTY GARDEN3S, 
TWO SMALL MODERN HOUSES, 
“THORN YCOT,” 


HOUSE” and 


ane 

“THORNYDENE ” 
as well as five Cottages and Two Meadows containing 
about 6 ACRES with long BUILDING FRONTAGES 
TO MAIN ROAD 

VACANT POSSESSION OF MOST LOTS. 
To be Sold by Auction 
(unless previously os 1 of by private contract) 
by MESSRS. 


| janie! Watney & Sons, 


on Thursday, 20th January next, at the !ondon 
Auction Mart, 155, Queen Victoria Street, E.C.4, at 
2 30 o'clock. 

Solicitors. —Messrs. Billingshurst, Wood and Pope, 
7, Bucklersbury, E.C.4. 

Auctioneers’ Offices. —-4A, Frederick's Place, Old 
Jewry, E.C.2. (Telephone, City 8158.) R601 





FOR ° SALE. 


Ver ic: al, Loc o, Corn- 

Boie 1S for Sale. ish, Lau ch, &c., al-o 
Air Receiver- and Feed Wat r Heaters.— Appty, 
GRANTHAM BorLerR & CRANK Co., LTD., GRANTHAM. 


JRailway Wagons For Sale. 


elve tonners, “hs tirst-class condition. 
Double brakes, side and end doors.—Address, R 546, 
Offices of ENGINEERING. 


J rand New | lectric Turbine 


PUMP by Mather & Platt, 300ft. head, 
500 g.pm., coupled to 70 HP. MOTOR, 440 Vo. D.C., 
with | automatic st irter, foot valve, regulating valve, 
and accessories. Bargaia I—HARRY H. GARDAM 
AND CO., LIMITED, Staines. ’Phone 93, R 600 


ry ry. 
[Ror Sale, Eight-Ton Tyre Steel 
7 in. by § in., 73 by fin., 10 ia. by fin. by 16 in. 
at £5 103. Fencing Nails, 2 in. Steel Rosehead, 12s. 
cewt.—k AIRCLOTH, 160, Clapham Road, 38.W. R 625 


Planing Machine for Metal 

10 ft. by 2 ft. 6in. by 2 ft. 6in., single belt, 
quick return, two tool heads, in good working order. 
Price £50 a A. HARVEY & CO. -, (London), te r 
London, 8.1.7 


. a) ° my _ 
V ertical Swing Tray Elevator 
(Pantin) 25,100 and 500 gallon Galvanised 
Tanks, quantity Coburn Track complete’ with 
Hangers and Runners. Some new, others equal to 
new.— Address, K 640, Otlices of ENGINEERING. 


"he Proprietors of British 

Patent No 216545, relating to “A Process for 

Separating the Constituents of Gases and utilizing 

them in performing work and supporting Com- 

bustion,” are DESIROUS of NEGOTIATING for 

the SALE of the PATENT, or the granting oi 

Licences on reasonable terms. 

Enquiries should be addressed to:— 
VM. BROOKES & SON, 


5, Chancery Lane, London, W.C. 2 R 644 


e e ” 
Beuers, etc., Delivered from 
Stock subject to being unsold :— 

New 30 ft. by 8 ft. 6 in. Lancs. 160 Ibs. W.P. 

New 30 ft. by 7 ft. 6 in. Lancs, 180 lbs. W.P. 

New 30 ft. by 6 ft. 6 in. Uyl. Tanks or Receivers, 
60 Ibs. W.P. 

New I1 it. by 5 ft. 0 in. Cyl. Tanks or Receivers, 
80 Ibs. W.F 

New 10 ry by 4ft. 6in. Air Receiver, 100!bs. W.P. 

8.H. 20 it. by 7 ft. 6 in. Lanos. 100 lbs. W.P. 

S.H. 30 ft. by 8 ft. 0 in. Boiler Tank. 

S.H. 18 ft. by 6 ft. 6 in. Boiler Tank. 


S.H. 30 ft. by 7 ft. 0 in. Boiler Tank (Cornish). 
H. & T. DANKS (Netherton) LTp., Dudiey. R 208 


lIfred Herbert Ltd., 
COVENTRY. 
*Phone : Wires: 
5061 C — (8 lines) “Lathe, Coventry.” 


EXCEP TIONAL VALUE IN 
SHAPING MACHINES 


HENDEY 15in., fast and loose pulley, back- 
geared (GOOD WORKING ORDER). 

GOULD & EBERKHARDT 16in., cone 
a -geared (AS PURCHASED). 

OTAN 21lin., Type K6, cone pulley, back-geared 

(NE W). 

BELGIAN (Van Droogenbroeck), 
cone pulley, double-geared (NEW). 

GOULD & EBERHARDT 28in., cone pulley 
(AS PURCHASED), 

WOTAN 28 in. crank, cone pulley, double back- 
geared, power down feed to head (NEV 
(OFFERED SUBJECT TO PRIOR SALE.) 
Our Surplus list No. 19 contains a large number 
of Machine ‘lool Bar.ains, New and Second- hand. 

send fur your copy to day, K 


pulley 


26in. crank, 


’ . r r 

‘et of Horizontal Three Throw 
‘J HYDRAULIC PUMPS, 43in. rams, 15 in. 
stroke, driven by 250 HP. 3 pha-e motor. 

HORIZONTAL TREBLE KAM PUMP, 6in. diam. 
G M. rams, 12in. stroke, by Tanzyes, 8000 galls. 
against 940 ft. head, motor driven. 

Setof TWO THROW VERTICAL BELT DRIVEN 
HYDRAULIC PUMPS, 1; in. rams, 4 in, 
stroke, by Hy. Berry & Co, 

Two VERTICAL BELT DRIVEN TREBLE RAM 
PUMPS, by Pearn. 4 in. plungers, 6 in. stroke, 
25u0 gallons against 300 it. head. 

About 150 little used MOTOR DRIVEN WORM 
GEARED BULLARDS, 80 to 220 volts, 


Two very good dish-ended LANCASHIRE 
BOILERS, by Thompson, 30ft. Oin. by 
8it Oin.. reinsure for 140 lbs. per sq. inh 


working pressure, 
A ‘Thousand Lengths “STANTON” PIPES, 
nearly new, Cast Iron Spigot and Socket, 


diameter 27 ins., length 12 ft., about 1 in. 
thick, some specials available. Immediate 
delivery. LOW PRICE, 


OATALOGUE (10,000 Lots) on application. 


[| Thos. W. W ard, LL. 


ALBION WORKS, SHEFFIELD. 





MISCELLANEOUS. 





E ngineers!—If you hold 
4 A.M L.Mech.E., A.M.I.A.E. or A.M.I.E.E., etc., 
your future is assured Our FREE 64-pp. book 
“ ENGINEERS’ GUIDE TO SUCt ESS” will show 
you how to obtain any Engineering quaiitication easily. 
40 Envineering ¢ ourses also described. —Write now, 
stating tranch or Examination +h ch interests you, to 
TECHNOLOGI: AL INSTITUTE, 78, Thanet House, 
231, Strand, London. R 492 
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Imperial 4to, xii,104 pages, Cloth Gilt. Price 14s. net. 


By post lis. 


DIE FORGING 


AND THE 


CONSTRUCTION 


OF 


DIES. 


By Josern G. Horner, 


A.M.1. Mech. FE. 


With 778 Illustrations. 


This Volume is based upon various articles which 


have appeared in ‘‘ ENGINEERING,” but the matter 
has been collated, re-arranged under suitable headings 
and revised. This is the only attempt yet made tc 
deal with the subject of Die Forging in a compre- 


hensive and fairly exhaustive manner. 


Offices of “ENGINEERING,” 35 and 36, 
Bedford Street, Strand, W.O. 2. 
AND ALL BOOKSELLERS. 


LONDON : 









GRINDING & PULVERIZING OFFICES 
i Southampton Row. London. WCh. 


2 i ry, -4g onc 
Gonuns: = exaneer iN soaaees ed ae ad ts) 


GRINDING, SCREENING & AIR SEPARATION SPECIALISTS. 












3334 














LEROY’S COMPOSITION 


FOR COATING BOILERS, STEAM PIPES, &c. 


Prevents the radiation of heat, saves fuel, and increases the power of Steam. 
It is reckoned the cost of the covering is saved in about six months. 
ALSO — 


Asbestos Composition, Asbestos Mattresses, Asbestos Rope, 
Silicate Cotton, Plastic and Sectional Magnesia Coverings. 





TD ] Rd., London, 
fT & 0). ee ee 





























FOSTER BROTHERS, Limited, 
TUBES & FITTINGS, 


Main Steam Pipe Installations. o:os2 
WEDNESB UR ZT. 


PURE |, 
WATER 


THE 
PATERSON SYSTEM 
JOHN SPENCER, L 


WEDNESBURY. 
IRON & STWMHI 3416 


TUBES 


POLES, STEAM MAINS, TUBULAR PILES, &c. 






































PRESSES 


(JOHN PATENTS). 


Their outstanding characteristics 
are their Safety of Working and 
Efficiency, while their solid con- 
struction and fourfold safety 
devices ensure coniplete protec- 
tion against breakage. 


EHRHARDT & SEHMER, A.6. 


SAARBRUCKEN. 
(Saar Valley). 





Sole Agents : 


J. ROLLAND & CO., 
Abbey House, 2, Victoria Street, LONDON, S.W. 1. 











A REPRINT FROM 


* ENGINEERING ” 


OF :— 


THE QUADRUPLE SCREW 


CUNARD LINER 


“AQUITANIA,” 


Built and Engined by 


Messrs. JOHN BROWN & CO., Ltd., 
Sheffield and Clydebank. 

In Imperial Quarto, 92. pp., with 

13 Two-page Engravings and 320 


[Ilustrations, many of them large seale 


working drawings. 


Price 5/* net, bound in cloth (post 








RT oT 





free in the United Kingdom, 5/6, 
or abroad, 6/-). 
LONDON 
Offices of “KNGUNKERING," 85 & 36, Beriford Street, 
Strand, W.C.2, 


PTT 


Ir 


| COMPETITIVE DROP FORGING IS ASSURED 


by means of 





DROP FORGING EQUIPMENT. 








FRICTION weuaiein 
esciegiviniia PRESSES. 
DROP _ 
HAMMERS. 

BELT 
STEAM DRIVEN 
DRIVEN POWER 
DROP HAMMERS, 
HAMMERS. 

DIES FOR 
COAL ALL KINDS 
FIRED OF DROP 
FURNACES. FORGINGS. 











We are always glad to advise on modern productive 
methods and we guarantee an efficient and 
competitive application by means of our equipment. 


BRETT'S PATENT LIFTER CO. LTD., 


England. 


Od 609 
STU UEUEEUEELUAAUUUAGTOOUEOUGUEEDOODEAUEGUOGY QAUAAESAUEGOOOADGGUGAONONNEUOOEOSUOGEOOUOSOOGOOUEONSAUGOOOSOQUOAUOAOOONON UEQUONOODQODOQUOOROOUSOQSOLOQ000000 rz 


Coventry, 


Slserasssssereesesoeinsnrenenemneeeninenonmnmn inemmmnnannten ieeeeemenennemnenoaanee 





ENGINES 


LENT 





STATIONARY 




















__LYORK ae IRONWORKS, LEEDS. 











WHITECROSS 
WIRE ROPES 


THE WHITECROSS WARRINGTON 
COMPANY LIMITED = ENGLAND 


HAMWORTHY 











OIL ENGINES 

PUMPS and AIR COMPRESSORS 

THE HAMWORTHY ENGINEERING CO,, Ltd, 
Works :—PooLr, Dorset 


76, Victoria street, LONDON, 
103, West pail Street, » ARON. 


Perma 


fn Powder JOINTING 






SDERMAC JOINTS DESIST HIGHEST 
RESSURES 

“PERMAC JOINTS DO NOT RU! 

EASILY REMOVED WHEN REQUIRED 


THOMAS & BISHOP LT® 
37,TABERNACLE ST LONDON.£ £2 


THE VACUUM BRAKE CO., it, 


3, 5, & 7, Old Queen Street, 
LONDON, S.W. 
Telephone: Victoria $269. 
Telegrams: SOLUTION, LONDON. 
AB O and Al Codes used. 2574 


For Large Advt. see page 79, Dec. 3. 


The MACFARLANE ENGINEERING 


Co., LTD, 








Netherlee Road, Cathcart. 


DYNAMOS as MOTORS 


See Advertisement page 56, Dec. 3. 2580 

















The Pulveriser with the 


Hammer Action—‘“‘Gannow.” 


For Breaking, Crushing and Fulverising the 
Gannow Pulveriser has no equal. It will deal with 
dry or wet material ranging from hard rock to 
soft refuse more rapidly and efficiently than any 

other machine on the market. 3628 


GANNOW ENG. CO. LTD. 
29, VICTORIA BUILDINGS, M/C. 
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The LATBSST EDITION, in compact book form, is NOW READY, and may be obtained gratis from the Publisher. 
Numbers of our Advertisers, and Glossaries for the use of Foreign Buyers in French, Italian, Spanish, an 
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HOT WATER. Deal with Feed Water at all temperatures 
up to 140° F., and Steam pressures up to 


200 Ib. 
EXHAUST STEAM. Work with Exhaust Steam; 
Save 15% Coal, 


DAVIES & METCALFE, Ltd., 


Injector Works, ROMILEY, 


Telegrams—"‘ EXHAUST,” ROMILEY. 


ALL ORDINARY TYPES. 
SPECIALITIES. 





Nr. Manchester. 


Telephone—2219 STOCKPORT. 


12% Water. 














mt YORKSHIRE COPPER 


CopEs :—“ A.B.C.” 4th and 5th Editions, Marconi, Western Union (5-letter), Scotts, Liebers, Bentleys. 


LONDON OFFICE 


UPRO 


As supplied by us to the leading Shipping Companies and 
Recognised as the best for resisting the worst forms 


53, NEW BROAD STREET, E.C.2. 


“THE TUBE SPECIALISTS ’'==VAKE NOTHING BUT TUBES. 


NICKEL CONDENSER TUBES 


Copper 85%; Nickel 15% — “* Benedi 
Copper 80%, Nickel 20%. 
Copper 70%, Nickel 30%. 


ORKS = 


LAAawos. 


Power Stations. 
of corrosion. 
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‘CONVEYOR ELEVATOR & 


Pieced. BULL BRIDGE WORKS, ‘aati 
igo h Accrington, Lancashire. No. 279. 


Accrington.” 










CONTRACTORS TO H.M. GOVERNMENT. 


SPIRAL CONVEYORS, BUCKET ELEVATORS, Etc. 


8742 











ee ta, 
oe” . 


e FOR PARTICULARS OF eS 


SWING ARMS, 
WINCHES, VALVES, 
and -OTHER FITTINGS 


for 


STORAGE TANKS 


also 


VALVES for PIPE LINES 


APPLY TO THE MAKERS :— 


HAM, BAKER 


& Co., Ltd., 


& General Eagiacers, Irca aad Brass Founders, 
& LANGLEY GREEN, as, J 
Londen Office : 70, VICTORIA STREET, S.W. BIRMINGHAM. e 


Sanu ®” 


82738 








CTP w an Ds oF 
Telegraphic Address: BRAKE, MANCHESTER. Telephone: CENTRAL No. 613. 
200,000 P 


GRESHAM’S PATENT 


INJECTORS 


OF ALL CLASSES NOW IN USE. 
GRESHAM & CRAVEN, LTD., 


HEAD OFFICE AND WORKS: 


ORDSALL LANE, SALFORD, MANCHESTER. 
LONDON OFFICE - - + + * = + + + + + 40, WOOD STREET, WESTMINSTER, S.W. 1 


GLASGOW OFFICE: Wm. LESTER & SONS, 11, WEST REGENT STREFT. NE WCASTLE-ON-TYNE meee FRED CRIPWEL L, 18, BIGG MARKET. 
BELFAST OFFICE: R. PAITERSON & SONS, 13 & 15, BRIDGK STREET 


OVERSEAS AGENTS: 





FRANCE, BELGIUM, SPAIN AND PORTUGAL: Walter Strape. 15, Rue de Madrid, Paris. HOLLAND: Th. H. M. De Grijs, 311, Rijs — ee The Hague. ITALY : Giovanni Checchetti, 
Piazza Sicilia, 1, Milan AUSTRALIA: Adams & Co., 521-523, Collins St., Melbourne. INDIA: Heatly & Gresham. Lid., 204, Hornby Kd, ' ombay ; opham’s Kroadway, Madras; 6, \Va erlov St., 
Ca cutta; 9, Egerton Kd, Lahore. SOUTH AMERICA: Evans, Thornton v Co., 465. Calle Defensa, Bienos Ayres. "Pr ‘LAND, ROUMANIA, anv THE NEW STATES: British Engin neers 


and Traders Syndicate, Ltd., Australia House, Strand, London, W.C. 2. SOULIH AFRICA: Jenkins & Co., ra-14, Greenmarket Square, Cape Town; 252, Smith Street, Durban; Ginsberg 


Chambers, Johannesburg. 3156 


i 
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“SIMONS” SUCTION CUTTER HOPPER DREDGERS. 





Constructors of Inventors and First Constructors of 
BARGE-LOADING, RECLAMATION, and 
**HOPPER ’’ and ‘“*‘STERNWELL” 


‘* SIMONS’’ SUCTION CUTTER HOPPER SG Se = 
DREDGERS, HOPPER and BARGE-LOADING a Mees 


BUCKET DREDGERS. DREDGERS. 














Hopper Dredgers. 


| ELEVATING DECK FERRY STEAMERS., 
REPLACE PARTS for existing Dredgers. 
} GOLD and TIN RECOVERY DREDGERS. 


Trailing Suction 


MARINE DREDGING PLANT|} 


of all descriptions and up 






















to the Highest Capacity. : , — ™ &e., &c. 6a s1%8 
Proprietors of ALFRED WATKINS’  .:st-rawrence’ constructed for Brithn Adeusany, Builders of DIPPER and DRAG LINE 
BRITISH PATENT for ROTARY SPUDS. , DREDGERS OF LATEST TYPE: 


NEAR GLASGow . 
LONDON OFFICE :—88, VICTORIA STREET, S.W 
e a 8 g Telegraphic aaneiteet a Ferree bogs sda 
s : 9 Codes—A BO, 6th Hdition ; Scotts, 10th Edition ; Bentleys. 



























Manufacturers of Forgings of all kinds 
for Aircraft, Automobile and General 
Engineering Works. 


Alloy and Carbon Steel in Bar or Billet, 
Bright Drawn Steel. 


Weldless Steel Rings and Cylinders, 
Circular Blanks for Gears, Stampers’ 
Die Blocks. 


High Speed and Crucible Cast Steel for 
Engineers’ Taps, Dies, Punches, etc. 


Best Cast Steel Files, Saws, Twist 
Drills, Hammers, Hack Saws, etc. 


JOHN HOLDING & CO., LTD., 


Union Forge & Steel Works, 


Telemones SHEFFIELD. "tang tite 

















“PAX FLEXTRA™ 


A Blade 
that withstands any 


“PAX FLEXTRA’” 


A wonderful modern 








development in the 


manufacture of twists or jars 


HACKSAW BLADES. within reason. 











i 
The above shows a few of the abnormal bending and twisting strains to which the new “‘Pax Flextra”’ blade may be subjected without breaking. 
The teeth of this blade are dead hard with a 100% cutting efficiency. 





NO DIFFERENCE IN_ PRICE. 2702 
Made by: SANDERSON BROTHERS & NEWBOULD LTD.,SHEFFIELD, ENGLAND 


Sele Sales Agents for the United Kingdom for the Wholesale and Retail Trades : F. L. BROOKS & CO., LTD., 20, Chapel Street, LONDON, E.C.2 
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WILSON, BOILERMAKERS Lio. 
LILYBANK woRKS, GLASCOW. 











Purimacho> 


Cement Sess 


is unequalled for setting and repairing 

Furnaces and all other erections 

exposed .to fire or heat. Supersedes 

fireclay. Descriptive folder post free. 

PURIMACHOS LTD..,85, St.Philip’s, 
Bristol. 











Wa. JOHNSON &SONS 


(LEEDS), LTD., 
ARMLEY, LEEDS. 


ame pees 
Coal Briquette 
Cement, Plaster 





Brick and Tile PLANT 

Grinding, Crushing 

Drying and Screening a 
9 Gee advertisement alternate weeks.) 

aR 

THE 


CLEVELAND 
BRIDGE ano 
ENGINEERING C0., Lro. 


Specialists in the pe is alg 
and rection of ridges Girders 
Roofs, Warehouses, and ait classes of 
Iron and Steel Constructional Work. 


Heap Orrice AND Works— = 3487 


DARLINGTON. 
re ee 
KENYON’S 


PATENT 


OIL FILTER 


WATER 
SEPARATOR. 


Over 1600 ordered by H.M. 
Government. 








ENCINEERS’ 
STORES, TOOLS. 


Send your enquiries. 


ALEXANDER KENYON & CO., LTD. 
Victoria Bridge, MANCHESTER, 








ANDERSTON _FOUNDRY 
100, CHEAPSIDE ST., GLASGOW. 


And et MIDDLESBORO’. 

Makers of— 

STATIONARY STEAM ENGINES, 

DRY VACUUM PUMPS, 

AIR COMPRESSORS, 

WIRE WEAVING MACHINERY, 

TEXTILE MACHINERY, 

and GENERAL ENGINEERS. 
Belegraphic Address: “Ayoo Giaseow.’ 














equipment 
cise all Gt taal ae aaat wer chee cee 


47 


Warvtronce Sencts im Lenten Maachemer wed Ghar ee 





CELITE PRODUCTS CORPORATION 
WINDSOR HOUSE VICTORIA S 
WESTMINSTER 





a 











PUT) 


CRSDOTEGEUGGERUERRSOUDROGERORCEEOG Er Onin eal inntemae 


SQUARE 


‘PLAITED PACKING 


has just the right amount of graphite grease 
lubricant that Centrifugal Pumps require. 


The shaft of a Centrifugal Pump runs at high 
speed on a concentrated packing surface, and 
under such conditions packings that harden 
score the shaft and quickly destroy the packing. 


Let us send you working 
sample to test under 
your own conditions. 
State size wanted. 


W. F. JOHNSON & CO., 
Agents, 972 
14 & 16, Farringdon Road, 
LONDON, E.C. 








Tg ee  e_—_V0OT8T 


R¢- White & Sons, Widnes, 


FOR 


AERIAL ROPEWAYS 
POINTS« CROSSINGS. 
ROBERT STEPHENSON & CO., 


LOCOMOTIVE BUILDERS, DARLINCTON. tro. 
London Office :—25, Victoria St., Westminster. 


LOCOMOTIVES “Sud'services. 


Telegrams—Rocket, Darlington ; Altiscope, London. 
Nat. Tel. —2700 Darlington ; 650 Victoria. 
amenk BC 5th Edition, Engineering Standards, 
Engineering Telegraphy 





See our sllustrated Advt., Oct, 1. 





TMOMAS SMITH & SONS CRODLEYD. LTD., WR. LEEDS 


JOHN GRIEVE @ C0., 


MOTHERWELL, - 


CRANE MAKERS. 


See last and next week’s advertisement. 2524 











~~ Complete 
: Siberian Plant 


YW 
Y, 
pfu, 
UY Y 





THOMPSON BROS. (6! LSTON) 








Weert Works:-Bradley, Bilston 





STONE AND 
RU 


SHER? ENG. 
LEICESTER 


cRu>" BARSBY&(C” 


BELLISS« MORCOM 


BIRMINGHA™M, LID. 


Self-lubricating Steam Engines, Turbines, Air and 

Gas Compressese (R eelpapenting. & Rotary), Con- 

densing Plants, + Efficiency Oil Paraffin 
Engines, Pneumatic Hose Couplings. 


_, Bee Illustrated Advt., page 53, Dec. 3. 


ON \ 
WRITE FOR 
? SAINGEUS BE PPE, of 
a BOOK YOU MAY REQUIRE 
AIL BC 


CLYNE ENCINEERING a LT. 
Telegrams : ‘*‘ MODERNIZE.” Tele. No. 4070 CITY. 
WATER COOLERS, CONDENSING 

PLANTS, VACUUM PUMPS 
AND COMPRESSORS, 
STEAM TRAPS, &c. 04.1451 

94, Market St., MANCHESTER. 





$285 

















LAR 1GON Horas 


Lead: 0 LYSE Meailfactkirers a SI 


Ld Tad Lrowag beaslrment \ 
Drawnae Boards, fee & Set Squares, i 
ves Aotractors Drawing Cobmets, % 

Stidehites alo Drawing Mi) 
ce Stationery and \\\\ 

Lhotograqniae Mater {WV} 
vee IN 

aft 


MING S7 WE ST, MA Waa 








| #OR LAND anp MARINE PLANTS. 


| 


PRATCHITT BROS., 
Engineers, Carlisle. 


ENTWISLE®CASS, LD. 


Engineers, BOLTON. 


are 














OASTINGS 
DY EING a7 
BLEACHING. DYEING. 4 








DAWSON & DOWNIE, 


CLYDEBANK. 
rPrumrPs 


$151 





| 





@&B ILLUSTRATED ADVT. PAGE 8, Dec. 17. 
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ACCURATE 


|REPETITION WORK | 
of every description 


We have every facility for dealing § 
with your repetition problems 
cheaply and efficiently. 


Whether your requests are for a | 
small amount or a large quantity if” 
we can handle them with prompt- 

ness and despatch, and guarantee 
accuracy to fine limits. 


Our battery of automatics is if 
entirely at your service, and it will | 
pay you to get our quotations for 
small turned parts in any quantity. 


The NORTH BRITISH EYELET CO., LTD. 

MEREFIELD ~ ~ ROCHDALE. 
Telephone : Telegrams: 

378 Rochdale. British, Rochdale. 

Agents for Coventry District: 
Messrs. HARVEY PERKINS, Ltd., : 

City Chambers, 7, High Street, Coventry. 

Telephone Number: 1842 Coventry. 





London Office: Aldwych House, Aldwych, London, W.C.2. 


F. SCHICHAU 


S ELBING ® 
WEST PRUSSIA. 
SHIPYARDS, ENGINE AND 
LOCOMOTIVE WORKS, 
IRON AND STEEL FOUNDRY. 














Ex >ress Steamer ** Homeric,’’ 32,500 Gr. R.T. 


Main Products: 


Mail, Passenger, Cargo Steamers and Ferry 
Boats up to the largest dimensions. 


Low Draught River Boats of every type. 
Dredges. especially Suction Dredges, type 





‘“* Friihling.’’ 
Steam Engines, Steam Turbines, Steam 
Boilers. 


‘* Lentz ’’ Standard Marine Steam Engines. 
Schichau Sulzer Diesel Engines. 
Hydraulic Turbines for all Falls and Powers. 
High Grade Helical Spur Wheel Gears. 
Locomotives of every type. 
Hydraulic Ash Ejecting Plants. 

Sugar Factory Plants. 


Steel Castings and Forgings of all weights 
and dimensions. 























RYERSON-CONRADSON 
MACHINE TOOLS. 


Heavy Duty Engine Lathes—Universal Milling Machine 


Ryerson-Conradson 
Engine Lathes are 
handling the hard jobs 

in many of the larger 
railroad shops of the 
United Statesand , 
abroad. Theheadstock , 
and bed areaone-piece & 
casting; bearings are sees 
unusually large; the large spindle 
permits handling heavier work and 
the herringbone gear drive through 
all speeds eliminates backlash and 
chatter marks. 
Ryerson-Conradson Milling 
Machines are designed for strenuous 
services in modern shops where 
accuracy, speed and dependability 
are required. 


We will be' glad to send you a catalogue describing our complete line 
of machinetools. Write for a copy. 


JOSEPH T. RYERSON & SON tw. 
30, Church St., New York City. Cable Address: Ryson, New York. 


FOREIGN AGENTS: —NEw ZBaLanp : Richardson, McCabe & Co., Wellington. PHILIPPINE Is. : 
Edward J. Nell & Co., Manila. British 8. ArrioA: Bellamy & bie, Johannesburg. 
CZECHOSLOVAKIA: M. Kocian & G. Nedela, Prague. SPAIN: Juan Llepart, Barcelona. 
Norway: Union Mashin Oo,, Kristiania. 






XYERSON MACHINERY 
Go! I, 4 
Lathes Punches Milling Machines Serpentine Shears 
Drills Shears Power Hammers Hydraulic Machinery 
Planers Friction Saws Bending Rolls = Shop Eqpt. 
Shapers Bevel Shears Pneumatic Machinery Flue Shop Eqpt. 














500 c.c. (Single) Cylinder 


MOTOR CYCLE 


with Three-Speed Gears and Chain Drive. 
Suitable for Side-Car Combinations. 


For Export to all parts of the globe. 
REPRESENTATIVES WANTED, 


N.S.U. VEREINIGTE FAHRZEUGWERKE, A.G. 
NECKARSULM, GERMANY. 
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For all Capacities up to 400 ft. depth. 
Pumps can be arranged for direct Motor 
Drive, or through Belt or Gear Transmission, 
or by any form of Steam, Gas, or Oil Engines. 





























FOR CHEAP AND PURE WATER SUPPLY, 
BRINE WELLS, ETC. 


THE most economical Pump because it can be adapted 
to existing Boreholes, gives maximum yield and 
high efficiency, the depth of pumping can be 
easily increased, occupies small space, requires 
only cheap foundations, is simple to install, and 
the maintenance cost is negligible. 





Vdd 


REGISTERED TRADE ARH 


33818 DRYSDALE 


RES NQ 457390. 








wanemann-BCM/4 RY. 











(Bec: sr mes 











Complete Accessibility 





Y 


CROSSLEY- 
PREMIER 


OIL and GAS ENGINES 


are, without exception, the most 
completely accessible multi-cylinder 
engines on the market. 


f, 










Any piston can be taken out in 15 
minutes, and with an additional 15 to 
30 minutes can be cleaned, examined 
and replaced, 


NOTE.—No joints whatever are broken in the operation 
of taking out the pistonof the ‘‘Crossley-Premter.”’ 


out in 7 minutes. 


? Any large end bearing can be taken 


Any main bearing cap and shells can 
be taken out in 10 minutes. 


The whole crankshaft can be taken out 
in 60 to 90 minutes (according to size). 


5. Admission and Exhaust Valve 
* Springs can be removed at any time 
without stopping the engine. 


6 Fuel oil and lubricating oil filters can 
* be cleaned and changed whilst the 
engine 1s running. 


3 A four-cylinder, 400 B.HP. engine 
* has been resolved by a user into its 
component parts, examined, cleaned, 
measured by micrometer, re-assembled, 
and under load in less than 18 hours, 














3218 


PREMIER GAS ENGINE CO., LTD., 


SANDIACRE, Near NOTTINGHAM. 
Telephone: 39 Sandiacre. Telegrams : “ Premier, Sandiacre.” 
LONDON OFFICE: 139-141 QUEEN VICTORIA STREET, E.C.4. 


Branches and Agencies in all principal centres. 













X il 
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OVENTRY LHAIN 


The link between Power and Load 


The Symbol 








of Long Life 
in Weldless Steel Tubes. 


TWO INDUSTRIES IN ONE 


The Manufacture of Cold- 
Drawn Weldless Steel Tubing 


is essentially a specialised industry. 


We manufacture the entire Tube—under 
highly Technical Processes’ and thus 
ensure the satisfactory condition of every 
Tube we supply. 


Tube Manipulation— 


—an industry in itself. 





ss 
It is important to note that all manipu™ 
lation and finishing processes (even to 


ve oe 
| e e 
| Selecting the D rive. polishing and plating), are carried out in 
| The selection of the proper power transmission for your THE SAME WORKS 
| factory is a very important factor in economical IN WHICH THE 
| production. The Coventry Inverted Tooth Chain TUBE IS MADE. 


is an efficient and economical link between the 
driving unit and the driven machinery. Power losses 
are eliminated by the positive nature of chain gearing. ‘* Comprehensiveness in Tube Service.’’ 
And incidentally 
2,000,000 feet of Steel Tubing 
being always in stock, infinitely 
facilitates your requirements 
being met promptly. 


That’s what we mean by 





Why not send us your enquiries? 




















| 
= 3340 
e Srlalalala/ BRE Viale 
The Coventry Chain Co., Ltd., pe fe 
Coventry England. Vou 
Technical Advisers: / es ae S & POLLOCK, Yy 
Telegrams : Telephones : x wee VLLALLOSLLMDLLYLL WIP T II Th Tb OLE? Aa mane nnsttttitlls 
London : 37, Southampton St., Strand, W.C. 2. Apchainser Rand Regent 3311 MAKERS & MANIPULATORS 
Guathinine Seperchan Central 1083, OF WELDLESS STEEL TUBING 
amenee ae anenaaie. — Central ed PLO OOILEAIPY 
Nottngbam ;Neweastle Chambers, Angel Row. 0) | Od OLDBURY 
; * Hillary Galen, Llanisben. tel Cardiff . 181 BIRMINGHAM 


Representatives for Canada: 
The PIA a manna (Regd.) Montreal, Toronto. 
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CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS, 


Manufacturers of— 

MILD STEELPLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes. 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES ot highest quality, to meet the requirements of 
Home and Colonial Railways. 

TYRES.—Locomotive Carriage and Wagon, to all 
requirements. 

SPECIALSTEEL ofall kinds for constructive purposes. 





STEEL COMPANY o SCOTLAND 


23, ROYAL EXCHANGE SQUARE, 


GLASGOW. 







TELECRAPHR 
AODRESS 


“STEEL” GLascow. 


LIMITED, 


8314 








am 





‘Favorite’ 





WORLD WIDE 
REPUTATION. 


SINGLE OR 





A. G. MUMFORD, L"™- 


DONKEY PUMPS|| 


MADE IN 14 SIZES. 


DOUBLE ACTING. 





ALSO 


DUPLEX & SIMPLEX 





STEAM PUMPS. 





FOR ALL DUTIES. 





PARTICULARS AND PRICES ON APPLICATION. 


VERTICAL AND HORIZONTAL. 





BROWETT, LINDLEY 
Vertical 
AIR 
COMPRESSORS 


VERTICAL ENCLOSED 
FORCED LUBRICATION TYPE 


Browett-Lindley Air Compressors are noted for 
their efficiency and simplicity. There is forced 
lubrication to all wearing parts. We make Com- 
pressors up to 10,000 cubic feet capacity per minute. 












We also manufacture : 


Vertical quick revolution, 
enclosed forced lubrication 
Steam and Gas Engines. 


Steam Turbines,extraction, 
mixed pressure and back 
pressure types. | 


Surface and Jet Condensers | 
with Kinetic or “Edwards” | 
air extraction. 


Vertical cold starting, high 
compression Oil Engines. 











BROWETT, LINDLEY & C0 LTD 


Sandon Works, 
PATRICROFT, MANCHESTER. 


London Office : Glasgow Office: 
4-13 Amberley, House, Norfolk St. “Sandon,” Westerton, N.B. s.D 


3154 














PRIESTMAN 


e g@ “HOOK-ON”’ GRAB 


| for Foundries, etc. 


NOTE—1. VERY LOW headroom: 
crane hook passes right 
down into Grab. 


2. RIGIDITY. Levers are 
carried on SINGLE PINS 
at Grab head. 


35. Variable speed of discharge. 


18 SUPPLIED TO ONE 
COLLIERY GROUP. 








COLCHESTER. 





CULVER STREET ENGINEERING WORKS, 











PRIESTMAN BROS. LTD., HULL anp LONDON. 


Hull, Central 5228 (4 Lines 
Phones: Sg Victoria 6171. ) Cables:-PRIESTMAN,HULL. 


BUILDERS or GRABBING EQUIPMENTswce 1875 
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” Mileage without 


ie Winilel 


“THE Davis Steel Wheel is a 

one piece wheel with a 
tough, wear-resisting mangan- 
ese steel tread integral with a 
soft safe centre. 


The Davis Steel Wheel is fluid 
™ compressed by centrifugal 
mm casting and scientifically heat 
treated. A lighter, yet stronger 
“One-Wear”’ wheel, which 


entirely eliminates tyre turning. 


Write for a complimentary 
copy of the ‘Davis Steel 
Wheel Booklet,” which 
explains how the Davis Wheel 
gives maximum mileage 
with minimum maintenance 
costs. 


The Davis Steel Wheel is made in England by:— 


JOHN - 


&: COMPANY 


BROWN 


- LEMTTED: 


Od 2814 











td, BELPER, 


DERBYSHIRE. 


ENGLAND. 


Smedley Brothers 


REVOLVING or 
STATIONARY PANS. 
PERFORATED or ge 
SOLID BOTTOMS. ‘= 












Mixers 2 


of all kinds for all purposes, 
to drive by Belt or 
combined with 
Steam, Oil 
or 
Petrol Engine 
or 

















REGoD. 


MOULDED 
PRESSINGS 


All kinds of Moulded Insulation Work— 
Large or Small Parts for Wireless, Electrical, 
Mechanical Engineering and Motor Trades. 


FINISH IN BLACK OR COLOURS. 
PRESSINGS FOR ALL PURPOSES ! 


Submit your Designs and we will quote 
you for any quantity. 























r# ELLMAR MOULDINGS Co. 


“Thimble Mill Lane, Birmingham. a 
TELEGRAMS: ‘“‘ PLUNGERS, BIRMINGHAM.” 


D. LANDALE FREW, 45, Hope Street, GLASGOW. 
S. F. ROSS, 50, Upper Arthur Street, BELFAST. 


TELEPHONE: East 490. 
Sole Agent for Scotland : 
Sole Agent for Ireland: 


























IMPROVED St TESTES SS” PATENT 


AIR-PROPELLING 





SPECIFY GIBBS’ PATENT 
AIR-PROPELLING FANS 
AND YOU WILL NOT 
BE DISAPPOINTED. 


SEND FOR 
CATALOGUE. 







” capBs 


“PEERLESS” 


" FAHAUST FAN 


for FORCED & INDUCED DRAUGHT 


INCREASED BOILER EFFICIENCY. 
INCREASED FUEL ECONOMY. 























e' a. 








2812 
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OF UNUSUAL IMPORTANCE 


to all users or producers of photo-prints is the 
introduction of the NEW 


WORLD 


XK 


PATENTS 





* POSITIVE PHOTO-PRINT 











COUPLINGS 
& PULLEYS 


FOR ALL 
POWERS 
AND ALL 
SPEEDS 














Th 
rit 



























PTT T 
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Metropolitan Eleciric Seoply Co., ” Lid., z 
Generating Station, Will lesden. 


“ EXPAMET" OPENWORK GANGWAYS. 





WRITE FOR ILLUSTRATED LITERATURE. 
THE EXPANDED METAL CO., Ltd. 


Patentees and Manufacturers of Expanded Metat, 
‘York Maasion, Petty France, Londoa, S.W. 1. 
Established over 30 years. 
Works :—West Hartlepool. 


EXPAMET 


BXPANDEO METAL 


6913 




















iilustration of Boilers as supplied for India and the East. 














PAPER 
(British Made). Gnsures 
It achieves that which hitherto has been im- GRADUAL 
possible to obtain. It gives AN IMMEDIATE ENGAGEMENT 
POSITIVE PRINT BY DRY DEVELOPMENT. ABSOLUTE GRIP 
EFFICIENT 
OZALID PRINTS possess other IMMENSE ADVAN- LUBRICATION 
TAGES. They are absolutely TRUE TO SCALE, FAST win NOT AFFECTED 
TO LIGHT, WATER, and ACIDS. BY DAMP 
They never get Brittle wien stored. OR DUST 
of Semin goam rem |! THE BRITISH 
© 91, New Oxford Street, HELE-SHAW PATENT CLUTCH CO. 
W.C.1. Lid, OLDHAM ENGLAND. 
S.R.S. i 
High-Class 
“EXPAMET.”  Goncme” Partitions Vertical Boilers. 
Machinery Guards, etc. 
WALTER W. 


COLTMAN 


& Co., Ltd., 
* Central BOER Works, 


LOUGHBOROUGH, 


ENGLAND. 


Boilers are suitable for 


CONTRACTORS. 
LAUNDRIES. 
DAIRIES. 

\ STEAM CRANES. 

* ' HEATINGPURPOSES. 

: SUGAR BOILING. 

' QUARRIES. 
PUMPING. 
BREAK-DOWN JOBS. 


Boilers on Stock for Immediate Delivery. 


Let us quote you. Prices & Particulars{on application. 
Telegrams; BOILERS, Loughborough. 





‘|| Telephone: No. 51 Loughborough. 
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* || BOVING & CO., LTD., 











66 







Manufacturers of 


| WATER TURBINES, 
| GOVERNORS, PIPELINES, VALVES, etc., 
and PULP AND PAPER MAKING MACHINERY. 


( ‘Registered Trad de Mork) 












N alloy with the strength 
and hardness of Mild 
Steel, but having only 
one - third of its weight. 
Unlike Aluminium, 
however, “VICKERS’ 
DURALUMIN” possesses 


excellent machining qualities, 


Specific Gravity.................000. 2°3 
Tensile Strength up to 35 tons. ,.., 


All enquiries to t 


J AM ES BOOTH Turbines supplied to the Tasmanian Government. 


HEAD OFFICE: 


& CO, (1915) LTD 56, Kingsway, 


e Street, Necheils, London, « W.C. 2. 
BIRMINGHAM. Hot 88 Gd lines) a a. 


Telegrams: “Boor. BIRMINGHAM? 


adles: 
LIEBER SLETTER CODE. BENTLEY'S CODE. ABC 6TEDITION, 











Telephone: 
€ASt 985, 986 & 987 

















SS 


Lit i “The Machines That Put the ‘Rings’ in Springs.”’ 


Hlechauyeal Draft _ | sppine-colLiNG MACHINERY 



























Mechanical Draft means cheaper steam. The 


Musgrave system, by improving combustion, 7 of every description. 


gives aj substantial increase in evaporation 
with a saving both in quantity and cost of - 
fuel. y NY) 


More efficient than chimneys the Musgrave 
System costs less to instal. It 
abolishes the smoke nuisance and 
will enableyou to use low grade fuel. 


Write fr Catalogue 

C 4/14, or ’Phone 

our nearest Branch 

for personal inter- 

view and advice. 
Telephones: 


BELFAST 4161-2-3. For example, we offer :— 











SEE 











=, 






LONDON, Holborn 


uaveusster|| Universal Spring Coiling Machines 


CARDIFF 2236. in ELEVEN Sizes 
ee : 2 handling oil-tempered wire from ‘004’ to §” diameter. 
MuscR ei _ 001}{ These machines produce spring forms as illustrated 
' herewith. 
° 
USGRAVE!S | wee = —- 
ENGINEERS - BELFAST Weer Mr. F. A. PERRY, 














LONDON: CARDIFF: MANCHESTER] | WORCESTER. 6, Queen Victoria Street, 


MASS., U.S.A. 
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STANDARD SHAPES. 


AND 


SPECIAL SECTIONS 
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ECONOMIC (DRYBACK) BOILERS, { 
POSSESSING A RELATIVELY LARGE AMOUNT OF HEATING ; 
SURFACE, FORM COMPACT STEAM GENERATING UNITS WHICH 
ARE SPECIALLY SUITABLE FOR DUTY WHERE THE SPACE » 
AVAILABLE 1S LIMITED AND THE LOAD IS INTERMITTENT. 4 
THEY ARE WIDELY ADOPTED FOR LARGE HEATING INSTALLATIONS. 


H.&T. DANKS (NETHERTON) B |||} 


BOILER MAKERS, ENGINEERS & BUILDERS is 





Mh. 








ne 


— 
—- 
























































NETHERTON, DUDLEY, WORCS. Ne 
LONDON OFFICE : BANK CHAMBERS, 329 HIGH HOLBORN W.C.I. x 
NO CONNECTION WITH ANY OTHER FIRM OF BOILER MAKERS. 3 
= 2 i SS SS > (Sa 




















INSTALLATION OF 6 CYL. 600 B.HP. ENGINE AT 
AN ELECTRICITY WORKS. 


ALTHOUGH ONLY RECENTLY INSTALLED WE ALREADY 
HAVE A REPEAT ORDER IN HAND FOR THE SAME 
STATION. 


ICKERTON KERTON6 DAY. 


HAZEL CROVE, 
STOCKPORT. 


7, GROSVENOR GARDENS, 
LONDON, S.W.1, 




















lei eT en at ae 


15 in. Chucking Machine ** Steel Head” Model. 


The Hartness * 


Turret 


Lathe 


is the most economical producer of bar and 
chuck work in its field because of its 


SIMPLE TOOLS 
QUICK SET-UPS 
MAXIMUM SPEED IN METAL REMOVING 


_ Let us send you our pamphlets “ Problems of your Shop.” 
i Ki to 3517 


Jones & Lamson Machine Co., 


19, Water Lane, London, E.C. 4. 
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SMOOTH-ON 


No. 3. Catch your Powdered 
Fuel Grits! 


bee GMOOTH-ON No. 3 remains a faithful guard for the whole life of 3 cwt. of grits per hour, 


the line, because its metallic body is perfectly neutral to P 
surroundings and fime. It can’t dry out, shrivel or shrink under any averaging 50% through 





temperature or pressure, and although i i 

wittihoce« a a 200 mesh screen, are 
Making every screw-thread joint with Smooth-On No. 3 assures that bein g co llected b ya 
perfect tightness which keeps pipe joints entirely off the repair list. Sturtevant CindervaneFan 


Smooth-On No. 3 (grey label) is sold everywhere in | and 5 Ib. tins. 
in a Powdered Fuel Plant. 


Wi Sout Ione tt Polen 
aw thay cheuld ho ated, at wlan theay will do. Let us catch your grits— 
write for particulars, 


Distributed by : 
WALTER P. NOTCUTT, LTD., D. 31 to 


8, White Street, Moorfields, London, E.C., 
and carried in stock by leading dealers and 


somes STURTEVANT 


oer Ci, NJ. USA. ENGINEERING Co,Lo 


$108 , j 
MANCHESTER: J49, OueenVictoriaS¢,  , CLASCOW:. 
196, Deansgate. LO 50, Wellington St. 
Ar 
> 
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A 
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pats rtd gh 09 CORRUGATED FURNACES TO ANY SURVEY. 
ondon, irmingham, . ae 
Miatein anny ane MORISON, FOX AND DEIGHTON SECTIONS, »” 
Coventry, Newcastle, Liverpool, ose teem nn ° soap acta 
Glasgow, Cardiff, Aberdeen, 
Carlisle and Brighton. 





EAMES, 5M, 











AKES 
AND CLUTCHES 


NEVER BURN OUT 
A) dO) es) 4 
BETTER THAN WOOD LEATHER OR METAL 


ETL IE I RITE RRO: SANS IRR: CRRA ARNIS SRN OS EINE. Looe 
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FRITH 


A 410 (3) 





FERODO LIMITED, CHAPEL-EN: LE: 
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cc. SIMON-CARVES Lr. 
1] U a K 7 if L F y 20, MOUNT STREET MANCHESTER. 
seit iccd Pom PULVERISED COAL FIRING. 
Iron i Steel SIMON-CARVES 1 Patent Water-cooled Combustion Chamber 
added to existing water-tube boiler. 
from 


WAREHOUSE STOCK. 


STEEL JOISTS, 
oe” x oT" tS" x 1y. 
STEEL CHANNELS, 
16" x 4” to 2g” x 1 3/16". 
STEEL ANGLES, 


8 x 3 to §” x ". 
STEEL TEES, 
6" x 6" to f" x ¥§"% 


STEEL FLATS, 
ie” «x £" to..47 x) ee 
STEEL ROUNDS, 
83" to }” dia. 
STHEL SQUARES, 
5" to 4" dia. 
STHEL PLATES, 
3/16" to }" to 8’ long. 
In all Standard Sections, cold 
straightened, lengths to 42’. 


A LARGE AND VARIED STOCK OF 


CROWN IRON, 
BEST, BEST SCRAP and 


BEST TURNING IRON, 


HOOPS, SHEETS, CONVEX, 
&c., &c, 
STEEL BRIDGE RAILS, 


BRIGHT STEEL, &c. 


IRON and STEEL 


HOOPS FOR BALING, 


Piain & Painted, a Speciality. 


COMPOUND GIRDERS, 
STANCHIONS, ROOFWORE 
and 
CONSTRUCTIONAL STEEL 


Riveted up on the Premises from 
Stock Material. 


THE <6 
ATA” 
PATENT CONVEYOR TANK 
fer handling Metal Scrap, Coal, &c. 


ENQUIRIES SOLICITED. 
Section Book on application. 





Telegrams: Telephone: 
“AJAX, MANCHESTER,” 6490-5 (six lines). 


STORE STREET 
iron and Steel Warehouses, 


MANCHESTER. 








3787 





The boiler was rated at 25,000 lbs. per hour, but with SIMON-CARVES pulverisers 
and patent water cooled combustion chamber evaporated 60,000 Ibs. per hour. 


WATER TUBE BOILERS SPECIALLY DESIGNED FOR PULVERISED FUEL FIRING. 
























COMPLETE FREEDOM FROM NOISE 


arrard 





AND VIBRATION. 
HIGH EFFICIENCY. DURABILITY. 
LTD POSITIVE IN ACTION. 
UME 
SOME USES : 


DRIVES FOR LINE SHAFTS, TURBINES, PUMPS, ELEC- 
TRIC MOTORS AND GENERATORS, COMPRESSORS, 
MACHINE TOOLS, COTTON MACHINERY, ETC., ETC. 


THE illustration shows Garrard Gear embodied in 
End Frame of Electric Motor driving Line 
Shafting in a factory. 
20 B.HP. Motor at 1440 R.P.M. 
Garrard Gear reducing speed to 240 R.P.M. 
Ratio 6 to |. 


Quotations and all information from— 


GARRARD GEARS, Ltd., 


109, KINGSWAY, LONDON, W.C.2. 


Telephone; Holborn 6257. 3680 
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for A.C, and D.C. Motors,” 


On Nov. 16th. 


OU should have a copy of the new 
publication “‘ Small Power Control Gear 
issued by this 


company on Nov. 16th. 


2. 


“Small Power” motors (say under 


10 HP.) means 60% of the whole. 


There is now a complete Brookhirst 


range specially designed for these 
small motors. 
These special “Small Power” control 


gears are manufactured on a quantity 
basis at reasonable prices. 





BR@KHIRST 
SWITCHGEAR 


LIMITED CHESTER 
pa Rose — Leeds, Live ee London, 


To summarise: 


Brookhirst quality, at 


reasonable prices, for those small jobs 
where you have hitherto used something 
less robust. . 
Post the attached form while you have it 
in mind. 

















$= ~~ =< ae 
- SEAMED rag Ue 
__vr = BRASS AND COPPER 9 


LOCO TUBES, CONDENSER TUBES, PLATES, FERRULES, &c 


TELEGRAMS: BATTERY, SELLY OAK. 


TELEPHONE: 


3 oe es) 2 © ee 























A particularly hard wearing Compressed Asbestos 
Fibre Jointing for all Steam or Water Pressures, 
Ammonia, Acids, Oils, etc. 


THE BELDAM PACKING & RUBBER CO., LTD. 


Head Office : 
Telephone : ROYAL 5161 (3 lines). 


ESTABLISHED 1876. 


29, Gracechurch Street, London, E.C.3. 
Telegrams & Cables ‘‘ VEEPILOT.” 




































Ram WELLS UChr 


% WELLS’ LIGHTS 
OIL HEATING 
AND BRAZING 

PLANTS. 


WASTE OIL FILTERS 
with Patent “‘ Sight-Feed ” Syphons. 
YOUR 
DIRTIED 
OIL 
FILTERED 
AND 
RENDERED 


iT , 
FOR USE § % 
OVER @ 

& ie 
OVER 
AGAIN. 


















WELLS’, 
ACETYLENE 
LAMPS, 
POWERFUL 
a 2S 
PORTABLE, 
from 80 
to 3000 C.P. 
Hand 
Lamps & 
Carbide 
Drums 
supplied. 














“UNBREAKABLE ”” 
OIL LAMPS. 


~ 











No. 5 Torch Lamp. 





No. 18 Kettle Torch 
Lamp. 





No. 4 Hand Lamp. 





No. 18a 
Trench Lamp. 










For emptying / 
Casks. 


Instant! 
attach 





A.C.Wells&Co. Ltd. 


102, Midland Rd., St. Pancras, London, N.W.1 
Works: Carnarvon 8t., MANOHESTEB. 
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HARVEY 


Engineering6o., 


LATE LT 
MOONIE, HARVEY & CO., L™ 


Scotland Street Engine Works, 


Head Office: 224, West Street, 


GLASGOW. 
London Office : 27, Mincing Lane, E.C. 


ESTABLISHED OVER 50 YEARS. 


MAKERS OF ALL KINDS OF 


SUGAR MILLS 


FIVE ROLLER ‘MILLS. 
HARVEY'S 


Triple-Effet 
Evaporator 


Now in use in all Sugar Growing Countries. 
AND EVERY REQUISITE FOR 


Sugar Plantations. 


SPECIALITY. 
SUGAR REFINERIES 


fitted up complete for 
refining all classes of 
Sugar, 


HIGH-CLASS _ 


ENGINES 


OF THE HBAVIEST TYPES, 


MULTITUBULAR, CORNISH 


AND 
LANCASHIRE BOILERS. 
TANKS & WROUGHT (IRON 
WORK 


OF BEVERY, DESCRIPTION. $499! 





Telegraphic Address : ‘‘ Maconie, Glasgow.” 


Oable Codes used: ABC, Al, Liebers, Western 
Union, Engineering and New Business. 








BRECKNELL, MUNRO & ROGERS, LTD. 


Engineers and Contractors. 





PANTAGRAPH CURRENT COLLECTOR. (Air Controlled.) 





Specialists in Overhead Lines and Fittings for Electric Haulage Schemes. 
Makers of Current Collectors for all purposes. 


834k 


Joes us Quote for your Requirements. 


CATALOGUES ON REQUEST. 


THRISSELL STREET, BRISTOL. 


Telephone: 5448 Bristol. 


Head Offices: 


Telegrams: ‘ Brecknell, Bristol.” 


























British Manufacture. 
Quick, Simple, Clean, Efficient. 


TECALEmMIr 


HIGH PRESSURE 
LUBRICATING SYSTEM 


is being widely adopted by users of machinery 
of all kinds requiring either oil or grease lubrication. 
Tecalemit renders Grease cups obsolete and by 
means of pressures up to 5000 lbs. per sq. inch 
forces lubricant right into the places where it is 
needed in a simple, clean, and efficient manner. 


Over 600 


»Manufacturers of Motor Cars, Lorries, 

Tractors, Locomotives, Steam Rollers 
and Machine Tools, fit Tecalemit as 
Standard Factory Equipment. 


TECALEMIT, LIMITED, 
Lubrication Experts, 
10, Little Portland St., London, W.L 


Telephone: Langham 2354. 3% Mayfair 4043. 2342. 


REACHING INACCESSIBLE 


LUBRICATING POINTS 
WITH 


TECALEMIT 
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Thousands of Gantry Slewing Cranes 


up to the largest capacity, built by our firm, are working in all parts of the world. 
Though light in ,weight, the construction is extremely solid and carefully designed. The 
control efficiency is high, the operation quite simple, and the operator has a good 
view over the working area. ss 


Constant repeat orders are full proof of their quality. 


DUISBURG 


3302 





“DOBBIE-M"INNES 


INDICATORS > 


STEAM irk DIESEL 
ENC IUNES., 


Optical Indicators for High-speed Motors. 





“TELEDEP” 
TANK GAUGES. 


BOURDON PRESSURE 
and Vacuum Gauges. 


GAUGE TESTERS. 

DYNAMOMETERS. 

SPEEDOMETERS. 

Engine Room Clocks. 


DOBBIE MCINNES & CLYDE LTD. 


57, BorHwext Street, GLasaow. 











STEEL 
DROP FORGINGS 


AND 


IRON CASTINGS. 


PRE - STRIKE 
DELIVERY 
AND 
QUALITY 


The HEATLY-GRESHAM ENG. Co., Ltd., 
Letchworth, Herts. 











L.C.M. = Lowest Cost Measurement 


LEA 
COAL 
METERS 


FOR CHAIN GRATE STOKERS 


Write for full particulars to:— 3429 





THE LEA RECORDER Co. Ltd., MANCHESTER. 




















LOBNITZ-: kexcrew’ SCOTLAND 








PATENT BUCKET 
ROCKCUTTERS DREDGERS. 
CUTTER TRAILING 
SUCTION SUCTION 
DREDGERS. DREDGEKS. 
DIPPER 
DREDGERS. PATENT 
HOPPER 
GOLD, TIN BARGES 
& PLATINUM FOR ROCK, 
DREDGERS. 
PATENT ROCK 
MARINE DREDGERS. 
SLIPWAYS. 
3507 
Codes : 
Cable Address ; a Che Sarde) 1 alee “ A.B.C.5th & 6th Editions, 
LOBNITZ, RENFREW, BENTLEY'S 
SCOTLAND. SUCTION HOPPER DREDGER, “The Lady Clifford,” built for the Nigerian Government for Lagos WESTERN UNION. 


Dimensions: 284 ft. 0 in. by 45 ft. Oin. by 19 ft. 0 in. Dredging Depth 42 ft. 











OUND 
Pm Sepp 
ge? MANSFIELD” “vy, 


FOR 


C.I. FLANGED PIPES, 


FITTINGS & SPECIALS. 


All Sizes 
and 
Purposes. 








SIR WILLIAM ARROL & CO. 
(SWANSEA) LTD. 
Bridge Builders, Structural Engineers. 





BUILD WITH STEEL 





King’s Dock Works, Swansea. 








D 
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The “VICTORIA” 

FIRST AID CABINETS Stretchers, Oxygen Breath- 
AMBULANCE ROOM ing Apparatus, Respirators, 

REQUIREMENTS, Smoke Helmets, Protectors 
Reet Couches, Surgical for the Eyes, Hands and 


Appliances, cs WOOLLEY, SONS & CO., LTD., | % G5, Deansgate, Manchester. Face, etc. 
Instruments, etc Telephone: CENTRAL (Private Exchange Telegrams : oF Write us for Catalogues. 3706 


PECKETT&SONS, L& | 


BRISTOL. 


, Telegrams - ~ Peckett, Bristol. 






































Lendon Representatives :— 
PPRGUSON & PALMER, 9%, Victoria Street, Westminster, S.W. 1. 














TANK LOCOMOTIVES 
HUDSWELL, CLARKE & CO. LIMITED. | 


LOCGMGrTiT vas 


For Main or Branch Railways, Contractors, 
Stee! and Ironworks, Collieries, Docks, &e. 








Made to suit any Gauge of Railway. 





SOLE MAKERS OF 


as bey | Mls f : i | RODGERS’ PULLEYS” 


(Registered) 





WROUGHT IRON THROUGHOUT,~ RIM, = 
ARMS, AND BOSS. 





Also makers of Internal Combustion Rail Locomotives. J 





PRICES, PHOTOGRAPHS, AND FULL SPECIFICATIONS 
ON APPLICATION. 3200 





er 9 sonia anny ees: eek eras eliaaaa Beis 





























Translation of part of an article that appeared in the 
Tokyo Nichs-Nicht Shimbun, May 22nd, 1926 :— 


‘* It causes less than half the vibration to the train 
as compared with ordinary present-day locomo- 
tives—it gives a fine smooth start and prevents 1 
disagreeable shocks to the passengers. It pulls 

- = a the regular limited express with four additional 
cars and still has plenty of power left to haul more. From now on, this type will be the motive power 
for all limited express trains. Imagine pulling 17 cars and keeping the limited express speed ; 





it surely revolutionizes the locomotive world.’’ 3590 
TELEGRAPHIC ADDRESSES: 
Locomotive, New York City. Sivad, London, England. 
Thaine-Lourenco Marques, Port. East Africa. 





AMERICAN LOCOMOTIVE SALES CORPORATION 
New York City U.S.A. 


SO ————S— << 
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Telegrams: ‘Colvillett,”’ 


“a DAVID COLVILLE:SONS,C = 


DALZELL STEEL & IRON WORKS, MOTHERWELL. 


GLENGARNOCK IRON & STEEL WORKS, CLYDEBRIDGE STEEL WORKS, 
GLENGARNOCK. CAMBUSLANG 


HEAD OFFICE: 195 West George Street, GLASGOW. Snip & Brioce BRAND. 
| - 


PLATES. RAILS. JOISTS &BA ran 


IN SOFT, MILD, MEDIUM, HIGH TENSILE, H.H. TENSILE, eo 
NICKEL AND ALLOY STEEL. e199 SIRS 


“ODALZELL” BRAND, 
Makers of Highest Quality Scotch Foundry Pig Iron “ Dalzell’’ Brand. 


29. | STAINLESS STEEL and IRON, | (28): 


Ss w 
ST S Made by the Inventor, at SI; S 
AMES) BROWN BAYLEY'’S STEEL WORKS. LTD., SHEFFIELD. | CAN 








NICKEL CHROME BRAND, 
































ATAU Main 








THE BRITISH SPECIALISTS. | (ON ADMIRALTY WAR DEPT. AND COLONIAL LISTS.) 


HYDRAULIC LEATHERS & 





LEATHERS COMPANY LIMITED ALTRINCHAM. 











in 
Up to the Largest 
Dimensions and Capabilities. 
Grand Prize at London Exhibition, 1909. 
. Gold Medal, Japan-British Exhibition, 1911, 


Bow and Stern Well Centre and Side Ladder Bucket, Barge Loading and Hopper-Dredgers, Suction Dredgers, Cutter Dredgers, Trailing Dredgers, Reclamation 
Dredgers, Grab Dredgers, Hydraulic and Mechanical Agitators, Discharge Pipes and Pontoons, Hopper Barges, Sewage Steamers, Caissons, Tugs, Ferries, 
Paddle and Screw Steamers. Delivered Complete or Shipped in Sections. 















TaN ee 
Pe eae 





Pe Le 





anmeemasina™ 


Spare Gear and Renewals ‘Riieatedt. 


FERGUSON BROTHERS Port Glasgow), LTD. 


SHIPBUILDERS AND ENCINEERS. 
ON WAR OFFICE AND ADMIRALTY LISTS. NEWARK WORKS, PORT GLASGOW... /ele. Address: DREDGER, PORT GLASGOW. 


3231 
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soosALFRED HERBERT LTD. COVENTRY zs: 


SEEPS) 





Tangye 1l6in. by 18ft. High Speed All-Geared Lathe. 


AN ATTRACTIVE OFFER. 


One 12in. by 16 ft. 0 in. TANGYE SLIDING, SURFACING Two 16in. by 18ft. 0in. TANGYE HIGH-SPEED SLIDING, 


AND SCREWCUTTING LATHE, with Three-step Cone Pulley SURFACING AND SCREWCUTTING LATHES, with single 
Pulley Drive, Faceplate, with four removable steel jaws, Three- 


Drive, Hendy Norton Gearbox, Pump and Fittings, and step Steady Rest, Travelling Steady Rest, Change Wheels, 


OOO OOOO OOOO OO OO OOO OOO Oooo ojo oo ojo oO 


Two-Speed Countershaft. with Swing Frame and Stud and Two-speed Countershaft. 
Swing over cross slide 3% oe 172 in. Swing over créss slide = ante: 
Admits between centres — .-- 120 in. Admits between centres ra ... 119 in. 
Number of spindle speeds ... a 18 Diameter of hole in spindle ... ste 2g in. 

PRICE er aC ee ie £320 PRICE bid ko = i £650 


These machines are new and unused and selected from the many bargains in New, Re-conditioned and Second-hand Machines in 
our Surplus List No. 19. All re-conditioned machines carry our guarantee. A copy of the List should be in the possession of all 
interested in the purchase of machine tools. Send for your copy now. 


MACHINES MAY BE INSPECTED BY APPOINTMENT. 
OOO OO, OO OOOO OO OOO OOO OOOO OOO OO OOOO OO Ooo OOOO oO ooo ooo ooo oo ooo ooo 


“ BROOKE” 


JIGS AND FIXTURES 


OOO} OO OO} 























2 
Typical products of / Pad 
one of the finest /- | 
plants in the metal 94 

working world. oa 


We will design 
any Jig, Fixture, 
or Press Tool and 
submit drawings 
for approval. 


Above all, our 
prices are moder- 
ate and quick 
delivery can be 
given at all times. 


WE ALSO MANUFACTURE Broaches, Cutters, Reamers, End Mills, 
Saws, Hobs, Twist Drills, Suds Pumps, and all types of Gauges, etc. 


THE BROOKE TOOL MFG. CO., LTD., BIRMINGHAM, ENG. 


2867 




















CIO O TOO O OOOO OOO OOOO Oo, O ooo Oooo) 
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weeeeA LFRED HERBERT LTD. COVENTRY. s==02 









ws you have to send away a copy 
of a drawing, blueprint, document 
in ink, or pencil, typewritten, printed or 
written matter, send a Lucigram—a duplicate 
of the original which can be obtained in a 
few moments by means of the Lucigraph 
Photographic Copying Machine. 


Where any sort of copying is to be done 
the Lucigraph offers the most 
efficient and economical means 
of doing it. 


OO OOOO OOO OO OO OO OO oO oo oO) oo} 


OOOO OO OOOO Oo o}O oo ooo oo oo oo oo oo o}ololo ooo ooo 


[a 

fa) Ask for the booklet and 
fal also for particulars of equip- 
et y ment for Drawing Office and 
ol Print Room. 

a = DELIVERY 
elk geen ea FROM STOCK. 

(a) 

fa 


IO OOOO OOO OFO TO OO FOO OO OOO OOOO OO OOO OOO OOO OOO OOOO OOO OO OOO OOOO ooo }o}o oO} 
conomical 
Removal Plavt in one of the 

€ 








Grinding Shops of a well-known 
firm of Tool Manufacturers. 






















F your problem is the effective removal of dust 
given off in any mauufacturing process before it 
has a chance of permeating the surrounding 

atmosphere, then put it up tous! We are specialists 
in designing and applying plants for exhausting dust 
from Grinding Machines, Fettling Machines, Rumblers, 
Polishing Spindles, Saws, Multi-cutter Planers and 
other woodworking machines; Grain Conveyors, 
Textile Machinery, Colliery Screens, etc. Our plants 
are designed on scientific lines, obviating waste of 
power and keeping running costs down. 


Booklet K189 sent on request. 


JAMES KEITH & BLACKMAN CO., LTD. 
27, Farringdon Avenue, London, E.C.A4. 


BIRMINGHAM: GLASGOW : MANCHESTER: 
21, Waterloo St. 90, Mitchell St. 4, Cannon St. 


and at Leeds, Newcastle, Sheffield, Bristol, Cardiff and Belfast, 





PII ag 
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YOUR. NEXT CONTRACT_DO IT WITH 


Are you interested in cutting your costs in half on ‘‘ Muck-Shifting 
Work ’’? ‘*Caterpillar’’ Tractors in combination with Baker-Maney 
Self-Loading Scrapers will do this for you, given proper care and attention. 
—Think it over—here is an excavating and transport unit continuously 
on the move during working hours that EXCAVATES, TRANSPORTS, 
DUMPS and CONSOLIDATES the fill in one continuous operation. 


“4 CATERPILLARS.”’ 
There are mary other uses for ‘‘ Caterpillars.’’ They will clear the right 
of way, haul loads over rough and uneven country. Our latest cata- 
logue, ‘‘ Road Tools,’’ describes other important uses, amongst which 
isa ‘‘Loader’’ especially built for ‘‘Caterpillar’’ Tractors and a 
‘‘Ripper ’’ for tearing up hard surfaces. A copy of this new catalogue 
is available for users and prospective users of ‘‘ Caterpillars.’’ 


TRACTOR TRADERS LIMITED, 


THORNYCROFT HOUSE, SMITH SQUARE, WESTMINSTER, S.W.1 
SOLE BRITISH AGENTS CATERPILLAR TR 


TELEGRAMS: “ TRACENERGY, LONDON.” 
SAN LEANDRO 


There is but one 
‘¢ Caterpillar.’’ The 
name was originated by 
the Caterpillar Tractor 
Co. and is their 
exclusive Trade Mark. 


CATERPILUR 





TELEPHONE: VICTORIA 7609. 
Each size ‘‘Caterpillar” is 
adapted to meet. the 
requirements of the most 
exacting kind. Satis- 
factory performance and 
low working costs are 
the ultimate tests. We 
invite investigation. 3275 


ACTOR COMPANY, 
CALIFORNIA. 














TELEGRAM S— 
WERFCONRAD, We ELEM, 
LONDON. 


DREDGORAFT, A 
CODES Lisenre. ABC, Ye 
and MOREING & N - 
aguas samen mag 


39-41, NEW BROAD STREET, 4 onpon, E.C. 2: 


: MARINE WORKS, Ltd. 


FRIARS HOUSE, 32 


HAARLEM, 


HOLLAND. 


OF THE LATEST AND MOST IMPROVED TYPES, 
OF ALL DESCRIPTIONS, AND UP TO THE 
LARGEST DIMENSIONS AND CAPABILITIES. 





BARGES anpd FLATS Buitt in SscTiona FoR RE-EREOCTION ABROAD. 








BUCKET HOPPER 
AND 


BARCE-LOADING 
- DREDCERS. 


COMBINED BUCKET 
PUMP DREDCERS. bn 


SUCTION 
CUTTING 
DREDGERS 









FLOATING CRANES. 


COAL BUNKERING 
VESSELS. 


HOPPER BARGES 


of any capacity. 





SPARE PARTS 
and RENEWALS 
supplied. 


GOLD ano TIN 
RECOVERING 
DREDGERS 


for DREDGING . | t 
CLAY, &e. Sag, Leaner ie ae A Speciality, 
S ie One of several Suction Hopper Dredgers built for the Argentine Government, iii — 


DESIGNS, QUOTATIONS, AND ALL DETAILED INFORMATION, BOTH AS TO DREDGING PLANT 
AND DREDGING GENERALLY, AND UPON ALL QUESTIONS AFFECTING THE RECOVERY OF 
GOLD, PLATINUM AND TIN, ON APPLICATION. | 
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“ Broadbent ” 


CENTRIFUGA 


Ghe World’s Standard for Durability. 


‘ 











For the Drying of 
Crystalline 
or 
Granular Substances 
of 
Every Description. 
Salts, Soda, Sugar, 
Nitrates, Crystals, 
Anthracene, 
Naphthalene, 
Sulphate of Ammonia, 
Etc., Ete. 











Over 10,000 Centrifugals supplied to all parts of the World. 


Thomas Broadbent & Sons, Ltd., 


Cablegrams: 


1 sete Tines). HUD DERSF IE LD eS eee —— 


3 
Telegrams: ° A.B.C. Liebers. 3178 
** Broadbent, uddersfield.”’ Established 1864, Marconi. Bentleys. 
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BUILD YouUR WORKS 
»»._~, | ON THE GREAT WESTERN. 






































Biv 
LX AS > 
a y yf . 
7 an at The GREAT WESTERN RAILWAY . 
have excellent SITES FOR 
000 you NEW WORKS, MANUFAC- 
TORIES, ETC., both at their SOUTH 
JN l py WALES DOCKS, with direct access to 
RAIL and WATER, and at numerous 
Mga 000 ygyg ali points THROUGHOUT THEIR 
é SYSTEM. 





( 




















Full particulars will be supplied and enquiries treated confidentially, 
or a G.W.R. representative will call, upon application to:— 


CHARLES S. PAGE, E. FORD, 
Chief Docks Manager, ages ee. 
G.W.R., CARDIFF. G.W.R., PADDINGTON, W.2. 
FOR SITES AT THE |. FOR SITES ADJOINING 





_ SOUTH WALES DOCKS. RAILWAY. 











FELIX J. C. POLE, General Manager, PADDINGTON STN., LONDON, W. 2 


$211 











THREE PHASE MOTORS 


DRIVING “*REAVELL” AIR COMPRESSORS 
RECENTLY SUPPLIED BY US TO 


| A LARGE RAILWAY 
COMPANY. 









Is our 
name on your 
Enquiry List? 






OPENSHAW : 
Manchester, England 





LONDON: Australia House, Strand. 3668 











| 
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ab roib. Blanks 


for Silent Gears 











Silent, elastic and durable, Fabroil “A” is also 
impervious to heat, oil and water, and_ is 
extensively used for the timing gears of motor 
car engines. It is eminently suitable for such 
service or any similar industrial duty demanding 
gears running at high speeds. 

These blanks can be delivered from stock in the 
sizes indicated, or as accurately cut spur, spiral 
or bevel gears. 


Delivery 
from Stock. 





When writing for further information, kindly indicate 
the particular duties required of the gears, 


The my, 


British Thomson = Houston 
Company, Limited. Uy 


ELECTRICAL ENGINEERS AND MANUFACTURERS. 


Head Office: Rugby, England. London Office: ‘‘ Crown House,’’ Aldwych. 
Works: Rugby, Birmingham, Willesden, Coventry and Chesterfield. 


























Thickness 
| 14a| 144} 154 


wd 





“ “ ” “ 


IY) 1¥2} 1% 


ae 





1¥4| 12} 1% 








| BS, 


|) 144} De] 5 





1%4| 12 | 1% 


LW) 





















































1 
] 
l 
l 
l 
%a| 1°} V4} 2} 1% 
l 
] 
] 
l 





> 
5 

5° [34] 1°] Bal Bal al 2° i 

8" T14l Peli] 2" 2ulo%| yp 

7 “| Wale |154| 2" aulow 

8° “| alive 4] 2" 2ulore 

= 2 N 

“a0 | 2605 











SNS we ae) 
t oon ee 
rare . \ 


* ~. 


*« 


(ep Y x rN i () Vi 
(LEELA 
>. AGH oy F mS (aS 
TORPEDO BOAT ote “4 vy 
DESTROYERS >t ICR EDO $ 
ter 3 oO 
PASSENGER AND [PRS 
CARGO. VESSELS ‘ 
SHALLOW DRAFT 
30ATS. IGS 
STEAM & MOTOR 
BOATS & YACHTS 


TURBINES AND 
RECIPROCATING 
MACHINERY 
WATER TUBE 
B O | Let _ fees 
OIL FUEL GEAR 
PROPELLERS 


SHIP REPAIRS 
& OVERHAULS 
STATIONARY & 
MARINE MOTORS 
COMMERCIAL 
MOTOR VEHICLES 








a s 


re AA OX Be 
@) \ ») Nop 
OX Sid 


4 oy 
a a 
: ¥ 2¢ IN ah 


eS 


We illustrate the ‘‘ Luna,” one 
of two composite-built attended 
Lightships built at our Southamp- 

ton Yards for the Calcutta Port § - : 
Commissioners. The dimensions i 
of these boats are: Length 105ft., 
breadth 24ft., depth 15f:. 





2 Write to-day for copy of 
Ran Booklet No, 13. 
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STIRLING BOILER 











THe 


SS MAE HE Ue eo 
~ 4 


panbelatnsueR pir Baigdaiedulagets: <beini: inkats b 
he ' 


Te eT 


} 


olin 
APPA AAMNAF \ 
P Roby 
> hd 


ea Oph atphsted 


iii ; a rey | 
Ht cagiguas 
3 


jigs 
tht 


Li 
cxilf 














rr MAXIMUM EFFICIENCY ww 
MINIMUM MAINTENANCE 
COSTS. 











THE STIRLING BOILER COMPANY, L*”: 


32-33, FARRINGDON STREET - - - - ~ LONDON, E.C.4. 


Telegrams: “STIRLINICO, CENT LONDON.” 


Telephone: CITY 5378 and 53879. 
3436 
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WEIR 
Low Pressure 


Evaporators 
For Producing Pure Boiler Feed Water. 


Great economy is effected in 
this unit by the use of bled low 
pressure primary steam, and the 
passing of the secondary steam to a 
lower stage in the turbine or 
direct to condenser. 















Large steam spaces— 
low steam speeds— 
eficient bafling 
device—remove all 
possibility of 
priming. 


You are consid- 
ering means to 
improve the 
efficiency of your 
plant P Our Low 
Pressure Evapo- 
rator is worth 
your _ attention. 
Send us details 
of your require: 
ments and we 
shall submit our 
proposals. 


Send a postcard 
for our pamphlet. 


EIR ‘LTD 


CATHICART > GLASGOW : 


a” 



























308 























' $2 
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4 


_ nearly 10 years’ experi- 


to be the strongest and 


Se ae ee “TURNERS TRAFFORD TILES” 


maximum strength from 
the material “employed, 











ensure 
Close - Fitting Lap Joints; 
Maximum Covering Capacity 
Minimum Superstructure. 
‘with 
General Efficiency 
on the roof. 


ence has. proved-the 


“Turners’ Trafford Tile” 


best Asbestos - Cement 
Sheet obtainable. 















ee 
~reEE a 
Tot pon 


te te 
Roseanne « 







i Ni cation of 
7 Ez ‘materials under- 


taken in any part of 
the United Kingdom. 


by a competent staff MANUFACTURERS 


of specially trained 0 10 
fixers. Our technical ‘Turner a — c fi 












; department is at the London: 


} 120, Fenchurch St, 


_ service of clients. «pop, Bittmingham : 
* Cannon Passage, 


‘ RAED Poe : ‘ “ i & 












ecibadenatiie scone hie ade 9 aks Se LORRY TERME ED ARRON RIN 








3312 
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FOR ALL 
INDUSTRIAL 
PURPOSES 











if flr" 
My 


S@ 


SO 








UNITED WATER SOFTENERS LTD. 


will be pleased to send FREE OF 
CHARGE to everyone interested, copies 
of their informative HANDBOOKS 
dealing with up-to-date methods of 
Water Softening for industrial purposes 
or public supply, by either the Base- 
exchange or Lime - Soda Processes. 








Write Publications Dept. : 


UNITED 


WATER SOFTENERS LTD., 


ALDWYCH HOUSE LONDON, W.C.2. 














\ 632g 
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Goro DRAWN SEAMLESS 











SOLID DRAWN 
STEEL HEADERS 


of various sections 
for Superheaters. 


COLD DRAWN TUBES 


of any 


Diameter and Length. 














ALSO 


CTCo 


MARK 


STEEL STEAM PIPES 


up to and including 24" diameter to meet any survey 








SOLID DRAWN STEEL 


Blast and Starting Bottles 
for Diesel Engines. 


Manufactured up to 
22 in. dia. by 16 ft. long. 








On Admiralty, War Office, Air Ministry and India Office Lists. 


me CHESTERFIELD TUBE co.1:: 


Head Office & Works: 


CHESTERF IELD, ENGLAND 


Telephone No 


: 61 & 464 Chesterfield 


A.B.C., 5th Edition. 
London Address: 


Telegrams: ‘‘ Tubes 61 Chesterfield.” 


68, VICTORIA STREET, WESTMINSTER, S.W. 


Telephone: Victoria 4186. Telegrams 
Code : 


A.B.O. Sth inaiiton. 


Allotropic, Sowest, London. 


2468 
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That is Great Britain’s 
stupendous contribution ! 
Last year British a 


bought £300,000,000 worth 
of foreign-made goods. 


Had that amount of money 
been kept in this country we 
should not be faced with our 
appalling unemployment fig- 
ures and disastrous taxation. 
And we should, most likely, 
have avoided the industrial 
chaos through which we 
have but recently passed. 








of oh 





















Ww 
GUEST, KEEN & <r. 


aa 






Britain is the place for 
British workpeople. 
Britain is the place where 
British money is wanted 
most. Keep the money and 
the work in the country by 
buying British-made goods. 


Nettlefolds Screws, Bolts and 
Nuts are recognised as the 
Standard of high quality the 
world overand they re British- 
made to the last thread. 
Therefore, specify and insist 
upon having G.K.N. make. 


NETTLEFOLDS, y/ 


















gi 









BRITISH 
SCREWS 
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VISLOK 


automatically makes 


THREE Separate but Simul- 
taneous and Interdependent 
Locks by the ONE Movement 
of an ordinary spanner as 
you lock it. 







Why it Locks 





Used as an 
ordinary nat : 


As locked 
on bolt: 


MILLIONS SOLD 


Guaranteed Saves 
ALL INSPECTION 
LABOUR 


Defies Continuous 
Intensified 
Vibrations 


Gives Three Locks 
by One Spanner 
Movement 








A WORLD'S RECORD 





mnilue, Charabanc 
: Cal Ownew 


Patented and 


Jo L 
and Jaxt 


TUNGSTONE 


Entirely of | Trade Mark 
British sei Mice Registered in the 
Origin and A oe Lat Chief Countries 
W orkmansbip. Cc Crulmnvr es of the World. 


Snend afew /+s 


on altering your Dynamo to cut in Earlier and not to cut out at higher speeds. 


The modern Dynamo is constructed to mechanically regulate a very low limit 
of output consequently the major portion of running time it is not charging the 
Battery. One reason (there are others) why your Rstery I is never fully charged. 
Why not alter Dynamo to be continuously charging at any varying speed. 


IT DOES NOT ADD TO PETROL CONSUMPTION. IT GIVES, WITHOUT COST, AMPLE POWER FOR SELF-STARTING. 


Xs Saved How + Why. 


BECAUSE WITH AN EFFICIENT DYNAMO YOU CAN ALWAYS KEEP A TUNGSTONE 
BATTERY FULLY CHARGED BY VEHICLE ENGINE FOR SELF-STARTING ANY 
SIZED CAR OR LORRY ENGINE FROM COLD ON THE COLDEST WINTER’S 
MORNING WITHOUT CRANKING. 


Because Tungstone is the Only All Metal Battery in the World. It’s an 
Engineer’s job made to last and consequently is practically foolproof with a low upkeep. 


Tungstone plate-grids are the only High Pressure Die Cast plate-grids in the 
World to be made of Pure Lead, which is the only metal that perfectly, reliably and 
efficiently, generates and stores Electricity by chemical conversion—the primary factor 
in generating, holding and giving liberal continuous charges and discharges. 


Tungstone plates are Thicker and Heavier than any competitive plate and 
Machine pasted so that they will stand up to continuous and strenuous high 
charging rates. 


Tungstone plates are kept in better condition by Overcharging in preference to 
Under-charging. 

All plates are first partially charged at Works without extra cost to user and 
are immediately ready for work. 


The British Government’ s Independent and Impartial tests conclusively prove that Tungstone 
Starter Battery gives the highest Amp. and Watt hour capacity of any Starter Battery in the 
World. Copy of Official Certificate sent post free on receipt of postcard. 


TUNGSTONE ACCUMULATOR CO., LTD., St. Bride’s House, Salisbury Square, London, E.C.4, T-™.67 


MAIN TERMINALS AND INTER-CELL CONNECTORS 


OF THE 


TUNGSTONE 


4 Pure Lead Grid 
NQecumulat 


ARE 3656 





A WORLD'S RECORD 
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BOREHOLE PUMPS 





PROVIDE THE CHEAPEST METHOD 
OF RAISING WATER 


MESSRS. TETLEY’S BREWERY, LEEDS. 
ELECTRICALLY DRIVEN SULZER BOREHOLE PUMP. 


Over Twenty-Three Years’ 


experience in the manu- 


Considerable Savings can be | sees oh agin 


Borehole Pumps_ enables 
us to guarantee successful 


effected by installing a Sulzer eperation with Hit up. to 


Borehole Pump which will lift surface of the ground. 


Ideal Pump for direct coupling 


1000 GALLONS OF WATER . ee es 


Engines. 


one hundred ft. at a total cost of a 


from 4000 gals. per hour up to 


LESS THAN 3d. INCLUSIVE See 


The Sulzer Patented System of Protection 


of all overhead charges. odie im ce here the ater 


SULZER BROS. 31, BEDFORD SQUARE, LONDON, W.C.1. 
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Established 1865. 


The Largest and Leading 
Drilling Machine Specialists. 


Park Works: HALIFAX, Eng. 





Wm. Asquith1920)Ltd. 
































OR consistent trouble-free 
service combined with 
accurate and economical 

working, no other machines 

compare with’ the 

** ASQUITH.” __ Illustrations 

show just a_ few typical 

examples of our products. 

We also build Horizontal 

Machines, Multi - Spindle 

Machines and Attachments, 

Twist Drill Grinders, Special 

Purpose Machines, etc. Full 

details of any type, or types, 

promptly furnished on 
application. 






































PARKSON 


PLAIN & UNIVERSAL 
MILLERS 


with TWIN OVERARMS 
Have STRENGTH & MASS for 


HEAVY CUTS on HARD MATERIALS 


EASY AND RAPID CONTROL 











AMPLE SPEED AND FEED RANGE 





GUARANTEED ACCURACY. 





J. PARKINSON & SON, 
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IS BEST PERFORMED 
ON 








Pro 


THEIR INSTALLATION 
IS ECONOMY. 













eee Sexton: Ti 


Vent Pe 







Widen 


GEORGE RICHARDS & o.L1., + 
BROADHEATH, near MANCHESTER. 


DHADANDOODNOUESANDOOUUOUUOUNQNOONENNOUNUNEQQQNNQUOGHONNOQUQUEQUOQNOQO0NNQU0000000000000U00U900000000000040000U00U000000000000000000000U8000000000000000000000U0000000000000U0000U000000QH0000000U00H00U0000RNN0N0U0UNNOUEOUEQUOOUONEOG/OUEUOOUNOCOCOOOUOOUOOOOOEOCSOOEOUEOOOOOOOOONEDOGUEOSOOOOUOOUOINONONE 





BRASS FINISHERS’ LATHES 







SSS ne 





DOUBLE GEAR 
FRICTION FASTHEAD. 






FOLDING OVER 
CHASING ARRANGEMENT. 







AUTO. FEED TO 
TURRET. 










LOOSE- 
HEAD. 




















\A 


JOHN LANG & SONS, I? 


JOHNSTONE, near GLASGOW. 


Lathe Manufacturers, 








40 


ENGINEERING. [DEc. 31, 1926. \ 








81/1/5 


This illustration shows the 
relative conditions of the centre 
portions of a centrifugal pump 
shaft made from Firth Stainless 
Steel and the mild steel shaft 
which it replaced. Both shafts 
have run at 1400 revs. per min., 
144 hrs. per week for two years. 
Think of the saving in pump 
packing maintenance alone— 
yet the Firth Stainless Shaft 
is good for many years to come. 





STEELS 





Signs 
et 
Eid 

















FIRTH 


STAINLESS : 











A telegram—a hurried conference at the works, 
and what’s to be done? The plant that was to be if 
the ‘‘last word”’ in efficiency, the pride of your 
designers, has broken down at the works of those | 
customers you wished most to impress. The pump 
shaft, the valve, or some minor though vital casting, 
has failed in the “‘ Corrosion Zone.” 


There have been timely replacements before— 
every few months perhaps—but this time a real shut- 
down—important customers annoyed, all because 
there was no careful exploration into the insidious 
effects of corrosion—your drawings did not specify 


Firth Stainless Steel. 


The whole Firth experience of the successful application of Stainless | 
Steel to hundreds of problems similar to yours, awaits your enquiry. 


THOS. FIRTH 


NORFOLK WORKS, 




















i 
+— 
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FIRTH 
FILES. 


BEST CAST STEEL 





92/1/52 
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. 


Firth Files are constantly 
under test in our factory 
on standard File Testing 
Machines. The tests are 
recorded in the form of a 
graph. 


A Firth Bastard File is 
guaranteed to remove not 
less than 2 cubic ins. from 
the test bar per 10,000 
strokes. 














The right file for any work is designed solely 
for that work, The right file will remove more 
metal in less time and will still be efficient when a 
wrong file would be on its way to the scrap 
heap. 


Firth Files embody a scientific study of tooth-form 
and angle. Each file is subject to rigid inspection 
before despatch, and from experience we know that 
we can put forward a Firth file which will show a 
definite saving in your particular case. Tell us the 
task and we will send a specimen file whick will 
give maximum efficiency—Send for it to-day. 


Write for our List P. 15, which gives particulars of independent tests 
on Firth Files, and the files recommended for specific © tasks. 


& SONS, LTD. 


SHEFFIELD. 
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—ROYLE'S parent a 





SIMPLE ! 





EFFICIENT ! 
RELIABLE ! 











en TR STEAM TRAPS — 





REQUIRE NO ADJUSTMENT FOR VARYING PRESSURES. 


Class B. 








STANDARD PATTERN. HIGH PRESSURE PATTERN. 


SUITABLE FOR ALL PRESSURES 
UP TO 100 LBS. PER 8sQ. IN. 








FOR ALL PRESSURES OVER 100 LBS. 
UP TO 200 LBS. PER SQ, IN, 


Class C. | Class D. 











LIFTING PATTERN. 


FOR ALL PRESSURES UP TO 200 LBS. 
PER 8Q. IN. 


BLOW-THRO’ PATTERN. 


BY SCREWING DOWN THE HAND- 
WHEEL THE INLET VALVE MAY BE 
OPENED FULL BORE WHEN REQUIRED 








Class E. 








FULLWAY PATTERN. 


FOR VERY LOW PRESSURES, SIMILAR SYPHONIA RAPIDE (Bucket Type). 


TO CLASS A, BUT HAVING THE INLET 
VALVE THE “FULL BORE” OF THE 
INLET PIPE. THE TRAP BODY AND 
OUTLET ARE ENLARGED TO SUIT, 








FOR INSTANTLY DISCHARGING THE 
CONDENSATION REGARDLESS OF 
TEMPERATURE,—SIZES TO SUIT ALL 
DUTIES AND PRESSURES, 








LISTS AND FURTHER PARTICULARS ON APPLICATION. 


PLEASE ALSO ASK FOR OUR NEW CATALOGUE OF SPECIALITIES FOR STEAM USERS. 
$112 








MANUFACTURED BY: 


ROYLES E° 


TELESSNE: itn 35 2M. 
IRLAM, Nr. MANCHESTER. 





ENGINEERS 


AND 


SPECIALISTS. 









































DEC. 31, 1926.] 


ENGINEERING. 


43 

















“ted by Vickers 


i¢ 


roy, 
Se 


CER Liryi 


mited at Barrowin-Furness forthe 0 








s 


44 ENGINEERING. [DEc. 31, 1926. 


0SO0G000000000000606 
Obiter Scripta 


concerning 


GREEN’S 


CAST-IRON 
ECONOMISERS 


(Original documents on File). 


E. GREEN & SON L®: WAKEFIELD, ENGLAND. 











'yoe 





r( 


> 


J 


‘¢ Although now old (52 years) our Economiser shows 
no sign of giving us trouble.” 


Selkirk; August 1926 


>», H RINGS TAY 
(@) ; © 
YZ. 


‘*The Economiser was put into commission in 1901, and 
has been running continuously night and day up to the 
present time without any repairs being carried out.” 


Coventry: October 1926 


€ 


> 


wo 
4 


> 
oo 


LON 
© 
Ft SAY. 


vy 
mo 


‘‘We are pleased to say it (Green’s Economiser) is 
working very well and is a great asset to us during the 
present coal crisis.’’ 


STRE 
© 
NGTHY pncs 
Btup/)\, SAVISONI/G)\H 
HLONa 


Doncaster: July 1926 


‘*When the scheme was put forward ............ promised 
his superiors that it (Green’s Economiser) would pay for 
itself in three years, whereas actually the expenditure 
was repaid in about nine months’ time.’’ 


Woolwich: February 1926 


RENETHYG\RINGST 
Ke Xe} 
MA 
SONIH/G\HION 
x) 
BUISCKAWLSONR OS 


J 


Nill AHLON HLS /G\ SAVL 
©> > 
Of9Naws Of zavison'O HL9N 


: 


Telegrams : ‘* Economiser.”’ 
Telephone: 443. 


oOo 

















__SEE OUR DISPLAYED ADvERTIGEMENTS ON paces 40 & 41. = 











Positive Valve Gear Engines are suitable for boiler pressures up to 200 lbs. 
per square inch, with a total steam temperature up to 600 degrees Fahr. The 
economy of the steam consumption of these engines is remarkable, it being 
possible to obtain one-horse power for every 9} to 10} lbs. of superheated steam. 

Write for Catalogue No. 723. O 5908 


DAVEY, PAXMAN & Co., Ltd., CoLCHESTER, and Aldwych House, Aldwych, W.C. 2. 


TURNED AND POLISHED STEEL-SHAFTING 


ETABLISSEMENTS GOM REEGa) 
208.210.212.Rue du Faubourg dArras.LILLE. France 















Agents Wielalicte: 








Manufacturers of all kinds of Ste« Makers of the latest types: of 





hardest to the softe 


Svhibibatitabsdibibadadadedy 


TRADE HECLA **« 


Dryryyy reyryny TALL AL ALAS 


STEEL FORGINGS 


in the rough, rough machined, or finished 
FOR MARINE & oTHER ENGINEERING PURPOSES, 


of any analysif and to pass any requied tes! 


STEEL CASTINGS 
motes dteltteta) 


SOLE MAKER F THE HADFIELC 
lel, hele). i lelell. lem. ga. (el, i-ler wa, ic 


of every 
SHEFFII 


HADFIELDS LTD 


STEELS 


Works area over 200 acres 


Buildings cover 61 acres 


STONE BREAKING AND ORE 
CRUSHING MACHINERY, 


including Gyratory, Jaw and Disc Crushers. 


Sole Makers of Hadfield’s Patent 
ERAC MANGANESE STEEL. 
Te The S reme Mater for > 


a Marx ' F 


» Pa f g Machinery, 


pecia aN »Y Tig 
Mot Car é 


HADFIELDS Lr. 


East Hecla and Hecla Works, Sheffield. 
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BEYER, PEACOCK & CO., LTD. 


Gorton Foundry, MANCHESTER. 
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Sole Sole 
Licensees Licensees 
for for the 
the Ljungstrom 
Garratt Turbine 
‘a 
Locomotive 
Patent ; Be 2 nm 
Articulated N a , in On 2 RA d a . on British 
ae ayy — os aw Sr => me - 
2225 





LOCOMOTIVES—Steam, Electric and Internal Combustion. 











ee ee ee ee ee ee ee ee ee eS ae eS ed 











—s 





published. 


May we send you a copy? 














i BROTHERHOOD STEAM TURBINES i 

Vi The illustration shows a 6000/6250 Kw. Turbo- 

1 _ Generator recently installed in a London \ 

"i Municipal Electricity Works. \/ 

WV The Condenser and Turbine-driven Circulating y 

i and Extraction Pumps were also manufactured 

l i and erected by us. y 

Mi A new Catalogue illustrating typical applications y 

AY of Brotherhood Steam Turbines, will shortly be I 
A 
4 
: 











PETER BROTHERHOOD LTD 
PETERBOROUGH. 


BRANCH OFFICES : on 
London, Manchester, Leeds, Glasgow, Belfast and Birmingham. 


= SS EE ee EE eS 


THE - FROUDE DYNAMOMETER 


FOR TESTING WATER-COOLED AUTOMOBILE, 























AERO, OIL, GAS, DIESEL & STEAM ENGINES, 


& TURBINES. INEXPENSIVE, CONVENIENT, 


a : i <—— SCIENTIFICALLY ACCURATE. ——> nx. 
Write for free copy of New Catalogue No. S 80. 


Heenan & Froude Ltd. Worcester England 
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BACKS TO THE WALL. 


No one misunderstood Sir Douglas Haig in 
March, 1918, when he said every man’s back was 
to the wall, and no one is under any delusion 
about British industry being in an analogous 
position to-day. 

These are the occasions when men rise to achieve- 
ments which seemed impossible. History is full 
of striking incidents when men have risen, even on 
their figurative dead selves to unparalleled heights 
of eminence. 


Adversity is often a blessing. 

The great shipbuilding industry of this country still holds its 
pre-eminent position. But it is being threatened on all sides. 
To-day, as never in the past, are British Shipbuilders fighting 
with their backs to the wall 

Despite the slump, great ships are being built. The Beardmore 
Shipyard contributes its share of shipbuilding masterpieces that 
reflects credit not only on the architects and builders, but on the 
British nation who have always set the pace for other nations to 
follow in this leading industry. Beardmores are proud, not only of 
their own, but of the reputation of Clyde shipbuilding, the records of 
which are not sullied nor likely to be. 


Buy Beardmore Built Ships. 


WILLIAM 


BEARDMORE 


AND CcCOoOmMPaA WImMi Tre Dp 
NAVAL CONSTRUCTION WORKS, DALMUIR, near GLASGOW. 
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10,000 Kw., 3,000 R.P.M. Parsons Turbo-Alternator recently installed in a Municipal Power Station. 


PARSONS POWER PLANTS 


are world-famed for 
RELIABILITY and ECONOMY 


whilst their reputation for maintaining 
their high efficiency over years of service 
is unchallenged. 


CA.PARSONS 








& COMPANY LtP 


HEATON WORKS, NEWCASTLE - on - TYNE. 
London Office: 56, Victoria Street, Westminster, S.W.1. 


IQMVIIUUNUIUULUUIUUIUUULUULLUUUILLULLL LULL 
CLL en 


LP.S. No, 112—P. 4166, 
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THE DARLINGTON FORG 


Telegrams: LIMITED. Pe Telephone : Ne. 


FORGE, DARLINGTON. D ARLIN CT ON Is ; 2610. 












ANY SIZE 


te €e 
o ort 
~ Pra®tinaron’ FORGE “<4 ove ‘ 
I" PELLERs up TO 2* ‘ 
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BES TESTERS 


Used by the BRITISH and most FOREIGN GOVERNMENTS, the leading UNIVERSITIES, 

TECHNICAL SCHOOLS, RAILWAYS, CONTRACTORS, IRON and STEEL WORKS, &c., 

FOR METALS, CHAINS, ROPES, WIRE, CANVAS, CLOTH, YARN, CEMENT, PIPES, CONDENSER 
TUBES, OILS, PRESSURE AND VACUUM GAUGES. 











2 roe ORDA a eae ee mane BS AAT HOY 
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Fig. 5149.—GYROMETER. 
SHOWS SPEED AT A GLANCE! 





ij ALL KINDS OF INDICATORS 
Fig. §111.—BAILEY’S NEW PATTERN AND RECORDERS FOR PRES- 





CAST-IRON BAR TESTER. 
Tests Bars of Cast Iron, DEADWEIGHT GAUGE TESTER. SURES, SPEEDS, LEVEL AND HYDRAULIC IRON AND 
Bronze, &c. Fig. 5041,—DEADWEIGHT Vor Pressurés to 2000 Tha: vhow OF anette, STEEL TESTER. 


PRESSURE GAUGE TESTER. To 10, 25, and 50 tons. 


To 200 and 300 Ibs. 




















Fig. 5120.—BAILEY’S 





“THURSTON” RECORDING Fig. 5063.—TABLE PATTERN CEMENT TESTER. 
OIL TESTER. With new design Shot Filler. To 1000 lbs, 
Ets For testing oils, greases, To BRITISH STANDARDS. 
TER-H ULIC TEST PRESS. 
. bearing metals, So. PRICE INCLUDING TWO MOULDS AND WEIGHING 
or testing cement blocks, extracting olls, &c. P 
Made in three sizes to 12, 60 and 150 tons. Used by the Adminatty, ond by a eae 

the Principal Railway Cos. and 


Shipping Cos. of the World. 




















‘PRINCESS OF THULE” 
HYDRAULIC TEST PUMP. 





BOILER TEST PUMPS. For Marine Boilers, &c. 
Fig. 5007.—To 300lbs. £11 For Pressures to 200, 500, 
: Fig. 5008.—To 500 lbs. £16 10s. and 1000 Ibs. 
Fig. 5109. — BOULT’S PATENT Hand Pumps to any Pressure. 
ENGINE CYLINDER LUBRICANT DOUBLE AND TREBLE RAM TEST PUMPS, 
TESTER. Hand or Belt Drive. TEST PUMP. IDOE paigeacee 
leather case; weighs only 
: 19 Ibs. 
Tests to 500 lbs, PRICE #12. 
DEADWEIGHT PRESSURE AND 
VACUUM GAUGE TESTERS. Manuf. actured by 
In various 





Sir W.A Bailey & C17 


ALBION WORKS, SALFORD. MANCHESTER. 








' 
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ARMATURE 





OIScsS & 





PRESSED 
'NSULATOR 


CHAIN WHEEL 


=| 


“N° 165 


: ROLLING MILL FOR COIN STRIP 





Tones Mle | Boe, 


TAYLOR & CHALLENPRES PRESSES 








SMALL ARMS 
AMMUNITION 
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Presses, Dies, Lathes & Shears 


For Seamiess Metal Hollow-ware 
and General Sheet Metal Products. 


MINTING, COINING & CARTRIDGE MACHINERY. 


Over 10@ different Presses in Stock, and more 
im progress. 

















CuP& SAUCER fF . 


(ALUMINIUM) 





DOMESTIC 
STEWPANS 
(STEEL) 


€9 
) 


ELEVATOR 
BUCKET 
(STEEL) 











DOUBLE 





























_DRAWI NG 
Vena 





QE MOTOR CAR 
PRESSWORK ON 
\ ‘a a,’ 


STEEL 6 
NON- FERROUS 
METAL SAMPLES 














COINAGE 








AERO BONNET 





MOULDED? © 
INSULATORS 

















AUTOMATIC 
PUNCHING 
& PIERCING 













% 





SOLID DRAWN 

















sano = 

CuPSé& TUBES 
seams $s 5 : 
SAUC EPANS 

GUNPOWDER PRESS 
(STES & SAW 
WwW 
ARSHIP wrest Hance us DP & i Oieis 
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TAYLOR ee CHALLEN, a ENGINEERS & MAKERS, 


DERWENT FOUNDRY, WORKS & SHOWROONS, CONSTITUTION HILL, BIRMINGHAM. 


TELEGRAMS: 


“DERWENT, BIRMINGHAM.” 
“ TAYCHAL, PARL, LONDON.” 


PONTO OTT nt 











LONDON OFFICE: 


ST. STEPHEN'S HOUSE, VICTORIA EMBANKMENT, $.W. 1. o:n« 
CAAT 


TELEPHONES 


BIRMINGHAM: CENTRAL 876. 
LONDON, VICTORIA 3613, 
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( Stages in Manufacture ) 
No. 7. The Finished Rotors. 








REN Ne Aa co aa 


The finished Rotor for a 15,000 
k.w., 3,000 r.p.m. Turbo-Alternator 


on balancing ways in Witton Works. 





Scientific design, 
accuracy of manufacture, 
careful choice and 
testing of materials used 
for rotors ensure safe 
‘| and efficient operation 

' ) , om : of G.E.C.—Fraser and 
Rotor for 18,750 ~ ar 6? ~? Steam Turbine Chalmers Turbo- 

Alternators. 


The wheels are pressed on to the shaft and held in position by sunk keys and 
a suitable screwed nut at each end. ‘The Rotor is of all steel construction. 
The shaft is rigid and carefully machined and polished. Blades are milled from 
solid steel bars and polished and the discs are machined and polished from a 
solid steel forging. 


TURBO-ALTERNATORS. TURBO-GEARED D.C. GENERATORS. 
TURBO-BLOWERS. TURBO - COMPRESSORS. © 


Write for a copy of Turbo Bulletin No. 13, containing complete information of G.E.C.-Fraser & Chalmers Turbo Plant. 


She G.&:-C.- your Guarantee 


THE GENERAL ELECTRIC CO, LTD. 


HEAD OFFICE: MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 *” 


i : WITTON WORKS, BIRMINGHAM. 
—— 2 ates Fraser & Chalmers Engineering Works, Erith, Kent. 
a Branches throughout Great Britain and in all the principal markets of the World. - wen TOE FO. 
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THE PILLESHALL C? LE» 


pumping ss 
2m MACHINERY 











HIGHEST EFFICIENCY 





RECIPROCATING & CENTRIFUGAL. | 





5 SETS OF 30in. CENTRIFUGAL PUMPS FOR LONDON MAIN DRAINAGE. 





ALSO MANUFACTURERS of 


MILL & WINDING ENGINES, UNAFLOW ENGINES, 
GAS ENGINES 6p to 4000 B.H.P. 
for operating on BLAST F URNACE and other gases. 


STRUCTURAL STEELWORK 


OF ALL DESCRIPTIONS. ve 
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IONEERS in the : 
: manufacture of . 
{| | MECHANICAL STOKERS 
EE & COAL HANDLING'PLANT 


5 Bennis experience 
5 e —— Is at your service 


"3 OL... ,C1LOLe, 0 





g onl reputation 

cma \_ 75 your guarantee 

3 your § mM 
Pi | F | le 
Write for literature f 1 / y\ 





° ° 


| z Ab lhe WV Hap 
| ED. BENNIS@ $3 eae '5) 


© LITTLE _HULTON 
; TELEPHONES:- B oO L TT O N: 


FARNWORTH 13 
& VICTORIA 627 London Of fice :- 
© TELEGRAMS :- 28 Victoria St, SWI 
“BENNIS 
LITTLE HULTON 
& BENNIS | 
LONDON 











OS 








@y *' '2S@)p! 1 *07@ ) 07 F! o4@)5* 1 *3I@)9' ' 6 J@ 


LL 





























EMENT page X| ENGINEERING. [DEc. 31, 1926. 


THE WALLSEND SLIPWAY 
ENGINEERING COMPANY, ITD. 


WALLSEND-ON-TYNE. 




















Builders of 


ALL TYPES OF MARINE ENGINES. 


BOILERMAKERS AND SHIP REPAIRERS. 

















WALLSEND-SULZER DIESEL OIL ENGINE OF 2000 B.H.P. 


Specialists in LIQUID FUEL BURNING. sour 








HEAD OFFICE @ a - - + = = WALLSEND-ON-TYNE 
London Office . . . . . . . 30, Great St. Helen’s, E.C.3. 


Liverpool Office Cunard Building. 
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P ” When we designed the Park- 
a\r inson inson Motor we said “ 90°/, 


of these motors will be used by 
men who know nothing about 


de sign and them. They must be made to 


operate continuously for years 
without supervision and 


% 
Park iInson probably subjected to misuse.” 


So we tightened up the toler- 

manufacture ances in general practice—we 
decided on better insulation than 

hitherto was customary—(we are 

e . large buyers of the finest 
eliminate micanite ; 95 per cent. pure mica) 
—we determined to secure the 

most skilled labour in the country 

—(we pay our men far above 

° k XY trades union rates)—in short, we 

users ris 9 ou agreed that the best of everything 


would only just be good enough 
for the Parkinson Motor. 


ef e 
are safe if i ts All ‘very expensive you'll agree. 


We produce efficiently so that 
a Parkinson Motor is actually 
cheaper than machines any- 


@ 
P. I k q n y oD i. where near it in quality. 


OA 
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COMPRESSION TESTING 
MACHINE 

for testing Cubes of Cement, 

as supplied to Cement 

Manufacturers, Civil ngineers, 


and Municipal Authorities. 


























THE RECENT IMPROVEMENTS AND DEVELOPMENTS 
IN THE MANUFACTURE OF RAPID - HARDENING 
CEMENT HAS MADE THE TESTING OF THAT 
MATERIAL BY COMPRESSION A VITAL NECESSITY. 
MACHINES OF THE TYPE ILLUST#ATED ARE BEING 
INSTA: LED UNIVERSALLY BY USERS AND MANU- 
FACTURERS ALIKE. CIVIL ENGINEERING WORK OF 
ANY MAGNITUDE CANNOT SAFELY BE UNDERTAKEN 
WITHOUT T-E ASSURANCE OF A SPECIFIED TEST 
IN COMPRESSION. 


Avery’s Testing Machines for Cement have been supplied 
to the following users :— 


Aberthaw and Bristol Channel Portland Cement Co. 
Armstrong College, Newcastle-on-Tyne. Battersea Poly- 
technic Institute. Coventry Municipal Technical School. 
Glasgow Corporation. John Cockrane and Sons, Ltd., 
London. London County Council (Three Machines). 
Leeds County Council (Two Machines.) Midland Railway 
Co. Macclesfield Corporation. Metropolitan District 
Railway. Roads Reconstruction Co., Bristol, and many 
other Technical Institutions, Municipal Laboratories, 
Manufacturers, etc. 


Write for List 587. 


3104 














LAMBERTON 


of all kinds. 


STEEL WORKS PLANT 


ELECTRICALLY DRIVEN ROLL LATHE 
for rolls up to 36in. diameter. 


COATBRIDGE, 
SCOTLAND. 


We build these lathes to take rolls up to 
48 in. diameter and larger if required. 


“Sspuly [je 40 


INV1ld SWHYOM 1331S 
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SPECIFY FERRANTI 


Patent Oil and Compound Filled 








CABLE BOXES 


FOR YOUR 


TRANSFORMERS 


They afford access to the terminals 
for disconnecting or testing without 
withdrawing oil from the Transformers. 





WRITE FOR PAMPHLET T-170. 





FERRANTI LTD., FERRANTI LTD. FERRANTI FERRANTI, ING. 
Hollinwood, Bush House, ELECTRIC LIMITED, 130 W. 42nd St., 


LANCASHIRE. LONDON, W.C.2. Toronto, CANADA. NEW YORK. 
1361 
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TANGYE 
HYDRAULIC 
JACKS 


FOR ALL TRADES 


STANDARD SIZES FOR 
LIFTING FROM 5 TO 200 TONS. 


g 


L 





HYDRAULIC 
LIFTING JACK, 


Ordinary Type. 
romeo 











SPECIAL JACKS FOR LIFTING 
UP TO 600 TONS. 


CATALOGUE No. 311 FREE 
ON APPLICATION. 


QOOO0O00ooooooooooooooOoOoOooOoOooOoOoOod 


ccooco = PIONEER MAKERS 00 






HYDRAULIC SHIP JACK, 
For Weights up to 


200 Tons. 
Scene 


OOOO 60 YEARS’ REPUTATION. On) HYDRAULIC ‘Sauna 














HYDRAULIC TRAVERSING 
JACK. 





SHIP JACK. 














JOO OOOO OOOoOOODOODOOOOOoOoOooooD 





OCCORODOO0OCOODDoOoooopBonoooooood! IWIN) 


= TANGYES L@ — BIRMINGHAM = 
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YARROW 
BOILERS 
BARKING 


POWER 
STATION. 


YARROW 
GLASGOW. 


3545 
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PREMIER 


CLOSED CIRCUIT 


AIR COOLERS 


(Patented) 


for Efficient Alternator Ventilation. 


Station engineers are continually striving to increase plant efficiency. The 
installation of a Premier Closed Circuit Air Cooler solves the problem. 


SA 


The system is so designed that the condensate can be employed as a cooling 
medium thus recoveringanappreciableamountofheatloss. 





Excessive temperature rise——another enemy of turbo- O 
: ; ‘ 4 ver 
alternator of efficiency—is adequately guarded against : . 
by automatic emergency doors. 350,000 
K.W. 


Engineers all over the country can vouch for the capabilities estillal ox 
of the Premier. You are invited to consult us on your 


srobledi: on order. 











Full details gladly sent on request. 


The PREMIER COOLER and ENGINEERING CO. LTD., 
Shalford, Near Guildford, Surrey. 















The Original System and the one which meets every requirement. 
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ARG ELECTRODES 











peated | ‘eit Also :— 
HIGH TENSILE ARC WELDING 
STRENGTH. PLANTS AND 
saa <4: ACCESSORIES. 
EASY FLOWING. 
er RESISTANCE 
FLUX COVERED AND WELDERS. 
BARE WIRE. 
ELECTRIC 


CARBON. RODS. RIVET HEATERS. 


Write for Prices and 


Samples. TYRE HEATERS. 








WRITE FOR S.P. 114, 3173 


THE CONSOLIDATED PNEUMATIC TOOL COMPANY, LTD. 


Head Offices: EGYPTIAN HOUSE, 170, PICCADILLY, LONDON, W.1. 








2 MM 


1 


SCIENTIFICALLY CONSTRUCTED. 
AUTOMATIC IN ACTION. 
MINIMISES FRICTION. 











WRITE FOR CATALOGUE No, 3 TO— 


JAMES WALKER & C°: L"?- 


LION WORKS, 
GARFORD STREET, 


eae ants A The KING of PACKINGS. 
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Adjustable, Space and Rent Saving 


Trays for Small Parts for all Trades 








MADE WITH HARDWOOD RIMS & THREE-PLY BOTTOMS. 


This Tray is one of hun- 
dreds of Space and Rent- 
saving Designs. It is 36 ins. 
by 26 ins. by 3 ins.-deep 
outside. All sizes and styles 
of Plain or Divided Trays 
made to order separately 
or complete with Cabinets: 


LET US QUOTE TO YOUR 
REQUIREMENTS. 





Systematic Storage Saves Rent, Rates, Labour and Waste. 





CAXTON WOOD TURNERY COQO., 


"Phone: CENTRAL 8157 (4 lines). 


II & I2, Salisbury Square, Fleet Street, London, E.C. 4. 


























MECHANS LIMITED, 


ee ee Scotstoun Ironworks, Glasgow. 
10, Princes Street, Westminster, S.W.1. 








Head Gears 





Bunkers 





Steel Chimneys 





Blast Furnace Plant 


Riveted Steel Pipes 


Steel Tanks 





Elevators & Conveyors 





Gas Producers 
Steel Buildings 
Steel Structural Work 











3573 


Riveted, Welded & Pressed Steel Plate Work of every Description for Mines, Gasworks, Oflworks, etc. 


Ask for Sectional Catalogue :—No. 2. Structural & Mining Plant. No. 4. Steel Pipes. No. 5. Forging & Flanging. No, 9. Elevators & Conveyors. 
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GUEST-LENOX PATENT PRESSED STEEL SECTIONAL TANKS 


. — = As Supplied to 
"oth adi sedi 4 HO H.M. War Office, 
ce : Admiraity, 
H.v. Office of 
Works, a. P. O., 
Anglo - Persian 
Oil Go., Ltd., 
Etc. 
Sees 


When Ordering 
Tanks for Shipment, 
Reduce 
the Cost of Freight 
by 
specifying our make. 
Sees 


Light, Cheap, 
Bolted Joints, 
Easily Erected, 

No skilled labour required, 
Joints made with plastic 
compound capable of 
resisting the action of 
Raw Ammonia, Oil, 
Alkali, Brine and Sugar 
Liquid. 

Efficient and Strong. 
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The above tank is fitted with special round corner pieces to facilitate cleaning and measures 61 ft. by 61 ft. by 12 ft. 6 in. deep. 


makers: BROWN. LENOX & CO. ‘LONDON). LTD.. POPLAR, E. 


CABLEGRAMS oe “LENOX, MILLWALL.” 


























1 
AIIM TTT LLLLALPa DLT TT PELL GeLLL LLL LLL WU a 
MUTT CLOUT ULL Gon Hydraulically WWE 
SENTINEL NEW VALVE WORKS. Operated Valves. 
Comprising Iron and Brass Foundries, 
Pattern Shops, Machine, Fitting, One of 7 sets 36 inch Hydraulic 
Testing and Inspection Departments. and Hand Operated Valves 


Capacity Equal to Largest Valvés Made. supplied to the 


Nechells Power Station, 
Birmingham. 


Valves controlled by 4-way G.M. 
Hydraulic Cock on Column, and 
additional control from Power 
House Platform. 





Thousands of Valves for All Purposes In Stock. 








In case of failure of Pressure, 
Valves easily operated by hand. 


We design Valve Layouts for 
an neeee ee accu TTT aM] = all: purposes. 
cH 
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Mn 
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ALLEY & MACLELLAN LID 


SENTINEL VALVE WORKS By 


ears WV O RC E. S sh | ik R a Aly, Worn 


AIR COMPRESSORS AT SENTINEL WORKS, GLASGOW, 
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An ideal means of power generation 
and easy to manage. 





OIL 


; economic, reliable 


Built in Horizontal Models from 7 to 164 B.H.P., and 
in Vertical Models (Marine and Stationary) from-6 to 


300 B.H.P. 


CO L. GARDNER & SONS, LTD. 


(Proprietors of Norris, Henty & Gardners, Ltd.) 


PATRICROFT 





—— MANCHESTER. 


London Office =  ~- 195, Queen Victorin Street, ECA. 


Send for Catalogue E.508, 





Vertical Multi-Cylinder, Marine Type. 
Send for Catalogues E.505 and E.506. 


LU A A 





Horizontal Cold-Starting Type. 


UTNE 





Vertical Multi-Cylinder, Stationary,Type. 


Send for Catalogue E.506. 





a 

















aileron Hadgarts Barley 





Telephones : 

2163-4 Paisley. ABC, Sth Edition. 

(Private branch Exchange). Engineering, Western. 

Telegrams; ‘! Vulcan, Paisley.” Union, Marconi Inter. 
_Estd. 1838. 





Winding Engines & 
Air Compressors. 














GEARED ELECTRIC WINDER 
made for 
FIFE COAL CO., LTD., LEVEN, FIFESHIRE. 
One Double Cylindro, Conical Drum. 12 ft. to 18 ft. diameter, 
Suspended load, including rope, 50,300 lbs. Hoisting speed, 
2034 ft. per minute. Length of wind, 1800 ft. vertical. 




















VERTICAL CONDENSING STEAM-DRIVEN 
AIR COMPRESSOR made for 


THE LEWIS MERTHYR een tem COLLIERIES, 


Capacity, 5000 cubic feet to 80 lbs. per square inch per minute. 
3469 
































= 
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ONE TRADE MARK 
. BEHIND THEM ALL. 





34 ROBERTSON STREET GIASGOW 













































































THE 


DEARN 


Pump 
BOILER FEEDERS. 





PATENT DIRECT ACTING PUMP, 


[RANK Pearn & C? [7 
S—Mancnester, ESTER. 








8) E 
DOUBLE RAM. 
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O matter the drive for which you require oar + 


a belt, “TULLIS” can supply it. 


If you are using a Textile Belt which is not 
giving satisfaction try a “ TULLIS” Stretch- 
less Leather Belt. 


Only the kernel, i.e., the centre part of the 
hide is used, therefore ““TULLIS” selection 


is exclusive. 


“TULLIS” quality is always uniform, and 
we can guarantee “ TULLIS” Leather Belting 


to give increased output and long ‘service. 


John Tullis & Sond 


ST. ANN’S WORKS, BRIDGETON, 
GLASGOW. 


TURBINE GEARS, L”- 


mmne FLY DE, CHESHIRE, 














For 
High 
Efficiency 





DOUBLE HELICAL yp GEARS. 


SPEED REDUCTION UNITS 


WM. G. TRAQUAIR, —— - - e 


WM, M, LYDALL - - ; mn. 
Ww. H. DUNN - - - « = « BIRMINGHAM. 
J. G (LIS & CO.- - © Be ee CARDIFF. 
S, OSBORN (South Africa) LTD. 

HANNESBURG, 8S, AFRICA. 
COULSTON & CO. - - - © MELBOURNE, AUSTRALIA, 
GRI-WOLD & O., LTD. - - - - MONTREAL, 


SEND US YOUR GEAR PROBLEMS. ™ BARTHOLOMEW, MONTGOMERY & GO. LTD- VANCOUVER, 


i 
ae 
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Feeder Regulation 
BERRY TRANSFORMERS 


MADE BY THE 


BRITISH ELECTRIC TRANSFORMER C° 17? 


HAYES. MIDDLESEX, ENGLAND. 











Upwards of controlled by 
200,000kw. the Berra 
of feeder capacity, System o 
both at home & Transformer 
abroad is now Regulation. 
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Installations are aoade 
in hand for all systems 
of operation either direct, 


Jee remote, or automatic | 
BTL 
























The Best—and British Throughout 


Heap’s 
Patent Screwing Machines 
with Tangential Dies 





are the last word in Screwing Machines. They are designed {rom beginning to 
end as high class Machine te and embody features not found in any other 
make of Screwing Machine. 


The Die Head is of entirely new design and Patents have been applied for. 
The Tangential Dies are thread milled and hardened. When dull they can be 


simply re-ground and are then equal to new. They never require re-hobbing. 
Responsible representatives of firms interested are invited to visit our Works to 
inspect the Machines im construction and completed, test them in actual use 
and prove their capabilities. 





Joshua Heap & Co., Ltd., ee ‘England. 
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VW: solicit the favour 
of your enquiries for | 
ROLLING MILL PLANT 


for Steel and Non-Ferrous Metals. 


HYDRAULIC MACHINERY 


Pumps, Intensifiers, Accumulators, Presses. 


COLLIERY EQUIPMENT 


Haulages, Winders, Decking Plants, Fans. 


BRICK & TILE MACHINERY 


Stiff Plastic and Plastic Processes. 











and Manufacturing Resources can 
render you efficient Service. 


Cieritte that our Engineering 


THE BRIGHTSIDE FOUNDRY & ENGINEERING CO., LTD., 
SHEFFIELD. 


Established 1756. ’Phone: Attercliffe 466 (4 lines) 


3048 


Cables; Castings, Sheffield. 


THE NAME ROYCE CARRIES | WEIGHT 


| tae ae 





Saeeeeel 
EE 








ELECTRIC CRANES <<a 
DYNAMOS MOTORS 
STEEL CONSTRUCTIONAL WORK = 


Rowvokt LED., BnGinaers, THRAFEORD PARES, MANCHEST ET 
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ROBEY 


(Oil Engine Makers since 1891) 


MAXIMUM ECONOMY 


ECCENTRIC 
VALVE MAXIMUM EFFICIENCY 
GEAR MINIMUM UPKEEP 








COLD START T CRUDE OIL ENGINES 


HORIZONTAL AND VERTICAL 


Made Like a Steam Engine * Runs Like a Steam Engine 











Works: LINCOLN. LONDON OFFICES: 91, Queen Victoria St., E.C.4. 
STEAM, WATER, 
AIR AND GAS HIGH GRADE QUALITY, 


LOW PRICES, 


VALVES =~ 


COCKS and FITTINGS 


STEAM TRAPS, REDUCING VALVES, 
PRESSURE GAUGES, LUBRICATORS, 
&c. | 




















State requirements, illustrated list sent on request : 


ENGINEERING SUPPLIES LTD., 


Makers of all Types of Valves, Cocks, Water Gauges, Pressure Gauges, Steam Traps, Reducing Valves, Lubricators, &e 


11, QUEEN VICTORIA STREET, LONDON, E.C. 4. 


Telephone: CITY 2660. Bentley's ABC 5th Edition, Telegrams: PROELLS, LONDON 
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fiance 


METALLURGISTS, ANALYSTS, 


HEAT TREATMENT SPECIALISTS. 
We are able to carry out Metallurgical Consultation Work 
for the Encincerins . Senes together with Analytical 
Testing, Physical Testing, giving quick, accurate reports at 
low cost. Heat Gamer nt also undertaken. 
Write for our Practical Bocklet and Fees. 


Beecroft & Partners, Ltd., 


St. Peter’s Close, 


AMSLER 
TESTING MACHINES 


Send for catalogues to Sole Agents :— 


T, 6. HOWDEN & C0., »::. 


191, Corporation St., Birmingham. 














CROSBY 
SPECIALITIES 


Sce ADVCATiscmEnTyY Meany Ween. 


SROSBY VALVES ENCINEERING Co. tid 


LOCOMOTIVES 


KERR STUART'S 


5, Broad St. ‘Place, London, E.C. 


gunn HENRY (ooK in 


Clutches, etc, 
West North Street. ABERDEEN. 


The Motherwell ll Bdge & Engineering Co, Li, 


Bi Reofs, Deck Gates. 
west * éraulic cn, Pare, Tanksy_ Deck 


“Socervel” MOTMERWELL, NB. %c.°c 


London Office: 82, Victoria St., London. $.W.1 
Grams ‘ Mobricolim, Bowest, Londen.” Tel. : 4183 Victoria. 


See illustrated advt. last and nent week. 829: 


*> FIRE ESCAPES © 
y FIRE EXTINCTORS): 
| FIRE HOSE & FITTINGS 


a HEATHMAN, | 


























go = 2 





) 











31 B.HP. gy the wrangle iy toe ie (Centre Lighting Co =~ two National 
Lighting o., Ltd 











NATIONAL 


SELF-STARTING 


HEAVY OIL ENGINE 


LOW CONSUMPTION OF CHEAP OILS 
ON FULL LOAD FROM COLD IN ONE MINUTE 


The New Shipston Lighting Co.Ld. Shipston- 
on-Stour (whose installation is shown above) 


ELECTRICITY write us the following letter : 
“With reference to the 31 B,H.P, C»ld Starting 


AT LESS THAN | Crude Oi! Engine purchased from you in November 


1924, we may Say that it is giving every satisfaction 
and no trouble whatever. It is driving a 19 to 








—$——$—<$<$$_$__—_— 















=e 


Y 





1 P. 20 K.W. machine, and for fuel alone we find it 
= costs about °405 pence per unit, which we consider 
2 avery creditable performance. 


If anything, the engine seems to improve in 
sweetness of running as time goes on, 
PER UNIT We shail have no hesitation in recommending 
your engine to anyone either for electrical genera- 
tion or industrial purposes.” 





— 


ED. ES EE. hE, Ss SE, SE Ee, Ee Ee ee CA 











Ke 
\ 





| The NATIONAL a ENGINE ae el ASHTON-UNDER-LYNE. 





Aves: 
7 ~-A —\ 











Spur Gear 
Drives. 


STS ARRAS URNS AARMARARA SARS 


HENRY WALLWORK & CO., LTD,, MANCHESTEK 


Machine Gut Gear Wheels 
THE REID GEAR CO., 


LINWOOD, near PAISLEY. 








M.F.M. FURNACES 


GAS, OIL, COAL, on COKE FIRED. 
The MANCHESTER FURNACES Ltd 
Ashton New Road, MANCHESTER 


PATENT ROVALLESS PUMPS | 
> EQUAL DIAMETER ORLUMS. 
NO VALVES - 



































BUY FROM THE ——— MAKERS 


WELDLESS STEEL TUBES 
















tr 
TRADE 





Telegrams :—‘*t WELDLESS WEDNESFIELD.” Telephone : i, ibe nomen: ect 





FOR “ 
WATER TUBE BOILERS, 
LOCOMOTIVE BOILERS, 
MOTOR AXLES. 
SUPERHEATERS, 


SHAFTING, BORING RODS, 
HYDRAULIC WORK, &c., 


&e. 


THE WELDLESS STEEL TUBE CO., LD, crirotvemameron 
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of exceptional 


FLEXIBILITY 
& DURABILITY 


uilt for 
maximum 
service and 
guaranteed 
to give it 


RI Dick Limileod 


GREENHEAD WORKS. GLASGOW. 
PATENTEES €& ORIGINAL MAHERS OF 


BALATA BELTING 








AA 


ELEMENT 
DIRINAINICE RODE 








“THE LANCASTER” 


STEAM 
TRAPS 


Technical knowledge is 
not needed to under- 
stand “ The Lancaster” 
Steam Trap. It is as 
simple in design as it is 
effective in operation. 














BUY A NEW 


METAL SAWING MACHINE 


FROM 


CLIFTON & WADDELL 


and the resulting reduction in costs will prevent the 
loss of these contracts which you want so_ badly. 


CATALOGUE ON _ REQUEST. 





Johnstone * . - Scotland. 





% a & 
Telegrams : Telephone : 
“ PISTONS,” 794 
Manchester. Pendleton. 





Sole Makers of “The Lancaster” Piston 
| Rings, Metallic Packing, Wheels, etc. 3576 





iT 
DRUM ENGINEERING (0 [0 
BRADFORD -YORKS 











Self-Oiling Plummer Block. 


W. S. TEAL, 


Pellon Lane, 
Halifax, Eng. 


Transmission Engineer. 3413 
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Joseph Booth Bros METALLIC PACKING 
RODLEY, LEEDS. FOR STEAM EN 


ALL TYPES & ALi SIZES, 





See our Advt. in alternate issues 





CRA 


HIGHEST PRESSURES & SUPERHEAT TEMPERATURES. 
REDFORD ENG.C° “Street. -NASHTON-U-LYNE. 

















Adams’ and Grandison’s Sight Feed 


LUBRICATORS. 
KEROSENE INJECTORS 


for Steam Turbines. 2482 


STEAM KETTLES. 
The Steam Cylinder Lubricator Co. L¢. 


Gordon Works, Lr. Broughton :: MANCHEST R. 











“TRIUMPH ’STOKERS 


Simple — Strong — Upkeep low. 
Highest Efficiency—Smokeless. 





3647 
TRWIMPH STOKER, Lro., 








KIRKSTALL Roap, LEEDS. 








SINGLE OR DOUBLE ACTING. ROPE,BELT OR MOTOR DRIVEN. 





BENNS PATENT 





; Mill Gearing 
in all its 
Branches, 


Steam Engines 
Indicated and 
ere upon. 














Steam Cylinders 

and Air Pumps 

Bored out in 
their places. 


2887 















LANESIDE FOUNDRY, HASLINGDEN. 2 | 





















CO Refrigerating Machines 


MULTIPLE EFFEGT COMPRESSION 


WITH 


PRE-COOLING BY PRIMARY 
EVAPORATION 
ENABLES THESE MACHINES TO MAINTAIN THEIR 


HICH EFFICIENCY UNDER THE MOST TRYINC 
CONDITIONS. 8738 








>) — = 
EMPIRE PATENT ‘“DIRECT’’ LUBRICATORS 


For DIESEL and other ENGINES. 
ALL BRITISH MADE. 


Also supplied with Direct 
Lever and Pulley Drives. 


HAVE YOU ANY LUBRICATION 
PROBLEMS? THEN WRITE TO 


Mh EMPIRE ENGINEERING CO. 
f (MANCHESTER), LTD., 


Empire Works, 
Salford, Manchester. 
Telephone : 339 PENDLETON. 
Telegraphic Address : 
“ APPLIANCES, MANCHESTER.” 




















“TITAN” SPECIALITIES. 





our 


NON-RUSTING 


SOLUBLE OIL 


makes the cheapest and best 
cutting medium on the market. 














Price and sample from the makers :— 


W. J. TRANTER, LIMITED, 


Tibbington Works, Princes End, TIPTON, Staffordshire. 


Telephone—76 Tipton. ESTABLISHED 1890. Telegrams—“ Titan, Tipton.” 




















sume nn. 





= STEAM SPECIALTIESL™-\ 
| BEDFORD STREET, LEICESTER. Ee 


is the sole justification for a safety 
valve and is the secret of the 
Succes)sia@l and general use of the 


BOSS> 
SPRING RELIEF VALVES 


Designed on the most modern 
principles, accurately made, easily 
adjusted, sensitive and uns ssed 
for use on Pumps, Hot Water Boilers, 
| Lifts, etc. 











Dead w and Lever Safety P 
Valves of all types and sizes madet fj 
up to meet special requirements | 


c. 














ee 
JOSEPH FOSTER & SONS, 


SOHO FOUNDRY, 
PRESTON, Lancs. 


Makers of :— 
LANCASHIRE & CORNISH 
BOILERS. 
STATIONARY STEAM 
ENGINES, 
GEARING. 
CHEMICAL PLANT. 





3581 
ASK FOR CATALOGUE 
No, 12, 


LANCASHIRE BOILER, 30 ft. by 8ft. for 200 lb. W.P. 
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MO xX Et 


MACHINE TOOLS. 


PUNCHER SLOTTING MACHINES 
For Cranks, Buckles, é&c. 


GEAR GENERATORS 
For Tramway Gears, &e. 


GEAR HOBBING MACHINES 
Fer Turbine Gears. 


LOCOMOTIVE MACHINE TOOLS. 
WM. MUIR & C°.; LTO. MANCHESTER. 














2178 





KENNICOTT. WATER SOFTENER. C°- L?. 


WOLVERHAMPTON, England. 


Specialists in Water Purification for all purposes. 
WATER SOFTENING. 


Kewnnicott Type “ K’’ (Lime and Soda Process). 
The Plant that is different. 


KeEnnicott Type “P” (Zeolite Process). 
Delivers Water of Zeto Hardness. Natural 
Zeolite, Longest Life, Lowest Salt Consumption. 


FILTRATION. 

Kennicott Pressure and Gravity Sand Filters. 
CHLORINATION. 

Kennicott Paradon Chlorinator. 
DE-OILING PLANT. 
DE-GASSING. 

Kennicott-Parkinson De-gasser. 


Oil Separators, Feed Water Heaters, Evaporators, 
Oil Coolers, Storage Heaters, etc. 


3765 























Wrpnessury.” MANUFACTURER OF‘ 


HIGH-CLASS BRIGHT 










STUDS, NUTS, 
BOLTs, TAPER PINS, 
SET PINS. WASHERS. 


























ALFRED BEEBEE PATENT “UNIT” 
a WEDNESBURY. “a SUPERHEATERS 
Patties Haars, aRLastox for every type 


of Boiler. 


—o— 


MAKERS OF 
HIGH-CLASS 
STEAM PIPE 
WORK in SOLID 
DRAWN STEEL. 

és UNIT ns 
Superheater & Pipe 

Co., Ltd., 


UNIT WORKS, SWANSEA, 





$723 

















PROPELLERS 


EITHER SOLID OR 
WITH LOOSE BLADES, 


Any Size made at the 
Shortest Notice. 


HIGHEST 
EFFICIENCY. 


LOWEST 
CONSUMPTION. 


FRIEDENTHALS Ltscne'Wonxs, " 








PRESTON. 



























To make sure your RINGS are TRUE buy from 


The Standard Piston Ring & Engineering Co., 
Premier Works, Don Road, SHEFFIELD. | 


Telephone No. 2149. 
Telegrams: ‘‘ Ocean,” Sheffield. 





The Original and Genuine 
HAMMERED 


CAST IRON PISTON RINGS 


Our Hammered Piston Rings are well and 
favourably known all ever the world for their 
efficiency and long wearing qualities. They 
keep the cylinders round and maintain a perfect 
joint until wornout. The pressure on the cylinder 
wall always remains constaat. 

All sizes, 2in. to 72in, diam. In our special 
quality piston ring iron, giving approximately 
14 tons tensile per sq. inch. 


iii Quickest Possible Delivery. 
3432 Lowest Possible Prices, 















CHESWOLD WORKS, 
DONCASTER. 


SEND YOUR BLUEPRINTS TO US 
Keen Prices. | General Machine Work . 


E. W. JACKSON & SON, Ltd., 





















apap \ wae om 7 ES —= 
POP FG- Oo = 
Gi VV VA 


“DIAMOND” & ‘ KEYSTONE.” 


Illustrated Lists and Particulars on application fo the 
SOLE AGENTS— 


x. LOBE, Lx. 


12 & 14, Brazennose Street, Manchester, Eag. 














72 [SUPPLEMENT page XXVIII | ENGINEERING. [DEc. 31, 1926. 












WROUGHT IRON 











position. on Shaft. 

Interchangeable 
WRITE FOR NEW 1927 Bushes, 2 pulley may be 
fixed on various diameters of 
te ce ce etun 
We can supply Pulleys bored 
to any desived size with Bushes 
turned to yy wap outside 
diameters and boved to fit any 
required diameter shafts, either 
English or Millimetre sizes. . 


A Pulley out of stock is thus 





instantly avatlable for any size 
of shaft for which a Bush is 
obtained. . 








DOUGLAS, 
LAWSON 
& CO., LTD. 


BIRSTALL, sus 
NEAR LEEDS, ENGLAND. 


Telephone : Cables: 
Batley 608 & 598. “ Pulleys, Birstall.” 





1 
: 


al | 


Howden-Brown-Boveri Scavenging 


BLOWERS 


DIESEL ENGINE SHIPS. 








Sole Licensees for Great Britain 


. for .: 


Blowers of Brown-Boveri Design 








All Enquiries to be addressed to: 
JAMES HOWDEN & CO., Ltd., 


Scotland Street, 
GLASGOW. 3061 


SSSA ST Te ea een DDT oro een ee one 


RE TET Rr arr Sr Sr rn cr Sn RON Son oo Soo oOo ToD 


LR 


























RICHARDSONS, 
WESTGARTH & Co., Ltd. 


MARINE & GENERAL ENGINEERS, 
HARTLEPOOL, MIDDLESBROUGH & SUNDERLARD, 


Manufacturers of 


STEAM RECIPROGATI:G ENGINES, STEAM TURBINES, 
OIL ENGINES of the 


RICHARDSONS WESTGARTH 
& DOXFORD TYPES. 


‘““CONTRAFLO’’ HIGH VACUUM CONDENSING PLANTS. 
‘*NESDRUM ’’ WATER TUBE BOILERS. 
COOLING TOWERS. 

‘“*ELIMINAIR ’? DEAERATING PLANT. 
EVAPORATORS & FEED HEATERS. 


IRON & STEEL WORKS PLANT— 
METAL MIXERS, BLOWING ENGINES, 
ROLLING MILL ENGINES. 


HEAD OFFICE: HARTLEPOOL, ENGLAND. 
TELEGRAMS: RICHARDSONS, HARTLEPOOL. 


LONCON OFFICE: 121-124, ABBEY HOUSE, 2, VICTORIA ST., WESTMINSTER, S.W.1, 
TELEGRAMS: RICHGARCO, SOWEST. 











MAIN AND 
AUXILIARY 


| 
Alk COMPRESSORS 


FOR DIESEL SHIPS. 


Over 20 Years’ experience in the 
design and manufacture of High 
Pressure Air Compressors is behind 
every ‘“‘ Reavell”’ machine supplied 
for marine work, 







Auxiliary and Emergency Com- 
pressors of our construction are 
in regular use in upwards of 70 
vessels. 





Let us have 
your next en- 
qguiry, or send 
now to Depart- 
ment“ B” for 
illustrated 














my. pamphlets. 











REAVELL « CO., LTD., 


RANELAGH works — IPSWICH. 


Telegrams : “Reavell, Ipswich.” Telephone: Nos. 2124 & 2124-5. 
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SU UULALIUUUAIUUUUROUU LLU 1 


Saw your joists the 


short way 
——the Paying Way. 
OU will see from diagram 
that the length of cut is the 
same as the width of the Flange, 
thus you have the shortest 
possible cut and these 
phenomenal cutting times. 





This Cold Sawing Machine is a good investment ! 





LIFTON & HAR} 


LIMITED 


a 
a 


“ If it’s;forjMetal Sawing——-—we have it!’ 
SuUMIIUIIUNUANUTUUIUUTUUAUITTTTTUUTVUUETUTOU UTE 


SUMMA 


EMPRESS WORKS, JOHNSTONE, 
SCOTLAND. 


Associated British Machine Tool Makers, 
., London, Birmingham, 
Newcastle, 











Actual Cutt ng Times: 

14 in. X 6 in. 2 min. 

20 in. X 7 in.. 24 min. 
24 in. X 7hin., 3 min. 


ULLAL 


TUTUIUTUUVUUTUTUUTULUTAULAUU UT 


3391 


Branch Offices : 


anchester, 
Shefheld, Leeds, Calcutta, 


Paris, Brussels, etc. 


UIUIUOTOUOTDUOULIUL UE 


= 


Ifa 









Solid. Metal Pressings 


in Brass and Bronze 









SSSCHSSSHSTESSSSHSSSSSSSSSCSSSSESSESESESESCCS 





For all purposes 
We offer YOU a con- 


scientious service and a 
dependable uniformity in 
the production of YOUR 
Brass and Bronze Pressings 
and Stampings. Our Plant 
is tats a of producing 
articles ranging in weight 
from | 0z.to 6lbs. and . 

at essentially competitive 
prices. May we quote for 
your next job, please ? 





McKECHNIE BROTHERS, Ltd., 


Metal Works and Head Office: 
Rotton Park St., BIRMINGHAM. 


’Phonez Edgbaston 381 (5 lines). 
‘Grams: “ McKechnie, B'ham.” 


Branches;—LONDON;: 17, Victaria Street, 
Westminsier, S.W.1; ANCHESTER: 
511-13, Corn Exchange Buildings; NEW- 
CASTLE-ON-TYNE: 90, Pilgrim Street; 
LEEDS: Prudential Buildings, Park Row. 
Widnes, Lancs. 
g 8625 
SOS SHOHSSSSHSSHSSSHHSSSSSSSSSSSSTSSSSSSHSSSSSSSHSSHSSSSSSSHSSSSSOSSSSSHSSSSESOOOSOSOEEEE 











Smelting Works : 





ee 








A Scientifically Correct, 


Sole 
British Agents 











You’ll uncover greater savings with—_— 


RIGIDMIL 


Highly Efficient 


Production Miller. 


Manufacturers with 
problems probably very 
similar to yours have 
reported increased pro- 
duction at lower costs 
with the  Rigidmil. 
And users of his 
machine are not con- 
fined to one industry. 
You'll find Rigidmils 
saving money in 
practically every in- 
dustry where milling is 
done in any quantity 
basis. 


And remember _ this 
machine lends itself 
exceptionally well to 
the application of 
— attachments. 
We will be glad to 
show you upon receipt 
of blue prints or 
information relative to 
your work examples 
of single or multiple 
%. spindle _ attachment; 
Be and a wide variety 
# of holding fixtures. 
"Write for new catalogue 
of this machine as well 
as the Rockford Rotary 
Rigidmil now available. 


’Phone: 2101. 


"Grams : 


“Chuck, Leicester.” 











4cyl. Steam 
: riven 
Compressor 
capacities 
600 and 200 
cub.ft.per min. 


Portable SB rrhicdare 
Helene 4 Tote 


A alors ¢ range 
for all purposes. 


We make a complete range of Air 
Compressors, fixed and portable— 
all types of drive. 

Whatever the customers com- 
pressed air requirements may be, 
there is a * Broomwade” Com- 
pressor of a size and type to ; 
exactly suit his duty. 


The design of every “ Broomwade ” 
Machine embodies 25 years’ specia- 
lised experience in the manufacture 
of this one class of plant. 

“Broomwade” Air Compressors 
are working and giving absolute 
satisfaction in all parts of the 
world, 


We solicit your enquiries. 


BROOM & 
WADE LTD. 


HIGH WYCOMBE, BUCKS. 


driven 


‘portable unit. Built in three sizes . 


NR ae Fi i ie Sin a 
a 


om 


. Peo ee 


3 ro 300 comp 


ALSO 384 Cylinder machines up to 1200. eae Ft. 


: BROOMWADE” 
AIR COMPRESSORS 


i it em i i 
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THE “TURBLEX” 
(Registered) 


SYSTEM OF DRYING 


by graduated temperatures is the supreme system for :— 


Textiles, Chemicals, Match Splints, Paper Boards, Paper 
Tubes, Food Stuffs, Straw Plait, Hat Bodies, India Rubber 


and Fibres of all kinds. 








Battery of 72 “ Turblex ” (Registered) All Steel Jointiess Heating Coils 
working in conjunction with Cloth Stentering Machinery: 


TOMLINSONS (Rochdale) LTD. 


ROCHDALE, England. 


Head Office: Soho Works, Rochdale, England. 


Australian Offices: 3446 
487, Collins St., Melbourne. 2, Castiereagh St., Sydney. 


‘Boilers with a, 
reputation for 












Quote 
It will.be 
to your 
Advantage 
Return Tube 


Dryback 
Sosa Boiler 


a 
Re ae 


Boilers of all Sizes. 
Pressures and — 
for all Services 


PENMAN 


and Company Limité¢ 
CALEDONIAN IRON WORKS 


GLASGOW 

















mennmninaal 





<a] 





3156 


Permit.us te 














Digs 
ditches.. 


HE Northwest Trench Pull-shovel brings the 
power of the shovel plus the mobility of the 
dragline to your trench and sewer work. 


Like the dragline it backs away from its work, 
is never on the fill nor in need of mats. 


Its long reach allows digging at a great depth and the large 
bucket which it handles assures high capacity and fast work. 


Unlike most ditch digging machines, the Pull-shovel is not 
confined to this work alone, but can, by simply changing 
ibe. 7 converted to a jib crane, a dragline or standard 
shovel. 


Northwest Engineering Co. 
1741 Steger Bldg., Chicago, Ill., U.S.A. 


All codes used. Cable address: ‘‘ Northwest.” 


NORTHWEST 


ERARES SHOVELS Gl Oi, Be aaa eae | and DRAGLINES 
Gasoline - Diesel Electric 


With the “‘ feather-touch"’ clutch control. 





E 12-31 Gray 








IT IS_IMPORTANT. 
When buying STAUFFERS LUBRICANT’ 


~the original high grade machine 
ee, yourself that: it is 
the product of TRIER BROS. Ltd. the 
sole manufacturers & proprietors 


of the above Reg. Trade Mark. 


We frequently come across users 
of lubricant who consider and therefore 
use, the word “STAUFFER’S" as a 

GENERIC TERM 
for any sort of grease which has similar 
colour & consistency to our own product. 


Naturally, competitors either actively 
or passively encourage this belief & 
though imitation is held to be the 
sincerest form of flattery,” we wish 
to safeguard both old and new 
customers against inferior imitation. 


Look for the Reg. Trade Mark. 

















TRIER BROS. LTD., 


36, Victoria Street, & Cumberland Works, 
Westminster, S.W.1. Camberwell, S.E.5. 
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lilt 
Specialists in 





The above 8 in. special Flanged 
Template Pipe with side outlets, made 
in our Works, is representative of the 
. Pipework that we manufacture. We 
* cater for all trades and will be glad 


of your enquiries for 


Hie h. Pressure 
ework, 
Pipe llations 


Write to 


LE BAS TUBE CO., LTD. 
Dock House, Billiter St., London, E.C. 3. 


WORKS: CYCLOPS IRON WORKS, MILLWALL, E.14. 

















FORGED STEEL 
R/NGS & BLANKS. 


rv 


aise Crame Chains, Slings, Ste. 
im Netherton Iron. 











N.HINGLEY & SONS LTD. 


















































scan 


efficiency of your productive machinery 

is definitely governed by the power 

transmitter employed. Any inefficiency 
in * latter readily asserts itself on the former, 
not only retarding outpyt, but in consequence 
adding to manufacturing costs. 


N“CAMEL HAIR” 


(Registered Trade Mark) 


BELTING 


the most effective and economical power trans 
mitter in the world, ensures perfect power 
transmission, it speeds up the wheels of your 
machinery to the highest possible production peak. 


Sole Makers: 


F REDDAWAYaC l= 


PENDLETON, MANCHESTER 
BUSH HOUSE, ALDWYCH, LONDON, W.C.2 














Netherton Iron Works, DUDLEY. 
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ESCHER WYSS & Co. sa. 6eURIcH,,, 





TURBO COMPRESSORS, 
TURBO BLOWERS, 
“ZOELLY” STEAM TURBINES, 














TURBO PUMPS, WATER TURBINES. 


TOKYO Office : Agents for CANADA : 
3, Uchisaiwaicho Itchome Kojimachi-Ku. General Supply Co., Ottawa. 


LONDON Office: 20, Grosvenor Gardens, London, S.W.1. 


Telephone: VICTORIA 9120. Telegraphic Address: ‘‘ ESWYSCO-SOWEST, LONDON.” 
52/26 



































THE BUTTERLEY CO.. Lo. 


DHRBY. EsTaBuisHeo 1794. 


Telephone—Nos. 75 and 76, RIPury. Telegrams—" Ironworks, Butterley.” 








Bar Iron, Iron Castings up to 
20 rows. 9000 
Bridge and Structural Steelwork, Pit Trams, &e. 
High-class Machine Work of all descriptions. 
Special Acid-Resisting Metal for Chemical Plants. 
Large Retorts, Pans, Acid Eggs, &c., a Speciality. 





LONDON OFFICE—52, Queen Victoria Street. Telephone—2180 City. 





— 2 











Ammonia & CO, Compression Systems 
Ammonia Absorption, Compressed Air 





HASLAM’S 
REFRIGERATING MACHINERY ~ 


FoR COLD STORAGE, ICE-MAKING, &c., on SHIPBOARD an» ASHORE 
541-3, saispury House, THE HASLAM FOUNDRY & ENGINEERING CO., LIMITED, — union rounpry, 


LONDON WALL, INCORPORATED WITH DERBY. 
LONDON, E.C. 2. PONTIFEX & WoOobD, LIMITED. Telegrams—ZERO DERBY. 





























DONKIN 


Blowers, Gas Compressors, Exhausters prot: Ty 
BRITISH FURNACES | For INDUSTRIAL PURPOSES. 


GAS FURNACES For Gas Works, for Chemical, White ADVANTAGES AND FEATURES : 
Lead, Soap & Oil Works, for Pump- | Absence of all Valves. 
ing Gas, Forcing Airthrough Liquor, | Simplicity of construction and small 
&c., for Agitating or Mixing, &c. number of working parts. 


Can be arranged for driving by Belt, Steam Working parts entirely enclosed. 
Engine, Gas Engine, or Electric Motor. Good efficiency. Silent Working. 


THE BRYAN DONKIN CO., LTD. 
Engineers, CHESTERFIELD, ENGLAND. 
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eT ROSE, DOWNS & THOMPSON, LTD., MACHINE MOULDING 
CASTINGS HuLL. A SPECIALITY. 
_______—_—saUP._ TO 15 TONS ee Send us your your enauiries. 
















2M | | ee 
TANKS 


layton Letalatg 


| STRUCTURAL 
STEEL WORK 
ona lta EEL WOR 
DESCRIPTION 
Lee as - Gasholders & 
. Gasworks Plant 
Telegrams GAS LEEDS” : Boilers &c. 


cveronnsrsm WET DED & RIVETTED STEEL MAINS 
m4 one ” INJECTOR 

















WATER TURBINES 
and GOVERNORS 


for any power or height of fall. 
CENTRIFUGAL PUMPS, 


Gilbert Gilkes & Co., Ltd, 


KENDAL, ENGLAND. 


IO 
Lifts 24 ft. 





TAKES HOT WATER. 
Illustrated Catalogue with prices and full particulars 


of both classes of Injectors and Tripp’s Metallic 
Packing on application. 


GREER & BOULDING Ltd., 


«: Cliss 1033. 
Tele pe penn London. 162a, Dalston. ‘Lane, ‘London, E. ‘8. 




















31 

















THE BRADFORD 


STEAM TRAP 


A.—Piston Operated Discharge. 
B.—Weight Operated Discharge. 


Simple and Positive Action. Instantaneous Opening and Closing. No Wire Drawing. 
Discharge Full Open or Dead Closed. Thousands in Work. Fitted on Approval. 


THE UNITED STATES METALLIC PACKING CO., LTD., 


wmctitt"Ss44- SOHO WORKS, BRADFORD. Fares, 


Branch Offices :—London, Liverpoel, Bolton, Gnas. Gaston, Newcastle, Sheffield, Cardiff, Portsmouth. 
C, &e, 





Made in Two Types: 














AVONSIDE 


ENGINE CO., LTD., 


BRISTOL. 


STEAM, FIRELESS AND INTERNAL COMBUSTION 


LOCOMOTIVES 


% ee PO al aa 
_ al wt FOR ALL PURPOSES. 
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CAMMELL LAIRD & CO., Lo. 


STEEL MANUFACTURERS. 


SHIPBUILDERS. Luauemae? 


LONDON OFFICE: 3, Central Buildings, Westminster, S.W. 


SHEFFIELD and 


BIRKENHEAD. 
BOILERMAKERS. 


3357 


SEE LAST WEEK’S AND NEXT WEEK’S ADVERTISEMENTS. 














pos ty Hy 


SS 
— 


See illustrated Advt. page 82, Dec. 17. 


GLENIFFER MOTORS, LTD., 
Anniesland, GLASGOW. 3415 


France & Morcan, 


Makers of every description of 


BRASS WORK 


used by 


MARINE ENGINEERS. 








WHITEFIELD BRASSWORKS, 


wis Catalogues, Designs and Estimates freeon application, ——_o__—___ 
Telephone: No. 1817 ROYAL. 


MAXWELL & FAGE 


(Successors to BRUCE & STILL, Limited), 


49, SEFTON STREET, LIVERPOOL, 








See next week's issuc for Glenfield 
Hydro-Electric Control Valves. 


| (GLENFIELD KENNEDYL = 











CONSTRUCTIONAL ENGINEERS and CONTRACTORS. 


FOR STEEL BUILDINGS, BRIDCES, CIRDERS AND ALL DESCRIPTIONS OF STRUCTURAL WORK. 
TIMBER BUILDINGS DESICNED FOR USE AT HOME AND ABROAD. 





MICHELL BEARINGS, LD. 
Michell "Thrust & Journal Be Bearings. 


Registered Office and Works: 3726 
South Beawell, Neweastle-oa-Tyne. 
Bee large Advertisement, page 79, Nov. 12. 




















KELVIN ENCINES 


STATIONARY TYPES FOR DRIVING 
AIR COMPRESSORS, PUMPS, &c. 
The Bergius Company, ie. 

GLASGOW. 3520 
See Illustrated Adot. Last Week or Next, 














3616 








Telegrams: ‘‘GALVANIZBR, LIVERPOOL,” 











GOVAN, GLASGOW. 







MELDRUM Oo, 
OIL BURNERS 


IN CASE OFA COAL STRIKE—OR FOR 
ORDINARY DUTY ; COMBINED OIL AND 
SOLID FUEL, OR STAND-BY—LisT 106 F. 


TIMPERLEY, MANCHESTER. 
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CRAVEN BROTHERS (MANCHESTER) LIMITED. 


Manufacturers of High-Class Modern Machine Tools, Cranes, M&c. 


| 


Bed 8 ft. 3 in. long. Maximum 
distance apart centre to centre 
of rams 5 ft. 4 in 


Work Tables each Z ft. 0 in. 
long by | ft. 6 in. wide. Will 
admit in depth on tables Ift. 6in. 


Each Machine complete with 

two independent coun 

handles and  case-hardened 
spanners. 


VAUXHALL WORKS, REDSOISH, STOCKPORT. 





NEW MACHINES 
FOR IMMEDIATE 
DELIVERY. 


16-inch 
STROKE DOUBLE-HEADED 
SHAPING MACHINES each 
with two tables. 


3276 














DEc. 31, 1926. ] ENGINEERING. 


[SUPPLEMENT page XXXV| 79 








This single-cylinder air- 
compressor—steam actuated— 
is made in several sizes 


It combines the well-proved Gardner 
compressor features, with some excellent 
points on the steam side tending 
to simplicity and durability 
Full List on application, from the Sole Agents. 

PERKINS MACINTOSH PETROLEUM TOOL & BORING 
a CO., LTD., 25-27, Bishopsgate, London, E.C.2 

Telephone : London Wall 7065. 


GARDNER 


SCOTLAND—4J. R. me te as co., eel Old Sneddon St., PAISLEY. 
SOUTH WALES—5. ELLIS & estern Mail Chambers, CARDIFF. 
NORTH ites THE SLASLYN” ZOUNDRY & ENGINEERING Co., 
PORTMADOC. 
NORTH OF ENGLAND—SIDNEY W. LEWIS, Ltd. 6, Post Office Chambers, 
NEWCASTLE-ON-TYNE. 
IRISH FREE STATE—THOMAS J. CORCORAN, 37, Nassau St., DUBLIN. 








may we send you lists or 
arrange a demonstration ? 


























3456 


DENVER ROCK DRILLS: 





























te fiseale yen forthe MS THLHERACE. TANTS, 

y rans- 

port of Materials and Passengers, Funicular ways, He 8, Telphers, El 

Cableways. 2600 Miles of Plants built aan EST WORKS ‘ON’ THE CONTINENT. 

Representatives for the British Empire and Colonies: THE meseaans CON er & TRANSPORTER CO.,LTD. * 
Atlantic House, 45/50, Holborn Viaduct, London, E. 3161 








CHADBURN'S 


(SHIP) TELEGRAPH (CO., LTR 


Patentees and 
Original Manufacturers 
of Ships’ Telegraphe. 








TELEGRAPHS FOR STEAMERS 


OF ALL TYPES 





PATENT SPEED anp 
DIRECTION TELLTALES 


ror TURBINES. 


GLASGOW.—112/114, Broomielaw. 

NEWCASTLE-ON-TYNE.—18, The Side. 

BELFAST.—39, Donegal Quay. 

LONDON.—Wellington House, Buckingham 
Gate, S.W 1. 

ses sg DOCKS.—93, Victoria Dock Road, 


HULL.—38, Charlotte Street. 
LIVERPOOL. — 47, Castle Street and lil, 
Waterloo Road. 





HEAD OFFICE, 
CYPRUS RD., BOOTLE, 
LANCS. 8755 











80 [SUPPLEMENT page XXXVI] 





ENGINEERING. [DEc. 31, 1926. 











Inserted 
Blade 
Type 


STELLITE 
Tipped 
Tools 
for all 
Purposes. 








DELORO SMELTING & REFINING Co.110. 


Norwich Union Chambers, Congreve St., BIRMINGHAM. 


STELLITE 
MILLING CUTTERS 









Prices 
on 


Application 


Cutting Speed 
greatly in- 
creased and 
larger tool 
life obtained 
with 
STELLITE. 







(of Canada), 





















“ ACHILLES” 
“DURITE” 
“NATSIL” 
“PHITZAL” 


and FIBRES FOR ALL PURPOSES. 





ASBESTOS PACKINGS. 

HIGH PRESSURE JOINTINGS. 

HIGH TEMPERATURE INSULATING SLABS, 
ADAPTABLE STEAM & WATER PACKINGS. 


HOBDELL, Way & Co., LTD., 


45, CHURCH STREET, MINORIES; LONDON, E.1. 
Telephones: ROYAL 8022—4 lines. Telegrams: “HOBNAILS, ALD, LONDON.” 

























| F. WIGGINS & SONS. 
FOR INSULATION cxcZU™E#33 

ote 109 & 104, Minories, LONDON. | wr 
“DELTA” BRAND 


BRONZE, YELLOW METAL, BRASS, RED METAL, NAVAL BRASS, COPPER, &C. 


THE DELTA-METAL CO., LTD,, xasr onBEktick Sespon, sn 


And at BIRMINGHAM. 


SUGDEN’S PATENT STANDARD 
AND SECTIONAL SUPERHEATERS 
| For all Types of Boilers. 


| WROUGHT STEEL THROUGHOUT. 

















mea | 

















THOUSANDS IN USE. 





Main advantages :— 

SIMPLICITY OF DESIGN 
an and 
hm | READY ACCESSIBILITY to all parts 





- = Write for Illustrated Cireular : 

ce  T.SUGDEN,L*“., 

a 180, FLEET STREET, 
LONDON, E.C. 


Telegrams: TUBULARITY, FLEET, LONDON. 
Telephone: Central 6136. 


Representatives in all Principal Towns, 772 






STANDARD SUPERHEATER 
as supplied to a Lancashire Boiler. 


RAIL BENDERS 


FOR ALL SECTIONS OF RAIL. 


YOUNGS, 


RYLAND STREET WORKS, 
BIRMINGHAM. 


Telegrams: ; Telephone: 

















“ OLDENS, 
BIRMINGHAM.” 01. 
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Simon Pneumatic Coal Handling Piant. 


@ 


Coal Handling Costs 


The Pneumatic System is firmly established 
as the most efficient method of handling coal 
and ash owing to its remarkable flexibility 
and the definite savings which are effected 
both in time and labour. Rapid discharge 
of Ships, Barges, Wagon Hoppers, Dumps, 
etc. Long distance conveying. 
Henry Simon, Ltd., specialise in the design 
and construction of pneumatic or mechanical 
coal and ash handling plants. 


HENRY SIMON LTD. 
MANCHESTER. 


Please address your enquiries to 3467 
CONVEYING DEPT., CHEADLE HEATH, STOCKPORT. 
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FOR BARS & TUBES IN FERROUS 
AND NON-FERROUS METALS. 


PRINCIPAL FEATURES 


BAR DOES NOT REVOLVE. 


VICE TAKES ANY SIZE, ROUND OR HEXAGON, 
UP TO THE FULL CAPACITY OF THE MACHINE 
AND IS ARRANGED WITH A THREE POINT 
CONTACT ON BAR, IN PLAN AND END VIEW, 
TO ENSURE A RIDGED GRIP ON ROUGH BARS. 


INDEPENDENT ACJUSTMENT TO TOOL SLIDES. 
RAPID MANIPULATION AND FAST CUTTING. 
TOOLS EASILY SET IN TOOL HOLDERS. 


TWO TOOLS, ONE VEE POINT TO DIVIDE 
THE CHIP, THE OTHER, BROAD NOSE, 
GIVING CLEARANCE FOR CUTTERS. 


TWO-SPEED BELT DRIVE WITH RAPID 
CHANGE OVER INCORPORATED IN 
MACHINE, KO SEPARATE COUNTERSHAFT. 




















TAYIOR 


| OF on | LJ i 
f] PATENT NGctr| 


f}| CUT TING-OFF 
MACHINES \' 














MADE IN TWO 
SIZES 3 & 44in. 


BOTH MACHINES 
MAY BE BELT OR 


DIRECT 
ELECTRICALLY 
DRIVEN. 


4iin, MILD 
STEEL BARS 
CUT-OFF IN 
50 SECONDS 


Gin. STEEL TUBE 
5in. BORE 


CUT-OFF IN 
45 SECONDS 


FULL PARTICULARS 
ON REQUEST. 





THE ENGRAVING SHOWS THE 44 in. 
BELT DRIVEN MACHINE. 


CHARLES TAYLOR 





























DF: O'S @ =) <0) Pee 


SHEFFIELD. 








"ENGINEERS AND BOILERMAKERS. 


Send us your enquiries for 


GENERAL PATTERNWORK 


and 


IRON CASTINGS. 





With our increased patternmaking facilities 
and new Iron Foundry we are able to supply 
patterns of substantial and specially accurate 
construction, and iron castings, as castings 
only or machined, up to 40 tons. ao 


WE CAN QUOTE KEEN PRICES FOR GENERAL WORK. 








Tilt the (¢ 
table! 


—Not the dividing head. 
Hold the job rigidly, 
firmly between centres, 
and take heavy cuts 
without chatter. 














The DRUMMOND Tilting Table Mill 
enables many milling jobs to be simplified. 
Angular milling times can be cut down, 
accuracy can be greatlyimproved. No special 
mandrels or fixtures needed. 


Save on first cost—this strong mill for £85! 


Covers as great a range of work as a 
Universal mill at a fraction of the outlay. 


Full details ia our lists. 8308 
DRUMMOND BROS. LTD., 
Engel Works, Guildford. 
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THE “LL. Z.”? i169 
PATENT ‘ 
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British Patent No. 248,549. , ee Ge. 
A. py “f 
AGENTS WANTED. he e 
eat <f 
WE ALSO SUPPLY ee a 
a 
“LZ.” 


ROOM TEMPERATURE REGULATORS 
TANK REGULATORS 
DAMPER REGULATORS 
MIXING VALVES 
AIR & VACUUM VALVES. 








SS 
THE ONLY RELIABLE Tienes / 
TRAP ON THE MARKET. a 


SOLE AGENTS FOR GREAT BRITAIN & IRELAND: 





‘ 


CHARLESWORTH PEEBLES & CO., 


5, EDEN ST., HAMPSTEAD RD., LONDON, N.W.1. © 


276, ST. VINCENT ST., GLASGOW. 


TELEPHONES: { LONDON: MUSEUM 6575 & 6576, 
ot *~ | GLASGOW: CENTRAL 3537. 














MVTUUNVUUUULUEUUIAUUUTCAVOAUUUITITGAU UU TULLE 


Introducing 


AUUVVEU OTTO TOE EE 














Gy which are practical machines for 
BIRMINGHAM 
efficient and simple safety device 
“* HAULING” 
LIEBER’S, 
Pecae 


coiling cables and give real service 
East 208. 
BIRMINGHAM. for preventing damage to the cables, 
ae for either A.C. or D.C. Supply. 
NECHELLS. BIRMINGHAM 
> ~ _ 


M.B.W. CABLE WINCHES 
Toouionen: in use, they are provided with an 
TELEGRAMS: 
aBc@hE>): and the slip rings can be arranged 

MP WILD & C= 1681 


OT AT 








BROMFORD TUBE (9 |7> 


| BIRMINGHAM ] 








Manufacturers of 
HOT ROLLED WELDLESS STEEL 


TUBES 


of every description. 


Coils and all kinds of 
Manipulated Tubing. 


Steam and Hydraulic Mains. 
Boiler Tubes. Steam Pipes. 
Telegraph and Transmission 


Poles, etc., etc. 


Contractors to the War Office and Admiralty. 








Arcuisa EDMESTON & SONS, 


RPATRHRICHRO Fz. LIMITED. 





PATENT FRICTION CLUTCH. 


300,000 HP. IN SUCOESSFUL OPERATION. 
INVALUABLE FOR DRIVING. 











Mining Machinery & Haulage Concrete and Brick-making 
Saw Mills, Machinery, Flour Mills, 
Electric Light and Textile Machinery, 
Power, and Mine Gearing 
Generally. 
FOR 
STARTING 


GAS FOR 


& OIL COUPLING 
ENGINES. SHAFT-ENDS 


nore: GENERAL MACHINE PLANING 
UNDERTAKEN FOR THE TRADE. = 


Capacity of Machine, 6 ft. by 6ft. by 22 ft. 
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EIGEE-2325 > 


Licensee for Great Britain, Ireland and British Dominions : 
Jue Pansour Jurrovement & Pfecnanica, Fue. Go, [Lm 


(H. I. M. E. Co., Ltd.), 


53, NEW BROAD STREET, LONDON, E.C 2. 


Tele. : 


—** Seundings” Phone, Londen.” 


"Phone: Lendoa Wall 1137. 


831) 


Cede: ABO (5th Bditien). 


























"vanon’ arent ricren § 
HOW IT WORKS. 
Dirty oil is ¥ espera into 


Container B ; wi en oil 
risesabove uprer filter- 
ing chamber C filtrat- 
ion starts. Oi penetra- 
ting upwards through 
perforated plate 
cotton waste E, and 
plate G_ overflowing 
into and down outlet 
tube H, on to and 
through upper pertore 
ated plate in lower 
filtering chamber C 
cotton waste El, and 
finally dripping into 
filtered oil container, 
can te drawn off tully 
purified, ready for use, 
at tap P, 











ALOR »: 


f= Wi Y throw away 
DIRTY OIL when We 


can be rendered fit 
= for use again by 
installing a — 


VALOR OIL FILTER? 


(The Filter that works by itself.) 


AVE YOU considered how quickly the 
H so-called waste or dirty oil collects in 

a busy factory like yours, and how 
much money it represents? 


Has your storekeeper ever asked you how 
to get rid of it and more often than not 
ended by using it to help burn off the 
rubbish ? 


Why continue to throw away or burn 
MONEY when you can—at a small initial 
outlay—install an up-to-date, simple and 
efficient method of salving 90%, of the oil 
or money that is otherwise lost. 


Write to-day for fully descripti:e 
free leaflet 6/V 18. 


6, Valor Works, Bromford, Erdington, BIRMINGHAM 


BUY BRITISH GOODS. 






OIL 
LTERS 


THE VALOR CO. LTD., 


LONDON: 120, Victoria St., S.W.1. 9490 


LIGHT “VALIANT” 


STEAM PUMP 


FOR EMERGENCIES. 
Weight 64 cwt. Simple and Reliable. 


Contractors to War 
Office and Admiralty. 


$171 





Write for Pamphlet 162 Eg. 


MERRYWEATHER & SONS, LTD, (iacorporating 
SHAND, MASON ®@ CO.). 


Greenwich, S.E. and Showrooms, 63, Long Acre, W.C.2, London. 
AND 


SEAMLESS STEEL RIVETTED 
ELEVATOR BUCKETS. 


200,000 to 260,000 ALWAYS IN STUCK. Also Gravity Buckets. 

















Maven OF @as 
800 sizes. 





To be had from all Makers sof 2686 


Full trated Price List 
= “4g Blevating and Conveying M y, or » Mereh 


on application. 


T.F &J. H. BRAIME, Lro., 








The Seamiess Stamping and Sons Werks 
Hunslet, Leeds, ENGLAND 














Crown 4to, 32 pp. Paper Cover. 


Price 2/6 net. 


Reprinted from “ ENGINEERING.” 


THE ELEMENTS 


OF 


THE LANCHESTER-PRANDTL THEORY 


OF 


AEROPLANE LIFT AND DRAG. 


By H. MEDWAY MARTIN, Wh.Sc., A.C.G.I. 


“An account. of this theory, elementary in that it presupposes no 
acquaintance with it on the part of the reader, but at the same time 
quite comprehensive.” —Science Abstracts. 


Lonpon : 
Offices of “ENGINEERING,” 35 & 36, Bedford Street, 





Strand, W.O. 2. 
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Gek your 


PISTON RING CASTINGS 


SHEEPBRIDGE 


LAMBETH COTTON DRIVING ROPES 


w = al 


STOKES CENTRIFUGAL 
CASTINGS C° L™ 





THE WORLD'S DRIVING ROPE—USED EVERYWHERE. 


Shey are essential fo Porleckion SHEEEEEES/O7. _ WRITE FOR 8 PAGE BOOK “ROPE DRIVING.” 








ar ukhteclia.>. owe 5|/THOMAS HART, L”. a) 
Bong a8 BLACKBURN, enctano 


AM ~§COUPLINGS 
SHIPLEY ~ YORKS 
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TOOL ROOM LATHES 


The machines are indispensable to the well- 
equipped workshop. The model illustrated is the 
*“*Boley” Precision Tool Room Lathe with 
Screw Cutting atta-hment, which gives the 
highest degree of accuracy required. 

There are many “* Boley" Models. Send 

us details t your requirements to-day, 

to Dept. E.G., and we will post you 

particulars of suitable models by return. 


Sole Agents : 


S. WOLF & CO., LTD., 


115, SOUTHWARK ST., LONDON, SE.1. 
Telephones: Central 5172 and Hop 2734. 
Telegrams: ‘‘ Widerstand, Phone, London.” 


c 
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THE STEEL PIPE CO. 


KIRKCALDY, N.B. 


See our large Advertisement monthly. 3740 





R.B.LINDSAY:C° 


STEAM GAUGE DIALS 3754 
INDICATING MACHINE DIALS, &c. 


JAMES COOKE & SON, 
8 & 9, WRENTHAM ST., BIRMINGHAM. 
Specialists in Dials. Est. 1840. 


©; Mid. 1611, Grams, '‘ Herology.”” Burminghao.. 














100 /, VALUE 
MACHINE TOOLS. 


We hold extensive stocks of high-class surplus 
rachiné tools which are supplied with our 
sUARANTEE. Write for a copy of our 
SURPLUS LIST, it contains many items 
fered at real VALUE-FOR-MONEY 

PRICES, including the following types of 

machines :—- 








Lathes 
Planers 
Shapers 
Slotters 
Profilers 
Tappers 
Millers 


Automatics 
Borers 

Cylinder Borers 
Broachers 
Drillers 
Grinders 

Gear Cutters 


We cordially 
invite inspection 


Surplus List 
No. 14. 


at our 
Showrooms, 


BLUNDSTONE _..., 
ENGINEERING SERVICE, LTD. 


WARWICK ROW, COVENTRY. 


hone: 4101. Wires: “ Blundstone, Coventry.” 





MEET EOE EO CO 








TECHNICAL 
pe BOOKLET 
ROPES ano 
ROPE DRIVING” 
Seat Post Free. 


London Office: 
a, 167 MoorgateEC.2. 


Why not make a habit of consulting our 
Technical Dept. when you want information ? 


| Tet, 494, WNMNKEN YON & SONS | E sing Telegrams: 


421 CHAPEL FIELD WORKS, ‘Kenyon, 
\ ze digts DUKINFIELD, _Near MANCHESTER. Dulinheld. 


oS Wt Wp LY SF aN SEG 








“To-day my Fuel Bill is little over half 
what it was, the steam output is sub 
staniially increased and the men 
contented and ee my _pocket is 
quite happy o Abstract from 
USERS’ GONVERSATIONS. 


TURBINE FURNACE CO. LTD, 


288b, GRAY’S INN ROAD, LONDON 
‘Asunder, Holb., London. Tel. : ane 365. 
(See our Illustrated Advt., Dec. 17, page 4.) 


ele, : 


VALVES 


REDUCING, SURPLUS, SAFETY, 
EMERGENCY STOP, &c, 5290 


DAVID AULD & SONS, Limited, 
WHITEVALE FouNDRY, GLASGOW 
See displayed Advertisement, page 85, Dec. 10. 


“COCHRANE” HAMMERS 


Steam, Compressed Air, Pneumatic Power. 


JOHN COCHRANE (BARRHEAD), LTD, 


BARRHEAD, nr. GLASGOW. 


BRIQUETTE MACHINERY 


Coal, Coke, Ores, etc. 


Write: Herbert Alexander & Co., 
Charmouth Street, Leeds. 














Ltd., 


3739 





Reprinted from ‘“‘ ENGINEERING.” 


“THE LAWS 


OF 


HEAT TRANSFER.” 


By H. MEDWAY MARTIN, Wh.Sc., A.C.G.I. 


Crown 4to, 20 pp. Paper Cover. 


Price 2/- net. 


Lonpon :—Offices of ‘“‘ ENGINEERING,” 35 & 36, Bedford Street, 


Strand, W.C. 2. 


2nd Edition. 


“GUNIFHER" 


FANS 


For Forges 
Cupolas, &c. 


CmNTRIFUGAL 
PUMPS. 


W. GUNTHER 
and SONS, 


OENTRAL AN teat 
OLDHAM. 5 





tf you “a a NEW GAUUE, or ONE 
PAIRED, apply to 
HANNAN & BUCHANAN, 
Emginec ing Instrument 
take rs, 
75, Robertson Street, 
GLASGOW. 


Pressure, Compound, 
Vacuum, and Hydraulio 
1 UGEs. 
Steam Engine 
Indicators and Counters. 
Tachometers. 
Thermometers. 


Lancashire Boiler, 30 t. x 9 {t. 0 in. 


The undermentioned for immediate or quick delivery 


30 ft. x 9 ft. Oin., 250 Ibs. W.P. 
30 ft. x 8 ft. Gin., 210 Ibs. 
30 ft. 6in., 160 ibs. 


LBS. WORKING 
PRESSURE BOILER. 


in., 160 Ibs. 
~~ = Ibs. 


0 ibs. 
20 ft. x 6 ft. Qin. 125 Ibs. Cornish. 


DODD 8 wt ot et St wt Ce 
sesssee 
2222222 
xKKKKXK KX 
Sno "10 00 
22222222; 
scpEEee 


Other sizes and pressures in progress. 
Superheaters ready for immediate delivery. 


DANIEL ADAMSON & CO., LTD., 





DUKINFIELD. 3743 
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JOHN OAKEY<éSONS,E 


GENUINE EMERY, EMERY WHEELS: 
EMERY CLOTH, For all Purposes. 
Wellington Milss GLASS & FLINT PAPERS, 


"LONDON, S.E.1. BLACK LEAD, &c. 














Write for ,Catalogue 
and full particulars. 






JAMES HENDRY LTD. 
. . 

252, Main Street, Bridgeton, Glasgow. 
Telegrams ; ‘* Laminated, Glasgow.”’ Telephones : Bridgeton 1747 (3 lines). 
LONDON: BIRMINGHAM: MANCHESTER : 
16, Union Court, Old Bre ud Empire Hous 3, Palmerston Avenue, 

Street, London, E C. (ireat Charles Street, Whalley Range, 
Telegrams : “ Cheveral, — ingham F 

Stock, lk th a” Teleg — * Hors epow er, Manchester. 
im ningham.’ 

Telephone : Central 4635 Telephone : Central 3443. Telephone: Chorlton 845. 











STEAM AND ELECTRIC. 


With or without 
Lifting Magnets, 
Navvies, Grabs, etc. 


CRANES 












Telephone No. 
1266 DERBY. 


Telegrams: 
“COLES, DERBY.” 


HENRYJ. COLES ld. ts Denby 
Thomas Turton & Sons, 


MANUFACTURERS OF LIMITED. 


ENGINE, CARRIAGE, AND WAGON SPRINGS, 
Cast Steel Files, 


ENCINEERS’ TOOLS, HAMMERS, EDGE TOOLS, STEEL 
FORCINGS, SPRING STEEL. 


Tool Steel. 
SHEAF WORKS, SHEFFIELD. 


7812 


Office: NORFOLK HOUSE, 7, Laurence Pountney Hill, £. 0 4. 








London 




















GRAF TON & CO. 


CONTRACTORS TO H.M. GOVERNMENT. 
CYCLOPS WORKS, 


BEDFORD. 








Telegrams 
Grafton, Bedford 





sllustrated Descriptive Price List free on a 





PTET _Nha Py Se ies eae Se Ce are 

SILVER MEDAL, Inventions Exhibition, London, 1885, GOLD MEDAL, Paris, 1900, 
GRAND PRIX and GOLD MEDAL, Franco- British Exhibition, London, 1908. 

GRAND PRIX, Buenos Aires Exhibition, 1910. $201} 











HELP YOURSELF 


TO A TEASPOONFUL OF 


PURE FLAKE LUBRICATING 


(MADE IN ENGLAND.) 





GRAPHITE, 


mix it with a pound of ordinary grease, and then use the 
mixture in your grease cups. After a while you will notice 
how smooth and efficiently your machinery is running. 
Your lubrication bill will be reduced also. For present day 
lubrication troubles there is no finer remedy than FOLIAC 
FLAKE GRAPHITE. 
Write for Free Sample. 
GRAPHITE PRODUCTS LTD., 


218-220, Queen’s Road, SS 
Battersea, LONDON, S.W.8. 3722 stag Y, 









































u 


eS, 











DEc. 


ENGINEERING. 


[SUPPLEMENT page XLIII] 87 

















BOLTS, 
STUDS, 
NUTS. 


BRIGHT WORK 
A 
SPECIALITY. 


S MARSDEN & SON, Ltd. 


LONDON ROAD, 
MANCHESTER. *” 


Telegrams— Telephone— 
Bours, MancuEsTER. 2031 Cawraal (3 ae 























§. Smith 8 Son, Ltd. 


ACTUAL MANUFACTURERS 
OF 


MARINE & ENGINE ROOM 
CLOCKS 


To some of the largest Navies 
and Railways in the World. 





Solid Brass Cases. 


Non-Magnetic-Lever Movement. 
Sizes, 6 to 20 inches diameter. 
Suitable for Engine Reoms, 

: Saloons, Railways, Ships, etc., etc. 


é 
Awarded highest number of marks for English Watches 
National Physical Laboratory 1920-1921. 


PRICES ON APPLICATION. 
_ 


| Please Write for Guide ‘“‘E”’ to the 


| Purchase of a Watch. Just Ssubliahed 














Post Free on Application. 


S. SMITH & SON, L! Ss 


HOLDERS OF 5 ROYAL WARRANTS. 
WATCHMAKERS TO THE ADMIRALTY. 


6, Grand Hotel Buildings, 
TRAFALGAR SQUARE, W.C. 











ROPES ~— 


are manufactured from the PIG IRON to the FINISHED ROPE 

entirely in their Works by the Acid Siemens Martin Process 

from specially selected materials producing the highest class of 

Improved Plough and Improved Patent Steels for Wire 
Manufacture. 


GEORGE CRADOCK & Co., Ltd., 


(BRANCH OF BRITISH ROPES LIMITED) 
ed WAKEFIELD. 

















O 3822 














ROGLER - HOERBIGER 


PATENT 


RING PLATE VALVES 


FOR AIR AND GAS 
COMPRESSORS, ETC. 


a 


THE 


METALLIC VALVE CO., 


COLONIAL HOUSE, WATER ST., 
LIVERPOOL. 





ST 
PUTT LLEELEL CLUE 


PTL ULULEL LLL LLL LLL CLL LULL CeLL LULA LLB 














‘KX OL. O;_x” 


POSITIVE 


LOCK WASHERS 


PREVENT VIBRATION. 
The one and only perfect locking device 
on the market. 7 


Avoid Imitations by specifying ‘“ KOLOK.” 
Made and Sold in 12 Months—158,000,000 


POSITIVE LOCK WASHER CO., 


118-122, James Watt Street, GLASGOW. 




















OUT TUTUT NA TTU TOT OVIVUTFTUTTVTNVTVNVTATOATITGTVVIOVTONVVTONONOTONOTOVNVTCOTOVNONOTTOTNTTVTNTIVVTIIONT (LE: 


CRANE eas 








for Yards, Dock Sheds 
Warehouses, etc. 


TT 





= 


ELECTRIC : STEAM : HAND 


SEND US YOUR ENQUIRIES 


RICHARD C. GIBBINS & CO. 
BERKLEY STREET 
BIRMINGHAM 


“Make Light of Heavy Jobs 


SAVES LABOUR LIFTING 
oT 























SQIUUUUAUUUAUUOOAANOUUUUAOOAAAAUUOUGTU 


STM 


= 









RtFRIGERATING MACHINES 
FOR ALL PURPOSES 


LONDON OFFICE: 
10 ST. SWITHIN’S LANE €E.C. 4. 


Telepho 
Central 3540. 


‘DARTFORD: 


hie- 
ite CONVEY! ftlas 
MACHINERY 


phy gg et my ENGINEERING CO} 
LAS WORKS ° TEMPLE ® GLASGOW 


. HoldeneBroke fia 


* Dartford 201. 





HOLDEN & BROOKE 


CENTRIFUGAL 
PUMPS 


1927 


HOLDEN & BROOKE 


HEATERS & 
CALORIFIERS 





HOLDEN & BROOKE LTD 
SIRIUS WORKS WEST GORTON 


MANCHESTER 


LONDON OFFICE 
31% ABBEY HOUSE WESTMINBTER Bwe 


CAA OCA O ae 


ie 
Govemors 


(PICKERING TYP), and with 


“SMITHS ” PATENT KNOCK-OFF CEAR. 
Simple. Efficient. 
Jockey Pulley abandoned. 
Operatesshould Governorstop 
from any cause. 












2460 
ref and Make 


4 Nt Paltoc, Macnab & Hishgate 
iH SHETTELSTON 1017 
GLASG@Gow. 


Makers to War Oficeand Admiults 
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_ MACHINE TOOLS 


Electric Travelling Cranes -Steam Hammers 


NILES-BEMENT-POND CO. 


GENERAL OFFICES, 111 BROADWAY,NEW YORK 


LONDON OFFICES, 25 VICTORIA ST., S.W. 1. 
Telegrams :~“ NILESCO ”.NEW YORK—“ NILIACUS” LONDON. axes 

















HOWE LL & e ly STEEL Works SH EFFI ELD. 


ghoe: Ma, : 
ue 


neh 















SELF-FIXING. NO KEYS OR KEYWAYS. 
TENS OF THOUSANDS IN USE. 


sc a i | E PU LL E 93 For Merchants Keeping Stocks—Bushes 
Being Interchangeable. 


SCREW BOSS PULLEY €O., LIMITED, 

















35, Queen Victoria Street, B.C. 4, ENGINEERS, 
LONDON. T : No. 19 THRAPSTON, 
Telephone... ... 9531 City. nate spat rh ine oa TH RAPSTON. i 














ANDREW BARCLAY, SONS & CO., LTD., 


CALEDONIA WORKS, 


KILMARNOCK. 


All types of 


LOCOMOTIVES. | 


a, | IMMEDIATE DELIVERY OF 


STANDARD ENGINES. 


TELEGRAMS :—‘' BARCLAYSON, KILMARNOCE. | 
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